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SUMMARY AND CONCLUSIONS

The Annual Environmental Operating Report details the results of Environmental
Monitoring Programs conducted at the Perry Nuclear Power Plant (PNPP) from January 1
through December 31, 1994, This report meets all of the requirements in PNPP Technical
Specification 6.9.1.6 and Appendix B of the PNPP Operating License (the Environmental
Protection Plan, or EPP). Report topics include Effluents, Radiologica: Environmental
Monitoring, Land Use Census, Clam/Mussel Monitoring, Aerial Remote Sensing,
Herbicide Use, and Special Reports.

The results of the Environmental Monitoring Programs for 1994 indicate that the operation
of the PNPP did not result in any significant environmental impact.

EFFLUENTS

During the normal operation of a nuclear power plant, smali quantities of radioactivity are
reieased 1o the environment in liquid and gaseous effiuents. Effluent releases are sirictly
regulated by the Nuclear Regulatory Commission (NRC). All radioactivity released in the
plant's effiuents was well below applicable federal regulatory limits. The estimated dose
from plant effluents to the public was also well below ali applicable regulatory limits. The
calculated hypotheticai maximum individual dose potentially received by an individual
resulting from PNPP liquid effluents was 0.101 mrem or 3.4% of the applicable limit. The
hypothetical maximum individual dose potentially received by an individual resulting from
PNPP gaseous effluents was 2.77 mrad or 73% below the applicable limit. The summa-
tion of the hypothetical maximum individual dose from effluents in 1894 is equivalent to
less than one percent of the dose that an individual living in the PNPP area receives from
all sources of radiation.

RADIOLOGICAL ENVIRONMENTAL MONITORING
PROGRAM

The Radiological Environmental Monitoring Program (REMP) was established in 1981 to
monitor the radiological conditions in the environment around PNPP. The REMP is con-
ducted in accordance with PNPP Technical Specification 3.4.12. This program includes
the collection and analysis of environmental samples and evaluation of results.

The REMP was established at PNPP six years before the plant became operational. This
preoperational program was designed to provide data on background radiation and ra-
dioactivity normally present in the area. PNPP has continued to monitor the environment
during plant operation by collecting and analyzing samples of air, precipitation, milk, fish,
produce, scil, grass, water and sediment as well as by measuring radiation directly.
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Radiation levels and radioactivity are monitored within a 22 mile radius around PNPP.
REMP samples are collected from both indicator and control locations. Indicator locations
are those which would be most likely to display effects caused by plant operation. They
are relatively close to the plant, in the predominant wind directions (from the west and
south). Control locations are those which should normally be unaffected by plant opera-
tion. Typically, they are at a greater distance from the plant, in the least prevalent wind
directions (from the north and east). Data obtained from the indicator locations are com-
pared with data from the control locations and with the concentrations present ir the
environment before PNPP became operational, This comparison allows naturally occur-
ring background radiation to be taken into account when evaluating any radiological
impact PNPP may have had on the environment.

Over 1300 radiological environmental samples were collected in 19984 and over 1600
analyses for radioactivity were performed. The results of the REMP indicate the adequacy
of the control of the release of radioactivity in effluents from PNPP. These results also
demonstrate that PNPP complies with all applicable federal regulations. Results are di-
vided into four sections: atmospheric monitoring, terrestrial monitering, aquatic monitoring
and direct radiation monitoring.

o Sampies of air and precipitation (rain and snow) are coliected to monitor the
radioactivity in the atmosphere. The 1994 results are similar 1o those observed in
both preoperational and operational programs from prior years. Only background
environmental radiocactivity was detected and only at expected levels.

o Terrestrial monitoring includes analysis of milk, produce, vegetation, and soll
samples. The results of the sample analyses indicate concentrations of radioac-
tivity similar to that found in previous years. For example, the average concentra-
tion of cesium-137 in soil was 302.64 pCi/kg in * "84, which is at the low end of
the range of 208.5 10 1104.05 pCi’kg obseve. during the past eleven years.
Analyses of other terrestrial sampies also detected concentrations of radio tiv-
ity similar 10 those observed in previous years, and indicate no bulld-up
dioactivity attributable to the operation of PNPP,

© Aquatic monitoring includes the collection and analysis of water, fish, and srore-
line sediments. The 1994 analyses results for water and fish sample results
showed normal background concentrations of radionuclides. The results of sedi-
ment sample analyses indicated concentrations of radioactivity similar to
previous years. The average concentration of cesium-137 was 251 pCi/kg, which
is well within the range of up to 864 pCi/kg established since 1981,

o Direct radiation measurements averaged 51 mrem/year at indicator locations
and 51 mrem/year at control locations, well within the range of previous years
resuits. This shows that, in 1984, radiation in the area of PNPP was the same as
radiation at locations greater than 10 miles away from the Plant.

Based on these results, the 1994 operation of PNPP resulted in no significant increase in
the concentrations of radionuclides in the environment.

LAND USE CENSUS

In order to estimate radiation dose attributable to the operation of PNPP, the potential
pathways through which public exposure can occur must be known. To identify these
exposure pathways, an Annual Land Use Census is performed as part of the REMP.
During the census, PNPP personnel travel every public road within a five mile radius of the
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plant to locate key radiolcaical exposure pathways. These key pathways include the
nearest resident, garden, and milk animal in each of the sixteen meteorological sectors.
The information obtained from the census is entered into a computar program which is
used to agsess the hypothetical dose to members of the public.

CLAM/MUSSEL MONITORING

Clam and mussel shells can clog plant piping and components that use water from Lake
Erie. For this reason, sampling for clams and mussels has been conducted in Lake Erie in
the vicinity of PNPP since 1871, specifically for Corbicula (Asiatic clams) since their
introduction into the Great Lakes in 1981, and for Dreissena (zebra mussels) since their
discovery in Lake Erie 1986.

Since no Corbicula have ever been found at PNPP, routine Corbicuia monitoring provides
data to determine when and if this pest species will arrive in the vicinity of PNPP. The
Dreissena program includes both monitoring and control and is directed at minimizing the
mussel's impact on plant operation. As in past years, this program has successfully
prevented Dreissena from causing any operational problems at PNPP in 1994,

AERIAL REMOTE SENSING

Aerial remote sensing is a way of monitoring the piant area environment by examining
detailed photographs taken from an airplane. It is used to help deiermine the impact, if
any, of the deposition of drift from the cooling tower plume. The drift has the potential to
carry and deposit salts which may harm vegetation. This program has been conducted
regularly since 1987, no impact has been observed to date. This is the last year the
program is required to be conducted. Since no impact has been noted since the program
began, it is being discontinued following the 1994 results.

HERBICIDE USE

Because the PNPP site has several special habitat areas, the use of herbicides is closely
monitored. This ensures compliance with Ohio Environmental Protection Agency require-
ments and protects the site natural areas. Based on the results of surveillances of
herbicide applications on si ., herbicide has not had a negative impact on the environ-
ment around the plant.

SPECIAL REPORTS

Significant environmental events, noncompiiance with environmental regulations, and
changes in plant design or operation that affect the environment are reported to regula-
tory agencies as they occur. These special reports are also summarized annually in this
report. Since PNPP complied with all environmental reguiations, and made no changes 10
the plant that affected the environment, no special reports were required in 1994,
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RADIATION FUNDAMENTALS

Atoms are the basic building blocks of all matter. Simply described, atoms are made up of
positively and negatively charged particles, and particles which are neutral. These par-
ticles are called protons, electrons, and neutrons, respectively. The relatively large pro-
tons and neutrons are packed together in the center of the atom called the nucleus.
Orbiting around the nucleus are one or more smaller electrons: one electron for each
proton in the nucleus. Due to their dissimilar charges, the protons and electrons have a
strong attraction for each other, which helps hold the atom together.

Atoms with the same number of protons in their nuclei make up an element. The number
of neutrons in the nuclei of an element may vary. Atoms with the same number of protons
but different numbers of neutrons are called isotopes. All isotopes of the same element
have the same chemical properties and many are stable or nonradioactive. An unstable or
radioactive isotope of an element is called a radioisotope or radionuclide. Radionuclides
contain an excess amount of energy in the nucleus, which is usually due to an excess
number of neutrons

Radioactive atoms attempt to reach a stable, nonradioactive state through a process
known as radioactive decay. Radioactive decay is the release of energy from an atom’s
nucleus through the emission of radiation. Radionuclides vary greatly in the frequency
with which their atoms release radiation. The length of time an atom remains radioactive
is defined in terms of half-life. Half-life is the time required for a radioactive substance ‘2
lose half its activity through the process of radioactive decay. Half-lives vary from mil-
lionths of a second to millions of years. The typical half-life for radionuclides released
from the plant is approximately five years.

RADIATION AND RADIOACTIVITY

Radioactive decay is a process in which the nucieus of an unstable atom becomes more
stable by spontaneously emitting energy. Radiation refers to the energy that is released
when decay within the nucleus occurs. This section includes a discussion on the three
main forms of radiation produced by radioactive decay: alpha particles, beta particles,
and gamma rays

Alpha Particles

Alpha particles consist of two protons and two neutrons and have a positive charge.
Because of their charge and large size, alpha particles do not travel very far when
released (one to eight centimeters in air). They are unable to penetrate any solid material,
such as paper or skin, to any significant depth. However, if alpha particles are released
inside the body, they can damage the soft internal tissues because they deposit ail their
energy in @ small area

Beta Perticles

Beta particles are essentially electrons and usually carry a negative eiectrical charge.
They are much smalier than alpha particles and travel at nearly the speed of light, thus
they can travel for longer distances in air and can penetrate into sclid materials more
readily than aipha particles. Beta particies have a similar ionizing effect as alpha particles,
but since they are smalier, faster and have less charge, they cause less concentrated
damage when interacting with tissue. External beta radiation affects primarily the skin.
Because of their electrical charge, beta particles can be stopped by paper, plastic or thin
metais.
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Gamma Rays

Gamma rays are bundles of electromagnetic energy called photons which behave as
though they were particles. They are similar to visible light, but of a much higher energy.
For example, X-rays are a type of high-energy electromagnetic radiation. Gamma rays are
generally more energetic than X-rays. They can travel long distances in air and are often
released during radioactive decay along with alpha and beta particles. Potassium-40 is an
example of a naturally occurring radionuclide found in all humans that decays by emitting
a gamma ray.

interaction With Matter

When radiation interacts with other materials, it affects the atoms of those materiais
principally by knocking the negatively charged electrons out of orbit. This causes an atom
10 lose its electrical neutrality and become positively charged. An atom that is charged,
either positively or negatively, is called an ion. Anything that creates an ion is said 10 be
ionizing.

UNITS OF MEASURE

Some of the units of measure used in this report require some explanation.
Activity

Activity is the number of atoms in a material that decay per unit of time. Each time an
atom decays, radiation is emitted. The curie (C)) is the unit used to describe the activity of
a material and indicates the rate at which the atoms are decaying. One curie of activity
indicates the decay of 37 billion atoms per second.

Smaller units of the curie are often used in this report. Two common units are the
microcurie wCi), one millionth of a curie, and the picocurie (pCi), one trillionth of a curie.
The mass, or weight, of radioactive material which wouid result in one curie of activity
depends on the disintegration rate. For example, one gram of radium-226 is one curie of
activity, but it would require about 1.5 million grams of natural uranium to equal one curie
since radium-226 decays more energetically than natural uranium.

Dose

Biological damage due 10 alpha, beta, and gamma radiation may result frum the ionization
caused by these radiations. Some types of radiation, especially alpha particles, which
cause dense local ionization, can result in much more biological damage for the same
energy Imparted as do gamma or X rays. Therefore, a quality factor must be applied to
account for the different ionizing capabilities of various types of ionizing radiation. When
the quality factor is multiplied by the absorbed dose, the result is the dose equivalent,
which is an estimate of the possible biological damage resulting from exposure 1o any
type of ionizing radiation. The dose equivalent is measured in rem (roentgen equivalent
man). In terms of environmental radiation, the rem is a large unit. Therefore, a smaller
unit, the millirem (mrem) is often used. One milliremn is equal to 171000 of a rem.

BACKGROUND RADIATION

Background radiation includes the decay of radioactive elements in the earth's crust, a
steady stream of high-energy particles from space called cosmic radiation, naturally oc-
curring radioactive isotopes in the human body like potassium-40, decay of radicisotopes
used in medical procedures, man-made phosphate fertilizers (phosphates and uranium
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are often found together in nature), fallout from nuclear weapons testing, and even house-
hold items like smoke detectors. In the United States, a person’s average annual expo-
sure from background radiation is 360 mrem, as the Background Radiation Chart (Figure
1) shows.

Occupationa! 0.3%
onsumer Products Other < 1% Fall out < 03%
¢ . % Nuciear Fuel Cycle < D1%

Miscelianeous 0%
Nuclear Medicine 8%

Medical/x rays 1M1%

Radon 55%

nternal 1%

Man Made 18%

Natural Sources E2%
Background = 360 mrem/year

National Councll on Radlation Protection and Measurements, 0n2ing Radiation Exposure of the
Population of the United States NCRP.S3 1987

Figure 1: Background Radiation Chart

Many radionuclides are present in the environment due to sources such as cosmic ra-
diation and fallout from nuclear weapons testing. These radionuclides are expected 10 be
present in many of the environmental samples collected in the vicinity of PNPP. Some of
the radionuclides normally present include:

o beryllium-7, present as a result of the interaction of cosmic radiation with the upper
atmosphere.

o potassium-40, a naturally occurring radionuclide normally found in humans and
throughout the environment, and

o fallout radionuclides from nuclear weapons testing, including tritium and cesium-
137. These radionuclides may also be released in minute amounts from nuclear
facilities

Beryllium-7 and potassium-40 are especially common in REMP samples. Since they are
naturally occurring and are expected 1o be present, positive results for these radionu-
clides are not discussed in the section on 1994 Sampling Program results. However, the
data on these radionuclides are included in Appendix B: 1994 REMP Data.
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PROTECTION STANDARDS AND LIMITS

The National Ccuncil on Radiation Protection and Measurement has established guide-
iines governing the release of radicactivity in liquid and gaseous plant effiuents. These
guidelines are based on protecting the general public from exposure to harmful amounts
of radioactivity. The Code of Federal Regulations, Title 10 Part 50, Appendix | (10CFRS0,
App. ) codifies these guidelines as design criteria. The NRC subseguently incorporated
these design criteria into the PNPP Technical Specifications which are par of the license
authorizing PNPP operation. Table 1 presents these limits.

Table 1: Dose limits to a member of the public

Source Body/organ Dose Limits

Liquid effluents whole body 3 mrem/year
organ 10 mrem/year

Gaseous effluents

noble gases - garnma 10 mrad/year

noble gases - beta 20 mrad/year

dose from iodine-131,

tritium, and particulates

with haif-lives greater

than eight days whole body 15 mrem/year

The EPA has also established limits for exposure to radiation. These limits are also
incorporated into PNPP Technical Specifications and require that dose shall not exceed
25 mrem/year whole body, 75 mrem/year 10 the thyroid, or 25 mrem/year to any other

organ.

EFFLUENT PROCESSES

During the normal operation of a nuclear power plant, small amounts of radioactive
material are released. These effluents are strictly controlied to ensure radioactivity re-
leased to the environment is minimal and does not exceed regulatory limits. Effiuent
programs include the operation of monitoring systems, in-plant and environmental sam-
pling and analysis, quality assurance for effluent and environmental programs, and de-
tailed procedures covering all aspects of effiuent and environmental monitoring.

The main objective in the control of the release or exposure to radiation is to ensure that
doses are kept As Low As Reasonably Achievable (ALARA). The ALARA principle applies
to reducing radiation dose both to the individuals working at PNPP and to the general
public. “Reasonably achievable” means that exposure reduction is based on sound eco-
nomic decisions and operating practices. By practicing ALARA, PNPP minimizes health
risks and possible environmental impact, and ensures that doses are maintained well
below regulatory limits

The radicactive waste treatment systems at PNPP are designed to collect and process
the liquid and gaseous wastes in order to remove mos: of the radioactivity. Monitoring
systems are used 10 provide continuous indication of the radioactivity present and are
sensitive enough to measure several orders of magnitude lower than the release limits.
Instrumenis are equipped with alarms and indicators in the plant control room. The alarms
are set 10 provide warnings to alert plant operators at a small fraction of actual limits.
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Waste streams are sampled and analyzed to identify and quantify radionuclides being
released. A meteorological tower is located in the southeast corner of the plant site.
Coupled with gaseous effluent release data, the meteorological data is used tc calculate
dose 1o the public.

In areas surrounding the plant, devices maintained for the radiological environmental
monitoring program constantly sample the air in the surrounding environment. Frequent
sampies of other environmental media are aiso taken to determine if any radioactive
material deposition has occurred.

RADIOACTIVE RELEASE REGULATIONS

The maximum concentration for any radioactive release is controlied by the limits set forth
in the Code of Federal Regulations, Titie 10 Part 20 (10CFR20). Compliance with these
concentration limits is ensured by sampling, analyzing, processing, and monitoring the
effiuent stream. Dose limit compliance is maintained through periodic dose assessment
calculations. The required dose calculations are conservatively performed for the "Maxi-
mum Individual.” This individual is assumed to reside on the site boundary at the highest
potential dose location all year, and incurs the maximum potential dose from direct
exposure (air plus ground plus water), inhalation, and ingestion of water, milk, vegetation,
and fish. Because no one actually meets these criteria for the “maximum individual " the
actual dose received by & real member of the public is significantly less than what is
calculated for the “maximum individual”.

SOURCES OF RADIOACTIVE RELEASES

The sources of radioactive material from a nuclear power plant result from fission product
generation (for examy.@, iodines, noble gases and particulates), or neutron activation of
corrosion products and water (for example, cobalt and tritium, respectively). The majority
of the fission products generatec remain within the nuclear fuel and fuei cladding. The
majority of the fission products which do escape from fuel cladding as well as the majority
of the activated corrosion products are removed by plant processing equipment.

Liquid effluent releases may be required following the colliection of water from small leaks
within the plant or the reduction of stored water volumes from plant systems. In both
cases, the water is first processed through liquid radioactive waste treatment systems to
reduce the concentration of radioactive material. Dose calculations are then performed to
ensure regulatory compliance and that ALARA is maintaired, prior to discharge of this
processed water to the lake,

Gaseous effluents are made up of noble gases, iodines and particulates. The noble gas
releases are primarily a result of containment purge operations, small steam leaks and off
gassing during plant start up operations. The iodine and particuiate releases are primarily
2 result of small steam leaks. Gaseous effluents from PNPP exit the plant from one of four
effluent vents. Each of the four effluent vents contains radiation detectors that continu-
ously monitor the air to ensure that radioactivity release ievels are well below regulatory
limits. Samples are also coliected and analyzed on a routine basis 10 ensure regulatory
compliance and that ALARA is maintained.

The hypothetical maximum doses potentially received by an individual as a result of PNPP
effluents is shown in Table 2 below. The summation of the liquid and gaseous hypotheti-

EFFLUENTS 11



cal maximum individual whole body doses in 1984 was equivalent to less than one percent
of the dose that an average individual receives from all sources of background radiation of
approximately 360 mrem (see Figure 1).

Table 2: Hypothetical maximum individual doses

1994 Dose Dose Limit % of Limit

Liquid Effluents

Whole body 0.101 mrem 3.00 mrem 3.37%

Organ 0.605 mrem 10.0 mrem 6.05%
Gaseous Effiuents

lodine/particulates 0.519 mrem 156.0 mrem 3.46%

Noble gas - gamma 2.77 mrad 10.0 mrad 27.4%

Noble gas - beta 2.16 mrad 20.0 mrad 17.7%
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INTRODUCTION

The radiological environmerital monitaring orogram (REMP) was established at PNPP for
several reasons. First, it verifies the adequacy of plant design and operation 1o control
radioactive materials and limit effiuent releases. Second, it assesses the radiological
impact, if any, that the plant has had on the surrounding environment. Third, it ensures
compliance with regulatory guidelines. The REMP is conducted in accordance with the
PNPP Operating License, Appendix A, Technical Specifications. The Environmental
Technical Specifications, or REMP requirements, were established by the Nuclear
Regulatory Commission (NRC).

A wide variety of samples is coliected as part of the PNPP REMP. The selection of sample
types, sampling locations, and sample collection frequency are based on many things.
Potential pathways for the transfer of radionuclides through the environment to humans,
sample availability, local meteorology, population characteristics, land use and Nuclear
Regulatory Commisgion requirements are all considered.

To ensure that the REMP data are meaningful and useful, detailed sampling methods and
procedures are followed. This ensures that samples are collected in the same manner
and from the same locations each time. All samples are packaged on site, then shipped
to an independent vendor laboratory for analysis. The vendor laboratory analyzes the
samples and reports results to the PNPP Environmental Unit staff, the Lake County
General Health District, and the Siate of Ohio Department of Health.

The REMP began in 1981 with 24 direct radiation monitoring locations, four sediment
locations, and two fish sampling locations. In 1982, collections of air, water, milk, food
products, and feed/silage were started. The program was augmented in 1985 to include
precipitation and soil. Although these last three media were not required by the NRC, they
were incorporated into the program to expand its scope and provide additional data useful
for analyzing environmental impacts of plant operation. In 1993, feed/silage sampling was
dropped from the program based on the past ten years of data. Also based on having
established a large baseline of data during the last ten years, all strontium analysis was
deleted from the program in 1994

SAMPLING LOCATIONS

REMP samples are collected at numerous iocations, both onsite and up to 22 miles away
from the plant. Sampling locations are divided into two general categories: indicator and
conirol. Indicator locations are those which would be most likely 1o display effects caused
by plant operation. They are relatively close to the piant, in the predominant wind direc-
tions. Control locations are those which are considered 1o be unaffected by plant opera-
tion. Typically, they are a greater distance from the plant, in the least prevalent wind
directions. Data obtained from the indicator locations are compared with data from the
control locations. This comparison allows naturally occurring background radiation to be
taken into account when evaluating any radiological impact PNPP may have had on the
environment. Table 1 and Figures 2, 3 and 4 identify the PNPP REMP sampling locations.

Many REMP samples are collected in addition to those required by the PNPP Operating
License. In some cases (precipitation and soil, for example), the sample type is not
required 10 be coilected at all. In other cases (air sampling and direct radiation monitor-
ing, for example), the PNPP REMP includes more locations than are required. The
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Operating License requirements for each sample type are discussed in more detail below.
Sample types and locations that are required by the Operating License are shown in
BOLD in Table 1.

Table 1: REMP sampling locations

¢ Description Miles Direction Media(1)
1 Haines Rd 3.4 ENE TLD, AIR
2 Site boundary 0.7 E TLD
3  Meteorologi.ul tower 1.0 SE TLD, AIR, PR, SOIL
4 Site boundary 0.7 S TLD, AIR, PR, SOIL
§ Quincy Substation 0.6 SW TLD, AIR
6 Concord Service Center 11.0 SSW TiLD, AIR, PR, SOIL, VG
7  Site boundary 0.6 NE TLD, AIR, PR, SOIL, VG
8 Site boundary 0.8 E TLD
9 Site boundary 0.7 ESE TLD, SOIiL

10 Parmly Rd 0.8 SSE TLD

11 Parmly Rd 0.6 SSwW TLD

12  Site boundary 0.6 WSW TLD, PR, SOIL

13 Madison-on-the-Lake 4.7 ENE TLD

14 Hubbeard Rd 4.9 E TLD

15 Eagle St Substation 5.1 ESE TLD

16  Dayton Rd 50 SE TLD

17  Chadwick Rd 5.2 SSE TLD

18 Blair Rd 5.0 S TLD

18 Lane Rd 53 SSW TLD

20 Nursery Rd 53 Sw TLD

21 Herdy Rd 5.1 WSW TLD

22 Main St 6.9 sSw TLD

23  High St 7.9 WSw TLD

24 St Clair Ave 151 sSw TLD

25 Otishore at PNPP Discharge 0.6 NNW  SEDIMENT, FISH

26 Offshore of Redbird 4.2 ENE SEDRIMENT

27 Oftshore of Fairport Harbor 7.9 WSW  SEDIMENT

28 CE! Ashtabula Piant intake 22.0 ENE WATER

29 River Rd 4.3 SSE TLD

30 Lane Rd 48 SSwW  TLD

31  Wood and River Rd 4.8 SE TLD

32 Oftfshore of Mentor 15.8 WSW  SEDIMENT, FISH

33 River Rd 4.5 S TLD

34 PNPP intake 0.7 NW WATER

35 Site boundary 0.6 E TLD, AIR, PR, SOIL, VG

36 Lake County Water Plant 3.9 WSW  TLD, WATER

41 Clark Rd 1.1 Sw TLD

42 Parmly Rd 0.8 S TLD

43 Parmly Rd 1.0 SSE TLD

44 Parmly Rd 1.0 SSE VG

45 Clark Rd 0.8 SSw TLD

47  Zoldak milk farm 6.5 E MILK

51  Rettger milk farm 9.6 S MILK

§3  Netf Perkins Compeany 0.5 wSw TLD
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54 Hale Rd School 4.6 sw TLD

55 Center Rd 2.5 S TLD

56 Madison High School 4.0 ESE TLD

§8 Antioch Rd 0.8 ENE TLD

59 Lake shoreline at Green Rd 4.0 ENE WATER

60 Lake shoreline at Perry Park 1.0 WSW  WATER

61  Keller milk farm 74 SE MILK

62 Shreve farm 1.2 ENE FOOD PRODUCTS

83  Minor stream mouth 0.08 NNE SEDIMENT

64  Northwest Drain mouth 0.09 NW SEDIMENT

65 Major Stream mouth 0.18 w SEDIMENT

70 H&H Farm Stand 16.2 SSw FOOD PRODUCTS

71 Mosley Farm 7.9 SE MILK

77 Orosz Farm 1.2 E FOOD PRODUCTS
(1) AIR = Air lodine and Particulate VG = Vegetation

PR = Precipitation TLD = Thermolurinescent Dosimeters
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Figure 3: REMP sampling locations between two and eight miles from the plant site.
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SAMPLE ANALYSIS

When environmental samples are analyzed for radioactivity, several types of measure-
ments are performed to provide information about the types of radiation and radionuclides
present. The major analyses that are performed are discussed below.

Gross heta analysis measures the total amount of beta emitting radioactivity present in a
sample. Beta radiation may be releused by many different radionuclides. Since beta
decay results in a continuous energy spectrum rather than the discrete energy ievels or
"peaks” associated with gamma radiation, identification of specific beta emitting nuclides
Is much more difficult. Therefore, gross beta analysis only indicates whether the sample
containg normal or abnormal concentrations of beta emitting radioactivity, it does not
identify specific radionuclides. Gross beta analysis primarily acts as a tool to identify
sampies that may require further analysis.

Gamma spectral analysis provides more specific information than does gross beta
analysis. Gamma spectral analysis identifies each radionuclide present in the sample that
emits gamma radiation, and the amount of radioactivity associated with each. No two
radionuclides emit the same energy gamma rays. Therefore, each radionuclide has a very
specific "fingerprint” that allows for accurate identification.

lodine analysis measures the amount of radioactive iodine present in a sample. Some
media (for example, air sample charcoal cartridges) are analyzed directly. In other media
{for example, milk), iodine is extracted by chemical separation.

Tritium analysis maesures the amount of the radionuclide tritium (H-3) present in a sample.
Tritium is an isotope cf hydrogen tha! emits low energy beta particies. Tritium occurs
naturally and is also man-made.

Gammea doses received by thermoluminescent dosimeters (TLD) while in the field are
determined by a special laboratory procedure. Thermoluminescence is a process by
which ionizing radiation interacts with the sensitive phosphor material in the TLD. Energy
is trapped in the TLD material and can be stored for months or years. This provides an
excellent method to measure the dose received over long periods of time. The amount of
enerQy that was stored in the TLD as a result of interaction with radiation is released by
a controlled heating process and measured in a calibrated reading system. As the TLD is
heated, the phosphor releases the stored energy as light. The amount of light is directly
proportional to the amount of radiation to which the TLD was exposed. The reading
process also zeroes the TLD and prepares it for reuse.

Table 2 provides a list of the analyses performed on environmental samples collected for
the PNPP REMP in 1994,

Sample results are often reported as below the lower limit of detection (LLD). The LLD is
the smallest amount of radioactive material that will show a positive result for which there
can be confidence that radioactivity is present. This statistical parameter is used as a
measure of the sensitivity of a sample analysis. When a measurement is reported as less
than the LLD. it means that no radioactivity was detected and that had radioactivity been
present at (or above) the stated LLD value, it statistically would have been detected. The
NRC, as part of the PNPP Operating License, has established values for the LLDs for
REMP sample analysis. The vendor laboratory was able to comply with those values in

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM 20



1994 with the exception of one iodine analysis for an air sample from Location 5 on March
3. The LLD was exceeded (0.319 pCi/m3 vs. 0.050 pCi/m3) due to & low sample volume.
The low volume was due {0 the sampier head being mispositioned on the air sampler (see
*Missed Samples”, below). The NRC requires special reporting if sample analysis resulls
exceed set limits. No values exceeded these reporting ievels in 1994

Table 2: Analyses performed on REMP samples.

Sample type Frequency Analyses Performed

Atmospheric Monitoring

Airborne Particulates Weekly Gross Beta
Quarterly Gamma Spectral
Airborne Radioiodine Weekly lodine-131
Precipitation Monthly Gross Beta, Gamma Spectral, Tritium

Terrestrial Monitoring

Miik Bi/Monthly Gamma Spectral, lodine-131
Food Products Monthly Gamma Spectral
Vegetation Monthly Gamma Spectral
Soll Quarterly Gamma Spectral

Aquatic Monitoring

Water Monthly Gross Beta, Gamma Spectral
Quarterly Tritium

Fish Biannually Gamma Spectral

Sediment Biannually Gamma Spectral

Direct Radiation Monitoring

TLD Quarterly Gamma Dose
Annually Gamma Dose

1994 SAMPLING PROGRAM

The contribution of radionuclides to the environment resulting from the operation of PNPP
is assessed by comparing resuits from the 1994 program with preoperational data (i.e.,
data from before 1986), operational data from previous years, and control location data
The results for each sample type are discussed below and compared (o historical data 10
determine if there are any observable trends. All results are expressec as concentrations
Refer to Appendix B, 1994 Radiological Environmental Monitoring Program Data, for
detailed results

Program Changes

There were several changes to the program in 1994, These changes include the addition
and deletion of sampie locations as follows
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January During an audit by PNPP Quality Assurance it was noted that the TLDs in
the southeast and south sectors were positioned slightly outside the five
mile limit required by the Technical Specifications. ~ vo TLD locations, #31
and #33 were added to thy program to fulfill the r irement.

February The sediment sampling location in the minor stream lower pool (#76) was
deleted from the program. Sampies from this location have been used to
document and track very slight contamination found in the stream bed (see
1992 Annual Environmental Operating Report for information). Sampling
and tracking this area has become part of documentation kept in accor-
dance with 10CFR50.75(g), the decommissioning rule.

June Seven produce sampling locations were dropped from the program as a
result of establishing permanent agreements with two farms closest to the
plant site, and one farm serving as a control location.

Missed Samples

On occasion, samples cannot be collected. This can be due to a variety of events,
including equipment malfunction, animal husbandry practices, lost shipments, or vandal-
ism. Table 3 provides a list of missed samples, the sample location, and the reason the
sample was missed.

Teble 3: Missed REMP samples, 1994

Media Loca. Date Reason Missed

Food Products 62,70,77 Apr, May, Jun Vegetables not ready for harvest
Food Products 62 Jul Vegetabies not ready for harvest
Food Products 70 Oct Vegetables past harvest

Milk 47 1994 Not participating in 1994

Milk 61 Jan, Feb, Mar, Dec  Drying period for goats(1)

Lake water 59,60 Jan, Feb, Mar Lake covered with ice

TLD 22 2nd Qtr. Location vandalized(2)

TLD a1 ath Qtr, Lost in fieid(@)

Grass 44 1994 Area recovering from construction
Grass 6,7,35 Apr Insufficient growth to harvest

(1) The drying period for goats is an annual occurrence. Goats, unlike cows, cannot
produce miik all year.

(2) Missing TLDs can be the result of vandalism. At locations where vandalism has been
identified as a recurring problem, the TLD is relocated. Loss of the TLDs listed above
was unusual: they were not relocated as a result of this single event.

In addition to the missed samples listed in the table, grass samples are collected only
during the growing season and therfore are not coliected between October 30 and April 1.
A major construction project at location #44 prevented any sample coliection there in
1994, This project was a continuation of work that began in 1993. If the completed prc ject
results in permanent loss of the grassy area, the location will be dropped from the
program in 1995, and suitable replacement sites evaluated.
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Efforts to collect food product samples are conducted during the growing season, Aprii 1
to October 30. Samples were avallable only during the months of July through October.
This year, agreements with the two local produce growers nearest the plant in areas of
high predicted deposition were eetablished in order to facilitate consistent sampie collec-
tion. An agreement was also cstabished with a control location. The PNPP Operating
License requires collection of three types of food products from each of two indicator
locations and similar food products from a control location. Due to different planting
schedules, weather, and harvesting schedules, these requirements were met only during
the peak of the harvest season in September.

Events may also occur which prevent a sampie from being collected in the normal way, or
prevent a compiete sampie from being collected. The following is a discussion of these
events for 1994,

AIR - On March 3, the air sampler at Location & was replaced, but the
sample head was not positioned properly on the unit. This resulted in
a low sample volume (1064 cubic feet vs. approximately 10,000 cubic
feet in a normal sample), which in turn resulted in the vendor radio-
logical laboratory not being able tc achieve the LLD for the radiciodine
adsorption cannister.

- On August 31, air samples fr<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>