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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
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 sediqent
samples downstream from the plant. This activity in stream sediment
would result in no measurable increase over background in the dosg to the

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 age
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.

Radiation and Radioactivity

The only form of '"radiation" which is clearly observable sy 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,
scigntists began to extend the range of normal senses with various kin&s qf
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 r;diationl

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 énergies
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 partigle consistg of two
protons and two neutrons while a beta pafticle has a mass and charge equal to
that of an elecFron. These particles produce the same types of chénges in
matter as electromagnetic radiation. Since alpha particles have a relatively
large mﬁss, 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 metél sheets, but can be stopped'b& 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 a£

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. Atoms
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 and/or 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
jllustrated 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.

-







Radioactive materials are made of atoms which emit ionizing radiation. Even
though radiation cannot accumulate in the body, it is possible f;r atoms of
radloactlve 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 1onlzing
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
developing cancer. The determination of this rigk is difficult to quantify.
Because of this the scientific community has not been able to determine
whether exposure to low levels of radiation (radiation levels of up to seqefal
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's
ultraviolet rays. (Excessive exposure to the sun is known to increase the

chance of developing skin cancer ip 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 thanm it was

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

I

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

(disintegrations) per second (dps) or 2.22 disintegrations per minute (dpm).

»m——







Another unit for expressing radioactivity is the Becquerel 5Bq). One pCi is

equivalent to 0.037 Bq.

The unit of radiation dose equivalent is the rem. The dose equivalent is a
quantity used for radigfion protection purposes that expresses, on a common
scale for all radiation, the irradiation incurred by exposed pergons. 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
in units of Roentgens (R) or milliroentgens (mR). For purposes of comparison

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

Naturally Océurring and Background Radioactivity ’

All materials in our world contain trace amounts of naturally occurring
radioactivity. Approximately 0.01 percent of all potassium is radioactive
potassium;ho. Potassium-40 (K~40), with a half-life of 1.3 billion years, is
oné of the major types of radioactive materials found naturally in our
envirbnmentt An individual weighing 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 environm?nt. Other examples of naturally occurring radioactive

-
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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 radiétionzis
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. Thié
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 thé
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 backgrouﬁd radiation 1e§els in the environment. Livin; or
working in a building which is largely made of earthen material, such as
concrete or brick, will generally result in a higher natural backgro&nd
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 ok 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 formthe national
average. People in some locations of the world receive over 1000 mrem/yearh
natural background radiation dose equivalent, primarily because of the greate;
quantity of radioactive materials in the soil and rocks in those locatioms.

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

caused physical harm to anyone.

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

primarily adapted from References 2 and 3.




U.S. GENERAL POPULATION AVERAGE DOSE EQUIVALENT ESTIMATES

Source Millirem/Year Per Person

Natural background dose equivalent

Cosmic 27
Cosmogenic 1
Terrestrial 28
In the body 39
Radon 200
Total 295
Release of radioactive material in 5

natural gas, mining, milling, etc.

Medical (effective dose equivalent) 53
Nuclear weapons fallout less than 1
Nuclear energy 0.28
Consumer products 0.03

Total 355 (approximately)

As can be seen from the 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 radiétion. It should be noted that
the use of radiation and radioactive materials for medical uses has resulted
in a similar effective dose equivalent to the U.S. population as that caused

by natural background 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. When dispersed in the atmosphere, radon







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

However, nuclear plants require many complex systems to control the nucféar
fission process and to safeguard against the possibility of reactér

malfunction, which could lead to the release of radioactive materials.
Uranium~235 is a haturally‘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 whigh make up the
reactor core. The core is covered with water inside the reactor vessel. -
During operation, heat is generated by "splitting' the uraniﬁm 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 channeied
through turbines which turn electrical generators to produce electricity.
River water is used to cool the steam and condense it to water so that it may

be reused.

-11-
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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

amounts of this material escgpe 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.

Some 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

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

3

liquids are collected in flpor and equipment drains and sumps. The collected
liquids are then processed through a clean-up system, composed of storage
tanks, fecycling systems, and demineralizers, to remove contaminants. Thé
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 ciean—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.

The gaseous fission 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 pqpticulatgf, is given off along with these noble gases. They afe :
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 metﬁods

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 radigactivity is released are mongtored. Liquid and
gaseous effluent monitors record the radiation levels for each releasel 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
environmental monitoring program which measures the environmental radiation in
outlying areas around the plant. 1In this way, not only is the release of

. radioactive materials from the plant tightly controlled, but meas;rements 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 dgsigned, built, and operated in suich a way that levels of
radioactive material released into unrestricte& 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.

-13-




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:

Liquid Effluents

Total body 3 mrem/year per unit
Any organ 10 mrem/year per unit

Gaseous Effluents

Noble gases:

Gamma radiation ' 10 mrem/year per unit

Beta radiation 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 25 mrem/year
Thyroid 75 mrem/year
Any other organ 25 mrem/year

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

the plant operates.

~14-







In\gddition, 10 CFR 20.106 provides maximum permissible concentrations (MPCs)

m for radioactive materials released to unrestricted areas. MPCs for the

principal radionuclides associated with nuclear power plant effluents are

presented in table 1.
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SITE/PLANT DESCRIPTION

Browns Ferry Nuclear Plant (BFN) is located on the north shore of Wheeler
Reservoir at Tennessee River Mile 294 in Limestone Cbunty in north Alabamé: )
Wheeler Reservoir averages 1 to 1-1/2 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 l1). The dominant character of the land is small,
scattered villages and homes in an agricultural area. A numb;r of relatively
large farming operations occupy much of the land on the north side of the
river immediately surrounding the pla;t. 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 ﬁarks 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.




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'Jn Mé}ch éé}
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

5
L

"check, test, watch, observe, keep track of, regulate, and 2ont;ol."‘ 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 operetions. 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 elecéricity. 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 verificatioﬁ that the systems are pefforming as

planned. The environmental radiological monitoring program is outlined in

appendix A.
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There are two primary pathways by which fadioactivity can move through the
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 path;;y consist; o%’
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
exposuré 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 frém
each. Moéificahions made to the program in 1987 are desc?ibed in appendix B '
and exceptions to the sampling and analysis schedule are presegted 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

-19-







that are measured currently were assessed during the preoperational phase tq
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 cdmparison 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
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 ofvthe anaiysis techniques and
methodology is preéented in appendix D. Data taﬁles summarizing the sample

analysis results are presented in appendix H.

The sophisticated radiation detection devices used to determine the

radionuclide content of samples collected in the environment are generally

[}
“
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quite sensitive to small amounts of radioactivity. In the field of radiation
w 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 any 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 détection devices are

working properly and the analysis of special samples which are include&

alongside routine environ&ental 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 Techniques

Direct radiatiod measurements are made with detectors called thermolumiﬁescent
dosimeters (TLDs). When certain materials are exposed to ionizing radiatiom,
many of the electrons which become disélaced 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 propo;tional to the radiation to which the material was exposed.

Materials which display these characteristics are used in the manufacture of

TLDs. "







TVA uses a manganese activated calcium fluoride (Caz;F: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 boundari, 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 evéry 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

calibrations and self-irradiation factors determined for each TLD. The system
meets or exceeds the performance specifications outlined in Regulatory Guide

4,13 for environmental applications of TLDs.

Results

'All results ére normalized to a staﬁdard quarter (91.25 dayé 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 miies, and the fifth group is made up of all stations greater
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

voffsite.”




k}

Prior to 1976, direct radiation measurements in the environment were-made with
0 less sengitive dosimeters. Consequently, t:t}e environmental radiation levels
reportéd in the preoperational‘phase of the monitoring program exceed current
measurements of.background radiation levels. For this feason, data col;ectea
prior to 1976 a?e 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-1l. . The rounded average annual exposures are

shown Below.

| Annual Average
‘ Direct Radiation Levels .
mR/year . .
BFN WBN .
Onsite Stations 79 83

Offsite Stations 66 70

The data in table H-1 indicate that the average quarterly radiation levels at
the BFN onsite stations are approximately 2-4 mR/quarte; higher than levels at
the offsite stations. This difference is also noted at ;he 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 theée differenceé havevnot been isolated; however, it

is postulated that the differences are probably attributable to combinations







ofzinfluénces such as natural variations in environmental radiation levels,
earth-moving activities onsite, aﬁd 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 WBN

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 presentlin the data
sets, a 4-quarter moving average was constructed for each data set. Figuré )
H-2 presents a trend plot of the direct radi;tion levels as defined by the
moving averages. The data follow the same generag trend as the ra; data, but
the curves are smoothed considerably. Figures H-3 and H-4 depict the
environmental gamma radiation levels measured during the construction of TVAfs
WBN 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 statioms.

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 appeﬁdix A. The remote stations are used as control or baseline
stations. A number’ of cha;ges were made in the monitor locations in 1987 as a
result of changes in the technical specifications. These changgs are

described in appendix B.

Results from the analysis of samples in the atmospheric pathway are presented
in tables H-2 through H-5. Radioactiviﬁy 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.

Sample Collection and Analysis

Air particulates are collected by continuously sampling air at a flow rate of
approximately 2 cubic feet per minute (cfm) through a 2-inch Hollingsworth and

Vose LB5211 glass fiher filter. The sampling system consists of a pump, a

!
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magnehelic éauge for measuring the drop in pressure across the system, and a
0 dry gas meter. This allows an accurate detez;mination 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 ever;
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 wegys
composites of the filters from each location are analyzed by gamma
spectroscopy. On a quarteri& 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
0 iodine in both the elemental form and as organic compounds.’ The cartridge is
located‘in the same éampling head as the air particulate filter and is
downstream of the particulate filter. The cartridge is changed at thg 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 ll-inch 9
by 1ll-inch sheet of the paper is attached to a frame and mounted on .a holder
on the side of thé 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

l collection tray attached to the monitor building. The collection tray is
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seen in 1986. These patterns are consistent with data from monitoring

protected from debris by a screen cover. As water drains from the tray, it is
collected in one of two S-Qallon jugs inside the monitor building. A l-gallon
sample is removed from the container every 4 weeks. Any excess wa;er 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 saﬁples 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 Qas consistent with levels report;d‘in
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 iq
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 incre?se resulting from the Chernobyl accident can also bé
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 gt levels greater than the LLDs. Strontium-89 was

»
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identified in three of the quarterly composites. ‘With a half-life of ,
0 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

0 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.







TERRESTRIAL MONITORING
Terrestrial monitoring ié accomplished by collecting samples of environ;ental
media that may transport radioactive material from the atmosphere to humans.
For example, radioactive material may be deposited on a vegetable gardeﬁ and
be ingested along with the vegetables or it may be deposited on pasture graés
where dairy cattle are grazing. When the cow ingests the radioactive
matérial, some of it may be transferred to the milk and consumed by humans who
drink the milk. Therefore, bamples of milk, vegetation, ;oil, and food crops
are collected and analyzed to determine the potential impécts from exposure to
this pathway. The results from the analysis of these samples are shown in

tables H~6 through H-15.

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 areaj however, two dairy farms have been identified within 7 miles of"
the plant. These three dairies are conéidered indicator stations and
routinely provide milk samples. The results of the 1987 land use survey are

presented in appendix G.

4Sémp1e Collection and Analysis

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
I-131 is performed on each sample and a gamma spectroscopy analysis and

Sr-89,90 analysis are performed every 4 weeks.
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Samples of vegetation are collected every 4 weeks for I-131 analysis. The
samples are collected from the same locations as milk saﬁples 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 g;mma 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 spéctroscopy. When

the gaﬁma analysis is complete, the sample is ashed and analyzed for Sr-89,90.

Samples ?epresentative of food crops raised in the area near the plant are
obtained from individual gardens, corner markets, or cooperatives. fype; of
foods may vary from year to year as a result of changes in éhe‘locél vegetable
gardens. In 1987 samples of corn, green beans, potatoes, tomatoeé, and turnip
greens were collected from local vegetable gardens. In addition, samples of
apples and beef were also obtained.from 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.
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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/l&ter wasqidentified 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 idenfified 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 falloutf All Sr-89,90 values were less’
"than 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 réported were naturally occurring.

The principal isotope identified was K-40. As noted earlier, K-40 is one of
the major radionuclides found naturally iq the environment and is the
predominant radioactive component iﬁ 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.
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AQUATIC 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.

Sample Collection and Analysis

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 l-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
Riverhas their source. These samples are analyzed every &4 weeis 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 procé;sed
through the water treatment plant, the control sample should also be
unprocessed water. Therefore, the upstream surface water sample is also

7

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.

Saﬁples of commercial and game fish species are collected semiannually from
each of three reservoirs: the reservoir on which the plant is located
(Wheelexr 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







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

sediment. However, at times the clams are difficult to find and divers @usé
be used. Enough clams are collected to produce approximately 50 gram; of wet
flesh. The flesh is separated from the shells, and the dried flesh samplqsu:

are analyzed by gamma spectroscopy.

Results

All ra&ioactivity in surface water samples was below the LLD except the grdss
beta activity. These results are consistent with previously reporéed levels.
A trend plot of the gross beta activity in surface water sa;ples 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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Trace amounts of Sr-89 were identified iﬁutwo 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 5.9 pCi/iiter ét thé"-
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 groundﬁéter 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 upst;eam sample had 0.1 pCi/g. The only other
radibisotope found in fish was the naturally occurring K-40. fhese values
ranged from 4.6 pCi/g to 12.7 pCi/g. The maximum gross beta activity measuged
in downstream samples was 26.8 pCi/g, while the maximum value in upstream T
samples was 36.3 pCi/g. These results, which are summarized inAtables H—19n
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
identified in sediment samples. The materials identified were Cs-137, Sr-89,
Co-60, aﬁd Cs-134. The average levels of Cs-137 were 0.87 pCi/g in downstream
samples and 0.43 pbi/g upstream. The calculational methohology resulted in

the identification of an average of 1.44 pCi/g of Sr-89 in two samples. The

4
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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 oep}ationé.

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 aisessment of the impact'to
the general public from this activity produces a negligible dose equivalent.

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

Only naturally occurring radioisotopes were identified in clam flesh samples.
The K-40 concentrations, presented in table H-23, ranged from 2.77 to

o

3.62 pCi/g.
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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 éopulations living in the vicinity of a
nuclear power plant. The doses calculated are a representation of the dése td
a "maximum exposed individual.' Some of the factors used in these - :
calculations (such as ingestion rates) are maximum expected values which will

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

expected dose to actual individuals is lower. .

The area around the plant is analyzed to determine the pathways thfough 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 ﬁhrouéh'

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 materiai due to‘activit%es
on the banks of the river (recreational activities). Data used to detefmine
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.







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 ragioactivity 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 we;e made
using the measured concentrations from the liquid and gaseous effluent
mon;tors. 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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The results from each sample are compared with the concentrations from the
corresponding control stations and appropriate preoperational and background
data to determine influences from the plant. During this report period,
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
both upstream and downstream from the plant during the preoperational pha;e 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, hir,

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.

» [

The maximum calculated whole body dose equivalent from meésured liquid d
‘ effluents as 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 represenﬁs approximately 0.03 percent of the technical

| specification limit.
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Table 1

MAXIMUM PERMISSIBLE CONCENTRATIONS

“ FOR_NONOCCUPATIONAL EXPOSURE
. MPC
I In Water ) In Air
‘ _pCi/1* pCi/m?®*

| Alpha 30 |

' Gross beta 3,000 100

[ H-3 3,000,000 200,000
Cs-137 20,000 500

i Ru-103,-106 10,000 200

L Ce-144 10,000 200
2r-95 - Nb-95 60,000 1,000

! ‘ Ba-140 - La-140 20,000 1,000
I-131 300 100

k Zn-65 100,000 2,000

, . Mn-54 100,000 1,000
Co-60 ’ 30,000 300
Sr-89 ‘ 3,000 ; 300
Sr-90 300 ﬁ ' 30

| Cr-51 2,000,000 80,000

| Cs-134 9,000 . "400

i

Co-58 90,000 - 2,000

*] pCi = 3.7 x 10~2% Bq.

Source: 10 CFR, Part 20, Appendix B, Table II.
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Iype
Total Body

Any Organ

Iype

Noble: Gas
(Gamma)

Noble Gas
(Beta)

Any Organ

Table 2

Maximum Dose due to Radioactive Effluent Releases

1987
Dose

0.22

0.28

1987
Dose

0.000001

0.000003
0.015

Browns Ferry Nuclear Plant
1987
mrem/year

Liquid Effluents

NRC Percent of EPA
Limit NRC Limit Limit
9 2.4 25
30 0.9 25

Gaseous Effluents

NRC Percent of EPA
Limit NRC Limit Limit
30 0.000003 25
60 0.000005 25
45 0.03 25

Percent of

EPA Limit

0.9

1.1

Percent of
EPA Limit

0.000004

0.000012

0.06
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APPENDIX A

ENVIRONMENTAL RADIOLOGICAL MONITORING  PROGRAM AND

SAMPLING LOCATIONS







Exposure Pathway

AIRBORNE

Particulates

_6*7_

Radioiodine

Rainwater

Soil

Direct

Table A-1

BROWNS FERRY NUCLEAR PLANT
Environmental Radiological Monitoring Program®

Number of Samples and
—locations

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

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

Three samples from locations
in commynities approximately
10 miles from the plant
PM-1, PM-2, and PM-3)

Same Tocations 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

Sampling and

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

Type and Frequency
—of Apnalysis

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

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

Gamma dose once per 92 days
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_Exposure Pathway
-and/or Sample

WATERBORNE

Surface

Drinking

Ground

Table A-1

BROWNS FERRY NUCLEAR PLANT
Environmental Radiological Monitoring Program®

Number of §amples and

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

One sample upstream (TRM 305.0)
One sample immediately down-
stream of discharge (TRM 293.5)
One sample downstream from

plant (TRM 285.2)

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

Two additional samples of
potable surface water down-
stream from the plant

{TRM 274.9 and TRH 259.5)

One sample at a control
Tocation (TRM 306)

One additional sample at
a control location ¢
(TRM 305)

" One sample adjacent to the

plant (Well No. 6)

Sampling and

At least once per 92 days

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

Collected by automatic
sequential-type sampler
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®

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

Type and Frequency
of Analysis

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

Gamma scan on each
composite. Composite for
S$r-89, Sr-90, and tritium

at Jeast once per 92 days .
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Exposure Pathway
—and/or Sample

AQUATIC

Sediment

INGESTION
Milk

Fish

Table A-1

BROWNS FERRY NUCLEAR PLANT
Environmental Radiological Monitoring Program®

Number of §amples and

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

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

One sample in immediate
downstream area of discharge
point (TRM 293.7)

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

At least 3 samples from
dairy farms in the immediate
vicinity of the plant (Farms
B, Bn, and L)

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

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

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

- downstream from plant.

Sampling and

Grab sample taken at
least once per 31 days

. At least once per 184 days

At least once per 184 days

»

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

At least once per 184 days

Type and Frequency
of Analysis

Gamma scan on each

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

Gamma scan, Sr-89 and Sr-S0
analyses

Gamma scan, Sr-89 and Sr-90
analyses

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

_ Gamma scan at least once per

184 days on edible portions







Exposure Pathway
Clams

Fruits and Vegetables

Vegetation

—Zg_

Table A-1

BROWNS FERRY NUCLEAR PLANT
Environmental Radiological Monitoring Program?®

Number of Samples and
—Locations

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
immediate 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
(LM-1, 2, 3, 4, and 6)

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

Sampling and
Same as sediment

At Teast once per year at
time of harvest

Once per 31 days

Type and Frequency
—of Apalysis

Gamma scan on flesh only

-

Gamma scan on edible portion

I-131, gamma scan once per 31
days

a. The sampling program cqutlined in this table is that which was in effect at the end of 1987.

b. Sampling locations, sector and d
Figures A-1, A-2, and A-3.

istance from plant, are described in Table A~2 and A-3 and shown in

c. Composite samples shall be ‘collected by collecting an aliquot at intervals not exceeding 2 hours.
d. 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 Approximate Indicator (I) )
Location Distance or
Number Station Sector (miles) Control (C) Samples Collected®
1 PM-1 NW . 13.8 I AP,CF,FO®,R,S,V°
2 PM~2 NE 10.9 1 AP,CF,FO°,R,S,V°
3 PM-3 SSE 8.2 I <  AP,CF,FO®,R,S,V°
LA PM-4° WSW 10.5 I AP,CF;FO®°,R,S,V
5 RM-1 W 31.3 ¢ AP,CF,FO°,R,S,V
6 RM-6° E 24,2 c AP,CF,R,S
6A RM-2° NNW 41.2 c AP,CF,FO®,R,S,V
7 LM-1 N 0.97 I AP,CF,FO°,R,S,V
8 IM-2 NNE 0.88 I AP,CF,FO°,R,S,V
9 LM-3 ENE 0.92 I AP,CF,FO°,R,S,V
10 LM-4 NNW 1.7 1 AP,CF,FO°,R,S,V
11 LM-68 SSW 3.0 1 AP,CF,R,S,V
11A IM-5" WSW 2.7 I AP,CF,FO®,R,S,V
12 Farm B NNW 6.8 I M,V
13 Farm Bn N 5.0 I M,V
14 Farm L ENE 5.9 1 M,V,W
‘ 15 Farm N' NNW 27.0 C M,V
16 Farm J* NNW 40.0 C M,V
17 Farm C N 32.0 c M,V€
20 Farm E : NE 6.1 I v
21 Farm W NE 6.8 I v
22 Well 6 NW 0.02 I W
23 TRM* 282.6 - 11.4! 1 PW
24 TRM 306.0 - 12.0! c PW
25 Muscle Shoals, AL W 31.3 I PW
26 TRM 274.9 - 19.1" I PW
27 TRM 285.2 - 8.8! I SW
28 TRM 293.5 - 0.5' I SW
29 TRM 305.0 - 11.0* c™ SW
30 TRM 307.52 - 13.52! c CL,SD
31 TRM 293.7 - 0.3! I CL,SD .
32 TRM 288.78 - 5.22! I CL,SD:
33 TRM 277.98 - 16.02" 1 CL,SD
34 Farm Be" NW 28.8 c M
35 Farm O E 26.2 C M,V
36 Farm Cr° ENE 19.3 C M,V
37 TRM 297.0° - 3.0! c CL,SD
Wilson Reservoir - - I- F

(TRM 259-275)







Table A-2

BROWNS FERRY NUCLEAR PLANT

Environmental Radiological Monitoring Program
0 Sampling Locations
(Continued)
I Map Approximate Indicator (I)
Location Distance or ‘ ,
Number Station Sector (miles) Control (C) Samples Collected®
|
] . Wheeler Reservoir - - I F
(TRM 275-349)
| Guntersville
‘ Reservoir - - C F
TRM (349-424)
a. Sample Codes:
’ AP = Air particulate filter R = Rainwater
CF = Charcoal filter (Iodine) S = Soil
CL = Clams . SD = Sediment
' F = Fish SW = Surface water
. FO = Fallout V = Vegetation
M = Milk W = Well water

[ PW = Public drinking water
. Fallout collection discontinued after April 13, 1987.

. Vegetation sample collection discontinued after April 20, 1987.
d. Station deactivated April 20, 1987.
e. Station activated April 27, 1987.
f. Station deactivated April 20, 1987
g. Station activated April 27, 1987.
h. Station deactivated April 23, 1987.
i. Sampling discontinued December 29, 1986.
j. Sampling discontinued April 27, 1987.
k. TRM = Tennessee River Mile
1. Miles from plant discharge (TRM 294).
m. Also used as a control for public water.
n. Sampling began October 5, 1987.
o. Sampling discontinued April 20, 1987.
p. Added to sampling program May 7, 1987.
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Table A-3

BROWNS FERRY NUCLEAR PLANT
Thermoluminescent. Dosimeter (TLD) Locations

(Continued)
Map Approximate Onsite (On)?
Location Distance or
Number Station Sector (miles) Offsite (Off)
68 NNW-1 NNW 1.0 On
69 NNW-3 NNW 5.2 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.







Figure A-1

Environmental Radiological Sampling Locations
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Figure A-2

Environmental Radiological Sampling Locations
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I ‘ Figure A-3

' Environmental Radiological Sampling Locations

[ “ Greater Than 5 Miles
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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 énalysis also

identified the areas from which these samples should be taken.

The study indicated that two of the air monitoring stations (IM-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. Ai 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
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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. n
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12/29/86

4/13/87

4/20/87

4723/87

4/27/87

517187

5/11/87

10/5/87

| .

Date

Table B-1

BROWNS FERRY NUCLEAR PLANT

Environmental Radiological Monitoring Program Modifications

Station(s)

Farm N

PM_I 'Y PM"Z 'Y PM-3 L)
PM-I", RM-1 Y RM-Z’
LM-]. 9 IAM_Z [ LM—3 Y
1M-4, LM-5

PM"‘I [ PM"‘z [ PM-3 1Y

LM-6

Farm J

Farm Cr

TRM 297.0

PM"‘l [ PM-Z 9 PM"‘3 [y
RM-1, RM-6, LM-1,
LM—2 9 IAM-3 » I‘M"‘[‘ Py
LM-6

Farm Be

1987

Modifications

Ceased operations - all sampling discontinued.

Fallout (gummed acetate paper) collection
discontinued.

Vegetation sampling discontinued

All sampling except TLD (WSW-3) discontinued

All sampling discontinued - station relocated to
RM-6 -

All sampling except TLD (WSW-1) discontinued -
station relocated to LM-6

Station activated
collected

see table A-2 for samples

Station activated
collected

see table A-2 for samples

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.

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

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. Mogt of the samples
which were unavailable were from control dairies. Since only one control
milk sa&ple 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 Station Remarks
- 12/29/86 Farm J Milk not available for sampling.

1/5/87 Farm E Vegetation sample inadvertently
destroyed prior to analysis for iodine.

1/20/87 Farm J Milk not available for sampling.

2/23/87 Farm J '‘Milk not available for sampling.

3/16/87 Well it6 Well water sample not collected because
of electrical problems with sampler.

4/1/87 Farm J Milk not available for sampling.

4/15/87 TRM 277.98 Clams not available for collection.

4/20/87 RM-2, RM-6 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.

4/23/87 LM-5, LM-6 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. -

5/11/87 LM-6 Rainwater not available for sampling.

6/22/87 Farm O Milk not available for sampling.

6/22/87 PM-3 Air particulate and charcoal samples not
taken because of sampling pump failure.

7/13/87 Farm 0 Milk not available for sémpling.

9/28/87 Farm C Milk not available for sampling.

10/13/87 Farm 0 Milk not available for sampling.

10/19/87 Farm O Milk not available for sampling.

10/26/87 Well 6 Well water sample not taken because of
pump failure.

11/10/87 TRM 277.98 Clams not available for collection.

12/21/87 Farm C 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 amouﬂt of the sample is packed
into a deep stainless steel élanchet. Air particulate filters are

counted directly in a shallow planchet.

The specific analysis of I-131 in milk, water, or vegetation samgles 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 geometries 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 Nal
detectors interfaced with a single channel analyzer. The system is
calibrated to measure I-13l. 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‘
countigé 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.







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 iﬁ

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
statisticai 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 ’
statistical analysis of the background readings iéwrequired. The
hypothetical activity calculated from this analysis is called the lower
limit of detection (LLD). A listing of typicallLLD 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
calculaﬁed 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

Charcoal ' Sediment
Air Filters Filters Hater Milk Fish Flesh Hhole Fish Food Crops and Soil
(pCi/m®) (pCi/m3) (pCi/L)  (pCi/L) (pCi/g_dry) (pCi/g dry)  (pCi/kg wet) (pCi/g dry)
Gross Alpha 0.0007 1.5
Gross Beta 0.002 1.7 9
Tritium 250
Iodine-131 .020 1.0 0.2
Strontium-89 0.0006 3.0 2.5 0.3 0.7 1.0 |
Strontium-90 0.00025 1.4 2.0 0.04 0.09 0.3 |
|
|
|
1
~ 7 |
b |
! Gum Paper Wet Vegetation Clam Flesh Meat )
(mCi /km?) (pCi/kg Het) (pCi/g Dry) (pCi/kg Het)
Gross Beta 0.01 0.2 15
Iodine-131 - 4
Strontium-89 140

Strontium-90 60







Table E-1

Nominal LLD Values
B. Gamma Analyses (Geli)

—hl—

Air Water Vegetation Het Soil and Clam Flesh Foods, Tomatoes Meat and
-Particulates and Milk and Grain Vegetation Sediment Fish and Plankton Clamshells  Potatoes, etc. Poultry
.005 10 .07 28 .02 .07 15 .02 10 25
.01 33 .25 100 .06 .25 .50 .06 .33 50
.02 45 .45 180 .10 .45 .94 .10 45 90
.005 10 .09 36 .02 . .09 .18 .02 10 20
.005 .5 .05 20 .01 .05 1 .01 5 15
.02 40 .48 190 .09 .48 .95 .09 40 95
.005 5 .07 28 .01 .07 11 .0l 5 15
.005 5 .06 24 .0 .06 .10 .01 5 15
.005 10 .1 44 .02 1N .19 .02 10 25
.005 5 .06 24 .01 .06 1 .0 5 15
.005 5 .05 20 .01 .05 .10 .01 5 15
.005 5 .05 20 .01 .05 .10 .01 5 15
.005 10 .1 44 .01 ) .21 0 10 25
.005 5 .07 28 .01 .07 1 .01 5 15
.04 150 1.00 400 .20 1.00 .00 .20 150 300
.01 25 .23 - 92 .05 .23 .47 .05 25 50
.005 8 .1 44 .02 A1 A7 .02 8 20
.005 5 .10 40 .01 .10 .13 .01 5 15
.02 45 .50 200 .10 .50 .90 .10 45 100
.005 20 .10 40 .02 .10 .25 .02 20 40
.005 20 .20 80 .02 .20 .25 .02 20 40
.005 20 12 48 .04 12 .25 .04 20 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 nonconfbrﬁéuce 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 laborato}y 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
trace amounts of radioactivity in the materials used to construét’tﬂe

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

that no unusually high or low values are encountered.

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, Qhe 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.

-Quality 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 beiné meésured. 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

the routine program calls for four milk samples every week, on a random







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 analytical
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‘prbcess disguised as ordinary environmental s;mples.
The analyst does not know they contain radioactivity. Sipce 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 labor;tory
supervisor in the review process. Blind spikes test this process sinée
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, S'bercent 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. Tﬁis 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 anaiysts 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 differenc; 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

to be the primary indicator of laboratory performance. They provide an
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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 outsi&e TVA are used in the cross-checks. The results of the
analysis of these samples are reported baék 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 internél 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-1.

TVA splits certain environmental samples with laboratories operated by
the States of Alabama and Tennessee énd 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 laboratofy performance.

These samples demonstrate performance on actual en;ironmental sample
matrices rather than on the constructed matrices used in cross-check

programs.
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All the quality control data are routinely collécted, 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)

Gross Alpha Gross Beta Strontium-90 Cesium-137
EPA Value TVA EPA Value TVA EPA Value TVA EPA Value TVA
Date * (#30) Avg. (+30) Avg. (+30) Avg. (+30) Avg.
4/87 1419 15 4319 45 17%2.6 a 89 - 8
8/87 1039 11 3019 30 10+2.6 1ob 10+9 12

B. Radiochemical Analysis of Water (pCi/L)

Gross Beta Strontium-89 Strontium-90 Tritium Todine-131

EPA Value TVA EPA Value TVA EPA Value TVA EPA Value TVA EPA Value TVA
Date (¥30) Avg. (¥30) Avg. (+30) Avg. (+30) Avg. (330) Avg.
1/87 1049 11 2549 25 25%2.6 21¢ )
2/87 4209+729 3667
3/87 1349 12
4/874 199 16 10+2.6 10
4/87 7+1.2 8
5/87 79 7 4149 39 20+2.6 16¢
6/87 28951618 2604
7/87 5%9 7
8/87 . 48%10 47
9/87 1249 10 '
10/87 ; - 4492+778 3871
10/87d 16%9 21 . 10%2.6 10
11/87 1949 18 )

12/87 ’ : 26%10 29
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Table F-1

RESULTS OBTAINED IN INTERLABORATORY COMPARISON PROGRAM (Continued)

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

10/87

Chromium-51 Cobalt-60 Zinc-65 Ruthenium-106 Cesium-134 Cesium-137

EPA Value TVA  EPA Value TVA EPA Value TVA EPA Value TVA BPA Value TVA EPA Value TVA
Date (+30) Avg. (+30) Avg. (+30) Avg. (+30) Avg. (+30) Avg. (+30) Avg.
2/87 5019 49 9119 83 10019 86¢ 59+9 51 8719 83
47874 - 8+9 8 20+9 18 15%9 14
6/87 4119 46 6419 67 1019 10 75+9 68 4019 36 8019 79
10/87 70%9 6of 1519 17 4619 47 6119 55 25%9 23 5119 51
107874 1639 16 16+9 15 2419 24

D. Food (pCi/Kg, Wet Weight)
Todine-131 Cesium-137 Potassium-408_
EPA Value TVA EPA Value TVA EPA Value TVA
Date (+30) Avg. (+30) Avg. (*30) Avg.
1/87 78%14 84 8419 94h 980+ 85 976
7/87 80*14 82 50+9 49 1680%145 1790
E. Milk (pCi/L)

Strontium-89 Strontium-90 Todine-131 Cesium-137 Potassium—aoé_

EPA Value TVA EPA Value TVA . EPA Value TVA EPA Value TVA EPA Value TVA
Date (£30) Avg. (+30) Avg. (£30) Avg. (X30) Avg. (+30) Avg.
2/87 9+1.6 10
6/87 There appears to have been an error in the preparation of the cross-check. Values are not reported.

Cross-check cancelled






“ 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
0 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.

g. Units are milligram potassium rather than picrocuries.
h. This cross-~check displayed a tendency to separate into two phasés

during the gamma analyses. This lack of sample homogeneity 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 éonducted 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 énd
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 brgathing air (air submersion) are calculated
for the nearest resident in each sector, whi}e doses from drinking milk
or eating foods produced near the plant are calculated kor the areas with
milk producing animals and gardens, respectively. These doses are
calculated using effluent release information and histarical

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

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 gardeh 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 reﬁoved 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 lower calculated dose.

x

»

Projected 1987 annual doses to individuals are not appreciably different
from those calculated for i986. Tables G-1, 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 Survey Fall 1987 Survey
Approximate Approximate
Sector Distance (Miles) Annual Dose Distance (Miles) Annual Dose
N 1.0 0.46 1.0 0.46
NNE 1.8 0.08 1.8 0.08
NE 2.5 0.08 2.5 0.08°
ENE 1.2 0.14 1.2 0.14
E 2.8 0.10 2.8 0.10
ESE 2.9 0.06 2.9 0.06
SE 5.0 0.07 5.0 0.07
SSE 4.5 0.07 4.5 0.07
S 2.8 0.12 2.8 0.12
SSW 2.6 0.14 2.6 0.14
SW 3.0 0.10 3.0 0.10
- WSW 2.6 0.07 2.6 0.07
W 1.6 0.14 1.6 0.14
QWNW 2.8 0.10 2.8 0.10
NW 2.2 0.21 2.2 0.21
NNW 1.0 0.53 1.0 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
Fall 1986 Survey Fall 1987 Survey Number of
Approximate Approximate Gardens Within

‘Sector Distance (Miles) Annual Dose Distance (Miles) Annual Dose 3 Miles (1987)

N 1.0 10.10 2.0 4,30 4
NNE 1.9 2.10 1.9 2.10 1
NE 2.8 1.22 2.5 l1.41 2
ENE 1.2 3.60 1.2 3.60 4
E 2.8 1.97 2.5 2.28 3
ESE a —_— 2.9 2.02 1
SE a —— a —_—— 0
SSE 4.5 1.09 4.5 1.08 0
S 2.8 2.24 2.8 2.24 1
SSW 2.6 2.82 2.6 2.82 5
SW 3.4 1.03 3.4 1.03 0
WSW 2.6 0.69 2.6 0.69 3
W 1.7 1.23 2.2 0.89 1
WNW 2.8 1.54 2.8 1.54 1
NW 2.2 5.21 2.2 5.21 1
NNW 1.0 11.20 1.1 10.10 9

a. Garden not identified in this sector.
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Location

Farm
Farm
Farm
Farm
Farm

Bn®'"®
g€
I
pa:®

wb

Table G-3

BROWNS FERRY NUCLEAR PLANT

Projected Annual Dose to Receptor Thyroid

Sector

NE
ENE

NE

from Ingestion of Milk
mrem/year/reactor

Approximate Distance

Annual Dose

(Miles) Fall 1986 Fall 1987
5.0 0.04 0.04
6.1 0.02 —
5.9 0.02 0.01
6.8 0.02 0.02
6.8 0.08 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.
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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 Average External Gamma Radiation Levels®
Miles 1lst Quarter 2nd Quarter 3rd Quarter 4th Quarter
6 16.7 L 1.6 1405 x 2‘6 1“-8 x 2.0 " 1702 * 2.3
Average,
0-2 miles
(onsite) 19.6 = 1.9 19.3 = 3.4 20.2 + 3.1 20.2 + 1.8
Average,
greater than
2 miles
(offsite) 17.2 + 1.8 15.0 = 2.1 16.0 = 2.6 17.9 * 2.0

a. Data normalized to one quarter (2190 hours).
b. Averages of the individual measurements in the set +1 standard dev1at10n
of the set.
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TYPE

TOTAL NUMBER
OF ANALYSIS
_PERFORMED

GROSS ALPHA
17

GROSS BETA

GAMKA (GELD)

BI-214
PB-214
eE=7
TL-208
AC-228

SR 69

SR 50

TAELE H-2

RADIOACTIVITY IN AIR FILTER

FCI/F(3) = 0.337 38Q/¥(3)

NAME OF FACILITY 3EOMNS _FERRY o o o oo mme
LOCATICN OF FACILITY_LIMESICNE ____ ______— _ALASANA_________________
AND LOWER LIFIT ALL
OF INDICATCR LCCATICNS _LCCAYION WITH HAISHIST ANNUAL FZAN _____
DETECTICN MEAN (F) NANEZ KEAN (F)
(LLd) RANGE JISTANCE AND DIRZCTION RANGE
_____ SEE_NOTE_1 SEE_NOTE _2_ o o memecem—eme—=oSEE_NCIE 2
7.CCE-D4
2.0C2-03 2.21E-C2C 433/ 433) LM-63F SAKER 30T  2,33E-02( 35/ 35)
536 8.57E-C3 = 4.43E-02 3.0 NILES SSk 8.97E-03 - 4.43E-52
137
5.0CE=-03 7.40E-03( 8/ 119) DECATUR, AL 8.405-G3¢C 1/ 13
= 6.30E-C3 - S.4CE-03 8.2 MILES $SE 8.40E-03 - 2.4GE-03
5.0C£~03 7.19€=03¢ 97 110) LM3 &F NORTHEAST  7.53E-03C 3/ 13)
: S.10e-C3 - 9.3C2-03 1.0 MILE ENE 6.50E-03 - §.30E-03
2.062-02 1.112-01¢ 110/ 110) ATHENS, AL 1.168-01¢C 13/ 13
5.712-C2 - 2.262-01 10.9 MILSS HE $.59€=02 = 1.47E~C1
NOT ESTAS 4.50E-C4¢ “ 2/ 110) RCGERSVILLE, AL £.008-04C 1/ 13)
v 1.00E-C4 - 3.0CZ-C4 13,3 KILES H& 8.002-04 - £.00E-04
NOT ESTAR 2.338-02¢ &/ 110) LN1 3F NORTHWEST  3.C0E-63¢ 1/ 13)
9.C0E-C4 - 3.4CZ-03 1.0 KILE N 3.90€-03 - 3.G0E-03
6.0CE=04 1.838-€3C 2/ 35) CCURTLAND, AL 3.04E-03¢C 1/ 2)
6.125=C4 - 3.04E=03  10.5 MILES wsSW .3.04E~03 - 3.04E-03
3.00E-04 35 VALUES <LLD

44 ANALYSIS PERFORMZD

1. NOMINAL LOWSR LINIT OF DETSCTION (LLD) AS DESCRIEZD IN TA3LE E-I.
2. MEAN AND RANSE 3ASED UPCN DETECTAELE MSASUREMENTS ONLY. FRACTICN OF

IS INDICATED IN PARENTHESES (F).

-

CONTROL
LOCATIONS

MEAN (F)
RANGE

NUMEER OF
NONROUTINE
" REPCRTED

KEASUREMENTS

1.082-03C 14/ 17)
7.C2E-04 - 1.60E-03
2.1£5=-92(C 1637 102)
1.138-02 ~ 2.77E-02

5.40E-03¢ 1/ 27
5.4CE-0X - S,40E-03
27 VALUES <LLD

1.17E=-91¢ 27/ 27)
2.972-02 - 4.02E-C1
27 VALUES <LLD

1.405-93¢( 2/ 27)

7.0CE-~04 - 2.10E-03

8.47E-04C. 1/ 9)

S.4TE=04 - 6.,47E-04
§ VALUES <LLD

DETEZCTAZLE MEASUREMENTS AT SPECIFIED LOCATIONS
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NAME OF FACILITY
LOCATICN OF FACILITY

TYPE AND  LOWER LIMIT
TOTAL AUNBER oF
CF ANALYSIS  DETECTION
PERFORMED (LLD)
emeemmmezmee— ~SEE_NOTE_1
I0DINE-131 2.0GE-02
348 )
CAMMA (GILD)
187 .
K=40 NOT ESTAB
BI-214 NOT ESTAS
p3-214 NOT ESTAB
P5-212 NOT ESTAB
TL-208 KOT ESTAS
AC-228 NOT ESTAB
NOTE:

NOTE: 2.

R R D i T o o e - - = Y R GG P D -

ALL

INDICATCR LCCATIONS

RZAN (F)
RANGE

279 VALULEZS <LLO
ANALYSIS PERFORNMZD

TAgLE H-3

RADICACTIVITY IN CHARCCAL FILTERS

FCI/N(3) = 0.037 £Q/F(3)

DISTANCE AND PIREZCTICN

3.212~31C 11/ 153) ROGERSVILLE, AL
24158~C1 ~ 5.49£-01 13.8 MILES W
1.358-C2¢ 16/ 153) ATHENS, AL
2.30E-C3 =~ 3.4C=-02 10.9 MILES NE
1.14E~-C2C¢ 36/ 153) LNM2 BF NGRTH
1.10E-C3 - 2.94E~-02 C.9 MILE NNE
2,74E-C3C¢ 137 153) LK2 BF NORTH
2.C0E-C4 ~ 5.502-03 0.9 XILE NNE
2.8CE-C3(C ™ 1/ 153) LM2 5F NORTH
2.80E-C3 - 2.3C5-03 C.9 MILZ NNE
8.75E=G3( 2/ 153) ATHENS, AL
2.70E-03 - 1.48E-02 10.9 KILES NE

CONTROL
LOCATIONS

HEAN (F)

RANGE
SZE_NOT=Z_2

MEAN (F)
RANGE
__SEE_MCTE 2 ____
3.46E-01¢ 3/ 17
2.79E-01 =~ 3.965-01
1.828-02¢( 2/ 17)
2.30E~-063 - 3,40E-C2
1.59€=-02¢( 17 17
1.3C0€E-02 - 1.30E-G2
4.¢CE-C3( 2/ 17)
2.902-03 - 5.50E-03
2.80£-03¢( 17 17)
2.306c-03 - 2.80€-03
§.75E=C3¢( 27 17)
2.70€E-03 - 1.482-02

2.68E-01( 37
2.38E-01 - 3.09E-01
§.705-03¢( 3/
2:50g-0% - 1.11E-02
7.47E-03¢( &/
4.60E-03 - 1.79E-02
9.61E-03¢(
1.002-C4 ~ 1.08E-01

2.526-02C - 1
2.52E-02 - 2.528-02

KEAN AND RANGE 3ASED UPON DETECTABLE MEASUREMENTS CNLY.

IS INDICATED IN PARENTHESES (F).

1. NOMINAL LOWER LINIT CF DETECTION (LLD) AS DESCRIEED IN TABLEE-I.

FRACTION OF

%9 VALUES <LLD

34)
34)
34)
15/ 34)
34 VALUES <LLD

<17 34)

HUMEER OF
NCNROUTINE
" REPORTED

HKEASURENENTS

DETECTAQ}E MEASUREMENTS AT SPECIFIED LOCATIONS
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TABLE H-4
RADIOACTIVITY IN HEAVY PARTICLE FALLCUT
MCI/KRN(Z) =~ 370CAGIC.0C 2L/KN(2)

NAME OF FACILITY_2ROWNS_FEROY____ _________. e e we—e— DOCKET NO._56-239,260,236________
LOCATION OF FACILITY_LIMESTORE ________ " ""ALASARR________————"""~ REPORTING PERIOD_1987 _ _—— "~
TYPE AND LOWER LIFIT ALL CONTROL NUMBER OF
TOTAL NUMSER OF INDICATCR LCCATICNS _LCCATION WITH_ HIGHEST_ANNUAL FZAN______ ‘LOCATIONS NONROUTINE
GF ANALYSIS DETECTICN . MEAN (F) NAME KEAN (F) MEAN (F) REPCRTED
PERFORMED (LLp) RANGE DISTANCE AND CIRZCTICN RANGE RANGE KEASUREMENTS
e ————— - JSEE_NOTE_ 1 _____SZE_NOTZ 2 _ e -SEE.NCTE 2 _ . __._SEE_NOTE_Z2_ _____ __ —————————
GROSS BETA 1.0CE-D2 1.C9E-G1C 357 3&) ATHENS, AL 1.7%4-01¢C 47 T 3) 1.056-01¢C &/ 8)
C44 7ot 4.78E-C2 - 2.6G5-C1 10.9 MILES NE 1.21€-01 - 2.608-01 S5.26E-02 - 1.96E-01 -

NOTE: 1. NOMINAL'LOWER LINIT OF DETSCTION'(LLD) AS DESCRIBED IN TABLE E-1.
NOTE: 2. MEAN AND RANGE SASc)D UPON DETECTAZLE MEASUREMENTS ONLY.
IS INDICATEL IN PARENTHESES (fF).

®

o v

FRACTION OF DETECTA3LE MEASUREMENTS AT SPECIFIED LOCATIONS

-






TAELE H-5

RADIOACTIVITY IN RAINWATER

. . PCI/L = 2.337 3G/L .
NAME OF FACILITY_3ROWNS _FERRY oo e e ————— DOCK T NO._3022597260,236_ o
LOCATION OF FACILITY_LIMESTONZ __________ ___"AUA3ANA________— — - EPORTING PERIOD_1957 N
TYPE AND LOWER LIFIT ALL CONTROL NUMBZR OF
TOTAL NUMBER oF INDICATCR LCCATIONS _LCCATION WITH HISHEST ANNUAL KEZAN______ LOCATIONS NONROUTINE
OF ANALYSIS DETECTION MEAN (F) NAHKE EZAN C(F) KEAN (F) *  REPORTED
PERFCRMED (LLp) RANGE . DISTANCE AND CIRICTION RAticz RANGE #EASUREMENTS
e _SEE_NOTE_1 _____SEZE_NOJE_2 e e SZE_NOTE_2 . ____SEE_NOTE 2 _____
GANNA (GELI) :
44 © ’
BE-7 4.5CE+01 5.788+C1( 1/ 36) LN¥1 BF NORTRWEIST  S5.732+C1C 1/ %) 5.682+91C 2/ 3)
5.73E+4C1 - 5.783+01 1.0 FILE N 5.753491 = 5.73E401  S5.38E+01 - S5.98E+01
TRITIUM 2.502+402 36 VALUES <LLD 8 VALUES <LLD
44 - ANALYSIS PERFORMED . ‘

RN

1. NOMINAL LOWER LIMIT OF DETECTION (LLD) AS DESSCRISED IN TABLE E-l.
2. KEAN AND RANGE 3ASED UPON DETECTABLE MEASUREMENTS ONLY. FRACTION OF

IS INDICATED IN PARENTHESES (F).

NOTE:
NOTE:s

96
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PETECTABLE

MEASUREMENTS AT SPECIFIED LOCATIONS

-
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TAELE H-6
RADIOACTIVITY IN MILK

PCI/L - 0.037 3G/L

NAME OF FACILITY_ SROWNS _FERRY o e cc———cm—c—————— DOCKET NO._50:259,2502296 . ..
LOCATICN OF FACILITY_LIMSSIONE __ ____ ________BLARAMA_________________ REPORTING PERIOD 1387 o
TYPE AND LOWER LIMIT ALL CONTROL NUMBZR OF
TOTAL NUM3ER oF INDICATCR LCCATICAS _LCCATION WITH HISHIST ANNUAL_KZAN______ LOCATIONS NONROUTINE
OF ANALYSIS DETECTION MEAN (F) NAME HZAN (F) MEAN (F) * REPORTED
PERFORMED (LLD) RANGE DISTANCE AND CIRZCTION RANGE RANGE MEASUREMENTS
e SESE_NOTE 1 ____ _SEE_NOTE 2 _ . o aman ————_-SEE_KOIEZ 2 -—--SEE_NOTE 2______ _——
TODINE-131 2.00E-01 755 VALUES <LLD 142 VALUES <LLD
258 ANALYSIS PERFORY ) < - .
GAMKA (GELI) .
75
€s-137 5.00E+00 S.COE+COC 1/ 39) BRCOKS FARM 5.3 5.COE4C0C 1/ 13) 36 VALUES <LLD
5.0084C0 = 5.005+00 S NNW 5.00E+00 - 5.00E£+CO .
K-40 1.50E+02 1.230€463C 36/ 39) BSROCKS FARM 6.8 1.328+4C3C 13/ 13 1.3SE+03C 36/ 36) .
. $5.3454G2 - 1.602403 S NNW §.54E+02 - 1.60€+03  1.162+03 = 1.79E+03 ° oo
TL-208 NOT ESTAB 1.84E4C0C 2/ 39) SFITH/BENNETT FA  2.062+4CCC 17 13) 7.30E-01C 1/ 38)
: 1.62E+C0 - 2.05E400 5.0 MILES N 2.05E+00 - 2.06E+CO  7.30Z-01 - 7.30E-01 - -
ac-223 NOT ESTAB 39 VALUES <LLD . 6.23E400C 4/ 36)
’ . 3.82E+00 - 9.81E+00
SR 89 2.50E+00 35 VALUES <LLD 36 VALUES <LLD
75 " ANALYSIS PERFORMED . .
SR 90 2.00E+00 3.17E+COC 23/ 39) LCONEY FARH 5.9 3.56E4C0C 117 13) 2.95E+00C 13/ 36)
75 Y 2.C1E+C0 - 4.4754+00 S ENE 2.44E400 - 4.47E4+00 2.17E+0G - 5.36E+00

NOTE: 1. NCMINAL LOWER LIVMIT OF DETZCTION (LLD) AS DSSCRIEESD IN TABLEZ E-1.
NOTE: 2. MEAN AND RANGE 3ASED UPON DETESCTAZLE MEASURESHENTS ONLY. FRACTION OF DETSCTABLE MEASUREMENTS AT
IS INDICATES IN PARENTHESES (F).

SPECIFIED LOCATIONS



- l o~ T i




TYPE AND- LOWER LIMIT
TOTAL NUMBER CF
GF ANALYSIS DETECTICN
- ==pERFORNMED (LLp) .
v oo _SEE_HOTE 1
R IODINE-121 4.00E+00
199
. GAMNMA (GELI)
191
€s=137 2.4CE+01
K=40 4 .00E+02
81-214 4.8CE+01
31-212 NOT ESTAB
P3-214 8.00E+01
PB=212 4.00E+01
W
®©  5g-7 2.0CE+D2
TL-208 NOT ESTAB
AC-223 NOT ESTAB
SR &% 1.40E402
S5
SR 50 6.0CE+01
55
NOTE:
NOTE:

PCI/KG =~ 0.037 3G/KG (WET WEIGHT)

ALL
INDICATCR LCCATICNS
MZAN (F)

RANGE

VALUES <LLD
ANALYSIS PERFORMED

3.52E+C1( 5/ 150)
2.62E+CT = 5.50E+01
4.91E+C3( 150/ 150)
5.0724062 ~ 1.93E+04
7.24E+C1C 16/ 150)
5.,C0E+C1 = 1.946E+02
2.51€4C2¢( 2/ 130)
$.21E+C1 = 4.09E402

1.27€402¢ -~ 4/ 150)
8.17E+01 - 2.19E+02
6.51E+C1(¢ 16/ 150)

4.43S+CT ~ 1.56E+402
2.47E+C3C 145/ 150)
2.14E+G2 = 1.24E+94
1.13e401C 417 15C)
1.50E-G3 = 4.71:+01
6.0SE+C1(C 25/ 150
1.238+01 = 1.72E+02
44 VALUES <LLD
ANALYSIS PSRFORMED
1.CSE+02C 177 44)
£.2984C1 - 1.77E+402

IS INDICATED IN PARENTHESES (F).

TABLE H-7

RADIOACTIVITY IN VEGETATICN

DOCKET NO._50-259,2638,226

REPCRTING PERIOD_1237

DISTANCE

RCGERSVILLE, AL
15.8 MILES NW
LK3 3F NORTHZAST

1.0 MILE ENE
RCGERSVILLE, AL
13.8 NILES ¥
RCGERSVILLE, AL
13.3 MILES Nw
ROGERSVILLE, AL
13.8 MILES KW
ROGERSVILLE, AL
13.8 MILES Nu
ROGERSVILLE, AL
13.8 KILES N
RCGEZRSVILLE, AL
13.3 MILES HN
RCGERSVILLE, AL
13.8 MILES Wi

LF¥S BF DAVIS F
2.5 MILES hSh

AND DIRZCTION

CONTROL

LOCATIONS
MEAN (F)
RANGE

SEE_NOTE_2

MEAN (F)

RANGE
SES_NOTE 2
6.60E+C1( 1/ 5)
6.35+C3(C 137 13)
2.71E403 = 1.955+04
1.96E+02¢ 17/ E))
1.965402 = 1.96E+C2
4,09E+02¢ 1/ 5)
4.09E+02 - 4.09E+02
2.19E+02¢( 1/ 5)
2.19E402 = 2.19£+02
1.S9E+C2( 17 3)
1.59€402 = 1.59&E+0¢
4.S4EH+DS( 57/ 3)
3.20E402 - 1.18E+C4
«SSE+C1( 2/ 5)
4.135400 - 4.T1E+G1
1.G5E+02¢( 2/ 5)
3.635+401 = 1.73E4C2
1.77E+02¢( 1/ 1
*1.77E402 = 1.772+4G2

1. NCMINAL LOWSR LINIT CF OETECTION (LLD) AS DESCRISED IN TA3LE E-1.

Z. MEAN AND RANGT_DASED UPON DETECTASLE MEASUREMENTS ONLY. FRACTION OF

41 VALUES <LLD

4.24E+01¢ 17 41
4,24E+401 = 4.,24E+01
5.,233403(C 41/ 41D
4.61E402 = 1.238+04
5.36E+01( 37 4D
Se23E+01 = S5.54E+01
2.10E+02¢ 1/ 41D
2.1CE+02 =~ 2.10£+02

41 VALUES <LLD

4.615401C 1/ 41)
4.61E+01 = 4.61E+01
3.128+03C 40/ 41)
2.4CE+02 ~ 1.14E+04
1.128401¢C 3/ 41)
3.256~01 ~ 2.00E+01
3.84E401C 8/ 41)
6.912+00 - 8,538+01
11 VALUES <LLD

1.12E+02¢ s/ 11
7.395401 =~ 1.74E+02

NUNSER OF
NONROUTINE
REPCORTED
MEASUREHENTS

DETECTABLE MEASUREMENTS AT SPECIFIZD LOCATIONS
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TABLE H-8
RADIOACTIVITY IN SOIL

PCI/E = 0.037 38/G (ORY WEIGHT)

NANE KEAN (

DISTANCE AND DIRZCTION RANEGS
_____ SEE_uCT
ATHENS, AL 1.14E+00(
10.9 MILES HNE 1.142100 -
LX1 3F NORTHWEST 714E+00(
1.0 MILE N 7.142400 -
LM2 5F NORTH 1.128+00¢(
G.9 NMILE NNE 1.12E+400 -
DECATUR, AL 1.53e+00¢(
£.2 MILES SSE 1.532+00 -
L¥1 SF NGRTHWEST 1.222400¢(
CECATUR, AL 1.39e+00¢(
8.2 MILES SS¢ 1.39£400 -
LM2 3F NORTH 1.122400(
J.9 MILE NiE 1.12E+400 -
LM2 3F NORTH 1.532+400¢(
C.9 MILE NNE 1.532400 -
DECATUR, AL L.64E-01C
8.2 ¥ILES SSE 4.54E~01 -
DECATUR, AL 1.41E+00¢(
8.2 MILES S§S& 1.412+0C -
DECATUR, AL 3.40z+00¢(
8.2 MILES sS¢ " 3.408400 -

DOCKET NO.
REPGRTING

17 (P)
1.14E+C0
1/ D
7.14E400
1/ 1
1.,122+4C0
1/ 1)
1.53400
1/ 1)
1.22E+G0
17. 1
1.39e+C0
17 1
1.12E+G0
1/ 1)
1.53E+69

-

1/ 1)
4.586E-C1
1/ 1)
1.41E400
1/ 1
3.40E+00

PERIOD_1387
CONTROL
LOCATIONS
MEAN (F)
RANSE
SEE_NOTZ_2______
1.225-01¢( 2/ 2)
1.1CE-01 - 1.37E~01
3.425400¢( 2/ 2)
3.15400 = 3.69E+00
5.732~01¢ 2/ 2)
$.598~01 - £.86E~-01
2.945-01¢( 2/ 2)
9.76E=01 - 1.6G1£+00
7.36E-01¢( e/ 2)
7.30E-01 - 7.428-01
2.168=01¢( 2/ 2)
2.355-01 ~ §.96E-01"
6.738-01( 2/ 2)
6.5%E-01 - 6.86E-01
2 VALUSS <LLD
1.562-01¢( 17/ 2)

1.568=01 = 1.56E-01
3.158-01¢( r4 2)
3.04E-01 = 3.35E-01
9.54E-01¢ 2/ 2)
2.50E=-01 - 1,06E+00
1.95E+00¢( 1/ 2)
1.955+00 ~ 1.95€+00
2 VALUES <LLD .

‘2 VALUES <LLD

NUNOER OF
NONROUTINE
REPCRTED
NEASUREMENTS

S - o A T NS Dk v = 0 S S e S P W " A O S S P G G S Y S A s 8 N P S 0 e M e P P - et S P S D S AP O £ S S P o S g =i O A D O e e o .

TYPE AND LOWER LIMIT ALL
TOTAL NUHMSBER OF INDICATCR LCCATICNS
OF ANALYSIS DETECTION MEAN (F)
PERFORKED (LLD) RANGE
SEE_NOTE_1 _____SEE_NOTE 2 ____
SGAMNA (GELI)
10 .
€$=-137 1.0Ce-0¢ 4.19E-G1¢( 3/ 82
5.47E~C2 - 1.142+9C
K=40 2.0CE~-01 S46E400( g/ 8)
2.%4c%00 - 7.143400
81-214 4,0CE-02 Q.77E-01¢( 8/ 8)
6.E9€=C1 - 1.12E+00
B8l-212 1.0CE-01 1.24E+CO( 8/ 2)
6.11E-C1 = 1.53E+00
PB=214 2.00E-C2 1.C7€+C0( 87/ 8)
7.26E=CT = 1.228400 ~
pPB=-212 2.9€E-02 1.10E4G0C = 8/ 3)
6.69E~CT1 = 1.3%52+00
RA=226 5.00E-02 9.77€~C1¢( 8/ 3)
6.89c=C1 - 1.12e400
RA-224 NOT ESTAS 1.232+G0( 57 8)
7.45E=C1 - 1.532%00
gE-7 1.008=01 3 VALUES <LLD
TL-208 2.0CE-02 3.79E-C1( a2/ 8)
2.338-01 - 4.54E-01
AC=2238 6.0CE-02 1.12E+C0( Y4 g)
6.77€E~C1 - 1,.41E+00
PA=234N NOT ESTAS 3.37E4CCK( 2/ 2)
3.39E+CG -~ 3.4GZ+C0
SR &9 1.090z+90 3 VALULES <LLD
10 ANALYSIS PESFORMED
SR %0 2.00E-01 . 3 VALUES <LLD
10 ANALYSIS PERFORMED
NOTE: 1. NOMINAL LOWER LINIT OF DETECTION (LLD

NOTE:

2. MEAN AND RANGE BASED YPON DETECTAILE MZASURENMENTS

IS INDICATED "IN PARENTHESES (F).

) AS DESCRIBED IN TABLE E-1.

HLY. FRACTICON OF DETZCTABLE MEASUREMENTS AT SPECIFIED LOCATIONS






e

001

TAgLE H-9
RADIOACTIVITY IN CCRN

PCI/KSE = 0.037 SC/KS (WET WEIGHT)

LOCATION OF FACILITY _LIKZSTONS o oo ALASAMA ________________ REPGRTING PERIOD_1987 ——

TYPE AND LOWER LIFIT AtL CONTROL NUM3ER OF
TOTAL NUM3EZR OF INDICATCR LCCATICNS _LCCAYION WITd HIGHSST_ANMUAL _NZaN______ LOCATIONS NONROUTINE
OF ANALYSIS DETECTICN AEAN (F) NARZ MEAN CF) MEAN (F) REPORTED

PERFORKED (LLD) RANGE DISTANCE AND DIRECTION RANGE RANGE MEASUREMENTS
—— SEE_NOIE_ 1 _____SSE_KOIS 2 ____ ___ ceew-oSEE_NEIE_Z2_____ wewuSEE_NOTE_2 _— _—
GROSS BETA 3.00E+00 3.64E+C3C 1/ 1) 7 KILES NNW ILELEFCIC 17 1) T.955+93C 1/ 1

r 3.&4E+C3 = 3.643+03 3.84E+03 - 3.64E403  3.95E8+03 - 3.95E+03 . .
GAMMA C(GELI)
2
K=40 1.5CE+02 1.52E+C3¢ 1/ 1) 7 FILES NNW 1.622403¢C 1/ 1) 2.18E+03¢C 1/ 1)
1.9254063 = 1.92E+03 1.92E+403 = 1.722403  2.18€+03 ~ 2.12E+03
AC-223 NOT ESTAS 6.78E+CGC 1/ 1) 7 MILES HNW 6.TEE¥COC 17 1 .1 VALUES <LLD
’ 6.732+C0 - 5.78E+0G £.73E400 - $.73E+00

NOTE: 1. NOMINAL LOWER LINIT OF DETECTION (LLD) AS DESCRIBED IN TASLEE-1. ’
NOTE: 2. MEAN AND RANGE BASED UPON DETECTASLE MEASUREMENTS ONLY. FRACTION OF DZTECTABLE MEASUREMENTS AT SPECIFIED LOCATIONS
IS INDICATED IN PARENTHESES (F). .

w
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TAZELE H-10
RADIOACTIVITY IN ZRZEN BEANS .

PCI/KE -~ 0.037 53/KG (WET WEIGHT)

LOCATICN OF FACILITY_LIAESICAZ. oo oo _ALABABA ________ " CTTT  REPORTING PERIOD 1837, - oo
TYPE AND  LOWSR LIKIT ALL CONTROL NUMBER OF
TOTAL NUNSER of INDICATCR LCCATISNS _LCCATION WITH HISHEST_ aNNUAL_FIAN _  LOCATIONS NONROUTINE
GF ANALYSIS DETECTION KEAK (F) NARZ KZAN (F) MIAN C(F) < REPCRTED
-- PERFORKED (LLD) RANGE DISTANCE AND CIRSCTION  RANGE ° RANGE MEASUREMENTS
_____________ sEE_noTE_1 sEE OIS 2 oo oo __SEE EGTE 2 ____ ____SSE_NOTE 2 S
GROSS BETA 9.00E+00C IT75E+CIC 17 1) TiTNILES R ITTLE+C3C A7 D) 4.528+403¢C 17 1D
2 - 3.7454C2 - 3.742403 3.745403 = 3.742403 4.42E403 - 4.42E403 A
GAMNA (GELI) ’ )
2 .
K=40 1.50E+02 1.715+¢3¢ 1/ 1) 4 XILES N . ° 1.71E403¢C 1/ 1) 2.09E403¢C 1/ 1)
1.71E+L3 - 1.712403 1.715402 ~ 1.71E+03  2,092+03 = 2.09E+03
31~214 2.00E+01 3.22E4C1¢ 1/ 1) &4 MILES N 3.228401¢C 1/ 1) 1 VALUES <LLD
3.2254C1 - 3.226+01 3,22E401 - 3.22E+61 k R .
NOTE: 1. NCMINAL LOWSR LINIT CF DETSCTION (LLD) AS DSSCRIESD IN TA3LE E-l. -
NOTE: 2. MEAN AND RANGE BASED UPON DETECTA2LZ MEASUREMENTS ONLY. FRACTION OF DETECTABLE MEASUREMENTS AT SPECIFIED LOCATIONS
IS INDICATED IN PARENTHESES (F). .

- .

101







T T PERFORMED

GROSS 3ETA

201

TYPE AND
TOTAL NUMBER
GF ANALYSIS

2
GAMKA (GELI)
2

K=40

TAELE H-1]
RADICACTIVITY IN FCTATOES
PCI/KG = 0.037 BS/KS (WEST WEIGHT)

NAME OF FACILITY_SROWNS_FZRRY

8.2784G3 ~ 3.27:z+402 2.27E+03 -~ 8,.,27E+03

. 1.505+02 3.42E+C3( 1/ 1)

3.42E+03 ~ 3.42E+C3

7 AILES NNW 3.42E+03¢( 17 Iy

3.42E+03 = 3.42E+C3

NOTE:
NOTE:

DCCKET KC.

——

LOCATICN OF FACILITY_LIMESTONE ___ " ""RLASRMA ______ IR, REPORTING PERIOD_1987___ ______—— e
LOWER LINMIT ALL COKTROL NUMBER OF
Y INDICATCR LCCATIONS _LCCATION WITH HIGHIST_ANNUAL _FEAN______ LOCATIONS NONROUTINE
DETECTION MEAK CF) NARE MEAN (F) HMEAN (F) * REPORTED
(LLD) RANGE DISTANCE AND DIRECTION RAMGE RANGE HEASUREMENTS
______ SEE_NOTE 1 ____ _SSE NOTS 2 . __ .o . _SSE_MCTE 2 ___ ____SEE NOTE 2 _____ e
9.0CEF00 §.2TE*C3C 17 1) "7 RILES RNW €.27E+C3C 17 D §.925+33¢C 17 1)

§.52E403 - £.92E+03

2.84E+03¢ 1/ L
2.845+03 - 2.84E+03

1. NOMINAL LOWER LIFIT CF DETECTION (LLD) AS DESCRIBED IN TA3LE E-1,

2. MEAN AND RANGE BASED UPON DETZCTA2LE MEASURENENTS ONLY. FRACTION OF DSTECTABLE MEASUREMSNTS AT SPECIFIED LOCATIONS

IS INDICATED IN PARENTHESES (F).
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TASLE H-12
: RADINACTIVITY IN TOMATOES
£CI/KE - 0.037 33/K6 (WET WEIGHT)
NAME OF FACILITY_ZROWNS F=R2Y______ .. - —— - DOGCKZT NO._50-252,260,296_ ____.._.
LOCATICN OF FACILITY_LINESTONE _____—_—_______ALABAMA_________________ REPORTING PERICO_1937 oo o e
TYPE AND LOWER LIMIT ) ALL : CONTROL NYMRER OF
TOTAL NUMBER * OF INDICATCR LCCATIONS _LCCATION WITH HISHSST_ANNUAL_MSAN LOCATIONS NONROUTINE
OF ANALYSIS DETECTION NEAN (F) NAFE KEAR (F) HEAN (F) * REPORTED
PERFORNED (LLD) RANGE DISTANCE AND CIRECTION RANGE RANGE MEASUREMENTS
_________ SEE_NOTE_1 SEE_NOTZ 2 ____ oo SEE_NOTE_2  ___SZE_NOTZ_ e
GROSS SETA 9.00E+00 4.S7E+C3C 17 1) & EILES N T%.575433C 1/ 1) Z.562+03C 17 1D
2 4.578+C3 - 4.572+03 L.57E403 =~ 4.578+03  4.66E8+03 = 4.66E+03 -
GARKA (GELI)
> .
K=40 1.50E+02 2.45E4C3C 1/ 1) 4 MILES N 2.4884G3¢C 17 1 2.758402C 1/ 1
2.42E+63 - 2.48E+03 2.435403 - 2.48E+03  2.75E+03 - 2.75E+03
NOTE: 1. NOMINAL LOWER LINIT CF DETECTION (LL®) AS DISCRISED IN TASLE E-1.
NOTE: 2. HEAN AND RANGE BASED UPON DETZCTASLE MEASURSMENTS OKLY. FRACTION OF DETECTA3LE MEASUREMENTS AT SPECIFIED LOCATIONS

IS INDICATED IN PARENTHESSS (F).
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LOCATICN CF

NAME OF FACILITY_3ROWNS_FSRRY_____
FACILITY_LIMESTCNE

TYPE AND  LOWSR LINIT
TOTAL NUMBZR oF
OF ANALYSIS  DETECTION
—.. PERFORMED (LLD)
———— _SEE NOTE_l
RIS BETA 5.5CE+00
GAMMA (GELI)
2
€s-137 5.00E+00
K=40 1.50E+02
p3-212 2.00E401
TL-203 NOT ESTA3
AC-223 NOT ESTaB
b=
<
HOTE:
NOTE:

TABLE H-13

RADIOACTIVITY IN TURRNIP GREZNS

PCI/KG = 0.037 26/KG (WET WEIGHT)

8.96E+C3( 1/ 1)
6.G5EFC3 = 6.76E2+03

ALL : .
INDICATCR LCCATIONS _LOCATION WITH HISHSST ANNUAL MSAN______
HEAN (F) NAKS KEAN (F)
RANGE DISTANCZ AND DIRSCTION  'RANGE
EE_NOTE 2 o o eccece———memmeemmao=SEECNCIE 2

1 VALUES <LLD

3.44E+C3(C 1/ 1)
3.44E4EC3 - 3.442703
1 VALUES <LLD

5.52E+C0¢( 1/ 1)
5.52E+C0 ~ 5.52c+CQ
1 VALUES <LLD

LKS SF DAVIS F
2.5 MILES WSW

LMS 3F DAVIS F
2.5 MILES WSh

LMS BF DAVIS F
2.5 MILES WSH

IS INDICATEC IN PARENTHESES (F).

6.95E463¢( 1 1

. 6.96E+03 = 5.56E+C3

3.44E403¢C 17 1)
2.445403 -~ 3.44E4C3

5.52E+00¢( 1/ 1B
5.52E+00 = 5.52E+CO

1. NGMINAL LOWSR LINIT CF DETECTION (LLD) AS DESCRISED IN TA2LE E-1.
2. XEAN AND RANGE BASED UPCN DETEZCTASLE MEASURZMENTS ONLY. FRACTION OF

DETECTABLE

DOCKET NO._50-229,260,224

REFORTINS PERIOO_1987

CONTROL
LOCATIONS
MEAN (F)
RANGE
SEE_NOTE_2______

§.53E+03( 1/ 1
6335403 = 6.53E+03

1.2CE+01( 1/ 1
1.2CE+01 - 1.20E+01
2.66E+I3( 1/ 1
R.66E+02 = 2.66E+03
4.96E+01( 1/ 1)
4,96E+401 = 4.96E+01
4.95E+01( 1/ 1)

XUMBER OF
NONROUTINE
* REPCRTED

MZASUREMENTS

4,955401 - 4.95E+01
4.62E+00( 1/ 1
4.62E+00 - 4.62E+00
MZASUREMENTS AT SPECIFIED LOCATIONS
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TAELE H-14
RADICACTIVITY IN APPLES

PCI/KG = 0.037 8G/KG (WET WT)

NAKE OF FACILITY_2ROWNS_FSRRY____ .. —_— —— . DCCKET NO,._50=259,240,296 —
. LOCATICN OF FACILITY_LIMESIONE _____ o ___GLABAFBA__________—_——___  REPORTING PERIOD_1937 e —_—
TYPE AND LONER LIMIT ALL CONTROL NUMEER OF
TOTAL KUNM3ER OF INDICATCR LCCATIONS _LCCATION WITH_HIGHZST_ANNUAL_NEAN - LOCATIONS NONROUTINE v
OF ANALYSIS DETECTION MEAN (F) NAME MEAN (F) MEAN (F) * REPORTED
PERFORMED (LLD) RANGE DISTAKCE AND DIRZCTION RANGE RANGE - < " MEASUREMENTS
v e . _SES_NOTE 1 ____ SEE NOTZ 2 __ __ ________ oo SEE_NGTE 2 __ ___ _SEE_NOTE 2 _____ e
GROSS BETA 9.00E+00 . 1.442+C3C 1/ 1) ~7 WILES NNW 1.235403C 17 1D 1.54e+03C 17 1D
2 1.4454C3 ~ 1.443403 1.445403 - 1.44E+03  1.94E+03 - 1.94E8+03 i :
i GAMMA (GELI)
. 2
K-40 1.5C2+02 7.31E462¢ 1/ 1) 7 MILES NKNY 7.318402¢ 1/ 1 3.72E402¢ 1/ 1)
) . T.31E#C2 - 7.312402 7.316402 = 7.31E402  8.72£402 - §.72E+02
TL-208 A2T ESTAS 1 VALUES <LLD 1.188400¢C 1/ 1)
1.182+00 - 1.15E+00
y AC-228 NOT ESTAB 1 VALUZS <LLD 6.04E400¢C 1/ 1)
6.04E+06 = 6.04E+00 .
] .
NOTE: 1. NOFIMAL LOWER LINIT GF DETECTION (LLD) AS DESCRIBED IN TABLE E-I. .

2. YZAlL AND RANGE BASED UPON DETECTASLE MEASURCMENTS ONLY. FRACTION CF DETECTABLE MEASUREMENTS AT SPECIFIED LOCATIONS
? IS INDICATED IN PARENTRESES "(F).
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TaeLz H-15
_ RADIOACTIVITY IN 2EEZF

FCI/KS = 0.037 3Q/XG (WET WEIGHT)

NAME OF FACILITY_SRCANS_FZRRY____ e ——————— . OCCKET NO._58:259,263,296________
LOCATICN OF FACILITY_LIMESTONS_ ——— ~—_ALABANA - - REPORTING PERIOD_1987 _______ ——— -—
TYPE AND LOWER LIFIT ALL : CONTROL NUNMBER OF
TOTAL NUMBER oF INDICATCR LCCATIONS _LCCATION WITH HIGHSST_ANNUAL _MEAN_____ LOCATIONS NONROUTINE
QF ANALYSIS DETECTION MEAN (F) NAME MEAN (F) MEAN (F) *  REPCRTED
PERFORMED (LLD) RANGE DISTANCE AND DIRSCTICN RAMGE RANGE MEASURSMENTS
SEE_NOTE 1 _____SEE.NOTE 2 | oo SEE_NOTE_2 SEE_NOTE 2 -— el
GROSS BETA 1.5CE+01 30892+4C3C 177 71) TSKITAZIENNETT FA  3.598+02C 17 1) 3.852+403C 17 1)
2 3.595403 - 3.555+03 5.0 MILES N 3.552403 - 3.,55E403  3.85E8+4)3 -~ 3,858+03 - - - : -
GAMMA (CELI) ‘ *
5 ‘
K=40 3.905+02 1.40E+C3C 17 1) SMITH/SENNETT FA  1.40E+03¢C 1/ 1 1.998403¢ 1/ 1
. 1.40E+G3 = 1.4CE+02 5,0 MILSS N 1.40E+403 - 1.40E+403  1.99:2403 - 1.99E+403 -
AC-223 NOT ESTAS 1 VALUES <LLD 8.015400¢ 1/ 1

- - 8.01E+00 - 8.01E+400

- - o e e e e B e P e e M e O e e B 8 e - - - - - - - -

NOTE: 1. NOMINAL.LOWER LI¥IT CF DETECTICN (LLD) AS DSSCRISED IN TASLE E-1.
NOTE: 2. MEAN AND RANGE BASED UPON DETECTAZLE MEASUREMENTS ONLY. FRACTION OF DZTECTABLE MEASUREMENTS AT SPEZCIFIED LOCATIONS
IS INDICATSID IN PARENTHESES (F). ’ -
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TAZLE H-16

RADIOACTIVITY IN SURFACE WATER TOTAL

FCI/L - 9.037 32/L

NANE MEAN (F)
DISTANCE AND CIRSCTION RANGES
oo SEE_NOTE 2___ __
TRM 285,2 3.45€409C 137 13)

1.762+0C - 1.,14E+C1

REPORTING PERICD

DGCKET NO._50-259,250,235

B2 A _—
CONTROL
LOCATIONS
MEAN (F)
RANGE
T2.81E400C 137 13)-
1.952400 - 4.93E+00 .

NUM3ER OF
NONRCUTINE
REPCRTED
MEASUREMENTS

13 VALUES <LLD

4 VALUES <LLD
4 VALUES <LLD

4 VALUZS <LLD

NAME OF FACILITY_2ROWNS FERRY_ _____
LOCATICH OF FACILITY_LIMESTCNE ____
TYPE AND LOWER LIVIT ALL
TOTAL AUMZER OF INDICATCR LCCATIONS
OF ANALYSIS DETECTION MEAN (F)
PERFORMED (LLd) RANGE
SEE_NOTE1 ____ SEE_KOTE 2 ____ _
GROSS SETA 1.70E+06 3.426+4C0C 25/ 28
3§ 1.7624CC - 1.14Z+01
GAMMA (GELI) .
39 26 VALUES <LLD
ANALYSIS PERFCRMED
SR 89 3.0C£+00 3 VALUZS <LLD
12 ANALYSIS PERFORMSD
SR 50 1.40E+00 3 VALUZS <LLD
12 ANALYSIS PZRFORMED
TRITIUM 2.50E+02 8 VALUSS <LLD
12 ANALYSIS PERFORNED
NOTE: 1. NCMINAL LOWER LINIT CF DETECTION (LLD)
NOTEZ: 2. MEAM AND RANGE BASED UPON DETECTAZLE ME

IS INDICATEC IN PARENTHESES (F).

AS DESCRISED IN TASBLE Esl.
ASURENMENTS ONLY.

FRACTION GF ODSTECTABLE HEASUREMENTS AT SPECIFIED LOCATIONS
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TAzLZ H-17

RADIOACTIVITY IN PUZLIC WATER SUFPLY

PCI/L - 3,037 2a/L

NUNBER OF
NCNRQUTINE
REPCRTED
MEASUREMENTS

NAME OF FACILITY_SROWNS _FESPRY _ o cecccccccccccceccmm———a——— DCCKET NO._50-259,269,236 . ___.
LOCATION OF FACILITY_LISESIGNE _______________ALABABA ______________._ REPGRTING PERIOD_1987 _________
TYPE AND LOWER LIVIT ALL CONTROL
TOTAL NUM3ER oOF INDICATCR LCCATICNS _LCCATION WITH HIGHSST_ANNUAL VZAN______ LSCATIONS
OF ANALYSIS DETECTICN MEAN (F) NAKZ MEAN (F) MEAN (F)
== PERFOR¥ED (LLD) RANGE DISTANCE AND DIRZCTION RANGE RANGE
_ _SEE_NOTE_1 _____ SEE_NOTE 2 oo —eemeoooSEENGTE 2. ____SEENOTE 2 ___
GROSS BETA 1.7CE+30 3.83£+CCC 53/ ~72) TCHAMPION FAPZR 2.958+4C0C 457 52) 2.E9E+00C 257 26)
104 1.76E+05 - 7.86Z+400  TRN 232.6 1.76E400 = 7.36E+00  1.S93400 - 4.93E+00
GAMMA (GELI)
104
31-214 2.0CE+01 2.275401¢ 1/ 78) CHANPION PAPER 2.27E4CIC 1/ 52) 26 VALUES <LLD
2.27E4C1 - 2.278+01  TRM 282.6 2.27E401 = 2.27E+01 :
TL-203 NOT ESTAE 6.25E-C1C 2/ 78) CRANPION FAPER 6.238-01C 2/ 52) 1.31E400C 47 26)
et 5.51E-01 - 7.05Z-01  TRM 282.6 5.51E-01 = 7.G58=G1 &6.23E=02 - 3.36E+00 =
AC-228 NOT ESTAB 4.98E+C0C 2/ 78) CHANPION PAPER 4.53E+09¢C 2/ 52) 3.45E+00C 1/ 26)
4.415+00 = 5.542+0"  TRM 232.6 4.41E400 - 5.54E+CD  2.45E+00 = 8.45£+00 °
SR &9 3.0CE+00 3.562+CCC 2/ 12) CHAMPION PAPEZR 3.96E400C 2/ &) . 8 VALUES <LLD
20 3.662+C0 - 4.278400  TRM 282.6 2.66E+00 - 4.27E+CD
SR S0 1.4CE+00 12 VALUES <LLD . 8 VALUES <LLD
20 © " " ANALYSIS PEZRFGREED
TRITIUN 2.5C£+02 12 VALUES <LLD 8 VALUES <LLD
20 ANALYSIS PERFORMZD .
NOTZ: 1. NONINAL LOWER LINIT CF DETECTION (LLD) AS DESCRIZED IN TABLE E-1.
NOTE: 2. MEAN AND RANGE 3ASED UPON DETSCTASLE MEASUREMENTS ONLY. FRACTION OF DSTECTA2LE KEASUREMENTS AT SPECIFIED LCCATIONS

IS INDICATED IN PARENTHESES (F).







TAELE H-18
RADIOACTIVITY IN WELL WATER
PCI/L - 0.C37 EG/L

NAME OF FACILITY_3ROWNS_FEP23Y _ e ———————————— ————— DCCKET NO._50-259,2656,298 _____ —
LOCATICN OF FACILITY_LIMESIONE __________——~—~ ALASANA__ T TTTmTTTTTT RZIPGRTING PERIOD_1987___ __ —__———
TYPE AND LOWER LINMIT ALL CONTRGL NUMBER OF
TOTAL NUM3ER oOF INDICATCR LCCATICNS _LCCATION WITH HIGHEST_ANNUAL_NEAN LOCATIONS NONROUTINE
<OF ANALYSIS DETECTION MEAN (F) NANZ VEAR (F) MEAN (F) * REPORTED
PERFORMED (Lo RANGE DISTANCE AND DIRECTICH RANGE RANGE HEASUREMENTS
S _SEE_NOTE 1 _____SEE_NOTZ 2 ____ __.__ R ee—-_-SEE_NCIE_2 e SEEMQTE 2 _____ . ____
- GAMFA (GELI) - .
T 24
81-214 2.0CE+01 3.,756+01¢ 4/ 11) &FN wElbL 46 3.755+C1C 47 11) 3.448402C 137 13)
2.37E4CG1 - 4.912401 C.02 #ILES W 2.37E401 - 4.91E+C1  9.2CE+01 - 6.63E+02
P5-214 2.0CE+01 3.605461¢ 47 11) BFN WELL #6 3.508401C 4/ 11) 3.435402C 13/ 13)
. 2.68E+401 - 4,982+C1 C.02 MILES W 2.688+401 = 4.58E+CT  9.44E+401 - 6.14E402
AC-223 NOT ESTAB 1.29E4C1C 1/ 11) 2FN WELL #6 1.2984C1C 1/ 11 12 VALUES <LLD
- 1.29E+C1 - 1.262+401 G.02 MILIS W 1.295+31 = 1.29E+01
SR &9 3.0CE+00 4 VALUES <LLD 4 VALUES <LLD
8 ANALYSIS PERFOREED .
SR 50 1.4CE+00 4 VALUZS <LLD 4 VALUZS <LLD
8 ANALYSIS PERFORVED
TRITIUM 2.50E+402 4 VALUES <LLd } 4 VALUES <LLD
8 " ANALYSIS PERFORVED -
8
NOTE: 1. NCKINAL LOWER LINIT OF DETECTION (LLD) AS DSSCRIBED IN TASLE E-1. - g ’
NOTE: 2. MEAN AND RANGE BASED UPON DETEZCTA2LZ HEASUREZMENTS ONLY. FRACTION OF DSTEZCTABLES MEASUREMENTS AT SPECIFIED LOCATIONS

IS INDICATED IN PARENTHESES (F).
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TYPS AND
TOTAL NUMBER
OFf ANALYSIS

PERFORNMED

LOWER LINIT

OF
DETECTIC

(LLo)
SES_NOTZ

_ GROSS BETA

é
GAMMA (GELID)

€s=137
K=40

1.0Cs-21

6.0CE=-02
1.00E+06

IS INDIC

TaAgle H-18
EADICACTIVITY IN CRAFPIE (FLESH)

PCI/G = 0.037 36/% (DRY WEIGHT)

1.C58+CT1 ~ 1.272+01

1. NOMINAL LOWER LIVIT CF DETECTION (LLD) AS DESCRIZED IN TA3LE E-1.
2. MEAN AND RANGE SASED UPON DETECTASLE NEASURENENTS ONLY. FRACTION OF DETEZCTASLE MEASUREMENTS AT SPECIFIED LOCATIONS

ATED IN PARENTHES:ZS (F).

_BROWNS_FERIY ______. ———- - DOCKET NO._5C2259,280,296 ..
MESTONE o ____ALASEEA e REPIORTING PERIOD_1937__
ALL ’ CONTROL
INPICATCR LCCATIONS _LOCATION WITH HIGHEST ANNUAL_KEAN _ LOCATIONS
N HEAN (F) NANE YEAN (F) MEAN (F) °
RANGE DISTANCE AND DIRZCTION RANGE RANGE
1 o _SEE NOTZE_ 2 o o —vmmmmmmmenmeooSEENETE 2 . ____SEZ_NOTE 2______
2.52E+01C &/ &) HEELER RES 2.653+01C 2/ ) 2.758+31C 2/ 2)
2.26E+61 = 2.65E+C1  TRN 275-349 2.54E401 = 2,622401  2.6BE+01 -~ 2.82E+01
7.44E-C2C 1/ &) WILSON RESERVCIR  7.442-C2¢ 1/ ) 1.052=-01¢ 1/ )
7<44E-C2 ~ 7.44E~G2  TRM 25%-i75 7.44E-02 = 7.445-02 1.052-01 - 1.05€-01
1.156+01C 47 &) WILSON RESZRVCIR  1.16E+G1C 2/ 2) 1.,228491¢ 2/ D)
TRM 259-275 1.05E2491 = 1.27E+C1  1.22E+01 - 1.23E+01°

NUMBSR OF
NONROUTINE
' REPCRTED

MEASUREMENTS







LYY

il

TASLE H-20
RADICACTIVITY IN SMALLHOUTH EUFFALO (FLESH)

PCI/G - 0.037 567G (ORY WEIGHT)

-

NAME OF FACILITY_2R0WNS FERRY _ o ce—camcccammamcmm—a—- DOCKET NO._50:259,250,296________
LOCATICN OF FACILITY_LIMESTONZ __ o _____AULASAMA__—__ "~~~ __ REPGRTING PERIOD 1987 __________—

TYPE AND LOWER LINIT ALL ) CONTROL NUMEER OF
TOTAL NUM3ER oF INDICATCR LCCATICNS _LCCATION wWITH_HISGHESST_ANNUAL_KEAN _ LOCATIONS NONROUTINE
OF ANALYSIS DETECTION NEAN (F) NAMZ NEAN (F) MEAN (F) - REPORTED

PERFORMED (LLD) RANGE DISTANCZ AND CIRZCTION RANGE RANGE MEASUREMENTS
SEE_NOTS_1 _____SEE_KOIE 2 ____ e SEE_NCIE_2 - SEE _MOTE 2 e

GROSS BETA 1.0CE-01 2.COE+G1( &/ &) WHEELER RES Z.C3E+C1C 27 ) 2.78E+01C 27  2)

6 © 1.808+01 - 2.153+01  TRM 275-349 2.02E+91 = 2.04E+G1  1.935+21 = 3.532+01 - . -
GAMMA (SELD) .

s
K=40 1.0CE+00 9.61E4CCC &4/  4) WILSON RESZAVCIR  9.95E+400C 2/  2) 1.138401C 2/ 2)

. 8.71E+C0 - 1.043+01  TRH 259-275 9.56E+00 - 1.G4E+01  1.03£491 - 1.23E+01

NOTZ: 1. NCMINAL LOWER LINIT CF DETZCTION (LLD) AS DESCRIBED IN TABLE E-l. .

NOTE:

2. MEAN AND RANGE BASED- UPON DETECTASLE MEASURESKENTS ONLY. FRACTION OF DETECTASLE MEASUREMENTS AT SPECIFIED LOCATIONS
IS INDICATED IN PARENTHEZSES (F). "’ )
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TASLE H-21
- RADICACTIVITY IN SMALLYCUTH SULFEALD (WHCLE)

PCI/E = G.937 23C/G (DRY WEIGHT)

NAME OF FACILITY_2ROWNS FIRRY __ e DOCKET NO._50=259,269,236_ _______
LOCATICN OF FACILITY_LIMZSTONS _ o ___ALASAMA .. REPORTING PERICD_1887 _ . ___
" TYPE AnD LOWER LIMIT - ALL CONTROL NUMBER OF
TOTAL NUMBER OF _ INDICATCR LGCATIONS _LCCATION WITH HIGHZIST ANNUAL _MZAM______ LOCATIONS NCNROUTINE
OF ANALYSIS DETECTICH MEAN (F) NAY¥E KEAN (F) MEAN (F) ©  REPCRTED
PERFORMED (LLD) RANGE DISTANCE AND DIRSCTION RANGS RANSE MEASUREMENTS
mmm—c—mmmoeme - _SEE_NOTE 1 _____SEE NOTZ 2 ____ cocoeoce—a oo 335_NCETE_2 ~emaSEE_NOIZ _—
GROSS BETA 1.0CE-D1 1.35E4C1C 4/ 4) WHEELER RES 1.50E+C1C 27  2) 1.378+01C 27  2)
6 s 1.G8E4C1 = 1.695+01  TRM 275-34F 1315401 = 1.69E+01  1.356+01 - 1.40E+01
GAKMA (GELID)
6
K=40 1.0CE+00 5.57E+CCC 4/  4) WHEELER RIS 5.64E+COC 2/ 2) 5.235400C 2/ )
4.60E+CC - 5.55E+0C  TRM 275-349 4.60E+00 = 6.56E+00 5.675+00 ~ 5.98E+00

- - - o

- = -

NOTE: 1. NCMINAL LOWER LIFIT CF DETECTION (LLD) AS DESCRIEED IN TASLEZ E-1.
NOTE: 2. MEZAN AND RANGE BASED UPON DETSCTAZLE MEASURENMENTS ONLY. FRACTION OF DETZCTABLE
IS INDICATED IN PARENTHESES (F). )

-

-

_MEASUREMENTS AT SPECIFIED LOCATIONS
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TAELE H-22
RADIOACTIVITY IN SEDIMEINT

PCI/G - 0.037 3G/3 (DRY WZIGHT)

-

LOCATICN OF FACILITY _LIMESIONS ______._ ALABAMA_ _— REPORTING PERIOD 1237 e
TYPE AND LOWER LIKIT ALL CONTROL NUM3ER OF
TOTAL NUMBER oF INDICATCR LCCATICNS _LCCATION WITH _HICHSST ANMUAL_SEAN______ LOCATIONS NCNROUTINE
OF ANALYSIS DETECTICN NEAN (F) NAME MEAN (F) MEAN (F) ) REPCRTED
PERFORMED (LLD) RANGE DISTANCE AND DIRSCTION RANGE RANGE MEASUREMENTS
——— SEZ_NOTE 1 _____SSE_NOYE 2. o e ecccc—eme—ww=SEE_NCTE 2 ____SEE NOIE 2 L o
. GAKFA (GELI)
14 - :
€0-60 1.00E-92 2.60E-01¢ 9/ 9) TRM 253.7 5.176-61¢ 3/ 3 2.75e=92¢ 5/ 8)
4.41E-C2 - 1.2524C0 EFN DISCHARGE 7.402-02 =~ 1.253+C0  1.652-92 = 4,372-02
€S=134 1.0CE-D2 5.76€-02¢ &/ $) TRH 283.73 7.46E-02¢ 3/ 3 5 VALUES <LLD
2.52-02 ~ 1.1CE=-C1 £,01E-02 = 1.195-01
€s=~137 1.0CE-92 EJT4E=-01C 5/ $) TRY 287,72 9.48E=C1C 3/ 3) 4.,305=01¢C 57 5)
) . 6.49E~C1 = 1.,163%I3 7.75E-01 = 1.11E+00 2.2C=2-01 = 7.12E-01
K-40 2.002~01 1.352+C1C¢C %/ §) TRM 288.78 1.59+01C 3/ 3) 1.36E401¢C 5/ 5)
- 9,716+C0 - 1.77E+01 1.39E401 =~ 1.77E+81  1.315+01 = 1.45€+01
B8I-214 4.908-02 1.438466C 97 9) TRM 285.78 1.60z+C0¢C 3/ 3 1.155400¢C 5/ 5
1.10E4CC - 1.85:400 1.28E400 - 1.77E400  B.94E=01 = 1.44E+00
8I-212 1.9Cz-01 1.6284CCC 97 9) TRM 288.7% 1.772430C 3/ 3 1.443400¢C 57 5)
- 1.23E4C0" -~ 2.22E+GO 1.51E400 = 2.228+00 1.16E+00 = 1.63E+00
P5-214 2.0CE-902 1.54E+60C .. 5/ 9) TRM 28£.78 1.706406¢C ,3/ 3) 1.242400C 57 5)
1.16E4C0 - 1.98:5+00 1.335+490 - 1.96E+00  9.07€~01 = 1.558+32
= ps-212 2.0GE=02 1.51400C 9/ 9) TRK 283.78 1.472+400C 3/ %) 1.24400C 5/ 3)
1.1884CC - 2.00E+00 1.40540C - 2.00E+00  7.7SE=01 = 1.44E+00°
RA=226 NOT ESTAB 1,43E+CGC 9/ 9) TRM 288.73 1,408460¢C 3/ 3 1.155400¢C =/ 3)
1.108+C0 - 1.855+C0 1.257460 = 1.77E4C0  2.542-91 =~ 1.44E+00
RA=224 NOT ESTAZ2 1.69E+CC¢ 7/ 9) TR z77.52 1.%2E+C0( 1/ ) 1.58€4+00¢( 5/ S)
1.2024C0 = 1.94845C . 1.9254733 - 1.92E+CO  1.175¢00 - 2.33E+00
BE-7 1.00E-01 9 VALUES .<LLD 3.188=01¢C 17 )
3.12E-01 - 2.18E-01
TL=-208 2.0CE=0Z 5.378-C1¢ 9/ 3) TR¥Y 1&2.73 t.178=C1C 37 3 4,438=01C 5/ 5)
.- §,255=€C1 ~ T.23:2-81 5.992-G1 - 7.258-01 3.56E-01 = 5.04E-21
AC-223 6.0Cz-22 1.528+CGC 57 9) TRK 283,78 1.735409¢ 3/ 3) 1.212409¢C S/ 5
" 4.14E4CC — 2.045400 +1.352400 ~ 2.G4E+CO  1.055+400 - 1.49Z+00
PA=234K NOT =S§Ta3 4.10E+GCC " 1/  §) TR¥ 2§3.7 L.108409¢C 1/ 3 2.385400¢C 2/ 5)
4.,10E+CC - 4.1CE+C0C =SFN DISCHARES L.1064C0 - 4.102400  2.31I+00 - 2.45E+00
Sk ¢9 1.9C2+90 1.44E4C0C 2/ §) TRM 277.5& . 1.282#CO0C 17 03 53 VALUES <LLD
14 1.0424C0 - 1.552+00 1.35€49C - 1.355<C0
SR 50 3.002-01 7 VALUESS <LLD 4 L4E=01C 17 5)

14 4.448-01 = 4.44E-01

1. NCAINAL LOWSIR LIFIT CF DETECTION (LLD) AS DESCRIZED IN TASLE E-1.
NOTE: 2. METAN AND RANGEZ 5ASEZD UPON DETECTAZLE MZASURENZNTS OWLY. FRACTION OF DETZCTABLE MEASURSHENTS AT SPECIFIED LOCATIONS
IS INDICATEC IN PAQENTHESES (F).
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TAELE H-23

RADICACTIVITY IN CLAM FLESH

—

PCI/G = $.037 22/G (DRY WEIGHT)

IS INDICATEC IN PARENTHESZS (F).

NAME OF FACILITY_SROWNS_ESR2Y____ re——— _— - DOCKET NO.__S_Q:259:2§Q;296 _
LOCATICN OF FACILITY_LIAZSIONE ____ ALABAMA __ —e- REPORTINS PgRIOD_1947__ __ ____ _ _____.___
TYPE AND LOWER LIVMIT ALL CONTROL NUMSER OF
TOTAL NUM3ER oF INDICATCR LCCATICANS _LCCATION WwITH_ HIGHEST ANNUAL_FEAN_ _____ LOCATIONS NONROUTINE
OF ANALYSIS DETECTION NEAN (F) NAME HEAN (F) MEAN (F) " REPORTED
PERFORNED (LLD) RANGE DISTANCE AND DIRSCTION RANCGE RANGE * MEASUREMENTS
e _SEE_NOTE_1 _____S3E_MOT:_ 2 e SEE_MNCTEZ_ 2 SEE_NOTE_2 : L
GAMEA (EGZLI) -
2 . . - - ..
k=40 2.0CE+00 2.77E400¢C 1/ &)  TRM 253.7 2J7TE4C3C 17 ) 3.62E400C 1/ 3
2.77E4CH - 2.772+00 2FN DISCHARGEZ 2.77E40D - 2.77E+D0  3.425400 - 3.62E+00
BI-214 2.50E-01 3.2EE406C 2/  4)  TRM 288.78 5.C0E+03¢C 1/ ) 5.,28E=91¢C 1/ 3) .
1.72Z+C0 - 5.00=+00 5,00E+00 - 5.00€4#00 5,282~01 - 5.28E-01 . -
P3-214 2.5CE-01 2.69E+CCC 2/ 4) TaM 288.78 3.562+09¢C 17 2) 4.202=01¢C 2/ 3
= 1.83E+G0 - 3.563+00 - 2.56E+00 = 3.56E+CO0  2.91E-G1 = 5.488-01 ~~° o e
pe-212 2.5CE-01 5.64E=C1C 17  4) TRM 293.7 5.645-01¢ 17 2) 3 VALUES <LLD .
. 5.64E-G1 = 5.6%8-01 EFN DISCHARGE 5.64E-01 = 5.64E-01 - : s -
AC-228 NOT ESTAB 4,99E-C1C 1/ 4) TRH 293.7 4.592=C1¢ 1/ 2) 3 VALUES <LLD
4.59E=G1 - 4.998-01 SFN OISCHARGE 4.995-01 - 4.59E-C1
NOTE: 1. NCMINAL LCWER LINMIT OF DETSCTION (LLD) AS DESSCRISED IN TABLEZ E-1. -
NOTE: 2. KEAN AND RANGES 3ASED UPON DETECTASLE n=asua=m=nrs ONLY. FRACTION CF DETECTASLE HEASUREMENTS AT SPECIFIED LOCATIONS
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Figure H-1

Direct Radlation Levels
Browns Ferry Nuclear Plant
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Flgure H-2
Direct Radiation Levels
Browns Ferry Nuclear Plant
4-Quarter Moving Average
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Figure H-3 ‘

Direct Radiation Levels
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0 Figure H-4
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Figure H-5

Annual Average Gross Beta Activity
Air Filters (pCi/Cubic Meter)
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Figure H-6

Annual Average Gross Beta Activity
Surface Water (pCi/liter)
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Figure H-7
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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 acti@ity 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 particies 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

. Activity, pCi/gram
Sample Point Co-60 Cs-137

1! 0.08 + 0.01 0.36 + 0.01
2 0.08 + 0.01 0.37 + 0.01
3 0.14 + 0.01 0.59 + 0.01
4 0.15 + 0.02 0.56 + 0.01
5 0.25 + 0.01 0.65 + 0.01
62 2.36 + 0.03 0.76 + 0.02

0 1. Location nearest the discharge.

2. Location nearest the routine sampling station.
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