Virainia Brecrric avp Power CoMpaNy
Ricumonn, VikoiNia 20261

April 30, 1991

United States Nuclear Regulatory Commission Serial No. 91-241
Attention: Document Control Desk NAPS/JHL
Washington, D. C. 20555 Docket Nos. 50-338
50-339
License Nos. NPF-4
NPF-7
Gentlemen:

Pursuant to Technical Specitication 6.9.1.8, enclosed is the Annual Radiological
Environmental Operating Report for North Anna Power Station Unit Nos. 1 and 2 for
1990.

If you have any questions or require additional information, please contact us.

Very truly yours,

(" . 2 -
W. L. Stewan
Senior Vice President - Nuclear

ce:  U. 8. Nuclear Regulatory Commission
Region Il
101 Marietta Street, N. W.
Suite 2900
Atlanta, Georgia 30323

Mr. M. S. Lesser
NRC Senior Resident Inspector
North Anna Power Station

030294 0123
;“éu% 'A%lﬂ“ 0500

2

poir

T&Ol 3
-



MIRGINIA ELECTRIC AND POWER COMPANY

MORTH ANNA POWER STATION

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

FOR 1990

Prepared by

VIRGINIA ELECTRIC AND POWER COMPANY
and

FELEDYNE ISOTOPES




ANNUAL RADRIOLOGICAL ENVIRONMENTAL OPERATING REPORT
NORTH ANNA POWER STATION

JANUARY 1, 1990 to DECEMBER 31, 1990

~ / P
Prepared b’ﬁm 7 ‘l i
Jimes B. Breeden

Supervisor Radiological Analys!:

|
Reviewed by: 2, /6 ZAJ. b
Erich W, Dreyer
Supervisor Health Physics Technical St iy

/
Approved bx@%&/
Alan H. Staffo

Superintendent Radiological Proteciic:




I1.
I1.
Iv.

VL

LITLE PAGE

ROIIAIRINRD 2 000 4 v s ik A AL L e Al bt S s s s ne Cna o] iv
EXECUTIVE SUMMARY ....ouviiiiiiiiiimiinminirinisesetsesinmmmms s ssesns v
RTINSO o i oirnanssineintiissbikatses e shies monsessmres ssnsersttintnresincks b 1
NUCLEAR POWER AND THE ENVIRONMENT: IN PERSPECTIVE ............ 3
SAMPLING AND ANALYSIS PROGRAM ........ooooviiiviiiiiiniiiiiiiiiniii, 18
PROGRAM EXCEPTIONS .. ..couiniummmiersesisomeessesimesssenssssesestsesssmsssosimne 32
SUMMARY AND DISCUSSION OF 1990 ANALYTICAL RESULTS............. 36
A.  AIRBORNE EXPOSURE PATHWAY ......oooooiiiiiiiiimimiisii, 36
Lo Ar Todine/Particulates . ............oooiiiiiiiiiiininiioiiis e eesessisis 36

R T O o PO N 39

TR N P UL S R e ST UMPI| oy o 0 S SN o 40

B.  WATERBORNE EXPOSURE PATHWAY ........cooviiiiimmmmmisiii 40
N G R ST COUR R AT LA M1 40

D BRI IVRINE i i 0705 oo v S L i st Detabelg Ll M e 40

C. AQUATICEXPOSURE PATHWAY ....ovvvvviniiornesorsessssessnsssensemnes 44
G TR it o e B cads SRk AU VAR S I f7E 1 oo 44
U A e L e O Sl Y 44

D. INGESTION EXPOSURE PATHWAY .......cooovvirriiiiiimmis oo 49
UYL RO It 8 L UG o) Tty gl g e 49

R s Al S e e M e R 49

B FOOBIVEBUBBOR . i iitiiininiines bt ks i i 52

E. DIRECT RADIATION EXPOSURE PATHWAY .....ooooooiivmon 52
S B e T e T S e 52
e e RNty A e S I e e SR L R 55



VIL

VIII

ro

0N ~3 N

10.
11,

LITLE PAGE
REFBREBNCER ... .oocioooniieaeihinitenyisdss ciiiesn i P pavie i a el
APPERIMEBE ooy iiiva ampnsirrarondrinime T R TR M SO 3 ... 59
APPENDIX A - Radiological Environmental Monitoring................ RCTR
Program Annual Summary Tables - 1990
APPENDIR B » DR TRUIBE: < i1 a0 5is sadsnbdsnnas bn s nnsrcvbsritshipnasnabisged o 1069
APPENDIX C - Land Use Census - 1990 ............... . Ao DO, S | 98
APPENDIX D - Synopsis of Analytical Procedures......... oo 101
APPENDIX E - EPA Interlaboratory Comparison Program. ... 113
G LU
Environmental SAInplng LODBBONE & i\ viscivivimaiitor sy ivsunigsodilansnnys b vibene vy ag 25
L TR BT TS T L W S oy 1L e A SR e 100
GOSN BN AP TRIHUCTIBIBEE . 1 v cit ais iornitnsnt evah sy i ssntaan A is i 1o AR BRI EX s s wath sy 4T
it RO T T Tt R o L SR e S 41
TEMU 0 " BUITHCE WIRTBE iviits crins v txhetin e b e10oxernmoRvaN ninsny ink tanss sxmunbasyieeriod 42
CODAIAAE AN BRGIBIENL B e ot viaisarnis ilivsssnisssans Kb ey 1 pvash Ca brs GheEetenbhrs e 48
Cobalt=60 36 BOAIMONT  BII cisiiis s covvsioniinbesasatainsnneas ieesss coss e Rt 46
Cosium-134in Sediment STt .. ..o vuiiinniiiiioninim e oasses foees s ordyeesiseassns 47
Cesium-137 in Sediment Silt.. ..o P T P a8
Cotinm=-138 I TN «iiooiiinisiivnssimmenrntervinsisns sase SRR Wy T T A i 50
KBTI 37 0 PURE a5 0an i viw's e htd S Rt v L bbb £ ot bt e 4 ek vl e
Environmental Radiation « TLDS .. covviveiaianniiiionsinmiininmiornsstin i PRI
US EPA Cross Check Program........... PR e I I T 119

"




1

lodine-131 in ll[!{‘.’(‘\‘ Alr
Concentrut.ons of Gross Beta in Air Particulates
Loncentrations of Strontium and Gamma Emitters in Quarterly Air Particulates
Loncentrations of Gross Beta, Tritium and Gamma Emitters in Precipitation
Concentrations of Gamma Emitters in Soil
Concentrations of Strontium, Tritium and Gamma Emitters ir Ground/Well Water
Concentrations of Tritium, Strontium and Gamma Emitters in River Water

Concentrations of Tritium, Strontium and Gamma Emitters in Surface Water

Concentrations of Tritium, Strontium and Gamma § matters in Surface Water
State Split

oncentrations of Gamma Emitters in Sediment Silt
oncentrations of Gamma Emitters in Shoreline Soil
oncentrations of Gamma Emitters in Milk
~oncentrations of Gamma Emitters in Fish

oncentrations of Gamma Emitters in Food/V egetaton

Direct Radiation Measurements - Quanierly & Annual TLD Results .

Direct Radiation Measur=ments - Sector Quarterly TLD Results




FORWARD

This report is submitted as required by Technical Specification 6.9.1.8, Annual
Radiological Environmental Operating Report for North Anna Power Stations, Units 1 and 2,
Virginia Electric and Power Company Docket Nos. 50-338 and 50-339,

iv



EXECUTIVE SUMMARY

This document is a detailed report on the 1990 North Anna Nuclear Power Station
Radiological Environmental Monitoring Program (REMP). Radioactivity levels from January 1
through December 31, 1990 in water, silt, shoreline sediment, milk, aquatic biota, food produs,
vegetation, and direct exposure pathways have been analyzed, evaluated and summari-ed. The
REMP is designed to ensure that radiological effluent releases are As Low As is Leasonably
Achievable (ALARA), no undue environmental effects occur, and the health .nd safety of the
public is protected. The program also detects any unexpected environmen‘al processes which
could allow radiation accumulations in the environment or food pathway chains.

Radiation and radioactivity in the environment is constantly monitored within a 25 mile
radius of the station. Samples are also collected by Virginia Power within this area. A number
of sampung locations for each medium were selected using available meteorological, land and
water use data. Control samples are collected from areas that are beyond measurable influence
of North Anna Nuclear Power Station or any other nuclear facility for use as reference data.
Normal background radiation levels or radiation present due to causes other than North Anna
Power Station can thus be compared to the environment surrounding the nuclear power station.
Indicator samples showing how much radiation is contributed by the plant are taken from areas
close to the station where any plant contribution will be at the highest concentration. Measured
values are compared with both current control samples and the pre-operational baseline -
radioactive concentrations present in the environment before North Anna became operational -
to determine if changes in radioactivity levels are attributable to station operations, to other
causes such as the Chernoby! accident, or to natural variation.

Teledyne Isotopes provides sample analyses for various radioisotopes as appropriate for
cach sample media. Participation in the Environmental Protection Agency's (EPA)
Interlaboratory Comparison Program provides an independent check on the precision and
accuracy of sample measurements. Radioactivity in the environment is typically so minimal that
radiological analyses frequently fall below the detection limits of state-of-the-art measurement
methods. The Nuclear Regulatory Commission (NRC) sets forth minimum Lower Limits of
Detection (LLD) to ensure that analyses are as accurate as possible. Samples with extremely low
levels of radiation which cannot be detected are therefore reported as being below the LLD. The
NRC also mandates a “reporting level.” Licensed nuclear facilities must report any releases
equal to or greater than this reporting level. Environmental radiation levels are sometimes
referred to as a percent of the reporting level.



. Analytical results are divided into five categories based on exposure pathways: Airborne,
waterborne, aquatic, ingestion, and direct radiation.

* The airborne exposure pathway includes airborne iodine, airborne particulate,
precipitation, and soil samples. The overall 1990 airborne results were very similar to
previous years and to preoperational levels. No increase was noted and there were no

. detections for fission products or other man-make isotopes in the airborne particulate
media during 1990,

* The waterborne exposure pathway includes ground/well water, river water, and surface
water samples. No man-made or natural isotopes were monitored in Lake Anna surface
water except for tritium. The average tritium activity in 1990 was 19.5% of the NRC
reporting level. This has increased from preoperational levels. but has not increased from
1989 levels.

¢ The aquatic exposure pathway ncludes sediment/silt and shoreline samples. North Anna
sediment contained some cesiumn-137 and cesium-134, During the preoperational period,
cesium-137 was detected, however, additional man-made isotopes appear to have
. accumulated. Sediment contamination does not provide a direct dose pathway to man,
Shoreline soil, which may provide a direct dose pathway, contained no cesium-134,
Cesium-137 levels dropped from 378 pCi/kg in 1989 o 74.6 pCi/kg in 1990,

* The ingestion exposure pathway includes milk, fish, and food/vegetation samples.
lodine 131 was not detected in any 1990 milk samples. Although cesium-137 has been
detected in the past, it was not detected in 1990 samples. Strontium-90 was detected at
levels comparable to 1989, and lower than preoperational years. Both strontium-90 and
cesium-137 are attributable to atmospheric nuclear weapons testing in the past. Naturally
oceurring potassium-40 was detected at normal environmental levels.

1990 fish samples contained both cesium-134 and cesium-137 at a shightly higher activity
than preoperational levels. Steam generator repairs and better liquid waste processing,
however, have reduced these activity levels from previous years. Vegetation samples
were statisticaily similar to both control and preoperational levels.

*  The direct radiation exposure pathway measures environmental radiation doses by use of
thermoluminescent dosimeters (TLDs). TLD results have remained essentially the same
. since the preoperational period in 1977.

vi
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The operational radiological environmental monitoring program conducted for the year

1990 for the North Anna Power Station is provided in this report. The results of measurements
and analyses of data obtained from samples collected from January 1, 1990 through December 31,
1990 are summarized.

A.

The North Anna Power Station of Virginia Elcctric and Power Company is located on Lake
Anna in Mineral, Virginia, approximately 35 miles south west of Fredericksburg, Virginia,
The site consists of two units, each with pressurized water reactor (PWR) nuclear steam
supply systems and turhine generator furnished by Westinghouse Electric Corporation.
Each unit is designed with a gross electrical output of 970 megawatts electric (MWe). Unit
! achieved commercial operation on June 6, 1978, and Unit 2 on December 14, 1980.

The United States Nuclear Regulatory Commission (USNRC) regulations (10CFRS0.34a)
require that nuclear power plants be designed, constructed, and operated to keep levels of
radioactive material in effluents to unrestricted areas as low as reasonably achievable
(ALARA). To ensure these criteria are met, the operating license for North Anna Power
Station includes Technical Specifications which address the release of radioactive effluents.
Inplant monitoring is used to ensure release limits are not exceeded. As a precaution
against unexpected or undefined environmental processes which might allow undue
accumulation of radioactivity in the environment, a program for monitoring the plant
environs is also included in North Anna Power Station Offsite Dose Calculation Manual
(ODCM).

Virginia Electric and Power Company is responsibie for collecting the various indicator and
control environmental samples. Teledyne [sotopes is responsible for sample analysis and
submitting reports of radioanalyses. The results are used to determine if changes in
radioactivity levels could ' ¢ attributable to station operations. Measured values are
compared with control levels, which vary with time due to such external events as cosmic
ray bombardment, weapons test fallout, and seasonal variations of naturally occurring
isotopes. Data collected prior t the plant operation is used to indicate the degree of natural



variation to be expected. This preoperational data is compared with data collected during
the operational phase to assist in evaluating the radiological impact of the plant operation.

Occasional samples of environmental media show the piesence of man-made isotopes. As
a method of referencing the measured radionuclide concentrations in the sample media to a
dose consequence to man, the data is compared to the reporting level concentrations listed
in the USNRC Regulatory Guide 4.8 and North Anna's ODCM. These concentrations are
based upon the annual dose commitment recommended by 10CFR 50, Appendix I, to meet
the criterion of "As Low As Is Reasonably Achievable”.

This report documents the results of the Radiological Environmental Monitoring Program
for 1990 and satisfies the following objectives of the program:

I. To provide measurements of radiation and of radioactive materials in those exposure
pathways and for those radionuclides that lead to the lighest potential radiution
exposure of the maximum exposed members of the public resulting from the station

operation.

2. To supplemant the radiological effluent monitoring program by verifying that
radioactive effluents are within allowable limits.

3. Toidentify changes of radioactivity in the environment.

4. To verify that the plant operations have no detrimental effect on the health and safety
of the public.
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Coal, oil, natural gas, and hydropower have been used to run the nation's electric
generating stations; however, each method has its drawbacks. Coal-fired power can affect the
environment through mining, acid rain, and airborne discharges. Oil and natural gas are in
limited supply and are therefore cosy. Hydropower is limited due to the impact of damming our
waterways and the scarcity of suitable sites in our country.

Nuclear energy provides an alternate source of energy which is readily available. The
operation of nuclear power stations has a very small impact on the environment. In fact, the
hundreds of acres adjoining Surry Power Station is state waterfowl refuge, while at North Anna
Power Station Lake Anna is a well-known fishing site and has a state park on its shore,

In order to more fully understand this unique source of energy, background information
on basic radiation characteristics, risk assessment, reactor operation, effluent control, and
environmental monitoring is provided in this section.

FUNDAMENTALS
The Atom

Everything we encounter is made of atoms. Atoms are the smallest parts of an element
that still have all the chemical properties of that element. At the center of an atom is a nucleus.
The nucleus consists of reutrons and protons. Electrons move in an orbit around the nucleus and
are negatively charged. Protons and n- utrons are nearly identical in size and weighy, and each is
about 2000 time: heavier than an electron. However, the proton has a positive charge and the
neutron has no charge, it is electrically neutral. Figure 1-1 presents a simple diagram of an atom.

[sotopes

The number of protons in the atom of any single element is always the same. For
example, all hydrogen atoms have one proton and all oxygen atoms have eight protons.
However, the number of neutrons in the nucleus of an element may vary. Atoms with the same
number of protons, but a different number of neutrons, ar> called isotopes. Table 1-1 lists the
isotopes of uranium.

i



ATOMIC STRUCTURE

r I
ELECTRON - !
Negative Charge " PROTONS (o)
0 Positive Charge
NUCLEUS
= NEUTRONS o
Neutral Charge
Vit 3
Figure 1-1: Diagram of an Atom
Table 1-1: Isotopes of Uranium
|l Number Number
Isctopes Symbols | of Protons of Neutrons
Uranium-235 235y 92 143
Uranium-236 236y I 92 144
Uranium-237 237y = 92 : 145
Uranium-238 238y ] 92 Ll 146
Uranium-239 239; i 92 147
Uranium-240 240y f 92 145

RADIATION AND RADIOACTIVITY

Radicnuclides

Normally, the parts of an atom are in a balanced or stable state. If the nucleus of an atom
contains excess energy, it may be called a radioactive atom, a radioisotope, or radionuclide. The
excess energy is usually due to an imbalance in the number of electrons, protons, and/or neutrons
which make up the atom.



Radionuclides can be naturally occurring, such as uranium-238, thorium-232 and
potassium-40, or man-made, such as iodine-131, cesium-137, and cobalt-60.

Radioactive Decay

Radioactive wtoms attempt to reach a stable (non-radioactive) state through a process
known as radioactive decay. Radioactive decay is the release of energy from the atom through
the emission cf purticulate and/or electromagnetic radiation. Particulate radiation may be in the
form of electrically charged particles such as alpha (2 protons plus 2 neutrons) or beta particles
(1 electron), or may be electrically neutral, such as neutrons. Part of the electromagnetic
spectrum consists of gamma rays and X-rays which are similar to light and microwaves, but have
a much highe: nergy.

Half-Life

A radioactive half-life is the amount of time required for a radioactive substance to lose
half of its activity through the process of radioactive decay. Cobalt-60 has a half-life of about 5
years, so after 5 years 50% of its radioactivity is gone and after 10 years 75% has decayed away.
Radioactive half-lives vary from millionths of a second to millions of years.

Radioactive atoms may decay directly to a stable state or may undergo a series of decay
stages and produce several daughter products which eventually lead to a stable atom. Naturally
occurring radium-226, for example, has 10 successive daughter products (including radon) and
has lead-206 as a final stable form.

TYPES OF RADIATION

Two types of radiation are considered in the nuclear industry, particulate and electromagnetic,
Particulate radiation may come from the nucleus of an atom in the form of an ejected alpha
particle. Alpha particles consists of two

ALPHA protons together with twa neutrons.
@ Particle Alpha particles have a very limited
ability to penetrate matter. A piece of
2 Protons i e
@ 3 Neutrons paper wiil stop all alpha radiation. For

this reason, alpha radiation from sources
outside the body are not considered to be a radiation hazard. A beta particle is like an electron



that has been ejected from the nucleus of
an atom. The outer layers of skin or a

& BETA Particle thin piece of plastic will stop beta
- 1 Neutrcn transforms to radiation. Exposure to beta radiation
O } 1 Etectron (ejected beta) « can be a hazard to the skin or lens of the

1 Proton ( in nucleus)
eye. Because of their limited ability to

penetrate the body, beta and alpha radiation are a health concern pnmarily if swallowed or
inhaled where they might cause internal

GAMMA Ray radiation exposure. Gamma rays are like
X-rays except that they come from the

Electromagnetic nucleus of an atom and X-rays come

radiation indistin- : A
gulaable from X-rays from the electron rings. Gamma rays

may pass through the entire body
and thus give a "whole-body" radiation dose. Several inches of concrete or lead will stop gamma
and X-rays. Figure 1-2 shows the approximate penetrating ability of various types of radiation.

a = Alpha
b = Beta T ————
g = gamma
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Radioactive Material Paper Aluminum Concrete

As radiation travels, it collides with other atoms and loses energy. Alpha particles can be
stopped by a sheet of paper, beta particles by a thin sheet of aluminum, and gamma
radiation by several inches of concrete or lead.

Figure 1-2: The Penetrating Ability of Various Types of Radiation

QUANTITIES AND UNITS OF RADIOACTIVE MEASUREMENT

There are several quantities and units used to describe radioactivity and its effects. In the
following sections two terms, rem and activity, will be used to describe amounts of radiation.
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Rem measures the potential effect of radiation exposure on human cells. Small doses are
‘ counted in millirem which are equal to one thousandth of a rem. Federal standards limit

r—] @

one inch one miilirem o T L L L O T

' Y St T s K v st 204 B @

xxxxxxxxxx

Just as
-welve inches
equals one foot 1000 millirem equals 1 rem

Figure 1-3: Unit Comparison
exposure for an individual member of the public to 500 millirem annually, not counting about
300 millirem received from natural sources and approximately 60 millirem from medical

applications.

Activity is the number of nuclei in a sample that disintegrate (decay) every second. Each

. time a nucleus disintegrates, radiation is emitted. 1 Cutié
The unit of activity is the curie. A curie (Ci) is /_)/
the amount of radioactive material which decays C

at a rate of 37 billion atoms per second. Smaller
units of the curie are often used. Two common

units are the microcurie (uCi), one millionth of a
] 4 . Lol . ! Curie
curie, and the picocurie (pCi), one trillionth of a o
curie. A curie is a measurement of radioactivity, C_)
not a quantity of material. The amount of =
3 . M
material to make one curie varies. For example,
; , : . 10 Tons of Thetium-232 ! Gram of Radium 226
one gram of radium-226 is one curie of (radiation source) (radiation source)

radioactivity, but it would take 9,170,000 grams
! : One gram of radium-226 and 10 tons of
(about 10 tons) of thorium-232 to obtain one thorium-232 are both approximately 1 Curie.

cune.



SOURCES OF RADIATION
Background Radiation

Radiation is not a new creation of the nuclear power industry; it is a natural occurrence on
the earth. Mankind has always lived with radiation and always will. Every second of our lives,
over 7,000 atoms undergo radioactive decay in the body of the average adult. Radioactivity
exists naturally in the soil, water, air and space. All of these common sources of radiation
contribute to the natural background radiation that we are exposed to each day,

Table 1-2: Sources of Background Radiation

~
AVERAGE ANNUAL DOSE EQUIVALENT
TO PERSONS IN THE U.S.
FROM VARIOUS RADIATION SOURCES
M

NATURAL BACKGROUND

Radon and Radon Daughters e 200.00
Cosmic Rays =) W 5 fL1 )
Cosmogenic Radiation RIS Y
Terrestrial Radiation e 28.00
Internal Radiation 40.0
MAN MADE
Nuclear Power S T PSR 7 ).
Miscellaneous Environmental ... 0.06
Medical
Diagnostic X-rays 39.00
Other Medical... . . 14,00
Occupational ..., ) . 090
Consumer Products ... 500t 13.00

TOTAL 360.00 pMREM

The earth is constantly showered by a steady stream of high energy gamma rays
that come from space, known as cosmic radiation. Qur atmosphere shields out most of this
radiation, but everyone still receives about 20 to 30 millirem each year from this source. The
thinner air at higher altitudes provides less protection from cosmic radiation. So, people living at
higher altitudes or even flying in an airplane are exposed to more radiation. Radioactive atoms
commonly found in the atmosphere as a result of cosmic ray interaction include beryllium-7,
carbon- 14, tritium, and sodium-22.




Other natural sources of radiation include the radionuclides naturally found in soil, water,
food, building materials and even people. People have always been radioactive, in part because
the carbon found in our bodies is a mixture of all carbon isotopes, both non-radioactive and
radioactive. About one-third of the external terrestrial and internal whole body radiation dose
from natural sources is attributable to a natural radioactive isotope of potassium, potassium-40,

Man-Made

In addition to naturally occurring radiation people are also exposed to man-made
radiation. The largest sources of these exposures are from medical X-rays, fluoroscopic
examinations, radioactive drugs and tobacco. Small doses are received from consumer products
such as television, smoke alarms, and fertilizers. Very small doses result from the production of
nuclear power. Fallout from nuclear weapons tests is another source of man-made exposure.
Fallout radionuclides include strontium-90, cesium-137, carbon-14, and tritium.

EFFECTS OF RADIATION

Studies

The effects of ionizing radiation on human health have been under study for more than
eighty years. Scientists have obtained valuable knowledge through the study of laboratory
animals that were exposed to radiation under controiled conditions. It has proven difficult,
however, to relate the biological effects of irradiated laboratory animals to the potential healih
effects on humans. Bscause of this human populations irradiated under various circumstances
have been studied in great depth. These groups include:

. Survivors of the atomic bomb.
. Persons undergoing medical radiation treatment,
. Radium dial painters during World War | who ingested large amounts

of radioactivity by “tipping” the paint brushes with their lips.

. Uranium miners, who inhaled large amounts of radioactive dust while mining
pitchblende (uranium ore).

. Early radiologists, who accumulated large doses of radiation from early X-ray
ecuipment while being unaware of the potential hazards.

9



The analysis of these groups have increased our knowledge of the health effects from
large doses of radiation. However, less is known about the effects of low doses of radiation. To
be on the conservative side, we assume that health effects occur proportionally to those observed
following a large dose of radiation. That is, if one dose of radiation causes an effect, then half
the dose will cause half the effect. Radiation scientists agree that this assumption overestimates
the risks associated with low level radiation exposure. The effects predicted in this manner have
not been actually observed in individuals exposed to low level radiation.

Health Risks

Since the actual effects of exposure to low level radiation are difficult to measure.
scientists often refer to the risk involved. The problem is one of evaluating alternatives, of
comparing risks and weighing them against benefits. People make decisions involving risks
every day such as whether to wear seat belts or smoke cigarettes. Risks are a part of everyday
life. The question is one of determining how great the risks are.

We accept the inevitability of automobile accidents. Building safer cars or wearing seat
belts will reduce the risk of injury. You could choose to not drive but even pedestrians and
bicyclists are injured by cars. Reducing the risk of injury from automobiles to zero requires
moving to a place where there are no automobiles.

While accepting the many daily risks of living, some people feel that their demands for
energy should be met on an essentially risk-free basis. Attention is focused on safeguarding the
public, developing a realistic assessment of the risks, and placing them in perspective.

Because you cannot see, feel, taste, hear, or smell radiation, it is a source of concern. We have
the same lack of sensory perception for things such as radio waves, carbon monoxide, and small
concentrations of numerous cancer causing substances. Although these risks are Just as real as
the risks associated with radiation, they have not generated the same degree of concern as
radiation.

Most risks are with us throughout our lives, and their effects can be added up over a
lifetime to obtain a total effect on our life span. The typical life span for an American woman is
now 76 years, whereas men average 71 years of age. Figure 1-4 shows a number of different
factors that decreased our average life expectancy.

10



RAGE DAYS OF LIFE EXPECTANCY
T DUE TO VARIOUS HEALTH RISKS
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Figure 1-4: Loss of Life From Various Health Risks
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Nuclear Fuel

Uranium (U) is the basic ingredient in nuclear fuel, consisting of atoms of U-235 and U-
238. Natural uranium contains less than one percent U-235 when it is mined. Commercial
nuclear power plants use fuel with a U-235 content of approximately three percent. The process
used to increase the concentration of U-235 is known as enrichment.

Reactor Operation

After enrichment, the uranium fuel is chemically changed to uranium dioxide, a dry black
powder. This powder is compressed into small ceramic pellets. Each fuel pellet is about 3/4
inches long and 3/8 inches in diameter. The pellets are placed into 12 foot long metal tubes made
of zirconium alloy, to make a fuel rod. About five pounds of pellets are used to fill each rod. A
total of 204 fuel rods make a single fuel assembly. Virginia Power nuclear reactors contains 157
fuel assemblies (Figure 1-5).
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Figure 1.5: Reactor Core Design



Fission

Nuclear energy is produced by a
process called fission. Fission occurs in a
reactor when uranium is split into fragments
producing heat and releasing neutrons. These
neutrons strike other uranium atoms, causing
them to split (fission) and release more heat
and neutrons. This is called a chain reaction
(Figure 1-6) and is controlled by the use of
reactor control rods. . g

©  Free Neutron

% Fission Fragment W Heat

Control rods are an essential part of
the nuclear reactor.  Control rods contain
cadmium, indium, ard silver metals which absorb and control the amount of neutrons produced
in the reactor. The control rods act to slow down or stop the chain reaction. A chain reaction
cannot occur when the control rods are inserted completely into the core. When the control rods
are withdrawn, the chain reaction begins and heat is generated.

Fission: A Chain Reaction

Design & Operation

The Surry Power Station and North Anna Power Station use a Pressurized Water Reactor
(PWR) system to generate electricity. There are two complete and independent PWR systems on
site at both Surry and North Anna Power Stations. These are called Unit-1 and Unit-2.

The reactor core is inside a large steel container called the Reactor Pressure Vessel. The
reactor core is always surrounded by water. The fissioning of the uranium fuel makes the fuel
rods get hot. The hot fuel rods heat the water, which serves as a coolant that carries away heat.

In a pressurized water reactor, heat is moved from place to place by moving water, the
reactor's coolant. The water flows in closed loops. As (primary) water moves through the core it
gets very hot (605°F), but because it is under such high pressure, 2235 pounds per square
inch (psi), it doesn't boil. The hot water then flows to the steam generator. The steam generator
1s a heat exchanger. Reactor coolant passes through it but doesn't mix with the steam generator
(secondary) water. Instead, heat from the primary water is transferred through thousands of
tubes to the cooler secondary water. The water in the steam generator is under much less
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pressure, and the heat boils the secondary water to steam. At Virginia Electric and Power
stations, each unit has 3 steam generators.

The steam is piped to a steam turbine that turns an electric generator. The exhausted
steam from the turbine is cooled and converted back to water in a condenser. The condenser is
also a heat excharger; in it heat passes from the steam to a third loop of water. In Surry's case
the James River provides the third loop wa.er. At North Anna Power Station third loop water 1s
from Lake Anna. The steam turns back to dquid and is pumped back to the steam generator,
Figure 1-6 is a diagram of typical nuclear re sctor systems.

Containment

Nuclear power plants are designed to prevent the escape of large quantities of radiation
and radicactive substances. Two principles are used. First, thick, heavy walls are used as
shielding to absorb radiation and prevent its escape. Second, strcag, airtight walls called
containment, are used to prevent the escape of radioactive materials.

The reactor pressure vessel and the containment building that houses it is enormously
strong (Figue 1-7). Strong enough, in fact, to withstand a direct hit from a 707 Jetliner. The
reactor core lies within a sealed pressure vessel. Like all boiiers its walls must be very strong
because the water inside must be kept under high pressure. The reactor pressure vessel in a
nuclear power plant is even heavier than an ordinary steam boiler because of the need to
minimize the chance of rupture and release of any radioactive materials. The reactor pressure
vessel is made from a stainless steel alloy 6 to 8 inches thick.

Around the reactor pressure vessel is a thick concrete wall. This wall acts as shielding,
protecting workers by absorbing radiation resulting from the nuclear chain reaction. Next an
airtight !/ inch steel liner surrounds the entire interior of the containment. If the reactor pressure
vessel or any of the primary piping should break, the escaping steam would be trapped inside the
liner.

Finally, the building's reinforced concrete outer wall is 41/ feet thick t<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>