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EXECUTIVE SUMMARY

The Annual Environmental and Effluent Release Report details the results of environmental and
effluent monitoring programs conducted at the Perry Nuclear Power Plant (PNPP) from

January 01 through December 31, 2000. This report meets all of the requirements in PNPP
Technical Specifications, the Environmental Protection Plan (EPP), and Regulatory Guide 1.21. It
incorporates the requirements of the Annual Radioactive Effluent Release Report (ARERR), the
Annual Radiological Environmental Operating Report (AREOR) and the Annual Environmental
Operating Report (AEOR). Report topics include radioactive effluent releases, radiological
environmental monitoring, land use census, clam/mussel monitoring, herbicide use, and special
reports. The results of the environmental and effluent programs, for 2000, indicate that the
operations of the Perry Nuclear Power Plant did not result in any significant environmental impact.

RADIOACTIVE EFFLUENT RELEASES

During the normal operation of a nuclear power plant, small quantities of radioactivity may be
released to the environment in liquid and gaseous effluents. Radioactive material may also be
released as solid waste. PNPP maintains a comprehensive program to control and monitor the
release of all radioactive materials from the site in accordance with all Nuclear Regulatory
Commission (NRC) release regulations.

The radioactivity released in the plant's liquid and gaseous effluents during 2000 was well below all
applicable federal regulatory limits. The calculated hypothetical maximum individual total body
dose potentially received by an individual resulting from PNPP liquid effluents was 2.02E-04 mrem
(0.0067 % of the applicable limit). The dose to the general public from the plant’s gaseous effluents
was also below the applicable regulatory limits. The calculated hypothetical maximum individual
total body dose potentially received by an individual resulting from PNPP gaseous effluents was
6.33E-03 mrem (0.13% of the applicable limit). The summation of the hypothetical maximum
individual dose from effluents in 2000 is equivalent to < 0.1 % of the total dose an individual living
in the PNPP area receives from all sources of radiation.

Shipments of solid waste consisted of waste generated during water treatment; radioactive material
generated during normal daily operations and maintenance, and irradiated components. PNPP
complied with all regulations governing radioactive shipments in 2000, making shipments of solid
radioactive waste to a licensed burial site.

During 2000, there were two (2) abnormal releases and one (1) ODCM Controls non-compliance:

¢ On June 06, 2000, the Unit 1 containment vacuum breaker was inadvertently opened,
which resulted in a potential airborne radioactive effluent release to the environment. The
dose contribution from this potential release showed this event had minimal consequence
to any member of the general public.

. On July 07, 2000, the Emergency Service Water flow monitor, 1P45-N0271, was out of
service for greater than 30 days. Erratic flow indications with a newly installed,
replacement flow instrument required an engineering evaluation to determine a corrective
action. The evaluation resulted in an engineering design change which resulted in monitor
being out of service for 163-days. Compensatory measures, as required by ODCM Table
3.3.7.9-1, Action 113, were implemented, until the flow monitor was returned to service
on December 11, 2000.

¢ On August 03, 2000, tritium was detected in the Turbine Building HVAC (M35)
condensate drains system effluent. The most probable cause for this event was the
recycling of the radioactive gaseous treatment system effluent vent discharges back into
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the M35 system as part of the air intake. There was minimal dose consequence to the any
member of the general public.

RADIOLOGICAL ENVIRONMENTAL MONITORING

The Radiological Environmental Monitoring Program (REMP) was established in 1981 to monitor
the radiological conditions in the environment around PNPP. The REMP is conducted in accordance
with PNPP Technical Specifications and the Offsite Dose Calculation Manual (ODCM). This
program includes the collection and analysis of environmental samples and evaluation of results.

The REMP was established at PNPP six (6) years before the plant became operational. This pre-
operational program was designed to provide data on background radiation and radioactivity
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, water and sediment, as
well as by measuring radiation directly.

Of the 1375 radiological environmental samples collected in 2000, there were 3291 radioactivity
analyses performed. The results of the REMP indicate the adequacy of the control of the release of
radioactivity in the effluents from PNPP. These results also demonstrate that PNPP complies with
all applicable federal regulations. The REMP results are divided into four sections: atmospheric
monitoring, terrestrial monitoring, aquatic monitoring, and direct radiation monitoring:

¢ Samples of air were collected to monitor the radioactivity in the atmosphere. The 2000
results were similar to those observed for the pre-operational and operational programs
from prior years. Only natural background environmental radioactivity was detected.

¢ Terrestrial monitoring included the analysis of milk, produce, and vegetation. The PNPP
ODCM does not require vegetation or soil samples to be included in the monitoring
program. The results of the sample analyses in 2000 indicated concentrations of
radioactivity similar to that found in previous years. Analyses of other terrestrial samples
also detected concentrations of radioactivity similar to those observed in previous years,
and indicated no build-up of radioactivity attributable to the operation of PNPP.

¢ Aquatic monitoring included the collection and analyses of water, fish, and shoreline
sediments. The 2000 analytical results for water and fish sample showed normal
background radionuclide concentrations. The results of sediment sample analyses
indicated that the cesium radioactivity was similar to previous years. The average
concentration of cesium-137 in the sediment was 781.11 pCi/kg, which is within the
maximum value of 864 pCi/kg established since 1981. In 1999, a sediment sample of the
northwest drain impoundment (sampling location #64) was analyzed to contain 62 pCi/kg
of cobalt-60. During 2000, eleven sampling points were identified within the
impoundment to determine the boundary and to support enhanced monitoring activities.
The cobalt-60 is centered within the organic material located at the top of the spillway,
with little or no activity found farther upstream.

¢ Direct radiation measurements showed no change from previous years. The indicator
locations averaged 59.59 mrem/year and control locations averaged 56.97 mrem/year.
This shows that, in 2000, radiation in the area of PNPP was statistically similar to the
radiation measured at locations greater than ten (10) miles away from the Plant.

Based on these results, during 2000, the operation of the PNPP resulted in no significant increase in
the radionuclide concentrations observed in the environment.
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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 (5) mile radius of the plant to locate key radiological 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 computer
program, which is used to assess 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 1971. The monitoring is 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,
in 1989. Since no Corbicula have ever been found at PNPP, routine Corbicula monitoring will
provide early detection capability, when this pest species arrives at 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.

HERBICIDE USE

The use of herbicides on the PNPP site is monitored to ensure compliance with Ohio Environmental
Protection Agency (OEPA) requirements and to protect the site's natural areas. Based on the resuits
of on-site herbicide applications, and weekly general site inspections, herbicide use has-not had a
negative impact on the environment around the plant.

SPECIAL REPORTS

Significant environmental events (for example, spills, releases), noncompliance with environmental
regulations [e.g., Ohio Environmental Protection Agency (OEPA) discharge limits], and changes in
plant design or operation that affect the environment are reported to regulatory agencies as they
occur. These special reports are also summarized annually in this report.

One special report was submitted in 2000:

¢ On February 10, 2000, the OEPA was notified of the potential for approximately 2 gallons
per day of chlorinated service water to bypass the permitted discharge point via a service
water system standpipe located upstream of the service water dechlorination system. This
flow path was by plant design to vent trapped air from the service water piping. No
follow-up action was required.
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INTRODUCTION

Nuclear energy provides an alternative energy source, which is readily available and has very limited
impact upon the environment. To more fully understand nuclear energy as a source of generating
electricity, one must understand basic radiation concepts and its occurrence in nature.

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 particles are called protons,
electrons, and neutrons, respectively. The relatively large protons and neutrons are packed together
in the center of the atom called the nucleus. Orbiting around the nucleus are one or more smaller
electrons. In an electrically neutral atom, the positively-charged protons in the nucleus balance the
negatively charged electrons. Due to their dissimilar charges, the protons and electrons have a strong
attraction for each other, which helps hold the atom together. Other attractive forces between the
protons and neutrons keep the densely packed protons from repelling each other, and preventing the
nucleus from breaking apart.

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 non-radioactive. 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, non-radioactive 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 its half-life. Half-
life is defined as the time required for a radioactive substance to lose half its activity through the
process of radioactive decay. Half-lives vary from millionths 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 nucleus of an unstable atom becomes more stable by
spontaneously emitting energy. Radiation refers to the energy that is released when radioactive
decay occurs within the nucleus. This section includes a discussion on the three (3) primary forms of
radiation produced by radioactive decay.

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 (less than 4 inches, 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 all their energy in a small area.

Beta Particles

Beta particles are essentially free electrons, which usually carry a negative electrical charge. They
are much smaller than alpha particles and travel at nearly the speed of light. Thus they can travel for
longer distances than alpha particles. External beta radiation primarily affects the skin. Because of
their electrical charge, paper, plastic or thin metals can stop beta particles.
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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. Gamma rays 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 materials principally by
knocking the negatively charged electrons out of orbit. This causes an atom to lose its electrical
neutrality and become positively charged. An atom that is charged, either positively or negatively, is

* called an ion and the radiation is called ionizing radiation.

UNITS OF MEASURE

Some of the units of measure used in this report require 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 (Ci) 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 (uCi), one millionth of a curie, and the picocurie (pCi), one trillionth of a curie. The
mass, or weight, of radioactive material, which would result in one (1) curie of activity, depends on
the disintegration rate. For example, one gram of radium-226 is equivalent to one (1) curie of

activity. It would require about 1.5 million grams of natural uranium, however, to equal one (1)
curie.

Dose

Biological damage due to alpha, beta, and gamma radiation may result from the ionization caused by
these types of radiation. Some types of radiation, especially alpha particles, which causes dense
local ionization, can result in much more biological damage for the same energy imparted than does
gamma or beta radiation. 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 to any type of ionizing radiation. The dose equivalent is measured
in terms of the Roentgen Equivalent Man (rem). When discussing environmental radiation effects,
the rem is a large unit. Therefore, a smaller unit, the millirem (mrem) is often used. One mrem is
equivalent to 1/1000 of a rem.

LOWER LIMIT OF DETECTION

Sample results are often reported as below the Lower Limit of Detection (LLD). The LLD for an
analysis is the smallest amount of radioactive material that will show a positive result for which there
can be a 95% 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
(<LLD), it means that no radioactivity was detected. Had radioactivity been present at (or above) the
stated LLD value, it statistically would have been detected. The NRC has established LLD values
for environmental and effluent sample analyses.
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BACKGROUND RADIATION

Background radiation is a natural part of nature. Natural radioactive decay also occurs in the soil,
water, air, and space. Common sources of radiation that contribute to the natural 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-occurring radioactive isotopes in the
human body like potassium-40, the decay of radioisotopes used in medical procedures, man-made
phosphate fertilizers (phosphates and uranium are often found together in nature), fallout from
nuclear weapons testing, and even household items like smoke detectors. In the United States, a
person’s average annual exposure from background radiation is 360 mrem, and is due to the sources
shown in Figure 1 [Source: National Council on Radiation Protection and measurements].

Figure 1: Sources of Background Radiation
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Many radionuclides are present in the environment due to sources such as cosmic radiation and
fallout from nuclear weapons testing. These radionuclides are expected to be present in many of the
environmental samples collected in the vicinity of PNPP. Some of the radionuclides normally
present include:

¢ Beryllium-7, present as a result of the interaction of cosmic radiation with the upper
atmosphere,

¢ Potassium-40, a naturally occurring radionuclide normally found in humans and
throughout the environment, and

¢  Radionuclides from nuclear weapons testing fallout, 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 to be present, positive results for these radionuclides are not discussed in
the section on the 2000 Sampling Program results. These radionuclides are included, however, in
Appendix C: 2000 REMP Detail Data Reports.

Radiological Effluent Releases Page 6



ANNUAL ENVIRONMENTAL AND EFFLUENT RELEASE REPORT

RADIOACTIVE EFFLUENT RELEASES

INTRODUCTION

The source of radioactive material in a nuclear power plant is the generation of fission products
(e.g., noble gas, iodine, and particulate) or neutron activation of water and corrosion products
(e.g., tritium and cobalt). The majority of the fission products generated remain within the nuclear
fuel pellet and fuel cladding. Fission products that escape from the fuel cladding, as well as the
majority of the activated corrosion products, are removed by plant processing equipment.

During the normal operation of a nuclear power plant, small amounts of radioactive material are
released in the form of solids, liquids, and gases. PNPP was designed, and is operated in such a
manner as to control and monitor these effluent releases. Effluents are controlled to ensure any
radioactivity released to the environment is minimal and within all regulatory limits. Effluent release
programs include the operation of monitoring systems, in-plant sampling and analysis, quality
assurance, and detailed procedures covering all aspects of effluent monitoring.

The main objective of controlling effluent releases is to ensure that all doses are kept As Low As
Reasonably Achievable (ALARA). The ALARA principal applies to reducing radiation dose both to
the individuals working at PNPP and to the general public. The term “reasonably achievable” means
that exposure reduction is based upon engineering, sound operating practices and economic
decisions. By practicing the ALARA concept, PNPP minimizes the health risks and possible
environmental impact, which ensures that all doses are maintained well below the regulatory limits.

The liquid and gaseous radioactive waste treatment systems at PNPP are designed to collect and
process these wastes in order to remove most of the radioactivity. Effluent monitoring systems are
used to provide continuous indication of the radioactivity present and are sensitive enough to
measure several orders of magnitude lower than the applicable release limits. This monitoring
equipment is equipped with alarms and indicators in the plant control room. The alarms are set to
provide warnings to alert plant operators when radioactivity levels reach a small fraction of actual
limits. The waste streams are sampled and analyzed to identify and quantify the radionuclides being
released to the environment.

Gaseous effluent release data is coupled with on-site meteorological data in order to calculate the
dose to the general public. Devices are maintained at various locations around PNPP to constantly
sample the air in the surrounding environment. Frequent samples of other environmental media are
also taken to determine if any radioactive material deposition has occurred. The REMP program is
described in detail in the next section.

Generation of solid waste is carefully monitored to identify opportunities for minimization. Limiting
the amount of material taken into the plant, sorting material as radioactive or non-radioactive,
shredding and compacting, or incinerating waste once it is identified help to lower the volume of
radioactive solid waste generated. Solid waste is shipped to a licensed burial site.

REGULATORY LIMITS
The Nuclear Regulatory Commission has established limits for liquid and gaseous effluents that
comply with:

Title 10 of the Code of Federal Regulations, Part 20 (Standards for Protection Against Radiation)
[10CFR20], Appendix B;

Title 10 of the Code of Federal Regulations, Part 50 (Domestic Licensing of Production and
Utilization Facilities) [LOCFR50], Appendix I; and
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