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SUMMARY

This Annual Envionmental Operating Report details the resuits of Environmental Monitoring
Programs conducted at the Perry Nuciear Power Plant (PNPP) from January 1 through
December 31, 1992 Repor topics include Radiological Environmental Monitoring, Land Use
Census, Clamvmussel Monitoring, Aerial Remote Sensing, Herbicide Use, and Special
Reports. The operation of the PNPP did not result in any significant adverse environmental
impact in 1992

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

The Radioiogical Environmental Monitoring Program (REMP) was established in 1981 to
monitor the radiological conditions in the environment around PNPP. Prior to plant start up, a
preoperational program was established to provide data on background radiation and radioac-
tivity normaily present in the area. ~NPP has continued to monitor the environment during
plant operation by sampling precipitation, air, milk, produce, animal feed, soil, vegetation,
water, fish and shoreline sediments, as well as measuring radiation directly.

Over 1200 radiviogical environmental samplos were collected in 1992, The results of the
REMP indicate that radicactive releases have been well controlled. They also indicate that
PNPP complies with all applicable federal regulations. Results are divided into four sections:
atmospherc monitoning, terrestrial monitoring, aguatic moniftoring and direct radiation
monitoring.
o Sampies of air and precipitation are coliected to monitor the atmosphere. The 1892
results are similar to those observed in preoperational and previous operational
programs. Only normal background environmental radiactivity was detected.

o Terrestrial monforing includes analysis of milk, produce, vegetation, animal feed
and soil samples. The results of the sample analyses indicate concentrations of
radicactivity similar to previous years, and that no build-up of radisactivity attribut-
abie to the operation of PNPP has occurred.

o0 Aguatic monitoring includes the collection and analysis of water, fish, and shoreline
sediments. Water and fish sample results indicate normal background concentra-
tions of radionuclides. In addition to routine environmental background monioring,
sediment samples are used to document and track very slight contamination found
in a small stream to the east of the plant site.

o Direct radiation measurements averaged 16.6 mrem/81 days at indicator locations
and 15.5 mrem/81 days at control locations, showing that, in 1982, radiation in the
area of PNFP was similar to radiation at locations greater than S miles away from
the Plant.
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The 1892 operation of PNPP caused no significant change in the quality of the environment.
All radioactivity released in the plant's effluents was well below the applicable federal reguia-
tory limits. The estimated radiation dose 10 the general public due 1o the operation of PNPFP
in 1891 was also well below the applicable federal regulatory “mits.

LAND USE CENSUS

in order to estimate radiation dose attributabie to the operation of PNPP, the pathways
through which public exposure can occur must be known. To identify these exposure path-
ways, an Annual Land Use Census is performed as part of the REMP. Du -
PNPP personnel travel every public road within a five mile radius of the plant to identity the
radlogical exposure pathways.

CLAM/MUSSEL MONITORING

Clam and mussel shells can clog plant piping and components that use raw water. For this
reason, sampling for these benthic macroinvertibrates has been conducted in Lake Ene in the
vicinity of PNPP since 1871, specificaily for Corbicula (Asiatic clams) since 1981, and for
Dreissena (zebra mussels) since 1989

Since no Corbicula have ever been found at PNPP, routine Corbicula monitoring provides
data 1o determine whether this pest species has arrived in the vicinity of PNPP. The zebra
mussel program includes both monitoring and control and is directed at minimizing the
mussel's impact on plant operation. This program has successfully preventad the zebra
mussel from causing any operational problems at PNPP in 19982,

AERIAL REMOTE SENSING

Aerial Remote Sensing is a way of monitoring the plant area environment by examining
photographs taken from an airplane. it is used 1o help determine the impact, if any, of the
deposition of the drift from the cooling tower plume. This program has been conducted
regularly since 1987, no impact has been identified to date.

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 requirements
and protects the site’s natural areas. Herbicide use is restricted 1o specific areas and has not
had a negative impact on the envionment around the plant.

SPECIAL REPORTS

Significant environmental events, noncompliance with environmental reguiation.  and changes
in plant design or operation that atfect the environment are reported 10 regulatory agencies as
they occur. These special reports are also compiled annually in this reporn.
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Coal, oil natural gas, and hydropower are used to run most of the nation's electric generation
stations. however, each method has fts drawbacks Coal-fired power can afiect the environ-
ment throun™ mining, acid rain, and airbome discharges. Oil and natural gas are in limited
supply anc are therefore, costly. hydropower is lirited due to the environmertal impact of
damming out water ways and the scarcty of suitable sites in our country.

Nuclear energy provides an aternate source of energy which is readily available. The opera-
tion of nuclear power stations has a very small impact on the environment. In fact, PNPP is
surrounded by hundreds of acres of woods and meadows that are home 10 a wide variety of
plant and animal Iife.

in order to more fully understand this unique source of energy. background information on the
Perty site, fundamentals of radiation, reactor operation. and effluent control is provided in the
next two chapters.

PHYSICAL AND ECOLOGICAL FEATURES OF THE SITE

The Perry Nuclear Power Plant is located in North Perry Village of Lake County, Ohio. It is on
the south shore of Lake Erie. The site is located noith of Ohio Route 20, approximately 35
miles northeast of Cleveland, Ohio.

The site occupies approximately 1100 acres and is relatively flat. The land has a very gentle
siope toward Lake Erie. and is crossed by two streams that drain into the lake About 45% of
the site area is covered by woodland. The remainder is grassiands and land that has been
used for tarms and nurseries before plant construction. This variety of habitats provides food
and shefter for a vanety of amphibians, reptiles, birds and mammals. Deer, beaver and fox
are some of the common woodland mammals Avian species include red talled hawks,
kingfishers, great blue heron, and a variety of songbirds and seagulls. The spofted turtie
(clemmys guttata), which is a State listed Species of Special Concern, has an established
breeding population on site.

Aside from woodland, most of the land around the site is used for agriculture and pasture.
Favorable conditions along Lake Erie have encouraged the growth of a highly productive
nursery industry. The major residential areas are the villages of Perry, Nornth Perry, and
Madison.

PNPP is a boiling water reactor with the capacity to generate 1205 Megawatts electric. The
main circulating water system uses a natural draft cooling tower to remove heat from cooling
water In addition, up 10 90,000 galions of water are withdrawn from Lake Erie each minute 10
provide plamt service water as well as make up 10 the circulating water system. The plant
discharge is permitted by the Ohio Environmental Protection Agency as an authorized
National Pollutant Discharge Elimination System discharge point.

NUCLEAR POWER GENERATION

There are several sources of steam used by power plants to generate electricity, including the
buming of fossil fuels such as coal, oil, or natural gas: the earth’s natural steam, called
geothermal energy; and steam produced inside a nuclear reactor from the heat released
when atoms of uranium are split, or fissioned. Beside steam, water power (hydropower) and
wind power can be used 1o tumn turbines 1o produce electricity.
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Electricity is produced in a nuclear power station in essentially the same way as in a fossil-
fueled station. Heat changes water ¢ steam that tums a turbine. In a fossil-fueled station, the
fuel is bumed in a fumace. inside the boiler, water is turmed into steam. in a nuclear station,
the furnace is replaced by a reactor containing a core of nuclear fuel, primarily uranium. Heat
is produced when the atoms of urarium are fissioned inside the reactor.

What Is Fission?

A special attractive force called the binding force hokds the protons and neutrons together in
the nucleus of the atom. The strength of this binding force varies from atom to atom. i #t is
weak enough, the nucleus can be spiit when it is bombarded by a free neutron. This causes
the entire atom to split, producing small atoms, more free neutrons, and heat (Figure 1). In a
nuclear reactor, a chain reaction of fission events provides the heat necessary to boil the
water to produce steam.

GS16 14

Figure 1: When a heavy atom, such as Uranium-235 is fissioned, heat, free neutrons, and
fission fragments result. The free neutrons can then strike neighboring atoms causing them to
fission also. In the proper environment, this process can continue indefinitely in a chain
reaction

Nuclear Fuel

The fissiorung of one uranium atom releases approximatery 50 million times more energy than
the combustion of a singie carbon atom common 10 all fossil fuels. Since a single small
reactor fuel peliet contains trillions of atoms, each pellet can release an extremely large
amount of energy. The amoumni of electricity that can be generated from three small fuel
peliets, each about 5/8 inch long and 3/8 inch in diameter, would require about 2.7 tons of
coal or 8 barrels of oil to generate

Nuciear fission occurs spontaneously in nature, but these natural occurrences cannot nor-
mally sustain themselves because the freed neutrons are absorbed by non-fissionable atoms.
In contrast, a nuciear reactor minimizes neutron losses, thus sustaining the fission process by
several means:
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0 using fuel that is free of impurities that might absorb the freed neutrons;

0 increasing the concentration of the rarer fissionable isotope of uranium (U-235)
relative 1o the concentration of U-238, a more common isotope that does not fission
easily, and

0 increasing the probabilty of fission by slowing down neutrons by using a "modera-
tor" such as water.

Natural uraniurm contains less than one percent U-235 when it is mined. Before it can be
economically used in a nuclear reactor, it is ennched to approximately three percent U-235
relative 10 U-238. In contrast, the nuclear material used in nuclear weapons has been en-
riched to over 87 percent. Because of the low levels of U-235 in nuclear fuel, 2 nuclear power
station cannot explode like a bormb. Nor could the fuel, as it exists at a power station, be used
to make a bomb.

After the uranium is separated from the earth and rock in the ore, #t is milled. After milling the
ore 10 a grarnwlar form and dissolving out the uranium with acid. the uranium is converted to
uranium hexafluonde (UFg), @ chemical form of uranium that exists as a gas at temperatures
shightly above room temperature. The uranium is then highly purified and shipped to a facility
where it is ennched by gaseous diffusion to increase the concentration of U-235 in the tuel.
The enriched gaseous UF, is converted into powered uranium dioxide (UO2), a highly stable
ceramic matenal. The UO; powder is put under high pressure to form fuel peliets.
Approximately five pounds of these peliets are placed into a iong metal tube made of zirco-
nium alloy The tubes constitute the fuel cladding. The fue! cladding is highly resistant to heat,
radiation and comosion. When the tubes are filled with fuel peliets, they are called tuel rods.

Bolilng Water Reactor System

Suty-two fuel rods comprise a single fuel bundie. The reactor core at PNPP contains 748 of
these fuel bundies, each approximately 13 feet tall. The reactor vesse! weighs 805 tons, is 20
feet in diameter and 70 feet high, and has 6-inch thick steel walls

Perry uses a Boiling Water Reactor (BWR) to generate electricity (see Figure 2) The heat
reieased by nuclear fission in the CORE causes water to boil. The steam passes through the
MAIN STEAM pipes to the TURBINE-GENERATOR. the turbine's blades spin due to the high
temperature steam striking the blades. The turbine spins a magnetic field inside the genera-
tor, causing electricty 10 be produced.

Low-temperature steam exhausts from the turbine, imto the CONDENSER where it is cooled
back into water. This water is then pumped back to the reactor and reused.

SAFETY BARRIERS

The smaller atoms formed when U-235 atoms are fissioned are called fission products. They
consist of many different elements, most of which are radicactive. There are three physical
barriers at PNPP that prevent the release of these fission products from the plant. The first
barrier is the fuel cladding itself. The second is the wall of the reactor vessel, and the third is
the steel comainmem vessel. The shield building, with steel reinforced concrete walls three
feet thick, protects the comtainment vessel from environmental factors like tormnadoes and
hurncanes.

INTRODUCTION 6
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Figure 2. Boiling Water Reactor System

The fission products are retained in the zirconium-clad fuel rods unless a cladding defect (a
pinhole, for example) develops. In an emergency situation, overheating the cladding can
cause defects To prevent overheating (and the release of fission products from the fuel),
PNPP is equipped with cooling systems designed to respond during emergencies (see Figure
3)

The purpose of the emergency cooling systems is to prevent the accidental overheating of the
uranium FUEL inside the REACTOR VESSEL. These systems do not operate when the plant
is making electricity. They operate only if the Boiling Water Reactor system fails and routine
cooling systems maltunction. Perry has several emergency cooling systems 10 insure that this
important safety function is duplicated.

Perry has five automatic pumping systems that will supply emergency cooling water 10 the
reactor fuel HIGH PRESSURE CORE SPRAY (HPCS) uses a single pump, LOW
PRESSURE CORE SPRAY (LPCS) uses a single pump, and LOW PRESSURE COOLANT
INJECTION (LPCI) utilizes three pumps. Each pump can move 6000 gallons of water per
minute.

There are two main reservoirs of pure water for the 5 pumps. The CONDENSATE STORAGE
TANK holds more than 150,000 galions for HPCS, LPCS, and LPCI. The SUPPRESSION
POOL is a large donut shaped pool in the containment building which comtains approximately
one million galions of water, also used for HPCS, LPCS, and LPCIL.
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Figure 3 Emergency Cooling Systems

The REACTOR CORE ISOLATION CCOLING SYSTEM (RCIC) may be used by the reactor
operator if the automatic systems fail. RCIC starts automatically by admitting STEAM to the
RCIC TURBINE. The TURBINE runs the RCIC pump which moves water into the reactor at
850 gallons per minute.

If all cooling systems fail, the containment building itself can be flooded with water from Lake
Ene

BENEFITS OF NUCLEAR POWER

Nuciear power plays an important pant in meeting today's electricity needs, and will coniinue
o serve as an important source of electric energy well into the future. In 1980 nuciear power
accounted for only 11% of the electricity produced in the United States. By the end of 1891,
however, this number had grown to 25%. At the same time, dependence on oil as an energy
source has been cut aimost in half. By decreasing the nation's dependence on oil, oepend-
ence on foreign oil supplies also decreases, thereby ensuring the nation can continue 10 be
self-sufficient in meeting the energy needs of s private and business sectors.
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Nuclear power offers several advamages over ahemative sources of electric energy:

o nuclear power stations in the United States have an excellent safety record cating
back to 1957 when the first commercial nuclear power station began operating,

o uranium, the fuel for nuclear power stations, is a relatively inexpensive fuel that is
readily available in the United States, and

o nuclear power is the cleanest energy source for power stations that use steam 1o
produce eiectncity.

INTRODUCTION 8
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THE ATOM

The world is made up of atoms Atoms consist of two basic pans: the core, or nucieus, and
mmommmmmus.mmmamwdm.m”mw
awpod.awrw'm.whichmmdum.mm»mmmmma
mm.mebwulmaanmmbmmmmsmmwmm
amm'mmum.mmmmmmmwmm
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the number of protons.

mwmmmmmsmmummmw‘mm
number is the identifier of the atom. If it changes. the number of electrons and the chemical
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Protons and neutrons are similar in size, and both of them are considerably larger than
electrons (about 1,800 times heavier). Therefore the weight (mass) of the atom is principally
wmwmw;.mwmdtmmwmwomhMMBamw
mass number or atomic weight.

Udnm.QOnwdmmamcﬁcmmManvmeMNm
cnarpeanddon'tnoodtobobahmodbyemm.Tm:obnthemumm«anm. For
example, a hydrogen atom always has one proton, but it can have either 2ero, one, or two
neutrons. The different hydrogen atoms are called isotopes of hydrogen. isotopes are labeled
with their mass number. A hydrogen atom without a neutron is referred to as hydrogen-1
where 1 is the mass number. The hydrogen isotope with one neutron is referred to as
hydrogen-2 (deuterium), and the isotope with two neutrons is referred to as hydrogen-3
{tritium). In nature, 98 985% is H-1, 0.015% is H-2, and a small trace is H-3.

RADIATION AND RADIOACTIVITY

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

Alpha Particles

MwnMwmmdmmmmmwaMMammmmAm
of their charge and large size, alpha particles do not travel very far when released (one 1o
eight centimeters in air). They are unable 10 penetrale any solid material, such as paper of
skin. 1o any significant depth. However, f aipha particies are released inside the body. they
can damage the soft imternal tissues because they depostt all their energy in a very small
volume Radioactive uranium releases alpha particles, so #f uranium dust is inhaled or swal-
lowed, biological effects may occur.
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Beta Panticles

Beta particles are essentially electrons and carry a negative electrical charge They are much
smalier than alpha particies and travel at nearly the speed of light, thus they can travel for
longer distances in air and penetrate solid materiais more readily than alpha particles. Beta
particles have the same effect as alpha particles, but since they are smaller, faster, and have
less charge, they cause less concentrated damage when interacting with tissue. External beta
radiation primarily affects the skin. Beta paricies can be shiaided by paper, plastic, or thin

As mentioned in the beginning of this section, radicactive decay is a process in which a
nucleus of an unstable atom spontaneously decays and releases energy. Some radioactive
elements found in nature decay 10 other elements which are also radicactive, and will, in tum,
decay. This is called a radicactive decay chain. A common chain begins with uranium-238
and end with lead-206 (this isotope of lead is stable, which means &t does not decay). Each
of the various radicactive atoms created during the decay sequence has its own natural rate

of decay The uranium decay sequence is an example common in nature and here at the
PNPP.

it takes a different amount of time for each element to decay to the next element in the chain.
The amount of time it takes for a radivactive substance to lose half of its radicactivity, or for
hatf of #t 10 become the next element in the chain, is its half-life. All decay chains found in
nature begin with an isotope with an extremely long hali-ife. it is assumed that these atoms
were formed at the same time as all the other atoms on earth and are still present because
their hali-ives are comparable to the age of the earth.

interaction with Matter

When radiation interacts with other materials, #t atfects the atoms of those materials principally
by knocking the negatively charged electrons out of orbit. This causes the atom to lose its
electrical neutrality and become positively charged. An atom that is charged, etther positively
or negatively, is called an ion. Anything that creates an ion is said 10 be ionizing. lons are
chemically reactive.

UNITS OF MEASUREMENT

To measure the effect of radiation, scientists have developed ways 10 measure levels and
intensity of radiation Some of these measurement units 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 emitited. The curie (Ci) is the unit used to describe the activity of a
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material and indicates the rate at which the atoms are decaying. One curie of activity indi-
cates 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 picocune (pCi), one trllionth of a curie. The mass, or
weight, of radioactive materal which would result in one curie of activity depends on the
disimtegration 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 is
more radioactive than natural uranium.

Dose

Biological damage due 1o alpha. beta, gamma and neutron radiation may resul from the
onization caused by these radiations. Some types of radiation, especially aipha panicies
which cause dense local onization, can result in up to 20 times the amount of bivlogical
damage for the same energy impanted as do gamma or X rays. Therefore,

must be applied to account for the different ionizing capabilities of vanous types of ionizing
radiation. mnmmmytmrsmmdbywmm the result is the dose

é
s

In terms of environmental radiation, the rem is a large unit. Therefore, a smaller unit, the
millirem {mrem) is often used. One millirem is equal to 1/1000 of a rem.

EXPOSURE TO BACKGROUND RADIATION

We are constantly exposed to what is calied background radiation. This includes the decay of
radioactive elements in the earth's crust, a steady stream of high-energy particles from space
called cosmuc radiation, naturally-occurring radioactive isotopes in the human body like
potassium-40, medical procedures, man-made phosphate fertilizers {phosphates and uranium
are often found together in nature), and even household items like televisions. In the United
States, a person's average annual exposure from background radiation is 360 mrem.

As the Background Radiation Chan (Figure 4) shows, radon is the largest contributor to
background radiation. At an average of 200 mrem per year, naturally-occurring radon ac-
counts for more than half of the background dose in the United States. Radon is a coloriess,
odoriess, radicactive gas that results from the decay of radium-226 Radon atoms are pro-
duced in soil and migrate through air spaces 10 the atmosphere. Radon ooccurs indoors as a
result of radon in the soil or rock under the building, or radon in building materials, water
supplies, natural gas, or outdoor air. i may enter buildings through walls, floors, vents and
other openings. as well as through cracked foundations and slabs, and openings for pipes
and sumps.

Further information on radon can be obtained by cortacting the state radon program office:

Radiological Health Program
Ohic Department of Health
1224 Kinnear Road. Suite 120
Columbus, Ohio 43212
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Figure 4 Background Radiation Chan

EFFECTS OF RADIATION

The efects of radiation on humans are divided into two categories, somatic and genetic
Somatic effects are those that develop in the directly exposed individual, including a develop-
ing fetus. Genetic effects are those that may be observed in the offspring of the expesed
person

Because we are constantly exposed 10 both natural and man-made sources of radiation, and
besause the body has the capactty 10 repair damage from low levels of radiation, it s
extremely difficult to determine the effects from low-level radiation. This section explains why
this is true and how somatic and genetic effects may occur.

Somatic Effects

A dose of 1.000.000 mrem of radiation delivered instantaneously will probably kill a human. A
dose of 500.000 to 1,000,000 mrem causes severe sickness, but there is some chance for
recovery. A dose of 200,000 to 500,000 mrem causes sickness with a good chance for
recovery if proper medical attertion is received. A dose of 100,000 to 200,000 mrem could
cause temnporary iliness. but will not be lethal. Clinical symptoms of radiation exposure gener-
ally won't be seen in individuals who have been exposed 10 less than 100,000 mrem. Most
scientists believe that there are no directly observable shor-term radiation effects on human
beings exposed to less than 10,000 mrem.

Continuous exposure 10 lower ievels of radiation can produce gradual somatic changes over
extended time. For example, someone may develop cancer from man-made radiation, back-
ground radiation, or some other source not related 1o radiation. Because all ilinesses caused
by low-level radiation can aiso be caused by other factors, ft is presently impossible to
¢ziermine individual heatth effects of low-level radiation. However, there are a few groups of
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people under medical observation because they have been exposed 1o higher levels of
radiation These include the survivors of Hiroshima and Nagasaki, uranium miners in the
United States and eastern Europe. a group of workers who used paint containing radium,
early users of X-ray machines, some Depantment of Energy employees working in defense
tacilties and people suffering from iliness where radioactive material was used for treatment.

Even after studying the health effects of radiation on these groups, scientists are still not able
to determine with certainty how much aaditional cancer may have been caused by low-leve!
radiation. This is because the small increases are difficut to differentiate from the natural

m.mwnmmmummmmumm.mmm
m»ammmnm.wmmmmwummm
creases as the level of radiation dose increases.

mmsmwmmmmmkmmmmmm
ManammommnhmmmhMdemm

causing any present or future medical problems 10 the exposed individual

Estimates on the value of the threshold level of radiation, if it exists, vary significantly. As
mentioned earlier, some scientists believe it could be as high as 10 rem. Others insist there
is no threshold level below which radiation exposure is safe. They feel there is always a direct
relation between the amount of radiation to which people are exposed and the number of
related radiation effects.

Certain somatic effects have been documented only at high radiation levels. These include
cataracts, lowered fertility rate, and a reduction of the number of white cells in the blood.
Therefore, the most likely somatic effect of low-level radiation is believed to be some in-
creased nisk of cancer.

Genetic Effects

A single ionizing event has the potential to cause a genetic effect. To understand why this is
true, # is helptul 1o look at the structure of a human cell. Human cells normally contain 46
chromosomes: 23 transmitted from the mother, and 23 from the father. These 46 chromo-
somes contain about 10,000 genes which are passed on fo the next generation and which
determine many physical characternistics of the individual.

Radiation can cause changes or mutations in these genes. Chromosome fibers can break and
rearrange causing interference with the normal cell division of chromosomes, affecting the
number and structure A cell can rejoin the ends of a broken chromosome but, #f there are two
bmdcscbuemmboomrmspmmm.mm.mnmom!makmyph
incorrectly with those from another. This can cause transiocations, inversions, rings, and other
types of structural rearrangement. Radiation is not the only mechanism by which such
changes can occur. Spomaneous mutations and nonradiation-induced mutations have also
been observed.

Themmsfmmmmmanﬁnnbopasswonwmm.Thoytypicanyhave

maﬁedontheanspmgasbrqnthegomstwmtmmwpmmamrmmmmm
same way However, the genes stay in the body of the offspring and are passed on 10
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following generations. f they meet similar genes when reproducing, they could then become
present in the characteristics of the offspring

There is no evidence that there are radiation levels below which chromosomes are not
atfected. but the number of occurrences drops dramatically at lower levels of radiation.

HEALTH RISKS

Risks can be defined, in general, as the probability or chance of injury, iliness, or death
resulting “rom some activity. However, the perception of risk is affected by how one views the
probabilit/, severity, and the benefits gained from accepting the risk. Perhaps the most usetul
unit for comparing health risks is the average number of days of ife expectancy lost each
time one performs an activity that includes a health risk. Estimates are calculated by looking
aamemmrmm.mmmummmmm.am
estimatinyg the number of days of life lost. The total number of days of ife lost is then
averaged over the total group observed Several studies have compared the projected lower
iife expeciancy resulting from exposure to radiation with other health nisks. Some representa-
tive numbers are presented in Table 1 (information from B. L. Cohen, Health Physics, Vol. 36,
1976 and Vol. 61, 1991).

In decision making, one should consider the risk in each action. the risk of crossing a street
is based on pedestrian fatalties and the assumption that the average person crosses five
streets per day. t may be noted that smoking a cigarette has the nisk equal 1o receiving about
§ mrem of radiation, and an overweight person eating a piece of pie a-la-mode runs a risk
equal 1o that of receiving about 25 mrem.

Health Risk Average Days Lost

Smoking 20 cigareties/day 6.6 years

Overweght (by 20%) 803

All acedents combined 366

Auto accidents 207

Alcohe! consumption (U. 8. average) 365

Home Accidents 74

Natural background radiation (including radon) 38

Drowning 24

Medical diagnostic x-rays (U. S average) 62

All catastrophes (earthquake, e.g ) 40

1 rem (1,000 millirem) 1.5
Minutes Life

Individual Action Expectancy Lost

Smoking a cigarette 10

Calorie-nch dessert 50

Non-diet soft drink 15

Diet soft drink (containing saccharin) 0.15

Crossing a street 04

Extra drniving 0 4/mile

Not fastening seal belt 0. 1/mile

1 mrem of radiation 2.1

Table 1: Health risks
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EXPOSURE PATHWAYS

Radiological exposure pathways define the methods by which people may become exposed
to radiocactivity The major pathways of concern are those which could cause the highest
cakulated radiation dose. These pathways are determined from the type and amoumt of
radioactivity reieased, the environmental transport mechanism, and the use of the environ-
ment. The envionmental transport mechanism includes consideration of physical factors,
such as the hydrokgical (water) and meteorological (weather) characteristics of the area. This
provides information on the water flow, wind speed and wind direction at the time of a
gaseous or liquid release. This information is used to evaluate how radionuciides will be
distributed in the area. The most important factor in evaluating the exposure pathways is the
use of the environment. Many factors are considered such as dietary intake, recreation and
the location of homes and farms.

The externa! and imemnal exposure pathways considered are shown in Figures 5 and 6. The
release of radioactivity in gaseous effluents involves pathways such as direct radiation, de-
position on plants, deposition on soil, inhalation and ingestion by animals destined for human
consumption, and inhalation by humans. The release of radioactivity in hquid effiuents in-
volves pathways such as drinking water, fish consumption, and direct exposure from the lake,
both shoreline and immersion in the lake (swimming).

DOSE ASSESSMENT

Dose is the energy deposited by radiation in an ex, osed individual. Whole body radial.on
exposure involves the exposure of all organs. Most background exposures are of this form.
Both radicactive and non-radioactive elements can enter the Sody through inhalation (breath-
ing) or ingestion (eating, drinking). When they do, they are usually not distributed evenly. for
exampile, odine selectively concentrates in the thyroid gland, while cesium collects in muscie
and liver tissue, and strontium collects in bone tissue.

The total dose to organs from a given radionuclide depends on the radioactivity present in the
organ and the amount of time that the radionuclide remains in the organ. Some radionuclides
remain for very short times due 10 their rapid radicactive decay and/or elimination rate from
the body. while other radionuclides may remain in our bodies for longer periods of time.

The dose 1o people in the area surrounding PNPP is calculated using factors such as effluent
measurements, weather conditions, the locations of important pathways (milk, vegetabie gar-
dens, and resdences), usage factors (inhalation, food consumption), and dilution factors.
Some of these tactors are determined on an annual basis by making a thorough evaluation of
land around the PNPP. This evaluation is calied the Land Use Census, and is discussed in a
later chapter.
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Radiolorical Envionmentai Monitoring Program (REMP), and are considered when ca'sulat
ing doses 10 the public.
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INTRODUCTION

The radiological envionmental monitoring program (REMP) was established at PNPP for
several reasons First, #t verffies the adequacy of plant design and operation to control
radioactive materials and hmit effluent releases. second ft assesses the radwlogical impact, #
any, that the piant has on the surrounding environment. and third it ensures compliance with
regulatory guideiines.

A wide variety of samples are coliected as part of the PNPP REMP. The selection of sample
types is based on established pathways for the transter of radionuclides through the environ-
ment 1o humans The selection of sampling locations is based on sampie availabilty local
meteorology. population charactenistics, and land use. Sampling frequencies are determined
by the respective hali-lives of the radionuclides of interest, and their behavior in both the
bological and physical environment.

The REMP began in 1981 with 24 direct radiation monitoring locations, four sediment loca-
tions, 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 two media are not required by the NRC, they were incorporated
into the program 1o expand fts scope and provide additional data usetul for analyzing environ-
mental impacts of plant operation.

SAMPLING METHODS AND PROCEDURES

To ensure that the REMP data is meaningful and useful, detalled sampling methods and
procedures are followed This guarantees that samples are collected in the same manner and
from the same locations each time.

All samples are packaged on site, then shipped to a vendor radiological laboratory for
analyses. The vendor laboratory analyzes the samples and reports results 1o both the PNPP
Environmental Monitoring Element and the Lake County General Health District.

Sampiing Locations

REMP samples are collected at numerous locations, both onsite and up 10 22 miles away
trom the plant. Sampling locations may be divided into two general categones’ indicator and
control. indicator locations are those which would be most likely 1o display effects caused by
piant operation. Control locations are those which shoulkd be unaffected by plant operation.
Typically, they are a greater distance from the plant, in the least prevalent wind direction.
Data obtained from the indicator locations are compared with data from the control locations.
This comparison allows naturally occurring background radiation 10 be taken o account
when evaluating any radiological impact PNPP has on the environment. Data from ali loca-
tions are also compared with preoperational data to determine whether signfficant variations
or trends exist. Figures 7, 8 and 9 identify the PNPP REMP sampling locations. Table 2
provides a more detailed listing of sampling locations and the types of samples collected at
each.

The area around the plant is divided into sixteen radial sectors that come together at the

center of the two reactor buildings. Samples are collected from each sector except those that
radiate over Lake Erie without intersecting any area over land.
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‘ Table 2° REMP Sampling Locations

Distance
#  Description (Miles) Direction  Media(1)
1 Redbird 34 ENE APT, Al, TLD
2  Sie boundary tree line 07 E TLD
3 Meteorological tower 1.0 SE APT, Al, TLD,
PR, SO
4  Sie boundary Parmly Rd 07 S APT, Al, TLD,
SO, PR
Quincy Substation 06 Sw APT, Al, TLD
Concord Service Center (Control) 1.0 SSw APT, Al, TLD,
PR, SO
7  Site boundary Lockwood Rd 06 NE TLD, PR, SO,
APT, Al. VG
8 Ste boundary tree line 08 e TLD
9 Site boundary transmission tower 0.7 ESE TLD, SO
10 Auxiliary gate off Parmly Rd 08 SSE TLD
11 SW comer Center and Parmly Rd 06 SSW TLD
12 Sie boundary transmission tower 06 WSW TLD, PR, SO
. 13 Madison-on-the-Lake 47 ENE TLD
14 Hubbard Rd 48 E TLD
15 Madison Substation (Eagie St) 51 ESE TLD
16  Dayton Rd north of i-90 50 SE TLD
17  Chadwick Rd south of 1-90 52 SSE TLD
18 Blair Rd 50 S TLD
19 Lane Rd near South Ridge Rd 53 SSw TLD
20 Nursery Rd at Rt 2 overpass 53 SW TLD
21 Hardy Rd at Painesville Township Pk 51 WSW TLD
22 Main St across from cemetery 69 Sw TLD
23 Comer High St and New St 78 wWSw TLD
24 St Cilair Ave Substation (Control) 151 SW TLD
25 Offshore at PNPP Discharge 06 NNW SED, FSH
26  Offshore at Redbird 42 ENE SED
27  Oftshore at Fairport Harbor 79 WEW SED
28 CE| Ashtabula Plant Intake 220 ENE WTR
‘ 29  Waites milk farm 13 ESE MLK, FS
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(1) Al = Air lodine APT = Air Particulate

FS = Feed/Silage FSH = Fish

MLK = Milk PD « Produce

PR = Precipitation (Snow) SED = Sediment

SO = Soil TLD = Thermoluminescent Dosimeters
VL = Vegetation WTR « Water

WW = Wastewater

Atmospheric Monitoring

Air sampling is conducted to detect any increase in the concentration of airborme radionu-
clides that may be inhaled by humans or serve as an extemal radiation source. Air sampling
pumps are used to draw continuous samples at a rate of approximately one cubic foot per
minute, which is roughly the same rate as human respiration. The air is drawn thyough glass
fiber fiters. 10 collect particulates, and charcoal canndges, 10 trap iodine. The samples are
coliected on a weekly basis, 52 weeks a year, from each of seven air sampling stations. Six
of the locations are within four miles of the plant site; the seventh is used as a control iocation
and is eleven miles from PNPP.

Precipitation provides a mechanism to sample for radionuclide deposition from the at-
mosphere. Precipitation in the form of rain, snow, sieet or hail provides a surface on which
aibome radionuclides can be deposited. Samples are collected from six locations using
passive collection containers. Containers are removed monthly or when full, strained to
remove debns, and shipped 1o the laboratory for analysis. There are five indicator locations
and one control location, which is located eleven miles from PNPP.

Terrestrial Monitoring

Collecting and analyzing samples of milk, food products and vegetation provides data to
assess the buiidup of radionuclides that may be ingested by humans. Anima! feed and silage
samples provide additional information on radionuclides that may be present in the food
chain. The data from soil samples provides information on the deposition of radionuclides
from the atmosphere.

Milk sampling s particularly important because # provides a direct basis for assessing the
buildup of radionuclides in the environment that may be ingested by humans. Mik is one of
the few foods consumed soon after production. The milk pathway involves the deposition of
radionuclides from atmosphenc releases omo forage consumed by cows or goats. The ra-
dionuclides present in the forage can become incorporated into the milk which is then con-
sumed by humans.

Sampiles of milk are collected once each month from November through April, and twice each
month from April through October. Sampiing is increased dunng the summer because animals
are usually outside on pasture and not on stored feed. There are two control locations for milk
sampling. One is Retiger Farm, located ¥ 6 miles from site; the other is Rhoades’ Farm, 18.7
miles from site.

Food products can provide a direct pathway to humans by ingestion. Fruits and vegetables
can become contaminated from atmospherc deposition from airbome sources of irmgation
water drawn from a lake receiving airborne or liquid effluents. Also, radionuclides in the soil
may be absorbed by the roots of the plants and become incorporated info the edible portions.
Edible fruits and vegetables are collected monthly during the growing season from four 10 six
farms (depending on availability) in the vicinity of PNPP. The control location for food prod-
ucts is 16.2 miles from PNPP.
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Figure 8 REMP sampling locations between two and eight miles from the plant site
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Vegetation (grass) is collected monthly during the growing season from four locations. Grass
is clipped from open areas using standard lawn tnmming equipment The control location for
vegetation is 11 miles away

umwm:mmus.uWMaWMameMmm
ot airbome radionuclides deposited in the vicintty of the plant. Sample analyses also provide
data for determining radionuchide concentrations in the food chain Animal feed and silage are
enliected annually from milk sampling locations.

Soil samples are collected quanerly from seven to eight locations. The control location is
eleven miles away Only the top inch of soil is sampled in an effort to identity possible trends
in the loca! environmental nuchde concentrations.

Aquatic Monitoring

Radionuclides may be present in Lake Ene from many sources including atmospheric de-
position. run-oft/soil erosion, and releases of radioactivity in liquid effluents from hospitals or
other nuciear facilities. These sources provide two forms of potential radiation exposure,
external and internal. External exposure can occur from the surface of the water, shoreline
sediments, and from swimming Internal exposure can occur from ingestion of radionuclides,
either directly from drinking the water, or as a result of the transfer of radionuciides through
thoMtbodehdnw“ewmaleonwwumw.wwulﬂ.n
monitor these pathways, PNPP samples water, shoreline sediments, and fish.

Water is sampled from five locations along iake Erie in the vicinity of the PNPP. Samples from
three locations are collected using composite sample pumps. The pumps are designed 10
collect water at reguiar intervals and composite it in a8 sample comainer. The containers are
removed monthly and the sampies shipped to the laboratory for analysis. Samples from two
locations are collected weekly and combined. Each month the combined sample is shipped
for analysis.

Sampling lake bottom sediments can provide an indication of the accumulation of undissolved
radionuchides which may lead to intemal exposure to humans through the ingestion of fish,
through resuspension into drinking water, or as an extemnal radiation source from shoreline
exposure to fisherman and swimmers. Sediment is sampled twice each year from eight
locations, two of which are also fish sampling locations.

Sediment samples from offshore are collected using @ hand dredge. Near shore and stream
bed samples are collected using a scoop.

Fish are analyzed primarily 1o quantify the dietary radionuclide intake by humans, and secon-
darily 1o serve as indicators of radioactivity in the aquatic ecosystem. Fish are collected from
two locations, twice each year. important sport and commercial species are targeted, and only
the fillets are sent 1o the laboratory for analysis. A scientific collecting permit is obtained
annually from the Ohio Depantment of Natural Resources for fish sampling.

Direct Radiation Monitoring

Environmental radiation is measured directly at thirty-five locations around the PNPP site. The
locations are positioned in two rings around the plant as well as at the site boundary. The
mmngisw‘ahinaonemﬂeradiusonheptamsu;momerrmislomtofmmswom
the plant. Control locations are approximately ten miles from the plant in the two least
prevalent wind directions. Each location is equipped with three thermoluminescent dosimeters
(TLDs). One is changed quarterty, one is changed annually, and the third acts as a backup In
case of lost or siolen TLDs, or an emergency. TLDs are described in more detail in the next
section, under "gamma doses”.
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SAMPLE ANALYSIS

When environmental samples are analyzed for radoactivity, several types of measurements
may be performed 1o provide information about the types of radiaton and radionuclides
present. The majpor analyses that are performed include:

o Gross beta analysis

o Gamma spectral analysis
o lodine analysis

o Tritium analysis

© Strontiun analysis

o Gamma dose

Gross beta analysis measures the total amount of beta emitting radicactivity present in a
sample Beta radiation may be released by many different radionuchides. Since beta decay
gives a continuous energy spectrum rather than the discreet lines 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 contains normal or abnor-
mal concentrations of beta emitting radicactivity, t does not identify specific radionuciides.
Gross beta analysis primarily acts as a tool to identify samples that may require further
analysis.

Gamma spectral analys:: orovides more specific informatior than does gross beta analysis.
Gamma spectral analysis dentifies each radionuchde presert in the sample that e
gamma radiation, and the amount of radicactivity associated with each. No two radionuclides
emit the same energy gamma rays. Therefore, each radionuciide has a very specific “finger-
print” that allows for accurate identification. For example, gamma spectral analysis can be
used to identify the presence and amount of iodine-131 in a sample. lodine-131 is a man-
made radioactive isotope of iodine that may be present in the environment as a result of
fallout from nuclear weapons testing, routine medical uses, and routine releases from nuclear
power plants.

fodine analysis measures the amount of radiciodine present in a sample. Some media (e g.
air sample charcoal cartridges). are analyzed directly. In other media (e.g. mik), odine is
extracted by chemical separation.

Tritiurn analysis indicates whether a sample contains the radionuchide tritium (H-3) and the
amount of radicactivity present as a resull. Tritium is a natural or man-made isotope of
hydrogen that emits low energy beta particies.

Strontium analysis idertifies the presence and amount of strontium-88 and strontium-90 in a
sample. These man-made radionuciides are found in the environment as a result of fallout
from nuclear weapons testing and from nuciear power plants.

Gamma doses received by thermoluminescent dosimeters (TLD) while in the field are deter-
mined by a special laboratory procedure. Thermoluminescence is a process by which onizing
radiation interacts with the sensitive material in the TLD, the phosphor. 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 energy that was
stored in the TLD as a result of interaction with radiation is removed and measured by a
controlled heating process 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 10 the amount
of radiation 1o which the TLD was exposed The reading process zeroes the TLD and
prepares it for reuse
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. Table 3 provides a list of the type(s) and frequency of analyses performed on environmental

samples collected for the PNPP REMP

Table 3: Analyses performed on REMP samples

Sample Type Frequency Analyses Performed
Atmospheric Monltoring
Aimorme Particulates Weekly Gross Beta
Quarterty Gamma Spectral
Airbome Radioiodine Weekly lodine-131
Preciptation Monthly Gross Beta
Gamma Spectral
Tritium
Terrestrial Monitoring
Milk Monthly/Bimonthly Gamma Spectral
lodine-131
Quarterty Strontium-89
Strontium-90
Food Products Monthly Gamma Spectral
Vegetation Monthly Gamma Spectral
Soil Quanerty Gamma Spectral
Strontium-89
Strontium-90
Anima! Feed/'Silage Annually Gamma Spectral
‘ Aquatic Monitoring
Water Monthly Gross Beta
Gamma Spectral
Tritium
Quarterly Strontium-88
Quanerly Strontium-80
Fish Biannually Gross Beta
Gamma Spectral
Sediment Biannually Gamma Spectral
Strontium-89
Strontium-90
Direct Radiation Monitoring
Thermoluminescent Dosimeters Quarterty Gamma Dose
Annually Gamma Dose

Samples often contain radioactivity that is below the lower limit of detection (LLD). The LLD
is the smallest amourt of activity that will show a positive result for which there can be
confidence that radioactivity is presert. When a measurement is reported as less than the
LLD, #t means that the radioactivity is so low it cannot be accurately measured with any
degree of confidence. The Nuclear Reguiatory Commission, as part of the PNPP Operating
License, has established values for the lower limit of detection for REMP sample analysis.
. The vendor laboratory was able 10 comply with those values in 1992

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM 31



1992 SAMPLING PROGRAM

The REMP is conducted in accordance with the PNPP Operating License, Appendix A,
Technical Specifications. The Environmental Technical Specifications, or REMP requirements,
have been established by the Nuclear Regulatory Commission.

Many radionuclides are present in the environment due 1o sources such as cosmic radiation
and taliout from nuclear weapons testing Some of the radionuchides normally present include

o ftritium, present as a result of the interaction of cosmic radiation in the upper
atmosphere.

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

o potassium-40, a naturally occurring radionuchide nommally found in humans and
throughout the environment, and

o faliout radionuciides from nuclear weapons testing, including tritium, cesium-137,
strontium-89. and strontium-80. These radionuciides may aiso be released in minute
amounts from nuclear facilities

These radionuclides are expected tc be present in many of the environmental samples
collected in the vicinity of PNPP.

The contribution of radionuclides from the operation of PNPP is assessed by comparing
sample results with preoperational data. operational data from previous years, control location
data. and the types and amounts of radioactivity normally released from the station in liquid
and gaseous effluents.

The results for each sampie type are discussed below and compared to historical data to
determine # there are any observabie trends. All results are expressed as concentration.
Refer 1o Appendix A° 1982 Radiological Environmental Monitoring Program Data for more
detailed results.

Program Changes

There were several changes to the program in 1992 These changes include the addition and
deletion of sample locations as follows:

January Leaf sampling was dropped from the program for two reasons. First, construc-
tion activities (sewer line instaliations and housing developments) at two
sample locations resulted in clear cutting the stands of trees used for sampling.
Second, t had increasingly difficult to obtain adequate samples from trees
continually stripped of their leaves. Food product sampling frequency was in-
creased from annually to monthly 1o provide another indicator for the ingestion
pathway.

May Five soil locations were dropped from the program, and four new locations
selected. This was done in order 10 establish locations on company owned
property that can be maintained and are secure. The new locations were
selected from areas with no tree or brush cover, and wooden borders have
been installed around ali locations. This ensures that the analysis results indi-
cate deposition on the soil rather than the effects of soil migration. The stations
deleted are as follows:
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September

Distance

¥ Description (miles) Direction
| Redbird 34 ENE
2 Site boundary tree line 07 E
14 Hubbard Rd. 49 E
18 Blair Rd. 50 S
20 Nursery Rd. at Rt. 2 overpass 53 SW
The stations added inciude:
3 Meteoroiogical tower 1.0 SE
7 Site boundary Lockwood Rd. 06 NE
B Site boundary transmission tower 07 ESE
35 Site boundary 0.6 E

AhohMay,MbcdonS?,a.Suihsomdmom.waawmu
program when the milking goat died.

Milk locations 31, 1.4 miles SSW of the plant, and 28, 1.3 miles ESE of the
plul.mdoppod'mhmam.mmammm
M.Pwmmmmmnwhonmmmmm
within a 3.2 mile radius of the plant, animals within five miles should be consid-
ered. Since there are no milk animals available within the five mile radius (as
identified in the Land Use Census, p. 47), the additional requirement of collect-
ing three types of food product samples becomes effective. For this reason,
four food product sampling locations were added 10 the program:

Distance
# Description (miles) Direction
72 Sasu Farms 24 SW
73 Wests Market 24 SW
74 Wayman Famm 48 E
75 Okd Orchard (Comrol) 157 E

Every effort was made to collect three ditferent types of food products that
meet the requirement of being "broad leaf vegetation”. However, only two types
were available (cabbage and lettuce). Of the two types available, only one
(cabbage) is grown within a ten mile radius of the plant.

A sediment sampling location was added (number 76) 0.08 miles NNE of the
plamtoalbwbwlwelcomhnbnhwsamalobemdwdmdwnm
page 40, SEDIMENT, for details).

On occasion, samples cannot be collected. This can be due 10 equipment maunction, animal
husbandry practices. lost shipments, or vandalism. Table 4 provides a list of missed sam-
ples, the sample location, and the reason the sample was missed.

Table 4 Missed REMP samples

MEDIA
Ml
Milk
Milk
Mk
Milk

LOCATION NO DATE REASON MISSED

29, 47, 61 1/6/82 Drying period for goats'’)
29, 47, 61 2/10/82 Drying period for goats
29, 47, 61 3//82 Drying period for goats
28, 47 4/6/82 Drying period for goats
47 10/18/82 Goat unable to produce
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Milk 47, 61 11/18/82 Drying period for goats

Mk 47, 61 1271492 Drying period for goats
Lake water 58, 60 2/27/82 Lake ice covered
TLD@ 54 1st Qir. Lost in field

TLD@ 42 2nc Qir Lost in fiekd

Lo 24 Annual Lost in field

Air 8582 Lost at laboratory™

35
Grass 35 42892 insufficient to sampie

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

(2) Missing TLDs are frequently the result of vandalism. At locations where vandalism has
been identified as a recurring problem, the TLD is relocated. Loss of the three TLD's
listed above was unusual; they were not relocated as a result of this single event.

{(3) The laboratory was contacted as a result of this lost sampie. In addition to requesting a
comprehensive search of the tacilty (which did not locate the sampie), sample handiing
was reviewed 1o minimize the potential for recurrence.

Atmospheric Monitoring

AlR

A total of 362 of each type of air sample (particulate and iodine) was collected in 1982. The
1992 annual average gross beta activity for all sampling locations compared to 1991 and
preoperational data is as foliows:

YEAR ACTIVITY (pCim?®) +/- 2 Sigma
1992 18.40E-3 +/- 11.47E-3
1991 19.17E-3 +/- 11.33E-3
Preoperational 17 44E-3 +/- 13.74E-3

The gross beta concentration ranged from 6E-3 pCim® to 36E-3 pCim?. The location with the
highest annual average concentration, 19 21E-3 +/- 12.11E-3 pCym®, was location 3 on site,
approximately one mile SE of the plant.

The comparison of annual average gross beta concentrations between indicator and control
locations, expressed in pCivm®, is as follows:
RADIONUCLIDE INDICATOR LOCATIONS CONTROL LOCATION
Gross beta 18 38E-3 +/- 11.58E-3 18.50E-3 +/- 10.82E-3

There is no significant difference between the indictor anc control locations.

Berylium-7 (Be-7) which occurs naturally, was detected in all quarterty composited air sam-
ples. The 1992 and 1991 annual average concentrations for all locations {both indicator and
control) are shown below, along with preoperational data Historically, Be-7 concentrations
have ranged from 30E-3 pCi/m? 10 140E-3 pCiime.

YEAR ACTIVITY (pCim?) +/- 2 Sigma
1891 60.28E-3 +/- 12.13E-3
1960 52 07E-3 +/- 14 50E-3
Preoperational 70.80E-3 +/- 41 40E-3
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in 1832, Be-7 concentrations ranged from 44E-3 pCi/m® to B6E-3 pCim®.

PRECIPITATION

A total of 72 precipitation samples were collected and analyzed in 1982 The annual average
gross beta activity for all precipitation locations for 1982 and 1981 (no preoperational data are
available) are as follows:

YEAR ACTIVITY (pCill) +/- 2 Sigma
1992 407 +/- 574
1991 3.81 +- 5.08

The gross beta activity ranged from 0.5 pCi/l to 16.6 pCilL for all locations. The location with
the highest annual average gross beta activity, 583 +- 8.40 pCiL, was location 3 on site,
approximately 1.0 mile SE of the plant.

The comparison of the 1982 annual average gross beta concentration (pCil.) in precipitation
between indicator and control locations is as follows:

RADIONUCLIDE INDICATOR LOCATIONS CONTROL LOCATION
Gross beta 427 +/- 6.05 3.04 +/- 3.35 pCiL

Although the indicator locations show a higher activity than the control location, the high
standard deviation makes ft difficult to draw a significant conclusion. it is also imporntant to
consider the tact that precipitation has a "washing” influence on the atmosphere. Precipitation
and average monthly gross beta concentrations were compared over a three year period for

PNPP. The results indicated that as precipitation increases, the gross beta concentration
decreases.

A total of 72 samples were analyzed for tritium in 1982 The 1992 and 1991 (no preopera-
tional data are available) annual average concentrations are shown below.

YEAR ACTIVITY (pCill) +/- 2 Sigma
1992 13582 +/- 74.25
1991 151.5 +/- 939

Tritium results in 1992 ranged from 91 pCil to 228 pCi/L. This is consistent with previous
years.

The comparison of tritium concentration (pCiL) between indictor and control locations in 1992
is as follows:

RADIONUCLIDE INDICATOR LOCATIONS CONTROL LOCATION

H-3 141.1 +/- 73.0 965 +/-68
Athough the indicator location concentration is higher than the control location, the high
standard deviation makes it difficult to draw a significant conclusion. This relationship has

been reversed in past years. The location with the highest tritium activity was location 12 at
the site boundary, 0.6 miles WSW of the plant. The concentration was 149.0 +/- 88.6 pCilL.
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Terrestrial Monitoring

MILK
Eighty-eight milk samples were collected and analyzed for radiiodine and by gamma
spectrometry. Samples were also analyzed quarterly for strontium The predominant radionu-

clide identified by gamma spectrometry was naturally occurring K-40
The annual average concentration of K-40 in milk for all locations in 1982, 1991 and
preoperational data s as follows:

YEAR ACTIVITY (pCill) +/- 2 Sigma

1992 1387 +/- 428
1991 1511 +/- 421
Preoperational 1537 +/- 546

The concentration of K-40 in milk ranged from 1020 pCiL to 1840 pCilL. A contributing factor
1o this wide range is that goat milk naturally contains higher concentrations of K-40.

Seventeen sampies were analyzed for strontium. The annual average concentrations of Sr-90
in milk for all locations in 1982, 1991 and preoperationai data are shown below.

YEAR ACTIVITY (pCil) +/- 2 Sigma
1992 240 +/- 245
1881 251 +/- 1.66
Preoperational 180 +/- 2.12

The annual average Sr-90 level in milk was at its highest in 1988, 3.24 +/- 184 pCil, and
has generally decreased since then. The preoperational concentration ranged from 0.47 pCilL
10 3.5 pCiL. The location with the highest annual average concentration, 3.70 +/- 3.87 pCilL,
is location 71, 7.9 miles SE of the plant.

The comparison between the indicator and control locations for Sr-90 concentration (pCill) is
as foliows

RADIONUCLIDE INDICATOR LOCATIONS CONTROL LOCATION
Sr-80 2.79 +/- 307 196 +/ 1.18

Because of the large standard deviation, no statistical meaning can be assigned to the
ditference between indicator and control locations.

Strontium-90 has been detected every year since 1983. Low level, trace amounts are found
uniformily throughout the area. This suggests that its source is universal, such as fallout.

FOOD PRODUCTS
AmldﬂxGMeremmdbodm:mMﬁomuvonbuﬁomh1992.Thn
only two broadieal vegetables. lettuce and cabbage were coliected when available. The
predominant radionuchde found in food products sampied was naturally occurming potassium-
40 (K-40). The 1982, 1991, and preoperational annual average concentrations for K-40 for ail
locations are as follows:
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YEAR ACTIVITY (pCi/Kg) +- 2 Sigma

1882 1778 +/- 1187
1891 1871 +/- 1226
Preoperational 2296 +/- 2160

The activity ranged from 1070 pCiKg to 3230 pCikKg in 1982.

VEGETATION
Amldzamsmpbsmmcoloaodandamm‘dh1m.7mndwﬂyoowmw
radionuclides were detected beryllium- 7 (Be-7) and K-40. Cesium-137 (Cs-137) was detected
in one sample.

The 1992, 1991, and preoperational annual average Be-7 and K-40 concentrations for all
vegetation sampling locations are shown below:

YEAR ACTIVITY (pCiKg) /- 2 Sigma
Be-7 1982 3027 +/- 2660
1991 1682 +/- 2981
Preoperational 2306 +/- 1688
K-40 1982 6666 +/- 10531
1981 5417 +/- 2698
Preoperational 4273 +/- 3549

The concentration of Be-7 ranged from 1030 pCi/Kg to 7410 pCiKg in 1982, the concentra-
tion of K-40 ranged from 2281 pCiKg to 54260 pCiKg.

A very small quantity of Cs-137 (17.9 pCiL) was detected in one sample from the control
location (#6) Cs-137 had been detecied in grass samples from this location in the past.
Although the origin of the Cs-137 cannot be determined, the fact that this is a control location
indicates that it is not the Perry Plant.

FEED/SILAGE

Feed and silage samples were collected from five milk sampling locations. Naturally occurring
Be-7 and K-40 were detected.

The 1982, 1991 and preoperational annual average concentrations (pCiKg wet) for K-40 for
all locations is shown below:

YEAR ACTIVITY +/- 2 Sigma
19582 7183 +/- 5288
1851 7281 +/- 3083
Preoperational 7715 +/- 8590

The K-40 concentrations ranged from 3706 pCi/Kg 1u 8765 pCi/Kg in 1882

Be-7 was detected in two indicator location ‘exd samples. The average concentration was
3157 «+/- 2877 pCikKg

SOIL

Twenty-two soil samples were collected in 1882 Two naturally occurring radionuclides, K-40
and Radium-226 (Ra-226) were detected in the samples. There were also two fission product
radionuclides, Cs-137 and Strontium-90 (Sr-80).
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The 1982, 1991, and preoperational annual average concentrations for ali locations for K-40
and Ra-226 are shown below. '

YEAR ACTIVITY (pCilKg dry) +/- 2 Sigma
K-40 1882 11359 +/- 5631
1991 11204 +/- 6690
Preoperational 12391 +/- 6174
Ra-226 1982 788 +/- 476
1991 782 +/- 668
Preoperational 758 +/- 596

The activity for K-40 ranged from 7130 pCiKg to 18200 pCilKg: the Ra-226 concentration
ranged trom 406 pCiKg to 1562 pCiKg.

Cs-137 was detected in all of the 22 soil sampies. The average annual concentration of
Cs-137 for all locations for 1992, 1991, and preoperational is shown below.

YEAR ACTIVITY (pCiKg dry) +/- 2 Sigma
1892 3199 +/ 404 3
1991 3449 +/- 453 8
Preoperational 867.0 +/- 1855

The Cs-137 activity ranged from 44 pCiKg to 838 pCiKg in 1982. This large variation was
also observed in preoperational data, which ranged from 109 pCiKg to 3940 pCiKg. The

following is @ comparison of Cs-137 concertrations (pCiKg) between control and indicator .
locations:

RADIONUCLIDE INDICATOR LOCATIONS CONTROL LOCATION

Cs-137 3286 +/- 4305 2643 +/- 164.7

mn!mmmmmmn.nhwmmbanmmnnurm.
Note that the indicator location result was below the control result in 1981,

The location with the highest annual average concentration, 732.7 +/- 1830 pCiKg, for
Cs-137 was #12, 0.6 miles WSW of the plant.

Sr-90 was detected in nineteen of the soil samples. The annual average concentration for
1982 and 1991 is as follows (no preoperational data is availabie):

YEAR ACTIVITY (pCilKg dry) +/- 2 Sigma
1992 3249 +/- 25.98
1991 47.99 +/- 71.80

Activity for S1-90 ranged from 9.5 pCi/Kg 1o 53.8 pCi/Kg. The kower limit of detection for Sr-90
has improved since 1988, allowing measurement of much lower quantities.

The comparison of 1992 annual average concentration (pCKg) between indicator and controi
locations is as foliows:

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM 38



INDICATOR LOCATIONS CONTROL LOCATION

344 +/-245

Again, because of the large standard deviation, ft 1s not possibie to draw conclusions from
these results. In 1991, controi location results were higher than indicator location results

The location with the highest annual average concentration, S38 +/- 9.4 pCiKg, was #
approximately 3.4 miies ENE of the plant

Aguatic Monitoring

WATER

Fifty-eight water samples were collected and analyzed for gross beta activity and by gamma
spectrometry. From these. three monthly samples were composited into quarnerly samples
and analyzed for tritium, and one monthly sample was analyzed for Sr-89, and Sr-8(

The 1 1991 and preoperational annual average gross beta activity (pCVL) s as foliows

YEAR ACTIVITY (pCill) +/- 2 Sigma

ey~

199 ) » 57
1991

Preoperationa

The significant difference between preoperational values and operational data has been
attributed 10 a change in vendor laboratonies in 1887/1988. A comprehensive explanation is

oo

provided in the 1887 Annual Environmental Operating Repont

The gross beta ranged from 1.4 pCil 10 10.3 pCiL for all locations. Location #36, 3.¢ miles
WSW of the plant, had the highest annual average gross beta, 3.07 +/- 452 pClL. The

v .V
Y e

on this location had the highest annual average is due 10 a single resull from December
The gross beta result on that date was 10.3 pCi/l. The iaboratory was requested 10
e the sample and perform a gamma spectrometry analysis. The result of the

inalysis indicated a gross beta count of 85 +/- 0.9 pCil.. Gamma spectrometry showed ne
detectable isotopes

’.".é comparisor of ;.,,:(

0ss beta (pCil) between indicator and control locations is shown below

INDICATOR LOCATIONS CONTROL LOCATION
244 +/- 248 240 +/- 1.20

-y

ere 15 no significant difference between indicator and control locations

Fifty-eight water samples were analyzed by gamma spectroscopy in 1982, No sampie result
Kentfied any 1sctope above the ower imit of detection

Strontium-90 was detected in twelve of the 25 samples anaiyzed The 1982 annual average
for all locations was 062 +/- 022 pCiVL. The range was 040 pCil to 080 pCil
Preoperational strortium concentrations ranged from 0.85 pCill 10 1.9 pCil

Tritium (H-2) was detected in 22 compostted samples. The 1992, 1881, and preoperational
annual average concentrations for all locations are as foliows
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< : R A 54 1
18991 178 98 4
Preoperational - 3410
The tritium values ranged from 123 pCiL to 264 pCiL. The location with the highest annual
9 pCiL, was #58 4.0 miles ENE of the plant she

average value, 196 +/ - 54

The comparison of H-3 concentrations (pCIL) between indicator and control locations IS as
foliows

RADIONUCLIDE INDICATOR LOCATIONS CONTROL LOCATION

H-3 187.0 +/- 83.5 172.8 +/- 853

These values are not significantly differemnt

SEDIMENT

Sixteen sediment samples were collected in 18982 The predgominamt radionuchide was
potassium-40 {K-40) which is naturally occurring. K-40 has been detected in all samples since
the program began in 1981

™

e 1982, 1891, and preoperational average annual concentrations of K-40 for all iocations
are as foliows

ACTIVITY (pCiKg dry) +/- 2 Sigma

10384 +/- 13716
9902 +/- 6580
Preoperational 13317 +/- 7914

The K-40 concentration ranged from 1540 pCiKg to 21450 pCiKg

Other radionuclides detected in sediment samples include Cs-137 and Sr-80, both fission
products. However, these have been detected in most sediment samples since 1981, five
years before PNPF began operation. In 1992, Cs-137 was detected in eight of the fourteen

-
samples. The 1982, 1991

-

and preoperational annual average concentrations for Cs-137 are
as follows

AL
2 L’r.

Preoperationa

Concentration of Cs-137 ranged trom 108 pCiKg 10 864 pCiKg. The location with the highest
annual average concentration, 827 +/- 103 pCi/Kg, was #32, the contro! location, 15.8 miles
WSW of the plant

he comparison of annual average concentrations (pCIVKg) of Cs-137 between indicator and
L& g P g
control locations is as follows

RADIONUCLIDE INDICATOR LOCATIONS CONTROL LOCATION

13 827 +/- 103
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In 1887, a similar relationship between indicator and control locations was noted. Based on
this historical data and the normal fluctuations, the source of the Cs-137 is not the Permy
Piam.

Strontium-90 was detected in nine of the samples. The 1992 and 1991 annual average
concentrations for Sr-90 for all locations is shown below (no preoperational data is available).

YEAR ACTIVITY (pCiKg dry) +/- 2 Sigma
1962 18.13 +- 16.71
1991 11.10 +- 3.78

The 1982 concentrations ranged from 11.4 pCiKg to 38.0 pCiKg. The location with the
highest annual average concentration was #32, the control location.

The comparison of annual average concentrations (pCVKg) of Sr-90 between indicator and
control locations is as follows:

RADIONUCLIDE INDICATOR LOCATIONS CONTROL LOCATION
Sr-90 15.70 +/- 7.47 31.15 +~ 21.76

The large standard deviation makes # difficult to draw conclusions from this data. Like
Cs-137, the source of Sr-80 is not known; however, based on the comparison between results
for indicator and control locations, it is not the Perry Plant.

On March 2, 1982, sediment samples collected from a small stream on the east side of the
site were found to be contaminated with a small amount of Cobalt-60 (Co-60). A variety of
samples were coliected during the subsequent investigation; results are shown below. The
ultimate source of the cobalt was determined 10 be the emergency service water pump house
basin sediment, which had become contaminated via recirculation of routine liquid radicactive
waste discharges 10 Lake Ene.

RADIONUCLIDE RANGE OF RESULTS (pCiKg)
Co-60 147.0 10 833.2

Because the amount of contamination was small and the potential environmentai impacts of
dredging the stream were large, the material is being monitored in place. The location in the
stream bed with the highest concentration of Co-60 was added to the list of REMP sample
locations (#76). Samples will be collected semiannually during routine sediment coliections,
and the results will be documented in this report.

FiSH

Thinty-three fish samples were collected in 1982 and analyzed by gamma Spectroscopy.
Twelve species of fisch were represented, including walleye, freshwater drum, catfish,
smalimouth bass, carp, white sucker, white perch, white bass, yellow perch, red horse,
gizzard shad, and rainbow trout.

The 1982, 1981, and preoperational annual average for naturally occuring K-40 concentra-
tions for all locations are shown below:

YEAR ACTIVITY (pCiKg wet) +/- 2 Sigma
1982 2374 +/- 1334

1991 2221 +/- 905
Preoperational 3722 +/- 2454
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Cesium-137 has been found penodically in fish samples since the preoperational program
began in 1981 In 1992, Cs-137 was reponed in one of the 33 samples.

The 1992, 1991, and preoperational annual average concentrations of Cs-137 for all locations
are as follows:

YEAR ACTIVITY (pCiKg wet) +/- 2 Sigma
1962 268 +/- 187

1881 251 +/- 8.2
Preoperational 388 +/- 466

The single fish sample (smalimouth bass) with Cs-137 was found offshore at the control
location, 158 miles WSW of the plant. Since this radionuclide was found in preoperational
samples and continues 10 be detected periodically with no substantial increases, #t is
suspected that this activity is the result of faliout.

Direct Radiation Monhoring

THERMOLUMINESCENT DOSIMETERS
A total of 138 thermoluminescent dosimeters (TLDs) were collected and analyzed in 1992
Two quartery and one annual TLDs were missing when collection was attempted

The average quarterly dose for 1982 1981, and preoperational data (mR per standard quarner
of 81 days) for all TLDs and the equivalent annual dose per year are as follows:

YEAR AVERAGE QUARTERLY DOSE EQUIVALENT ANNUAL DOSE
1992 14.95 +/- 4 66 mR/Std Qtr 59.80 mR/Yr
1991 16.55 +/- 5.15 mR/Std Ot 66.20 mR/Yr
Preoperational 18.90 +/- 6.80 mR/Sid Qtr 75.60 mR/Yr

The preoperational TLD results are higher than 1981 and 1992 due 10 a change in vendor
laboratory services. A comprehensive explanation of the difference is provided in the 1988
Annual Environmental Operating Report.

The quanerly exposure rates for 1992 ranged from 11.4 mR/Std Qtr 1o 24.3 mR/Std Qtr. The
location with the highest quarterly average for the year, 228 +/- 29 mR/Std Qtr, is #18, 50
miles south of the plant. This location has aiways had the highest average quarerly dose.

The comparison between indicator and control locations for annual average dose (mR/Std
Qtr) in 1992 is as foliows:

INDICATOR LOCATIONS CONTROL LOCATIONS
7LD 149 +/- 47 149 +/- 33

There is no difference in exposure levels between the indicator and comtrol locations.

The sum of the quarterly TLDs compared well to the annual TLDs. These values are shown
below.

ANNUAL TLD AVERAGE SUM OF ALL QUARTERLY TLD
AVERAGE

583 +/- 88 mR 598 +- 87 mR
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QUALITY ASSURANCE

An important part of the REMP at PNPP is quality assurance (QA). QA consists of all the
planned and systematic actions that are necessary 1o provide adequate confidence in the
results of the program. QA is a program which checks the adequacy and validity of the
monitoring program through routine audits, stnct adherence to written procedures, and atten-
tion 10 good record keeping practices

The QA program is designed 1o Wentify possible deficiencies in the REMP so that comective
actions can be inttiated promptly PNPP's QA program also provides confidence in the REMP
through

o performing regular audits of the REMP, including a careful examination of sample
coliection techniques and re<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>