ANNUAL ENVIRONMENTAL
OPERATING REPORT

JANUARY 1 980 - DECEMBER 31, 1990




ANNUAL ENVIRONMENTAL
OPERATING REPORT




ANNUAL ENVIRONMENTAL
OPERATING REPORT:

for

DAvIS - BESSE NUCLEAR POWER STATION
January 1, 1990 to December 31, 1990

Prepared by:
Radiological Environmental
Davis-Besse Nuciear Power Station
Toledo Edison Company
Toledo, Ohio

April 1991




neanla Derat Ny mepon 4 Lavis E"!".‘\t' N aar b

Table of Contents

I'itle Page

List of Tables

vl
List of Figures X
Summary Xt

Introduction -1

¢ Fundamentals
['he Aton
| Y lopes

¢ Radiatiot .\!‘M}(m;.w.l«.(,\ 4"

- H‘\\'nl‘.'.q(ud('\ p.
Radiation
Radioactive Decay “
rialf-Life 4
e Interaction with Matter 4
l‘ nization o
Range and Shielding ¢
; e Quantities and Units of Measurement
. Activity: Cune
Exposure: Roentge! |8
Absorbed Dose: Rad -

Dose Equivalent: Rem 1+
e Sources of Radiation \
[i‘[“"f { -U"‘V.,\. "ik'ﬂk al




Reactor
\\\‘!("',\

Containment Bi

ondenset
he Cool Nne lower
Miscellaneous Safety Systems

e Reactor Safety Summary

Description of the Davis-Besse Site

Ihe 1990 Radioactive Liquid and Gaseous Efffuents Summary

¢ Protection Stand
Lim
SOurces
\w e Lras




Annual Environmental Operating Repon 1990 Davis-Besse Nuciear Power Station

Table of Contants (continved)

Title Pag
e Thtum 1-38
e Procissing and Monitoring 1-38
o LEipusure Pathways 1-39
¢ Dose Assessment 141
e Results 1-41

References i«43

Radiological Environmental Monitoring Program 241
¢ Introduction 21
o Preoperational Surveillance Program 22
e Operational Surveillance Program Objectives 23
e Quality Assurance 23
e Program Description 28

Overview 24
Sampling Locations 27
Sample Analyses 2-28
e Sample History Comparison 2-29
Atmospheric Monitoring 2-31
Terrestrial Monitoring 2-32
Aquatic Monitoring 2:33
Direct Radiation Monitoring 2-33
1990 Sampling Program 2-34
e 1990 Program Deviations 2:36
e Atmospheric Monitoring 2:37
Airborne Particulates 238
Airborne lodine-131 2-39
Snow 2-40
o Terrestrial Monitoring 2-40
Groundwater 2-43
Milk 241
Meat 2-44

ii




Annual Environmental Opereting Repon 1960 Davis-Besse Nuclear Power Station

Table of Contents (continued)

Broad Leaf Vegetation and Fruit
Animal/'Wildlife Feed
Soil

® Aquatic Monitoring
Treated Surface Water
Untreated Surface Water
Fisk
Shoteline Sediments

e Direct Radiation Monitoring
Thzremoluminescent Dosimeters
Quality Control TLDs
NRC TLD Monitoring

o Conclusiun

References

Land use Census

e Program Design
e Methodology
e Results

Meteorological Monitoring

e Introduction
e Onsite Meteorological Monitoring
System Description
Meteorological Instrumentation
Meteorological System Maintenance and Calibration
Meteorological Data Handling and Reduction
Meteorological Data Recovery
e Meteorological Data Summaries
Wind Speed and Wind Direction
Ambient Temperature

=

I

mntnonntannd A b o
OO NANE DWLWD OO IN

[SVE O R SE I NI S N S SN OE R S I
* . ' r 0 s 0 i

iv




Ar wal Environmental Operating Report 1990 Davis-Besse Nuclear Power Siation

Table of Contents (continued)

Title L

Dew Point Temperature
Precipitation
Atmospheric Stability

e Local Wind Pattsrns
Lake/Land Breeze
Lake Level Monitoring
Remote Sensing

Marsh Management

e Navarre Marsh
e Special Projects in 1990

References

Zebra Mussel Control

e Introduction
® Monitoring
® Research

Water Treatment

e Water Treatment Plant Operation
Description
Clarifier Operation
Flow Measurements
e Wastewater Treatment Plant Operation
Summary of 1990 Wastewater Treatment
Plant Operations
National Pollutant Discharge Elimination
System (NPDES) Reporting
e 1990 NPDES Summary
Outfall 001
Outfall 002

6-1

-3 o O
. . .
— S

A
P S

-3
.

~3
»
N

B el
2l




‘;“. ronmenta Darat ng "!",- g 198K Davis-Besse Nu Bar ¥ owetr &

litle Page

{ ) ]
{ utta Al
d i
'
l, ! v‘ -
N 4 ‘*\ 8
) ¥

¢ Regulations Governing Chemical Material
Resource Conservation and Recovery Act (RCRA) A
Hazardous and Solid Waste Amendment (HWSA) .
i Comprehensive Environmental Response
A Compensation and Liability Act (CERCLA) X

superfund Amendment and Reauthorizatior

Toxic pstances Lontr Act (TSCA) »

Compliance with ( nical Materials Regulations N-d
. Compliance with RCRA and HWSA N-4
Weekly Inspections of Chemical N-d
Waste Storage Accumulation Areas
Identification of Unknown Chemicals B!
Written Inspection Reporis L
Waste Minimization 2B

\ Compliance with CERCLA and SARA -6

‘ Compliance with TSCA 8
h Compliance with the Transpor y Act X-8
: Compliance with the Clean A 53-8
Audits and Inspections B8
e Other Programns 0¥
X Underground Storage Tanks 89

Fuel Storage Tank Service Bldg #4 N
100,000 Gallon Diesel Fuel Oil Storage Tank 8
Fire Training Area Modification R-10
Burn Permuits X

vi




Annual Environmental Operating Repornt 1980 Devis Besse Nuciear Power Station

Tavle of Contents (continued)

Spill Control Kits 8-1
Testing of Was e Oil 81
Waste Inventc ry Forms 81
Chemical Ap roval 81

Appendices

Appendix A: Glossary A

Appendix B: Interlaboratory Comparison Program B

Appendix C: Data Reporting Conventions C.
Appendix D: Maximum Permissible Concentrations of D

Radioactivity in Air and Water Above Natural Background

in Unrestricted Areas

e Appendix E: REMP Sampling Summary E-1

vil




M E Ny o peral 8O r i v Besse N Sar ¥ ows o
l . LB h | l
¢ TN
Ast of Tables
lable No Page No Title
I | Aniun
¢ sk Faot
v we Lin s Member of the Pul
" J. " Ot : " " v'l‘ s ' 1 Ul ’ 1 L}
ased cous and Ligwd Efflver
ample wles at n Fre necie
T nton of REMI npling Lox s At
ampie et al Ead
N sdiochemical Analy Perforn n REMI
amples
4 by ampde Colle ! mmanry
- Average Concentration of Beta Emitting Radionu
n Airbarne Particulate Samples
L sest | XPOS W Pathwavs Preser X
y Pathway Loca | And I ™ 1 nh
Dispersion (N and Dep t ‘
\ 4. X immary ol M¢ wocal Dala Ke ry

Vil







Annual Environmental Operating Repon 1990 Davis Besse Nuciear Power Station

1:3
14
1.5

16

1.9
18
1-9
1-10

111

1-13

114

2

16
1.7
110

1:17

119
1:20
1-22
1.28
1:26
1-32

The Atom

Half-life Diagram of Cobalt-60
Range and Shielding of Radiation
The Curie, a Measure of Activity
Sources of Radiation

Comparison of Nuclear with Other Energy Sources
1980 and 1989

Electrical Generation

Fission Diagram

Fuel Rod, Fuel Assembly and Reactor Vessel
Schematic of the Davis-Besse Nuclear Power Station
Fission Product Release Barriers

Map of Area Surrounding Davis- Besse

External Exposure Pathways

Intei nal Exposure Pathways

Sampling Locations on the Davis-Besse Site
Sampling Locations within a Five Mile Radius




ronmenta Deratin Repon ra Lavis Besse N Bar ¥ ower Ll

hgun\u Page Mo Title

» " w .
A 6 . ! ke |
ve REM} r \na §
. . He
o Milk Ami t ! X
" A 0y ra o
W Tres sce Water mples ' Beta
h \ ! ! iriace Wa A e ross Bela
’ . l” ’ ' }\‘ “ "“. )
t Locatior
LD Sat mparison of Doses M ' "
mpi ! wRC vs Davis-Besse TLI [ >
- Land Use Census May
, & 3 Color Satellite inage of the Crlotx
4 + Color Satellite Image of North Amernica during Hurncans Hug

{ Mete



Davis Besse Nuclear Power Station

47

S
52

53

§4

61
62
63
71

81
82

5-8

61
6-4
65
74
74

8.7

Local Wind Patterns Over Lake Eric:
Lake Breeze Effect

Local Wind Patterns Over Lake Erie:
Land Breeze Effect

Use of Dike to Retain Water
Use of Revetment to Encourage Boach Vormation

Water Levels and Corresponding Plant Communities
in the Navarre Marsh

Beach Formed at the Base of
Revetment

Zebra Mussel

Zebra Mussel (Graph)

Mussel Study Device

Floor Plan of the Wastewater Treatment Plant

Laboratory Analyses Performed Daily at Wastewater
Treatment Plant

Inspection of the Chemical Waste Storage Area
Visual Inspection of PCB Transformer

xil




red around Davi }
s-pesse has bee
REMP was e

neratioe
OPeTal

re

yCd

ragioact i} !
he Station became

“( S5€ about five vears betore
n background radiation and Lioactivity whic
Davis-Besse has con | montor the eny

al UILS and vegetlabies

1 Hat
U Udia

€ arca
¢

wndwutet

'y.»\v




L

el

Be
!

Wwerla Darating Repon r A\ Besse Nuciaar Powe
Prese ! . turally occurt gra Vit |
! ! CLé fy $ A p
’ g » ' . v !
{ ¢ ) M A
. ¢ , ent by e Davis.} -
’ ’ ] 't |
5 v { ! |
K1 '\ Virot ¢ ¢ Dt W E
Vi ' rra V1TV W el vt rmed ’\’ {
i W T ! ed w cents ’
8, A% W¢ ! ¢ me re pres } a0
T f ) Rl \4&‘ e the ¢ ™\ f the nty ! ¢ ¢
vity in effluent Davis-Besse. These re 1S als ate that Das
: ) ; ) { : e : ) "
DS W { Pl ¢ e [ hes
' $iane a phet NILOTINE. terrestris . ring
( rect radiat mMontoring
“nl":"\‘ f aur and st W are ¢ ectedt nitor the atmo [ ere {.
190 results are simular to those observed in preoperational and pres
peralional programs Unly background radioacuvity normally prese!
nthe environment was detected, and only at normal concentrations
Terrestrial monitoring includes analysis of milk, groundwater, meat

fruits, vegetables, animal feed and soil samples. The results of the
sampie analyses compare tavorably with those of previous vears }
CXulhnpie, CCS 114 37 1 AQI10ACHIVILY 1IN SO Was at an average ! !

1 W picocuries per gram dry weight (pOyvg) i 1990, which 1§ at the “w
end of the range ol D.0U14 10 3 .44 pli ] Qry »A(‘,E_Y-Y_ observed over the past
12 years of Station operation. The results of the analyses of the other
errestnal S&mMpIies aiso ndicate concentranions of ragioactvity sumuiar t
Drevious vears, and ingicate no pulidup Of radioactuvity arnbutadie to the
operation of Davis-Besse

® AQuatic monitoring inciuges the collecuon and analvsis of drink
water, untreated surface water, fish, and shoreline sediments. The 199
results of these analyses indicate normal backgre neentrations of
radionuclides, and show no increase or bulldup tn aciivity d 10 the
operation of Davis-Besse

¢ Direct radiation measurements ‘:\t'f.xb‘t‘.‘. 15.6 mrem/91 days at indicator
ocatons and 16.6 mrem/Y1 davs at control locations, show tha [

1990, radiatior the area of Davis-Besse was similiar to radiat at

1) mn S n

i UICY

dWw iy

X1y

’ '
tron

the Stat \
84]+ ,\u \Lion




Javis-Besse

wind direcuo

'

lemperature (air temperature a
temperature (air temperature wnere

" '

s | . 11
V) and prec pild

[Wo instrument equippec

recovery tor 1990 was Y

| > .
Jdata recove {Or the six

1-'.\“ \V',\(\




Zebra Mussel Control

[he zebra n

"he water is
Juce n P"‘ Pt

ties 1n 1990 included the

'y wiler

Wastewater generated by site personnel is treated «
nt. The wastey

Wastewater Treatment Pla




Annual Environmertal Operating Reron 1980 Davis-Besse Nuciear Power Station

waste waters, back to Lake Erie. For 19v0, Waste Water Treatment Plant Num-
ber 1 was out of service d 1e tc damage 1o an interior tank. The installation of
supports have correct the .. oblem and the plant should be back in operation
early in 1991, Current plans are to remove Wastewater Treatment Plant Num-
ber 2 from service for cleaning and maintenance in 1991,

Chemical Waste Management

The Chemical Waste Manag: ment Program at Davis-Besse was developed to en-
sure that the offsite dispos: « { nonradioactive chemical, hazardous, and non-
hazardous westes is perforied in accordance with all applicable state and federal
regulations. Davis<Be se uses the best available technology, such as incineration
or treatment 10 reduse i “eity, for offsite disposing of its chemical wastes in
order to protect human  alth and the environment.

In 1990, as a result of waste minimization efforts, 414 gallons of hazardous waste
(used solvents), 19, 640 gallons of waste oil and 129 lead acid battery cells were
sent to recyeling firms and fuel blenders for thermal energy recovery. In 1990,
wavis-Besse generated 20% less hazardous waste (by volume) than in 1989,

As required by SARA, Davis- Besse had ten hazardous products and chemicls on
site in sufficient quantities to report 1o local and state agencies. Two of the cher-
cal wer= axt*< wely hazardous substances, hydrazine and sulfuric acid,

As part of the | rogram tc remove PCB fluid from Davis-Besse, ten PCB trans-
formers were retrofilled the fifth (final) time in 1990. These wili be sampled and
analyzed in 1991 and possibly re-classified to non-PCB. One of these wransform-
ers, BF4, wasre: - od as non-PCB in 1990

Appendices

Appendix A contains a Glossary of terms used throughout this report. It is not
faeant to be a comprehensive reference source for interpreting any documents
other than this 1990 Annuai Environmental Operating Report for the Davis-
Besse Nuclear Pewer Station.

Appendix B contains results from the Interlaboratory Comparison Program re-
Quired by Davis-Besse Technical Specifications. Samples with known congentra.
tions of radioisotopes are prepared by the Environmenta! Proteciion Agency
(EPA), and then sent (with information on sample type and date of collestion
only) to the laboratory contracted by the Davis-Besse Wuglear Power Station to

avii
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Fundamenmals
The Atom

All matter consists of atoms. dSimply described, atoms are made Up Of poOsitively

and negatively charged particies, and particles which are neutral. These pa
are called protons, electrons, and neutrons, respectively (Figure 1-1). The rela
tively large protons and neutrons are packed tightly together in a cluster at the
center of the atom, called the nucleus. Orbiting around this nucleus are one or
more of the smaller electrons. In an electrically neutral atom, the negative
charges of the electrons are balanced by the positive charges of the protens. Due
dissimilar charges, the protons and electrons have a strong attraction tor

o1 5 \ \ \ the . X = o
each other, which helps to hold the atoni together
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Figure 1-1: An atom consists of two parts: a pucleus containing posi-
tively charged protons and electncally neutral neutrons and one or more
negatively charged electrons orbiting the nucleus. Protons and neutrons
are nearly identical in size and weight, while each i1s about 2000 times
heavier than an eleciron

Other attractive forces between the protons and neutrons keep the densely

r /
packed protons from repelling each other, preventing the nucleus trom breaking
apart

lsotopes

A group of identical atoms, contairing the same number of protons, make up an
element. In fact number of protons an atom contains determines its chemu

cal identity, For instance, all atoms with one proton are hydrogen atoms, and al

atoms with eight protons are oxygen atoms. 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, are called isotopes. As an example, Table

1 lists some of the isotopes of uranium. [ifferent isotopes of the same element

have the same chemical properties, and many are stable, or nonradioactive. A ra-
dioactive isotope of an element is called a radioisotope

Radiation and Radioactivity

Radionucicies

The parts of an atom are normally in a balanced, or stable state. If the nucleus of
an atom contains an excess of energy, it is called a radioisotope, radioactive atom
or a radionuclide. The excess energy is usually due t0 an excess number ot neu-

tr M nth N s} Y
trons 1n 1ne nucieus oOf t
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fable 1-1: Isotopes of Uranium
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[sotope Symb # of Protons #of Neu

Uranium-23¢ t 2 42
Uranium-23¢ & )2 44

Uranium-238 al a¢
Uranium-239 - 93 4
‘ Uranium-240 “h 48

Radiation

Radiation is simply the conveyance of energy through space. For instance, heat

~

oSy y vy

nanatit g1
radio waves lnnmng radiation (s another type of radiation and has similar

b ' & ftyrm vty liatinn  as re | MWt rave n
MI1 d STOVE 1S @ TOTTIT O Faciaiion, a8 dfc LENL 1V UCTOWUVE

erties to those of the examples listed above

lonizing radiation consists of both electromagnetic radiation and particulate ra
diation l..cct;’un‘..sgn(‘h\ radiation consists of rays of energy with no measur
able mass, that travel with a wave-like motion through space. Included in this
category are gamma rays and X rays. Particulate radiation consists of tuny, fast

moving particles which, if uninhibited, travel in a straight line through space

I'he three types of particulate radiation of concern to us are alpha particles

nafd 1"

1ade up of 2 protons and 2 neutrons; beta particles, which are essentially tree

glectrons (electrons not attached 10 an atom), and neutrons ne propertes ol
t !

these tvpes of radiation will be described more fully in the Range and Shielding
SeCtirs: on page 1-3

Radioactive Decay
Radioactive atoms attempt to reach a stabie, non-radioactive state tnrougn a |

cess known as radioactive decay. Radioactive decay is the reiease of energy

| SR — o o - e A —— A —————— O St Pl A S L A8 e 8.8 e e Y .
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an atom through the emission of ionizing radiation. Radioactive atoms may
lecay directiy to a stabie state or may go through a series of decay S(dges, calied a
radioactive decay series, and produce several daughter products which event
dliy resu na adie aton l" € N Tenergy (gamma and \ ravs) and or mat
ter {alpha or beéta partcies I neutrons) through radioactive decay may
transform the atom into a chemically different element. For example, wher
atom ot uraniun 8 decays, It emits an aipha particie and, as a result es .
protons anc 2 neutrons. As discussed previously, the number of protons ne
| ICIe (1S ¢hnemical 1gentity l.":'!’fl-rc*,w":""a'"u.~
niunmn itons and 2 neutrons, it is transformed 1nto an ¢
Of thi s one of the 14 successive kl.n.;hif; products ot
ran r daughter product, and the series ends with sta
| HE 1€4K art 0f a K Nown radioactive gecay series, cailled u
uran th uranium-238 and ends with lead-2(%

Hat-Lie

Most radionuclides greatiy in the freqQuency with which their atoms release radia
uon. Some radioactive materials in which there are only infrequent emissions

tend to have a very long life, while those which are very active, emutting radiatior

‘ more frequently, tend to have a comparatively short life. The length of time an
| atom remains radioactive is defined in terms of half-lives (Figure 1-2). Half-life
is the amount of time required for a radioactive substance to iose half of its activ
1ty (?..’i‘._lg.".'\hf process ot radioactive decay. Half-lives vary from millionths of
| second to millions of years
Interaction With Matter
lonization
Through interactions with atoms, aipha, beta and gamma radiation lose their er
ergy. When these mmh of radiation interact with any form of material, the en
; ergy they impart may cause atoms in that material to become ions, or charged
' particles 5-‘\rr7x;11?‘.‘ an atom has the same number of electrons as protons
Thus, the number of negative and positive charges cancel, and the atom is electr
cally neutral. When one or more electrons are removed, an ion palr s formed
For example, if an electron is removed from an oxygen at um '*w lectron (nege
tively charged) is one half of the ion pair and the rest of the atom sitively
. charged) is the other half of the ion pair. lonization is one of "*c 'W\'\ €85€8
which may result in damage to biological systems
|

14
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DECAY OF COBALT
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Figure 1-2: Cobali-60 has a half-life of 5,272 years. After one hali-life, about ha
of the cobalt-60 atoms orgin x‘:\ present have decayed and become ditferent ele

" \ { A } s W . \ res o
ments, after an additional hait-lite, halt of the remaini ng cobalt-ou atoms, or a

total of about /3% of the atoms originally present, have decayed

|

Range and Shiekiing

articulate and electromagnetic radiation each travel throt lu"\ matter ditierently

)ecause of their different properties. Alpha particles contain 2 p!n!w!‘w and 2 neu

trons, are relatively large, and carry an electrical charge of +2. Alpha particles
are ejected from the nucleus of a radioactive atom at speeds ranging trom 2,0
to 20,000 miles per second. However, due to its comparatively large size, an
alpha particle usually does not travel very far beiore it loses most of 11§ energy
through collisions and other interactions with atoms. As 2 result, alpha particles
can easily be stopped by a sheet of paper or a few centimeters of air (Fig

Beta particles are very small, and comparatively fast particles, traveling

speeds near the speed of light (186,000 miles per second). Beta particles have a

electrical charge of either + 1 or -1, Because they are small and have a low

charge, they do not collide and interact as often as alpha particies, so they can

travel farther. Beta particles can usually travel through several meters ot air, but

may be stopped by a thin piece of metal or wood

'
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. Alpha ‘
B BOAE: aveisiiint
ROLIARR -~ Camra v
SRR - Neutron

Radioactive Paper Aluminum Lead Cencrete
Materiel

Figure 1-3. AS radiation travels, 1t collides and (nteracts with other atoms and
loses energy. Alpha particles can be stopped by a sheet of paper, and beta
particles by a thin sheet of aluminum. Gamma radiation is shieided by highly
dense materials such as lead, while hydrogenous materials (those containing hy-
drogen atoms), such as water and concrete, are used to absorb neutrons,

Gamma rays are pure energy that travel at the speed of light. They have no mea-
surable charge or mass, and generally travel much further than alpha or beta
particles before being absorbed. When the gamma ray finally loses all of its en-
ergy after repeated interactions, it is gone. The range of a gamma ray in air var-
ies, depending on the ray’s energy and its interactions. Very high energy gamma
radiation can travel a considerable distance, whereas low energy gamma radia-
tion may travel only a few feet in air. Lead is used as a shielding material for
gamma radiation because of its density. Scveral inches of lead or concrete may
be needed to effectively shield gamma rays.

Neutrons come from several sources, including the interactions of cosmic radia-
tion with the earth’s atmosphere, and nuclear reactions within nuclear power re-
actors. However, neutrons are generally not of environmental concern since
nuclear power stations are designed to keep neutrens within the containment
duilding.

Because neutrons have no charge, they are able tc pass verv close to the nuclei
(plura: of nucleus) of the material through which they are traveling. As a result,
neutrons may be captured by one of these nuclei, or they may be deflected, much
in the way that a rolling billiard ball is deflected when it strikes another, When
deflected, the neutron loses some if its energy. After a series of these deflec-
tions, the neutron has lost much of its energy. At this point, the neutron is mov-

1-6
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Owly as the aton the m¢ through which it
led a thermal neutron. In comparison, fast neutrons are

fa
e

y {

g 1§ designed { Qi [ASL neUtror ANd absorp
QOften, neutron shielding material consists of several comt
i highly dense matenal .7 ) &8 lead to slo nthe tast
ywed by a matenal such as water or polvethviene, to further slow the
1neld i1s then completed with a matenal such as cadmium, to absor
|

v | - . ol
eutrons. At Davis-Besse, lead and concrete are combined to fi
ISsed pDecause It contains water mo
s ha o { . | chana e ra | g 5"
can de easily moided arounc shapes. 1 he resulting combinat)

| 3 \ P - \ ha 1 mnt -t b \ srh na '
) SIOW neutrons andt INCTeLe Lo turther siow and aonsorb neutron

proven to be an ettective neutron shield at Davis-Besse

Quantities and
Units of
Measurement

[here are several

\"‘..U‘.\" S and units
USE€Q L0 describe radio-

activity and its eftects

Four terms of particu-
lar usefulness are ac-
Livily, exposure,
absorbed dose, and
dose equivalent

Activity: Curie

Activity 1s the number
of nuclel in a sample

that disintegrate
(decay) every second

Each time a nucleus

10 Tons of 1 Gram of
Thorium=232 Radium-228

‘."..\\llld
tion is emitted. The
curie (C1) is the unit

Figure 1-4: One gram of radium-226 and 10 tons
s B b

of thorium-232 are both approximately equivalent

used (O describe the
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{ activity ot a matenal and indicates the rate at which tae atoms of a radioactive
substance are decaying. One curie indicates the disintegration of 37 billion
gloms per secong
A Curie 1s a unit of actvity, not & quantity of matenal. Thus, the amount of mate
rial required to produce one curie varies. For example, one gram of radium-22¢
1s the equivalent of one curie of activity, but it would take 9,170,000 grams (abo
10 tons) of thorium-232 to equal one curie (Figure 1-4 on previous page)
Smaller units of the curie are often used, especially when discussing the low ¢«
centrations of ragioactivity detected 1n environmental sampies For instance, the
microcurie (uLi) 1S equal to one rmuiiontn « f a curie, while the picocurie (p(
represer tS one triliionth of a curie

Exposure: Roengen

Exposure is a term used to describe the ability of ionizing raciacon from gamma

or X rays to produce ion pairs in a certain volume of air. Exposure measures the
| energy of the radiation and is expressed in units called roentgens (R). One roent
L gen 1s the quantity of exposure that causes approximately two billion 10nzing

o . 3 { " v - . > o . (! .
events (L.e,, creation Of 10on pairs) per Cubic centimeter Of air

' A common way to describe the rate of exposure to gamma radiation is {1 roent.
gens per hour (R/hr). Often a smaller unit used is milliroentgens per hour
(mR/hr), which i1s 1000 times less

I'he roentgen applies only to radiation associated with gamma or X rays, and is

not used to describe exposure to alpha, beta or neutron radiation. In addition,

the roentgen applies only to the energy of the radiation in air, and does not ac

‘ count for the fact that different substances absorb different amounts of energy
Thus, another unit is necessary to describe the amount of energy absorbed by any

naterial
Absorbed Dose: Rad

Absorbed dose is a term used to describe the radiation energy absorbed by any
material exposed to ionizing radiation, and can be used for both particulate and
electromagnetic radiation. The rad (radiation absorbed dose) is the unit used
to measure the absorbed dose. It is defined as the energy of ionizing radiation
deposited per gram of absorbing material (rad = 100erg/gm). The rate of ab
sorbed dose is usually given in rad/hr
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gamma or X rays. Therefore, a quality factor must be applied to account for tl

ditierent ionmizing capabilities of various types of ionizing radiation. When the
quality tactor is mulitipiied by the absorbed dose, the result 1s the dose equiva-
lent, which is a mate Of the possibie Diological damage resulting trom expo
sure to a particular type ot iomzing radiation. The dose equivalent is measured
nrem (roentgen equivalent man)
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nately equal to 20 rem. Beta and gamma radiation each have a quality factor
theretore one rad ot either beta « r gamma radiation 1s approximately equal t
ne rem. Thermal neutrons have a quality factor of 3, and fast neutrons have a
quality tactor ot 10. One rem produces the same amount of biolog.cal damage
regardiess of the source
In terms of environmental radiat unit, Therefore, a sma

1, the millirem, is often used
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Sources of Radiation
Background Radiation
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and Measurements

F» qure 1-5: A very small annual dose to the public results from the nuclear power
3 ‘ :
industry. Actually, the most significant annual dose the average individual re-
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celves 1S that trom naturally occurring radon

r

tion to which everyone is exposed (Figure

I'he earth is constantly showered by a steady stream of high energy gamma rays
and particulate radiation that come from space, known as cosmic radiation. The
atmosphere shields out most of this radiation, but everyone still receives about
20 to S0 mrem each year from this source. The thinner air at higher altitudes pro-
vides less protection against cosmic radiation. Therefore, people living at higher
altitudes or even flying in an airplane are exposed to more cosmic radiation. For
example, the dose due to cosmic radiation in Denver, Colorado (elevation S280
feet above sea level) is approximately 47 mrem per year, whereas, in Toledo,
Ohio (maximum elevation 630 feet

€l aDOove sea |evel), the gose attributed to cos
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and those with openings for piping, sumps, etc. may considerably increase the
transmission of radon into a building. Although there is no reliable method of
predicting which buildings will have greater indoor concentrations of radon, the
following factors directly impact radon uptake and accumulation:

® uranium content of the soil
e weather conditions
® construction methods

® presence (or absence) of any cracks or openings in the
foundation,

Some weather conditions, such as low pressure systems or increased rainfall, act
to force radon out of the soil at an increased -ate, In addition, construction meth-
ods affect indoor radon concentrations. Buiidi:.gs built on a slab with no craw!
space, buildings sealed to prevent energy lose, those with basements, and those
without fully ventilated crawl spaces tend to be linked to higher radon concentra-
tions,

Because uranium naturally occurs in all soils and rocks, everyone is continuously
exposed to radon and its daughter products. However, raden does not typically
pose a health hazard unless it is allowed to concentrate in a confined area, such
as a building.

Radon-related health concerns stem from the exposure of the lungs to this radio-
active gas. Radon emits alpha radiation when it decays. Alpha radiation can eas-
ily be stopped by a person’s dead skin layer. However, alpha radiation ¢an cause
damage to internal tissues when ingested or inhaled. As a result, expesure to the
lungs is of greatest concern, and the only recognized health effect associated with
exposure to radon is an increased risk of lung cancer.

Radon can be detected in one of several ways. Three common methods used
presently to detect radon in homes and other buildings are as follows:

e Charcoal canister method:
Charcoal canisters, which adsorb radon, are placed in a building, and
after approximately 1 to § days are removed and sen to a laboratory
where the radon decay products are detected. From this information,
the laboratory can determin2 the approximate concentration of radon
gas required to produce the decay products measured.

1-12
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e Alpha track method
Alpha track detectors utilize a radiation-sensitive film. When the
alpha emissions from radon strike the film, they make a track. The
alpha track detector is usually placed in a building for 2 weeks to
several months, and, like the charcoal canister, is sent to a lat aratory
for analysis. At the laboratory, the number of tracks on the film are
counted, and this information is used to estimate the average
concentration of radon in the building during the period that the film

was exposed.

e Electronic monitoring method:
Electronic monitors are available which continuously detect the
number of negative ions produced by decaying radon and provide
instantaneous information on the concentration of radon in the air.

The United States Environmental Protection Agency has provided guidelines for
radon monitoring in homes and other buildings, and has developed recommenda-
tions for concentrations at which to take corrective actions. Further information
on radon, its detection, and actions to reduce the radon concentration in build-
ings can be obtained by contacting the state radon program office at the follow-
ing address:

Radiological Health Program
Ohio Department of Health
1224 Kinnear Road, Suite 120
Columbus, Ohio 43212
(614) 481-5800
(800) 523-4439 (in Ohio only)

Man-Made Radiation

[n addition to naturally occurring radiation and radioactivity, people are also ex-
posed to man-made radiation. The largest sources of exposure include medical
X-rays and radioactive pharmaceuticals. Small doses are also received from con-
sumer products such as televisions, smoke detectors, and fertilizers. Fallout from
nuclear weapons tests is another source of man-made exposure. Fallout radionu-
clides include strontium-90, cesium-137, carbon- 14, and tritium. As shown in F ig-
ure 1-5, a very small percent of the annual dose a member of the public receives
is due to the production of nuclear power. In fact, the maximum whole body
doses to the public due to radioactivity released in liquid and gaseous effluents
from Davis-Besse in 1990 were only 0.22 and 0.04 mrem, respectively. Each of

1-13




\
| e 5 > ~ -~ - Py
| VAavIS Besse Nuclear Powaer Statior AR = Annual Environmenta parating Re o
\
,
€5€ UOSE than the dose an indivaigual would receive tron € COast-l
Health Effects of Radiation
Studies
ln( ,‘n(‘.\‘. W12 vw‘vy“\ ation on hur ar "»'d”' ave s\’,(. ,'L‘" ' \1‘ v
".""(.‘”d‘ o ‘vr " ":Q'\ \\\‘”:\'.‘.‘.u'*( ( t\yl\“v‘.:\! Va ..'b“('P' W \\-‘{’ thr “.
the study of laboratory animais that were exposed to radiation under extremely
controlied conditions. However, it has proven difficult to relate the Dlological e
fects ot irradiated laboratory animats 1o the potentia nealth enects on numar
Hence, much study has been cone with human popuiations that were irradiated
under various circumstances l“c‘\c' groups include the survivors of the atomig
v . " N e | . I Y Ta . r " v ’ Y vy v "o
bomb; persons undergoing medical radgiation treatment; radium dial painters
by ” ra it N . "~ - 14 v I mM™Iin o \ \ ' \ \ 5 \
who ingested large amounts of radioactivity by tipping the ’,\.:‘.'u prushes with
‘ their {ips: uranium miners, whoinhaled large amounts ot radioactive dust whnile
s Mino ) . 1 \ > rar A \ v \ lary 5
nuning ;‘vlfg""\tf‘d(‘ {uranium ore): and earty radio n.ﬁv'.\ who accumulated 1arg
| doses of radiation while unaware of the potential .'\.1(.1.'\1\
[ he studies performed on these groups have increased our knowiedge ot th
health etiects tfrom large Q0ses «\'. radiation. However, less 1s known about the et
fecis of low doses of radiation. To be on the conservative side, we assume that
health effects resulting from low doses of ragiation o¢cur proportionalily to those
observed toliowing large doses of radiation, Some radiation scientists agree tnat
» . - 4 - . . A % \ "\ A
tnis assumption overestimates the risks associated with low ievel radiaton exXpo
r ~ \ 4 \ } ) \ ant srved inin
sure. The effects predicted in this manner have not been actually ocbserved in in
dividuals exposed to low level radiation. However, this assumption provides ¢
| . ] "y % a3 2 F aadie . 4 N \ ~ - "
highly conservative mode! of radiation-induced hm\ h effects, and most probably
overestimates the risks associated with receiving low doses ot radiation
| Health Rigks
Since the actual effects of exposure to low level radiation are difficult tO assess
scientists often refer to the risk involved I?\c problem 1§ o1 c Ot evaluating alter
9 ” e b ' y 3 1 25 3
natives, of comparing rsks and ucm.:t‘.. \g them against benefits, People make de
i cisions involving risks every day, such as whether to wear seatbelts or smoke
: cigarettes Risks are 8 part ot everyday e [he question 1S one ot determining
NOwW great the risks are
We accept the inevitability of automobile accidents. Chances are that several
| people reading this report will be seriously injured this year as a resuit ot auto-
mobile accidents. By building safer cars or wearing seat beits this risk can be re
o e, ARETSY Sk JURGmES I b
§ L Y



Annual Environmental Operating Repon 1990 Davis-Besse Nuclear Power Station

duced, however, even a parked car is not risk-free. You could choose not to
drive, but even pedestrians and bicyclists may be injured by cars. Reducing the
risk ot injury from automobiles to zero requires moving to a place where there
are no automobiles.

While most people accept the risks inhecent in such activities as smoking and
driving to work each day, some people seem to feel that their energy needs
should be met on an essentially risk-free basis. However, this is impossible, no
matter what the energy source. The burning of fossil fuels can have a negative im-
pact on the environment, and even the use of hydropower entails risks, including
that of a ruptured dam, and the habitat destruction that can result from damming
waterways, Thus, attention should be focused on taking steps to safeguard the
public, on developing a realistic assessment of the risks, and on placing these
risks in perspective. One of the most widely distorted perceptions of risk is that
associated with radiation exposure.

Because some people do not understand ionizing radiation and its associated
risks, they may fear it. This fear is compounded by the fact that we cannot hear,
smell, taste or feel ionizing radiation. Sometimes, if we have no other source of
information, we may believe the widespread myths about ionizing radiation and
its health effects. But this is not true of other potentially hazardous things for
which we have the same lack of sensory perception, such as radio waves, varbon
monoxide, and small concentrations of numerous cancer causing substances. Al-
though these risks are just as real as the risks associated with ionizing radiation,
they do not generate the same degree of concern. Most risks are with us through-
out our lives, and their effects can be added up over a lifetime to obtain a total ef-
fect on our lives, Table 1-2 shows a number of different factors that decrease the
average life expectancy of individuals in the United States.

The American Cancer Society estimates that about 30 percent of all Americans
will develop cancer at scme time in their lives from all possible causes. Thus, in
a group of 10,000 people, it is expected that 3,000 of them will develop cancer. If
each person in that group of 10,000 people were to receive 100 millirem in addi-
tion to the natural and man-made sources of radiation they are normally exposed
to then there is an increased probability that would indicate one additional per-
son from that group may develop cancer during his/her lifetime. This increases
the risk from 30 percent to 30.01 percent. For comparison, the aygrage offsite
dose to individuals in the population due to the operation of the the Davis-Besse
Nuclear Power Station is significantly less than one millirem (0.0011 millirem in
1990). If it is considered that the Davis-Besse Nuclear Power Station will operate
for the remainder of its license at this rate, the probability of even one person in
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Figure 1-6: During the past decade, the nation’s dependence on nuclear power
has increased dramatically. This has led to decreased dependence on foreign oil
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Nuclear power offers several advantages over alternative sources of electric en-
ergy:

® nuclear power stations have an excellent safety record dating back to
1957 when the first commercial nuclear power station began operating,

e 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 to produce electricity,

The following sections provide information on the fundamentals of electrical gen-
eration, and on how Davis-Besse uses nuclear fuel and the fission process to pro-
duce electricity.

Where Does Electricity Come From?

The flow of electrons through a wire is called an electric current, or electricity.
Voltage is the force that pushes the current along the wire, just as pressure
pushes water through pipes. Extra electrons are needed to start and maintain an
electric current. One way to add these extra electrons is by using a battery; how-
ever, batteries are not an efficient source for large amounts of electricity, An-
other method of generating electricity is by rotating a magnet inside a coil of
wire. Large amounts of high voltage electricity can be produced in this manner.
The two ends of a magnet are called poles. The power of a magnet extends be-
yond these poles in invisible lines of force. If a loop of wire passes through a
magnet's line of force, electrons start racing through the wire.

Figure 1-7 provides a simplified illustration of the basic steps involved in produc-
ing an electrical current. Fuel, such as coal, is burned in a furnace and heats
water in the boiler to produce steam. The steam drives the turbine-generator. An
electric generator is basically a magnet and coils of wire. It has an engine that is
called a turbine. The turbine converts the heat energy of the steam into mechan-
ical energy. When steam is forced against the blades of the turbine, the turbine
rotates, turning a long shaft. At the end of the shaft is a huge magnet inside the
generator. The generator converts mechanical energy into electrical energy. As
the shaft turns, the magnet spins inside a ring wrapped with a long coil of wire,
This starts a current flowing in each section of wire that it passes.

Before the electric current leaves the power station, a transformer steps up the
voltage so that it can travel long distances to consumers. Transmission lines

1-18




( Annual Environmental Operating Repon 1690 Davis-Besse Nuciear Power Station

i @Awm @) A runame

\
} l
, - coniaing (he furnace -~ CONVErlS BI8am's hes! snergy Mo |
] whare burning lust (coal, oll mechanicsl eneigy. Sieam pushes '
1 OF DBV gas) haals wales Diadas (0laling on & shall, causing
1 10 make sleam (110 apin &1 0 high speec
|
|

(= l///

r *MW AT

| A CONDENGER t ) a sumsaron
| | « COOlS sleam from the ? ~ COMVarts mechank
WIHING 10 Make waiel ¢ sl anargy NLo slec-

hal is then rehsaisd. T irical sneigy. The
: 4 splaning shall of the

WD Couses B
huge magnel In the
peneraior o rolate
pas! cOnPer bark
PIODMCIY $18C I
Lo e

Figure 1-7: Electricity is produced in a fossil-fueled power station much in the
way it is produced at Davis-Besse. Steam is forced against the blades of a turbine
which urns a magnet inside the generator, and produces an electric current

carry the current from the power station to other transmission lines many miles
away or to local substations equipped thh transiormers that lower the voltage of
the current, Distribution lines then carry the lower voltage current to pole trans-
formers where the voltage i1s again stepped down for safe use by electrical con-
sumers

The Use of Steam To Produce Electricity

There are several sources of steam mcd by power stations to generate electricity,
including the burning of fossil fuels such as coal, o, or natural gas, the earth’s
natural steam, called geothermal energy; and steam produced inside a nuclear re-
actor from the heat released when atoms of uranium are split or fissioned. Be-
sides steam, water power (hydropower) and wind power can be used to turn
turbines to produce electricity
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Nuclear Power Production

Electricity is produced in a nuclear power station in essentially the same way as
in a fossil-fueled station. Heat changes water to steam that turns a turbine. Ina
fossil-fueled station, the fuel is burned in a furnace. Inside the boiler, water is
turned into steam. In a nucle«r station, the furnace is replaced by a reactor con-
taining a core of nuclear fuel, primarily uranium. Heat is produced when the
atoms of uranium are split, or fissioned, inside the reactor.

What is Fission?

A special attractive force called the binding force hoids the protons and neutrons
together in the nucleus of the atom. The strength of this binding force varies
from atom to atom. If it 1s weak enough, the nucleus can be split if it is bom.
barded by a free neutron (Figure 1-8), This causes the entire atom to split, pro-
ducing smaller atoms, more free neutrons, and heat. In a nuclear reactor, a
chain reaction of fizsion events provides the heat necessary to boil the water to
produce steam.

Q@  NEUTRON
® rroron
Aaany HEAT

Figure 1-8: When a heavy atom, such as urani».m-235 is split, or 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 # chain reaction.
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Nor could the fuel, as it exists at a power station, be used to make a bomt

After the uranium is separated from the earth and rock in the ore, it is concen

trated by a milling process. After milling the ore to a granular form and dissolv-
Ing out the uranium wath acid, the uranium is converted to uranium hexafluoride
(UFs), a chemical form of uranium that exists as a gas at temperatures slightly

above room temperature. The uranium is then highl
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enrichment tacility where gaseous diffusion converters increase the concentra
tion of U-235 in the fuel. The enriched gaseous UF¢ is then converted into pow
dered uranium dioxide (UO32), a highly stable ceramic material. The UO»
powder 1s put under high pressure to form fuel pellets, each about 5/8 inch long
and 3/8 inch in diameter (refer to Figure 1-9), Approximately five pounds of
these pellets are placed into a 12 foot long metal tube made of zirconium allov
The tubes constitute the fuel cladding. The fuel cladding is highly resistant to
neat, radiation and corrosion. When the tubes are filled with fuel pellets, they

are called fuel rods
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Figure 1-0: The reactor core at Davis-Besse «ontains 177 fuel assemblies. Each
assembly contains 208 fuel rods, Each fuel rod is filled with approximately five
pounds of fuel pellets, each pellet approximately 3/8 inch in diameter and 5/8
inch long,

The Reactor Core

Two hundred eight fuel rods comprise a single fuel assembly. The reactor core
at Davis-Besse contains 177 of these fuel assemblies, each approximately 14 feet
tall and 2,000 pounds in weight. In addition to the fuel rods, the fuel assembly
also contains 16 vacant holes for the insertion of control rods, and one vacant
hole for an incore monitoring probe. This probe monitors temperature and neu-
tron levels in the fuel assembly. The Davis-Besse reactor core weighs approxi-
mately 207,486 pounds, while the reactor vessel itself weighs 838,000 pounds,
has a diameter of 14 feet, is 39 feet high, and has 8 1/2 inch thick steel walls.

Fission Control

The fission rate inside the reactor core is controlled by raising or lowering con-
trol rod assemblies into the reactor core. Each assembly consists of 16 “fingers"
containing silver, indium and cadmium metals that absorb free neutrons, thus dis-
rupting the fission chain reaction. When control rod assemblies are slowly with-
drawn from the core, fissioning begins and heat is produced. If the control rod
assemblies are inserted rapidly into the reactor core, as during a plant "trip," the
chain reaction ceases. A slower acting (but more evenly distributed) method of
fission control is achieved by .he addition of a neutron poison to the reactor cool-
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Reactor Types

Virtually all of the commercial reactors in this country are either boiling water
reactors (BWRs) or pressurized water reactors (PWRs). Both types are also

alled light water reactors (LWRs) because their coolant, or medium

28 | 4 rh

dinary water, cot ng (ne | SOLODe Of hvdrogen. Son

use the heavy 15otope of hvdrogen (deuterium) in the reactor coolar

tors are called heavy water reactors, or H'WYRs

[n BWRs, made by the General Electric Company, water boils to steam d

n the reactor vessel. In PWRS, made by the Babcock & Wilcox Compa

Lia
bustion Engineering, Inc,, anil the Westinghouse Electric Corporation, t

no 2

tOr water or coolant I1s pressurized to prevent it from boiling, lnstead, 'e

water is pumped to a steam generator, where its heat is transferred to a sepat

supply of water. The water inside the steam generator boils into steam. Davis
Besse uses a PWR, while the Perry Nuclear Power Plant, owned by Toledo
dison’s sister company, Cleveland Electric [lluminating, uses a BWR. The
a th e

davis-Besse and Perry Nuclear Power Stations are the only two commercial re

LtOrs 1N the State ot Lhnio
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Station Systems
I‘(' “"L;arn‘g"‘;“ E5Crihe ne var SY5HIC N tra‘ed l b
n page 5. Major syste e Davis-Besse S \re g1 { '
S F. .

‘ FIGURE 10 LEGEND

GREEN - Reactor Coolant System (Pr ry Coolant Water)

RED - Main Steam System
t BLUE - Condensate/Main Feedwater System (Secondary Coolant Water)
|

YELLOW - Circulating Water System (Tertiary Coolant Water)

‘,‘)( )1{) . l :V‘.-’:'!:f.“u'\ ( ore Cooling Svstem

SCARLET - Auxiliary Feedwater System
;

GREY - Pressurizer and Associated Structures
1
{
i

1-24
LN \ j . .‘:‘_



oNIGNG
AYVITIXNY

ANINNIVINOQD

i ON un
uoijelsS 18Mod Jesponp assag-sine()



vessel {!

tive pressure boundary around the

1)

Wi
\pative

ICEALING

nresent
presen

ment. It

lower than that outaaars, thus forgir

im

r
r

[he free-standing contain

T he shield buillding protects the contaunn

- A i y
Davis-Besse Nuclear Power S'ation 19 Annual Environmental Operating Repon
Containment Bulkding end Fisaon Product Relesase Bamens
I'he containment building at Davis-Besse houses the reactor vesse!, the pre
ssurizer and two steam generators. The building 1s constructed of an inner | in¢h
thick steel liner or containment vessel, and the shield building with steel rein
reed concrete walls 2 feet thick ] [

' " \ T2l Cry | . nd nrvowvicle ) vt tO ¢
M A vanety of environmental tactors, and provides an area ior a nega:

¢ integrity

pressure o«

Ml
YOSSIDIE

boo
tne

)

Y

CO

of the shield building s

e ant 4

SONLAINIMENL VeSSl 5

plishes this by maint

sRELAs e

for the cantamiihaied air

-
"

-——————

-
e e . g SO NG

S A

ANGAry ensoures |

&
»

; lilll *‘if
b ‘ ’
i § o \
| 3

A |

tainment vessel. In the event that

ompromised (€.&., 4 Crack deveiops ), this
Nat any &irborne racdioactive cont nati
prevented trom ieaking out (nto tne &nvir
ning the pressure inside the sineld building
fig cical S1IG€ @Ir 10 1eak 1N, whine maxing !
Insidde the containment veasel 10 24X out

1t vessel 1S the third in @ sermes of barriers (refer to

>
-

| o e
-
| s
\‘-‘—‘. —-— /"
\
1
\ /
- .
Nt T S 4. P a—— 2
~ &

e g

N T

enmanmem vesse!l and concrete shield bullding 1s designed to contarr

cducts 10 the environment in the event of an accident at Lavis-

dition to these barriers, a negative

[ jhere are three solation parrers that would prevent the release of

C
raJioactive contaminants

Camm—— A ———

’ Besse in
pressure boundary mainiained hetween the
1A l".?‘n_

me

o J

v €

|
|

.9
1-ob
3 - VRN - \_-\; o ¥ Py g
' + TR s Vo
- PR S . L ‘ A :
~ ¢ o e oA

3
!
y




Annuil Eavieonmental Dpaneting Repon 1680 Davis-Besse Nuclear Power Station

Figure 1-11) that prevent the release of fission products in the unlikely event of
an necident, The first barrier to the release of fission products is the fuel clad-
ding itself, The second barrier is the walls of the primary system, i.¢. the reactor
vessei, steam generator and associated piping.

The Stear Gansrstors

The steam generators at Davis-Besse perform the same function s a boiler at a
fossil-fueled power station. The steam generater uses the heat of the primary
coolant inside the steam generator tubes 1o boil the secondarty side feedwater
{secondary coolant) surrounding the tubes un the outside. Fission hegt must be
transferred from the reactor core 10 the steam generator in order 1o provide the
steam necessary to drive the turbine. Howewver, heat must glso be removed from
the core even after reactor shutdown in order to prevesnt damage 10 the fuel clad-
ding. Therefore, pumps maintain 2 continuous flow of coolant through the reac-
tor and steam generator. Primary loog water (green in Figure 1-10) exits the
reactor at approxirhately 606"¢, passes through the steam generator, transferring
some of its heat energy to the secondary loop water (biue in Figure 1-10) without
ever actually corning in contact with it, Primary coolant water exits the steam
generator at approximately 558°F 10 be circulated back into the reactor where i
i again heated to 606°F as it passes up through the fuel assemblies. Under ordi-
nary condicions, water inside the primury sysiem would bl loag before it
reached such temperatures. However, it is kept under a pressure of approxi-
mately 2,200 pounds-per-square-inch {psi) at all times. This prevents the water
from boiling and is the reason the reactor at “avis-Besse is culled a Pressurized
Water Reactor. Secondary loop water enie-- the base of the steam generator at
approximately 400°F and undur 1100 psi pressure. At this pressure, the water can
easiiy boil into steam as it passes over the tubes containing the primary coolant
water,

Both the primary and the secondary coolant water are considered closed loop sys-
tems. This means they are designed not to come in physical contact with one an-
other. Rather, the coolant (i.e., water) contained in each loop transfers heat
energy by the process of convection. Convection is a method of heat transfer
that can occur between two fluid media. [t is the same process by which radiators
are used to heat homes, The water circulating inside the radiator is separated
from the air (a "fluid" medium) by the metal piping.

The Turbine-Generator

The turkine, main generator, and the condenser are all housed in what is com-
monly referred to as the Turbine Building.
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IEe purpose he turbine is 10 convert the thermal energy of the steam pt!
I v ed 1n Lhe CAIm generalor (relerre s main steam, red in Fig
r»(.‘llnn.ﬂt(t(l;p 1 Lhe turt e-pent r shaft. The turbine at Davis-Be
\ { ¢ ! ¢ A R€ NIRN Pressure turoing O W Ve j ¢ W
gne g common shaft. A turbine stage retet a set of
! ¢ ers & e cénter Cac! Dine { W wil! i ¢
hal JaJi ¢ Qire Lthroug! cessive stage of g A ¢
eam passes over the turbine blades, it i0ses pressure. Thus, the { b
& DOT LY larger CCessIve stage extract enough energy | he
team to rotate the shaft at the correct speed
['he purpose of the main generator |8 | nvert the rotational energy of the
halt to electrical energy for commercial usage and supoort of station systen
'he main generator is composed of two parts, @ stationary stator that conta
\ COLS Of Copper conductors, ar d a rotor that supples a rotating magnetic [e
' ' within the coils of the stator, Electrical current is generated in the stator port
{ the main generator, From this point, the electric current passes thiough a se
ries of transformers for transmission and use throughout northern Ot
aLy The Condenser
T After the spent steam in the secondary l0op (Diue in Figure 1-10) passes throug!

the high and low pressure turbines, it is collected in a cavernous condenser se\
eral stories tall and containing more than 70,000 small tubes. Circulating (cire)

water (vellow in Figure 1-10) from the cooling tower passes through the tubes

side the condenser, As the steam from the low pressure turbines passes ove
these tubes, it is cooled and condenser. The condensed water is then purified
and reheated before being circulated back inte the steam generator again 1h a
¢inced loop system, Circ water forms the third (or tertiary) and tinal 100p ol
cooling water used at the Davis-Besse Station

As with the primary to secondary intertace, the secondary 1o tertiary i race i

based on a ~losed loop design. In other words, the circulating water 1s abie 10

cool the steam 1n the condenser, without eve actually coming in contact with it
Dy the Process of convection. Even in the event of a primary to secondary 1eax

) the water vapor exiting the Davis-Besse cooling tower would remain non-radioac
tive., Closed IOOPS @re an integrai part ol the d(‘*.}‘,h Ol any nuciear power &CLIty

'

10 greatly reduce the chance of environmental impact from siation operation
! ! ¢

The Cooling Tower

th
he

I'he cooling tower at ) wvis-Besse 15 easily the most nouceabie, and often t
nost misundersiood, feature of the plant The tower stands 493 feet high ancg

the diameter of the base is 411 feet. The two pipes circulating water to the
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Viany power stations, both nuclear and tossil-fueled, utilize cooling towers

Cool station discharge watetr Federal regulations governing the water tempera
ture of rivg s, lakes, and bays require that power station operation introcuce re
ely small changes in water ten perature. An increase \n water temperature |

not necessanly getrimental 10 aquatic life. Fishermen usually find that the
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fishing areas are in the vicinity of warm water effluents from power stations
Warm water has also been found to accelerate the growin and insrease the siz¢
oysters and shrimp harvested by commercial fishermen. Unfortunately, the same
e
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1
WArmM water may also attract undesirabtle aquatic OTrganisims such as ithe ze

mussel. In additon, an ir.crease in water temperature guring the summe? m ns

ould Jecrease the water's oxygen content and could therefore precipitate a
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Miscelianeous Station Safety Systems

e gold system in Figure 1-10 is part of the Emergency Core Cooling System
(ECCS) housed in the Auxiliary Building of the station. The ECCS consists of
three overlapping means of keeping the reactor core covered with water, in the

')

unlikely event of a Loss Of Coolant Accident (LOCA), thereby protecting the
r g
fuel cladding barrier against temperature failure. Depending upon the severity

of the loss of pressure inside the primary system, the ECCS will automatically
channel borated water into the reactor by either high pressure injection pumps

)
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a core Nood tank, or low pressure injection pumps. Borated water can also be
sprayed from the ceiling of the containment vessel to cool and condense any
steam that may escape from the primary system.

The grey system illustrated in Figure 1-10 is responsible for maintaining the pri-
mary coolant water in & liquid state. [t accomplishes this by adjusting the pres.
sure inside the primary system  Heaters inside the pressurizer turn water into
steam. This steam takes up more space inside the pressurizer, therefore increas-
ing the overall pressure inside the primury system, The pressurizer is also
equipped with spray heads that shower cool water over the steam in the pre-
ssurizer. In this case, the steam condenses and the overall pressure inside the pri-
mary system drops. The quench tank pictured in Figure 1.10 is simply where
excess steam is directed and condensed for storage.

The scarlet system in Figure 1-10 is part of the Auxiliary Feedwater System, o
key safety system in the event the main feedwater supply (blue in Figure 1-10) to
the steam generator is inadequate. Following a reactor shutdown, the Auxiliary
Feedwater System can supply water to the steam generators from the Conden.
sate Storage Tanks. The Auxiliary Feedwater System is housed in the Turbine
Building along with the turbine, main generator, and the condenser.

Reactor Safety and Summary

Nuclear power plants are inherently safe not only by the laws of physics, but by
design. Nuclear power plants cannot explode like a bomb because the concentra-
tion of fissionable material is far less than is necessary for such a nuclear explo-
sion. Just as the battery of a flashlight provides enough energy to produce light,
the amount of energy produced by the battery is not enough to cause un electri-
cal shock to a person handling the flasilight

Many safety icatures (such as the Auxiliary Feedwa er System) are also equipped
with several backup systems to ensure that any pos.ible accident would be pre-
vented from causing a serious health or safety threat to the public, or serious im-
pact on the local environment. The Davis-Besse Station, like all U.S. nuclear
units, has many overlapping, or redundant safety features. If one system should
fail, there would still be back-up systems to assure the safe operation of the Sta-
tion. During normal operation, the Reactor Control System regulates the power
outpr't by adjusting the positicn of the control rods. The reactor can be automati-
cally shut down by a separate Reactor Protection System that causes all the
control rod assemblies to be quickly and completely inserted into the reactor
core, stopping the chain reaction. To guard against the possibility of a Loss Of
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Coolant Accident, the Emergency Core Cooling System is designed to pump re-
serve water into the reactor automatically if the reactor coolant pressure drops
below a predetermined level.

The preceding pages should provide basics on electrical generatiza, and more
specifically, how the Davis-Besse Nuclear Power Station orsrates to produce &
reliable, safe, and environmentally sound source of electricity.

1.31
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Description of the Davis-Besse Site

The Davis-Besse si‘e is located in Carroll Township of Ottawa County, Ohio. It
is on the southwestern shore of Lake Erie, just north of the mouth of the
Toussaint River. The site lies north and east of Ohio State Route 2, approxi-
mately 10 miles northwest of Port Clinton, 7 miles north of Oak Harbor, and 2§
miles east of Toledo, Ohio (Figure 1-12),

This section of Ohio is flat and marshy, with maximum elevations of only a few
feet above the level of Lake Erie. The area originally consisted of swamp forest
and marshland, rich in wildlife but unsuitable for settiment and farming. During
the nineteenth century, the land was cleared and drained, and has been farmed
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Turtle Creek. Crane Creek State Park, and the Ottawa National Wildlife Refuge
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Station. Magee Marsh is a wildlife preserve allowing public fishing, nature study,
and controlled hunting in season. Turtie Creek, a wooded area at the southern
end of Magee Marsh, offers boating and fishing, Crane Creek State Park is adja-
cent to Magee Marsh and is a popular picnicking, swimming, and fishing area,
The Ottawa National Wildlife Refuge lies four to nine miles WNW of the site,
immediately west of Magee Marsh,
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The noble gas fission products in the primary coolant are given off as a gas when
the coolant is depressurized. These gases are then collected by a system de-
signed for gas collection and storage for radioactive decay prior to release.

Small releases of radioactivity in liquids may occur from valves, piping or equip-
ment associated with the primary coolant system. These liquids are collected
through a series of floor and equipment drains and sumps. All liquids of this na-
ture are processed and carefully monitored prior to release.

Noble Gas

Some of the radionuclides released in airborne effluents are radioactive isotopes
of noble gases, such as xenon and krypton. Noble gases are biologically and
chemically nonreactive. They do not concentrate in humans or other organisms.
They contribute to human radiation exposure by being a source of external whole
body exposure. Xenon-133 and xenon-135, with half-lives of approximately five
days and nine hours, respectively, are the major radioactive noble gases released.
They are readily dispersed in the atmosphere. In 1990, approximately 1090 cu-
ries of noble gases were released. The calculated offsite gamma and beta air
doses due to the release of this activity were 0.024 mrad and 0.068 mrad, respec-
tively and are less than 1.0% of their respective Technical Specifications limits.
Additional dose information is provided in Table 14 on page 1-42.

lodine and Particulates

Annual releases of radioisotopes of iodine and radioactive particulates (with half-
lives greater than eight days) in gaseous and liquid effluents are sma!l, Factors
such as their high chemical reactivity and solubility in water, combined with the
high efficiency of gaseous and liquid processing systems, minimize their dis-
charge. The predominar.i radioiodine released is iodine-131 with a half-life of
approximately eight days.

The principal radioactive particulates released are radioactive fission products
(cesium-134 and cesium 117) and activation products (cobalt-58 and cobalt-60).
During 1990, the amount of radioactive iodine and particulates (excluding tri-
tium) released was approximately 3.8c-3 curie in gaseous effluents and 0,14
curie in liquid effluents. These releases were w21l below all applicable regula-
tory limits, Additional dose information is provided in Table 14 on page 1-42.
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A meteorological tower is located in the southwest sector of the Station. It is
linked to a computer which records the meteorological data. Coupled with the
effluent release data, the meteorological data are used to calculate the dose to
the public. Beyond the plant, devices maintained in conjunction with the Radio-
logical Environmental Monitoring Program constantly sample the air in the sur-
rounding environment. Frequent samples of other environmental media, such as
water and vegetation, are also taken to determine if buildup of deposited radioac-
tivity has occurred in the area.

Exposure Pathways

Radiological exposure pathways define the methods by which people may be-
come exposed to radioactivity, The major pathways of concera ure those which
could cause the highest calculated radiation dose. These pathways are deter-
mined from the type and amount of radioactivity released, the e nvironmental
transport mechanism, and the use of the environment. The environmental trans-
port mechanism includes consiferation of prysical fectors, such as the hydrologi-
cal (water) and meteorological (weather) charactenstics 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 the
radionuclides will be distributed in the ared. The taost important factor in evalu-
ating the exposure pathways is the use of the environment. Many factors are con-
sidered such as dietary intake of residents, recreational use of the area, and the
location of homes and farms in the area.

The external and internal exposure pathways considered are shown in

Figure 1-11 and 1-12. The release of radioactivity in gaseous effluents involves
pathways such as direct radiation, deposition on plants, deposition on soil, inhala-
tion by animals destined for human consumption, and inhalation by humans.
The release of radioactivity in liquid effluents involves pathways such as drinking
water, fish consumption, and direct exposure from the lake, both shoreline and
immersion in the lake (swimming).

Although radionuclides can reach humans by many different pathways, some are
mare important than others. The pathway of concern is termed the critical puth.
way. Tne critical pathway is the exposure pathway which will provide, for a spe-
cific radionuclide, the greatest dose to a population, or to a specific group of the
population, called the critical group, The critical group may vary depending on
the radionuclides involved, the age and diet of the group, or othe: cultural fac-
tors. The dose may be delivered 1o the whole body or to a specific organ. The
organ recelving the greatest fraction of the dose is called the critical organ.

1-39




Annual Environmental Operating Repon avis-Bosse Nuclear Power

r

\

B A N
2
A LT
' / ALY

A |

vy

S at =Y

—

b
.4%.,,‘_‘.;\.’..,

-

Fig The external axposure pathways, shown hare
through the »".a(_h(;n-;)gu &l Environmental Monitoring Fr Mran
nsdered whan calculating doses 10 the puic

are montored
REMP) and are

o ‘W ‘\ln’o HE

(" s ¥ 1. g,

ANIMA LY ‘
MILK, MEAT

DN ALATION

. ! C

i
- .n‘m

L

) \!MA &

LT

FLELASES

5
n

A
HELLANES
ﬁ el a Axed
‘M 4] ) By
AL S LAKY

oY W u\
Nl" %‘8\““ >

/'h" J

G :,ow-. w'l E

PUTATEW
-

l'»

ot '.', ‘
\ - \."" b
/ " - -

_"1 TAkd

{‘l\‘ which
fo0ds thay aal

Fig. 1-12 Internal exposure pathways inciuds the methoos
adioactivity could reach people around the Station via the
ik they drink. and the air they Draathe

the




Annual Environmental Operating Repon 1990 Davis Besse Nuciear Power Station

Dose Assessment

Dose is the energy deposited by radiation in an exposed individual. Whole body
radiation exposure involves the exposure of all organs, Most background expo-
sures are of this form. Both non-radioactive and radioactive elements can enter
the body through inhalation (breathing) or ingestion (eating, drinking). When
they do, they are usually not distributed evenly. For example, radioactive iodine
selectively concentrates in the thyroid gland, while radioactive cesium collects in
muscle and liver tissue, and radioactive 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 to their rapid radio-
active decay and/or elimination rate from the body, while other radionuclides
may remain in our bodies for longer periods of time,

The dose to people in the area surrounding Davis-Besse is calculated for each lig-
uid or gaseous release. The dose due to radioactivity released in gaseous efflu-
ents is calculated using factors such as the amount of radioactivity released, the
concentration of radioactivity beyond the site boundary, the weather conditions
present at the time of the release, the locations of important pathways (cow milk,
poat milk, vegetable gardens, and residences), and usage factors (inhalation, food
consumption). The dose due to radioactivity released in liquid effluents is calcu-
lated using factors such as the amount of radioactivity released, the total volume
of radioactive liquid, the total valume of dilution water, near field dilution, and
useage factors (water and fish consumption, shoreline and swimming factors).
These calculations produce a conservative estimation of the dose.

RESULTS

The results of the effluent monitoring program are reported 10 the Nuclear Regu-
latory Commission in the Semiannual Effluent and Waste Disposal Report. For
1990, the doses from radioactivity released in gaseous and liquid effluents were a
small fraction of the Davis-Besse Technical Specifications limits, The offsite
whole body dose due to radioactivity released in liquid effluents was approxi-
mately 7.3% of the annual Technical Specifications limits, The offsite gamma
and beta air doses due to radioactivity released in gaseous effluents were

smaller; each was less than 0.4% ot the annual Technical Specifications limits,
Table 1-4 summarizes the dose due to radioactivity released in effluents in 1990,
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Table 1.4: 1990 Offsite Doses to the Public due to Radioactivity Released in

Cascous and Liguid EMucnts

| 994 Annual Percent
Dose Limit of Limi
Liquid EMuents
Whole Body 0.22 mrem ' miem T
Organ (liver) 03] mrem 10 mrem L%
Guaseous EMuents
Noble Gas
Gamma (air dose) 0.024 mrad 10 mrad 0.24%
Beta (air dose) 0.068 mrad 20 mrad 0.M7%
lodine< 131, tritium and
i particulates with half.
lives greater than 8 days 0,053 mrem | mrem 0.36%
Prior 1~ Jancary 1, 1990, a small leek appeared in one of the steam generator
wh.ch allowed o small fraction of the radioactivity present in the primary €o
be transferred to the secondary loop. Although the steam generalor 1€ax |

sontributed to the radioactivity released in etffluents and to the Qose 10 the p
during 1990, the o\'site doses have remained 1ess than N f the annual Tect

cal Speciications gose Lmits
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22. "Sources, Effects and Risks of lonizing Radiation," United Nations Scientific
Committee on the Effects of Atomic Radiation 1988 Report to the General As-
sembly, United Nations, New York (1988),

23, "Standards for Protection Against Radiation," Title 10, Part 20, Code of Fed-
eral Regulations, Washington, D.C. (1988).

24, "Domestic Licensing of Production and Utilization Facilities," Title 10, Part
80, Code of Federal Regulations, Washington, D.C. (1988),

25. "Environmental Radiation Protection Standard for Nuclear Power Opera-
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26, "Tritium in the Environment," Report No, 62, National Council on Radiation
Protection and Measurements, Washington, D.C. (March 1979),
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Radiological Environmental Monitoring
Program

Introduction

The Radiological Environmental Monitoring Program (REMP) was established
at Davis-Besse foi several reasons: to provide a supplementary check on the ade-
quacy of containment and effluent controls, to assess the radiological impact, if
any, that Station operation has on the surrounding area, and to determine compli-
ance with applicable radiation protection guides and standards. Environmental
surveillance at Davis-Besse has been a part of the radiological programs con-
ducted at the Station for approximately 19 vears. The Radiological Environmen-
tal Monitoring Program was established in 1972, five years before the Station
became operational. This preoperational surveillance program was established
to describe and quantify the radioactivity, and its variability, in the area prior (o
the operation of Davis-Besse. When Davis-Besse became operational in 1977,
the REMP continued to measure radiation and radioactivity in the surrounding
arezs. The operational surveillance program has been collecting environmental
data for over 13 years now.

A wide variety of environmental samples are collected as part of the REMP at
Davis-Besse. The selection of sample types is based on the established critical
pathways for the transfer of radionuclides through the environment to humans.
The selection of sampling locations is based on sample availability, local meteo-
rological and hydrological characteristics, local population characteristics, and
land usage in the area of interest. The selection of sampling frequencies for the
various environmental media is based on the radionuclides of interest, their re-
spective half-lives, and their behavior in both the biological and physical environ-
ment,

A description of the Radiological Environmental Monitoring Program at Davis-
Besse is provided in the following section. In addition, a brief history of analyti-
cal results for each sample type collected since 1972, and a more detailed
summary of the analyses performed in 1996, are also provided.
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Operational Surveillance Program Objectives

The operational phase of the environmental surveillance program at Davis-Besse
was designed with the following objectives in mind:

o to fulfill the obligations of the radiological surveillance
sections of the Station's Technical specifications,

® to deterraine whether any significant increase oceurs in the
concentration of radionuclides in critical pathways,

¢ to identify and evaluate the buildup, if any, of radioactivity in
the local environment, or any changes in normal background
radioactivity, and

® (o verify the adequacy of Station controls for the release of
radioactivity.

Quality Assurance -

An important part of the environmental monitoring program at Davis-Besse is
Quality Assurance (QA). QA consists of all the planced and systematic actions
that are necessary to provide adequate confidence in the results of an activity
such as the REMP. QA is a program which checks ihe adequacy and validity of
the monitoring program through routine audits, strict adherence to written poli-
cies and procedures, and attention to good record-keeping practices.

The QA program at Davis-Besse is conducted in accordance with the guidelines
specified in NRC Regulatory Guide 4.15, "Quality Assurance for Radiological
Monitoring Programs." The QA program is designed to identify possible defi-
ciencies in the REMP so that corrective actions can be initiated promptly. Davis-
Besse's Quality Assurance program also provides confidence in the results of the
REMP through:

o performing regular audits (investigations) of the REMP,
including a careful examination of sample collection
techniques and record keeping,

¢ performing audits of contractor laboratories which analyze
the environmental samples,

® requiring analytical contractor laboratories to participate in
the Uiuted States Environmental Protection Agency
Cross-Check Program,
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¢ Requiring analytical contractor laboratories to split samples
for separate analysis followed by a comparison of results,

e splitting samples prior to analysis by independent
laboratories, and then comparing the results for agreement,
and, finally,

e requiring analytical contractor laboratories to perform
in-house spiked sample analyses,

QA audits and inspections of the Davis-Besse REMP are performed by groups
such as Davis-Besse's QA department and representatives from the NRC. In ad-
dition, the NRC and the Ohio Department of Health (ODH) also perform inde-
pendent environmental monitoring in the vicinity of Davis-Besse. The types of
samples collected and the sampling locations used by the NRC and ODH were
incorporated in Davis-Besse's REMP. Hence, the analytical results from the dif-
ferent programs can be compared. This practice of comparing results from iden-
tical samples, collected and analyzed by different parties, provides a valuable QA
tool to verify the quality of both the laboratories’ analytical procedures and the
data generated.

In 1987, environmental sampling personnel at Davis-Besse incorporated their
own Quality Assurance program into the REMP. Duplicate samples, called qual-
ity control samples, were collected at several locations. These duplicate samples
were assigned different identification numbers than the numbers assigned to the
routine samples. This ensured the anaiytical laboratory would not know the sam-
ples were identical. The laboratory results from analysis of the quality control
samples and the routine samples could then be compared for agreement. Qual-
ity control sampling has become an important part of the REMP since 1987, pro-
viding a check on the quality of analyses performed at the contracted analytical
lahoratory. Quality control sampling locations are changed frequently in order
to duplicate as many sampling locations as possible, and to ensure the contractor
laboratory has no way of correctly pairing a quality control sample with its rou-
tine sampie couterpart,

Program Description
Overview
The Radiological Environmental Monitoring Program at Davis-Besse consists of

the collection and analysis of a wide variety of environmental samples. Samples
are collected on a routine basis either weekly, monthly, quarterly, semiannually,
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ot annually, depending upon the sample type and nature of the radionuclides of
interest. Environmental samples collected by Davis-Besse personnel are divided
into four general categories:

¢ atmospheric - including samples of airborne particulates,
airborne radioiodine, and snow,

¢ terrestrial - including samples of milk, groundwater, broad
leaf vegetation and fruits, animal/wildlife feed, soil, and wild
and domestic meat,

® aquatic - including samples of treated and untreated surface
water, fish, and shoreline sediments, and

¢ direct radiation -- measured by thermoluminescent
dosimeters.

All environmental samples are labled using a sampling code. Table 2-1 provides
the sample codes and collection frequency for each sample type.

28
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Table 2<1: Sample Codes and Collection Frequencies

Sampiedvpe
Airborne Particulate
Airhorne todine
Mhermoluninescent Dosimeter

Snow

Milk

Groundwaler

Broad Leal Vegetation
and Fruits

Surface Water - Treated
Surface Water - Untreated
Fish

Shoreline Sediments

Soil

Animal/Wildlife Feed
Meat-Domestic

Meat-Wild

\;f"“;i'. { o

AV

Al

LD

S50

BLV/FR\

SWI

SW1

Fis

SED

SOl

AF

MeD)

Me(W)

e PR ~ sann

Collection Frequeno

Weekhy

Weekly

Quarterly, Annuall
When Available

Monthly (semi-monthly
during grazing season

Quarterly

Monthly (July-September)
Week!r
Yveekls
Semiannualhy
Semiannually
Semiannually
Semiannually
Annuglly

Annually
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REMP samples are collected at numerous locations, both onsite and up 10 28
miles away from the Station. Sampling locations may be divided into two general
categories: indicator and control. Indicator logations are those which would be
most likely to display the effects caused by the operation of Davis-Besse. Gener-
ally, they are located within five mulss of the station. Cortrol iecations are those
which should be unaffected by Station operations. Typically, thesc are more than
five miles away from (he Station. Data ebtained from the indicator locations are
compared with data from the control locations. This comparizon allows REMP
personne! to take inio accoust naturally occurring background radiation, inglud-
ing nuclear falloui from weapons testing, in evaluating any radiological impact
Davis-Besse has on the surrounding environment. Data from indicator and con-
trol locations are also compared with preoperational data o determine whether
significant variations or trends exist,

Beginning on page 2-8 through 2-11, Figures 2-1 through 2-4 identify the REMP
sampling locations on the Davis-Besse site, within a five mile radius, within a ren
mile radius, and in Lake Erie, respectively. Table 2-2 provides a more detailed
listing of the locations of all sampling sites and the types of samples collecred at
cach site,

R N N R S—
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Table 2-2: Descriotion of REMP Sampling Locations and Types of
Samples Collected at Each

Site Type of Location Description Type(s) of
Number Location Samples**
(1,C or QC)*
T1 | Site boundary, 0.6 mile ENE of Station. Al ARTLD
SOI, SNO
T2 I Site boundary, 0.9 mile E of Al AP, TLD,
Station, SOl
T3 | Site bourdary, 1.4 miles ESE of Al AP, TLD,
Station, SOIL, SWU, SED
T4 I Site boundary, 0.8 mile S of Al AP TLD,
Station, 501, SED, SNO
T-5 I Site boundary, 0.5 mile W of TLD TLD
Station,
T-6 I Site boundary, 0.5 mile NNE TLD
of Station,
7 I Sand Beach, main entrance, 0.9 Al, AP, TLD,
mile NW of Station, SOI, GW
T8 | Farm, 2.7 miles WSW of Station. Al AP, TLD,
MIL, SOI, AF,
BLV, FRU, SNO
* I =Indicator C = Control QC = Quality Control

*%Refer to Samp'e Codes in Table 2-1, page 2-6.
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Table 2-2: Description of REMP Sampling Locations and Types of
Samples Collected at Each

Site Tvpe of Location Description Type(s) of
Number Location Samples**
(1,C or QC)*

T9 C Oak Harbor Substation, 6.8 miles Al AP, TLD,
miles SW of Station, SOIL, SNO

T-10 | Site boundary, 0.5 mile SSW of TLD
Station.

T11 C Port Clinton Water Treatment Plant Al, AP, TLD,
9.5 miles SE of Station. SOI, SNO

SWT, SWU

T-12 C Toledo Water Treatment Plani. Al, Al, AP, TLD,

AP, TLD, and SOI collected 23.5 SOIL SWL, SWT

miles WNW of Station, SWU and SWT
samples taken from Intake Crib 11.25

miles NW of Station,
T-23 & South Bass Island, 145 miles ENE of TLD, SOI, SED
Station, SWLU, SWT, GW
FRU
T-24 o Sandusky, 21.0 miles SE of Station. TLD, MIL
T-28 | Farm, 3.7 miles S of Station. BLY, FRU
* |=Indicator C = Control QC = Quality Control

**Refer to Sample Codes in Table 2-1, page 2-6.
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fable 2-2: Description of REMP Sampling Locations and Types of
Samples Collected «t Each

Site Ivpe oI Location Description Type(s) of

Number Location Samples**

|.C or QC)*

.27 ( Crane Creek State Park, 53 miles AL, AP, TLD,
WANW of Station SOI, GW, SER

[-28 | Treated and untreated water supply, SWL, SWI
at the Davis-Besse site

T-31 | Onsite roving location. Me(W), Al

T-33 | Lake Erie, within § mile radius FIS
of Station.

[-34 ( Offsite roving location, land greater. Me(W), Ak
than 10 mile radius of Station.

[-38 ( Lake Erie, greater than 10 mile FIS
radius of Station,

T-37 ( Farm, 13.0 miles SW of Station BLY, FRI

T-38 | Site boundary, 0.6 mile ENE of TLD
Station,

T-39 | Site boundary, 1.2 miles ESE of TLD
Station.

* | =Indicator C = Control QC = Quality Control

*¢Refer to Sample Codes in Table 2-1, page 2-6.
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Table 2-2: Description of REMP Sampling Locations and Types of
Samples Collected at Each

Site Type of Location Description Type(s) of
Number Location Samples**
(1,.C or QC)*

T40 | Site boundary, 0.7 mile SE of TLD
Station,

T41 1 Site boundary, 0.6 mile SSE of TLD
Station.

T42 | Site boundary, 0.8 mile SW of TLD
Station.

T43 | Site boundary, 0.5 mile SW of TLD
Station.

T-44 | Site boundary, 0.5 mile WSW of TLD
Station,

T45 | Site boundary, 0.5 mile WNW of TLD
Station,

T<46 I Site boundary, 0.5 mile NW of TLD
Station.

T47 I Site boundary, 0.5 mile N of Station. TLD

T48 I Site boundary, 0.5 mile NE of Station, TLD

T49 | Site boundary, 0.8 mile NE Of Station. TLD

* I =Indicator C = Control QC = Quality Control

**Refer to Sample Codes in Table 2-1, page 2-6.
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Table 2-2: Description of REMP Sampling Locations and Types of
Samples Collected at Each

- 02 e Triw e ————————

Site Iype of Location Description Type(s) of

Number Location

Samples*®
N\ *»
'\

s

Erie Industrial Park, Port Clinton, TLD. SWLU. SW1

4.5 miles SE of Station

Farm, 5.8 miles SSE of Station

Farm, 1.7 miles S of Station

Farm, 4.5 miles S of Station

Farm. 4.8 miles SW of Station

Farm, 5.0 miles W of Station

Farm, 22.0 miles SSE of Station

Site boundary, 0.3 mile S of Station,

Site boundary, 0.6 mile SE of Station.

Site boundary, 1.0 mile SE of Station,

Site boundary, 1.1 miles ESE of
Station,

Site boundary, 0.9 mile E of Station.

* | =Indicator C = Control QC = Quality Control
**Refer to Sample Codes in Table 2-1, page 26
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Table 2-2: Description of REMP Sampling Locations and Types of
Samples Collected at Each

Site Type of Location Description Type(s) of
Number Location Samples**
(1LC or QC)*

T-65 | Site boundary, 0.3 mile E of Station. TLD

T1-66 | Site boundary, 0.3 mile ENE of Station. TLD

T-67 1 Site boundary, 6.3 mile NNW of Station. TLD

T-68 I Site boundary, 0.5 mile WNW of Station, TLD

T-69 | Site boundary, 0.4 mile W of Station. TLD

T-70 1 Site boundary, 0.3 mile NNW of Station. TLD

T-71 1 Site boundary, 0.1 mile NNW of Station. TLD

T-73 | Site boundary, 0.1 mile WSW of Station. TLD

T-74 | Site boundary, 0.1 mile SSW ¢f Station. TLD

T-78 I Site boundary, 0.2 mile SSE of Station. TLD

T-76 I Site boundary, .1 mile SE of Station, TLD

T-77 I Site boundary, 0.1 mile ENE of Station. TLD

* [ =Indicator C=Control QC = Quality Control

**Refer to Sample Codes in Table 2-1, page 2-6.
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Davis-Besse Nuciear Power

lable 2-2: Description of REMP Sampling Locations and Types of
Samples Collected at Each

Site Type of Location Description Iype(s) of

Number  Location
|.C or QC)*

B T

Samples¥®

I-78 ' West Sister Island, 10.0 miles N of LD, SW1
Station

Quality Control site.
Quality Control site,
Quality Control site,
Quality Control site.
Quality Control site,
Quality Control site.
Quality Control site.
Quality Control site,
Quality Control site,

Toussaint East and Leutz Roads,
2.0 miles SSW of Station,

* [ =Indicator C = Control QC = Guality Control
**Refer to Sample Codes in Table 2-1, page 2-6.
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Davis-Besse Nuciear Power Station

Table 2-2: Description of REMP Sampling Locations and Types of

Samples Collected at Each

Site Type of Location Description Type(s) of

Number Location Samples**

(1.C or QC)*

T-91 | State Route 2 and Rankie Road, TLD
2.5 miles SSE of Station,

T-92 1 Locust Point Road, 2.7 miles TLD
WNW of Station.

T-93 | Twelfth Street, Sand Beach, 0.6 mile TLD
NNE of Station,

T-94 | State Route 2, 1.8 miles WNW of Station, TLD

T-95 o State Route 5§79, 93 miles W of Station, TLD

T-96 - State Route 2 and Howard Road, TLD
10.5 miles WNW of Station,

T-97 1 Duff Washa and Zetzer Road, TLD
1.5 miles W of Station,

T-98 C Toussaint-Portage and Bier Road, TLD
6.0 miles SW of Station.

T-99 | Behlman Road, 4.7 miles SSW TLD
of Station.

* | =Indicator C = Control QC = Quality Control

s*Refer to Sample Codes in Table 2-1, page 2-6.
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fable 2-2: Description of REMP Sampling Locations and Types of
Samples Collected at Each

Site Ivpe of Location Description Typeis) of
Number Location Samples**
(1.C or (81 )*

I-100 Ottawa County Highway Garage,

Oak, Harbor, 6.0 miles S of Station,

Finke Street, Oak Harbor, 6.5 tailes
of Station,

Oak Street, Qak Harbor, 6.5 miles
SSW of Station.

Lickert-Harder Road, 8.5 miles SW

of Station

Salem-Carroll Road, 7.3 miles SW

of Station.

Lake Shore Drive, Port Clinton,
6.0 miles SE of Station,

Third Street, Port Clinton, 8.9
miles SE of Station.

Little Portage East Road, 8.5

mi.2s SSE of Station.

T-108 Boysen Road, 9.0 mii.s S of Station, b

* | =Indicator C = Control QC = Quality Control
s*Refer to Sample Codes in Table 2-1, page 2-6.
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Table 2-2: Description of REMP Sampling Locations and Types of
__Samples Collected at Each

Davis-Besse Nuclear Power Station

Site Type of Location Description Type(s) of
Number Location Samples®*®
(1.C 0o QC)*
T-109 C Stange Road, 8.0 miles W of Station, TLD
T-110 C Tou=saint Merth and Graytown Road, LD
10.8 miles WSW of Station,
T-111 C Toussaint North Road, 8.3 miles TLD
WSW of Station.
T-112 I Thompszon Road, 1.5 miles SSW of TLD
Sta.ion.
T-113 QC Quality Control site. TLD
T-114 QC Quality Control site. TLD
T-118 QC Quality Control site. TLD
T-116 QC Quality Control site. TLD
T-117 C Quality Control site. TLD
T-118 QC Quality Control site. TLD
T-119 QC Quality Control site. TLD
* I=Indicator C = Control QC = Quality Control

**Refer to Sample Codes in Table 21, page 2+6.
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Table 2-2: Description of REMP Sampling Locations and Types of
Samples Collected at Each

s v—- -

e o4t

Site Iype of Location Description Type(s) of

Number Location

v!,". or (\N | ®

——— - —

Samples**

Quality Control site

State Route 19, 2.0 miles W of

Station

Duff Washa and Humphrey Road,
1.7 miles W of Station

Zetzer Road, 1.6 miles WSW of

Station,

Church and Walnut Street, Oak
Harbor, 6.5 miles SSW of Station

Behiman and Bier Roads, 4.4 miles
SSW of Station,

Camp Perry Western and Toussaint
South Road, 3.7 miles S of Station.

Camp Perry Westerr and Rymers
Road, 4.0 miles SSE of Station,

Erie Industrial Park, Fort

Clinton, 4.0 miles SE of Statisn,

e -.

* | =Indicator (= Control QC = Qualivy Control
**Refer to Sample Codes in Table 2-1, page 2-6.
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Table 2-2: Description of REMP Sampling Locations and Ty pes of
Samples Collected at Each

Site Type of Location Description Type(s) of
Number Location Samples**
(1,C or QT)*

T-130 I Lake Erie, 1.7 miles ESE of SWu
Station.

T131 I Lake Erie, 0.8 mile NE Of Station, SWU

T-132 1 Lake Erie, 1.0 milc E of Station, SWU

T-133 | Lake Erie, 0.8 mile N of Station. SwWu

1144 | Lake Erie, 1.4 miles NW of Station, SWU

T.138 | Lake Erie, 2.5 miles WNW of SWUuU
Station,

T-136 | Lake Erie, 3.8 miles WNW of SWU
Station.

T-137 C Lake Erie, 7.0 miies WNW of SWU
Station.

T-138 & Lake Erie, 11,0 miles NW of SWU
Station,

T-141 QC Quality Control site. GwW

* | = Indicator C = Control QC = Quality Control

**Refer to Sampie Codes in Table 2-1, page 2-6.
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L

fable 2-2: Description of REMP Sampling Locations and Types of
Samples Collected at Each

Site Type of Location Description Ivpeis) of
Number Location Samples**

(1,C or QC)*

1-142 Q( Quality Control site. SWi

[-144 | Green Cove Condominiums, 0.9 SWT
mile NNW of Station

I-14% Q( Quality Control site. SW1
1147 { Farm, 5.7 miles WSW of Station Me(D). AF
T-150 | Humphrey and Hollywood Read, TLD

2.1 miles NW of Station.

I-151] | State Route 2 and Humphrey Road, LD
1.8 miles WNW of Station.

T-153 | Leutz Road, 1.4 miles SSW of .p
Station.

I-184 | State Route 2, 0.7 mile SW of 'L.LD
Station.

I-155 C Fourth and Madison Street, Port TLD

Clinton, 9.5 miles SE of Station.

‘ T-156 ( Lake Erie, 8.0 miles WNW of Station, SWL1

* I =Indicator C = Control QC = Quality Control
**Refer to Sample Codes in Table 2-1, page 2-6.
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lable 2:2: Description of REMP Sampling Locatiens and Types of
Samples Collected at Each

Site Type of Location Description Ivpe(s) of
Numbe  Location

(1,C or QC)*

Samples**

lake Erie, 8.9 miles WNW of Station,

Lake Erie, 10.0 miles WNW of

Station,

Lake Erie, 10.2 miles WNW or Station,

Lake Erie, 3.5 miles ESE of Station.

| ake Erie, 4.7 miles SE of Station,

Lake Erie, 5.4 miles SE of Station,

Lake Erie, 8.5 miles SE of Station.

Lake Erie, 9.5 miles ESE of Station,

Lake Erie, 102 miles ESE of Station,

Lake Erie, 12.0 miles ESE of Station.

Lake Erie, 11.5 milmes E of Station.

Lake Erie, 12.5 miles ENE of Station.

* | =Indicator ‘= Control QC = Quality Control
¢*Refer to Sample Codes in Table 2-1, page 2-6.
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Table 2-2: Description of REMP Sampling Locations and Types of

Samples Collected at Each

Site Type of Location Description
Number  Location
(1,C or QC)*

Tvpe(s) of

Samples**

1-169 C Lake Erie, 14.0 miles ENE of Station, SW1
' 1-170 ( Lake Erie, 150 miles ENE of Station, SW1
I-171 ( Lake Erie, 15.5 miles ENE of Station SW1
* 1-172 B Lake Erie, 17.0 miles ENE of Station, SW1
I-173 K Firelands Winery, Sandusky. FRL
20.0 miles SE of Station.
T-173A » Firelands Vinevard, North Bass Island, FRI
163 miles ENE of Station,
T-197 | Farm, 1.7 miles W ¢f Station Me(D), AF
T-198 I Toussaint Creek Wildlife Area, 4.0 AF
i_ miles WSW of Station.
T-199 C Farm, 8.5 miles SW of Station, ML
1200 OcC Quality Control site. TLD
T-201 | Sand Beach, 1.1 miles NNW TLD
, of Station,
* | =Indicator "= Control QC = Quality Control

¢*Refer to Sample Codes iz Toble 2-1, page 2-6.
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Table 2-2: Description of REMP Sampling Locations and Types of
Samples Collected at Each

Site Type of Location Description Tyvpe(s) of
Number Location Samples**
(LCor QC)*

T-202 1 Sand Beach, 0.8 miles NNW of Station. TLD
T-203 I Sand Beach, 0.7 miles N of Station. TLD
T-204 | Sand Beach, 0.7 miles N of Station. TLD
T-208 | Sand Beach, 0.5 miles NNE of Station. TLD
T-206 | Site boundary, 0.6 miles NW of Station. TLD
T-207 I Site boundary, 0.5 miles N of Station. TLD
T-208 I Site boundary, 0.5 miles NNE of Station. TLD

* I=Indicator C=Control QC = Quality Control

**Refer to Sample Ccdes in Table 2-1, page 2-6.
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Sampie Analysis

When environmental sam

al sampies are analyzed tor radioactivity, severai types

neasurements may be periormed provide information about the type [ T
ation and radionuclides present. The n inalyses that H:c;c" rmed on eny
onmental samples collected t he Day }um( REMP include

® Csross Deta analysis

e (mf?..”..u\‘(‘ tral anaiysis

e Tritium analvsis

@ Strontium analysis

» Gamma dose (TLDs only)
Gross beta analysis measures the total amount of beta emitting radioactivity
present in a sampie. Beta radiation may be released by many different radionu-

clides. Since hct.x decay gives a continuous energy spectrum rather than the dis-
| crete lines or "peaks” associated with gamma radiation, identification of specific
L beta emitting nuclides is much more difficuli. Therefore, gross beta analys
' ndicates w .‘ ther the sample contains normal or abnormal concentrations ot

beta CTY“.'\".H‘.L‘ radioactivity; it does not identify sy ‘(\“.t radionuclides, Gross peta

analysis merely acts as a tool to identify samples that may require further analysis

on
VLl

Gamma spectral analysis provides more specific information than does gross
beta analysis. Gamma spectral analysis identifies each radionuclide present ir
the sampie that emits gamma radiation, and the amount ot

alil

radioactivity emitted
by each. No two radionuclides emit the same energy gamm

mma rays. Therefore
each radionuclide has a very specific "fingerprint” that allows for swift and accu-

rate identification. For example, gam

\a spectral analysis can be used to identify
the presence and amount of iodine- |

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 in diagnostic tes's,
and routine releases from nuclear power station

r
i
31
i

Tritium analysis indicates whether a sample contains the rac

(H-3) and the amount of radioactivity present as a result. As discussed in Chap

A ~lide tritinm
1ONUCLIGE (rlium

tear

ter One, tritium is a natural or man-made isotope of hydrogen that emits low
energy beta particles

Strontium analysis identifies the presence and amount of strontium-89 and
strontium-90 in a sample. These man

made radionueclidag are ¢ nd in the envi-
It} «MAade racdionuciides arc roOung i e Chvi

P
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Davis-Besse Nuclear Power Station 1990 Annual Environmental Operating Repon

ronment as a result of fallout from nuclear weapons testing. Strontium is usually
incorporated into the calcium pool of the biosphere. In other words, strontium
tends to replace calcium in living organisms and becomes incorporated in bone
tissue. The principal strontium exposure pathway is via milk produced by cattle
grazed on pastures exposed to deposition from gaseous releases.

Gamma Dr “es received by thermoiuminescent dosimeters while in the field are
determined by a special laboratory procedure that is more thoroughly discussed
on page 2-58,

Table 2-3 provides a listing of the type(s) of analyses performed on environmen-
tal samples collected for the Davis-Besse REMP.

Often samples will contain little radioactivity, and may be below the lower limit
of detection. The lower limit of detection (LLD) is the smallest amount of sam-
ple activity that will give a net count for which there is confidence, at a predeter-
mined level, that radioactivity is present. When a measurement of radioactivity
is reported as less than the LLD (< LLD), it mean. aat the radioactivity is so
low that it cannot be accurately measured by that particular method for an indi-
vidual analysis, with any degree of confidence.

Sample History Comparison

The concentration of radioactivity present in the environment will vary due to
factors such as weather or variations in sample collection techniques or sample
analysis. This is one reason why the results of sample analyses are compared
with results from other locations and from earlier years. Generally, the results of
sample analyses are compared with preoperational and operational data. Addi-
tionally, the results of indicator and control locations are also compared. This al-
lows REMP personnel to track and trend the radioactivity present in the
environment, to assess whether a buildup of radionuclides is occurring, and to de-
termine the effects, if any, the operation of Davis-Besse is having on the environ-
ment. If any unusual radioactivity is detected, it is investigated to determine
whether it is attributable to the operation of Davis-Besse, or to some other
source such as nuclear weapons testing. A summary of the REMP sample analy-
ses performed from 1972 to 1990 is provided in the following section.
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lable 2-3: Radiochemical Analyses Performed on REMP Samples
Sample Type

Analyvses Performed

ATMOSPHERIC MONITORING

TERRESTRIAL MONITORING

Milk

Gamma Spectral

mm

Lramma Spectral
CGamma Spectral

 yamrm

CJAImma Spectrai
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Table 2-3: Radiochemical Analyses Performed on REMP Samples

(continued)
Sample Tvpe Analyses Performed
AQUATIC MONITORING
Untreated Surface Water Gross Beta
Gamma Spectral
Tritium
Strontium-89
Strontium-90
Treated Surface Water Gross Beta
Gamma Spectral
Tritium
Strontium-89
Strontium-90
lodine-131
Fish Gross Beta
Gamma Spectral
Shoreline Sediments Gamma Spectral
DIRECT RADIATION MONITORING
Thermoluminescent Dosimeters Gamma Dose

Atrnospheric Monitoring:

¢ Airborne Particulates:

No radioactive particulates have been detected as a result of
Davis-Besse's operation. Only natural and fallout radioactivity from
nuclear weapons testing and the 1986 nuclear accident at Chernobyl
have been deiected.
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e Airborne Radioiodine:
Radioactive iodine-131 fallout was detected in 1976, 1977, and 1978

from nuclear weapons testing, and in 1986 (0.12 to 1.2 picocuries per
cubic meter) from the nuclear accident at Chernobyl.

e Snow:

Only norma! background and fallout radioactivity from nuclear
weapons testing have been detected.

Terrestrial Monitoring:

e Groundwater:
Only naturally occurring background radioactivity has been detected
in groundwater.

e Milk:
lodine-131 from nuclear weapons testing fallout was detected in 1976
and 1977 at concentrations of 1.36 and 23.9 picocuries/liter,
respectively. In 1986, concer:rations of 8.5 picocuries/liter were
detected from the nuclear accident at Chernobyl. No iodine-131
detected has been attributable to the operation of Davis-Besse.

e Domestic and Wild Meat:
Only naturally occurring potassium-40 and very low cesium-137
activity hias been detected in meat samples. Potassium-40 has ranged
from 1.1 to 4.6 picocuries/gram wet weight, Cesium-137 was detected
in 1974, 1975, and 1981 due to fallout from nuclear weapons testing,

¢ Broad Leaf Vegetation and Fruits:
Only natural background radioactivity and radioactivity from nuclear
weapons testing has been detected.

e Soil:
Only natural background radioactivity and radioactivity from nuclear
weapons testing and the 1986 nuclear accident at Chernobyl has been
detected.

e Animal/Wildlife Feed:

Only natural background radioactivity and radioactivity from weapons
testing has been detected.
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Aguatic Monltoring:

o Surface Water (Treated and Untreated):

In 1979 and 1980, tre tritium concentrations at location T-7 were
above normal background. Location T-7 is a beach well fed directly by
Lake Erie. The fourth quarter sample in 1979 read 590 picocuries per
liter, and the first quarter sample in 1980 had a concentration of 510
picocuries per liter above the normal background concentration of
450 picocuries per liter. A follow-up sample was collected in Lake
Erie between T-7 and the Davis-Besse liquid discharge point. This
sample contained tritium at a concentration of 2737 picocuries per
liter. These concentrations could be attributed to the operation of
Davis-Besse. However, the results at T-7 were more than 39 times
lower than the annual average concentration allowed by the EPA
National Interim Primary Drinking Water Regulations (40CFR141),
and were only 0.018% of the Maximum Permissible Concentration
(MPC)(3,000,000 picocuries per liter) for tritium in unrestricted areas.
The follow-up samplé was less than 0.1% of the MPC. None of the
subsequent samples indicate any significant difference between the
background tritium concentration and the concentration at T-7.

e Fish:
Only natural background radioactivity and radioactivity from nuclear
testing has been detected.

e Shoreline Sediments:

Only natural background radioactivity and radioactivity from nuclear
testing and the 1986 nuclear accident at Chernodyl has been detected.

Direct Radlation Monitoring:

e Thermoluminescent Dosimeters (TLDs):

The annual average gamma dose rates recorded by TLDs have ranged
from 49 to 87 millirem per year at control locations, and between 44
and 63 millirem per year at indicator locations. No increase above
natural background radiation attributable to the operation of
Davis-Besse has been observed.
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1990 Sampling Program

I'he Radiological Environmental Monitoring Program (REMP) is conducted in

accordance with the Davis-Besse Nucleat Power Station ( perating { Icense, Ap-

pendix A, Technical Specifications. The program includes the collection and
inalvsis of airborne partcuiates, airrborne radl Jdine, SNoOw, groundwater, miix
mestic and wild meat, truits and dbroad ieat vegetatuon, s treateq and ur
treated suritace water, fsh, snoreling sediments, and measurements Of direct ra-
1141101 reter to Ll"“ e - A an 110 an ingependent laboratory
[ SivVDhid
tisnied all reg 1HOory require
Was init In an effort to 1N
nher ol sampies coiiecte d
and ..J,_’\ ; \',\'."'t i the
)t sampling locations and types ol
I QUELITY ¢ Saim] )
As a result of the REMP Enhancement effort, 1990 REMP included over 170
" . p— i+ 5 3 b T Yall. ' v QO '
ore samples than required by the lechnical dSpecitications, puring i¥YYU, only
] —— - Jlants N = ) " . ¢ g Sinens Pib
[ the sampies collected 1ot REMP were required to satisiy regulatory re-
i 4 " ' £ p Yy Y " - . 2 1 m 14 o & 4
L ement (N 2ac¢ 1A [ Le \ls) Sampiil 2 1Ocatons ut LC0 i 1YY &0 Ol
e 0 Of the 1otal were qualitvy.control iocations
< ~ { | CTED
NEMP SAMPLES COLLECTED
Semples Collscied va. Anaiyoey Performed
4300 ” -
000
OO *
2000 > 3 .
W0 >
. .Y - ey (w0
e
W bomeres Comzizd S0 Anarvess Furformed
Figure 2.5 In 1987, the numt f sampies collected and analvses pericrmed were
ctively tncreased. Since 1985 number of sampies collected have only increased sigh
'he number of analyses performed varied because ol the types Of sampies missed ang (be
analvses vaned with cach sample type
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Table 2-4: Sample Collection Summary

Sample Collection  Number Number of Number of
Type Type*/ of Samples Samples
(Remarks) Frequency®* Locations  Collected Missed
ATMOSPHERIC
Airborne Particulates Cc/w 10 S20 an
Arborne Radioiodine W 10 520 ke
Snow /AQ b 5 0
TERRESTRIAL
Milk (May Oct.) G/SM 4 & 3
(Nov-Apr.) G/M 4 20 3
Ciroundwater GQ 4 20 0
Edible Meat
a.wild O/A 1 i 0
b.domestic G/A 2 1 1 Rl
Broad Leaf Vegetation/Fruit
(Miiy-Sep.) GM 5 2 0
Saotl G/S i1 o2 0
Ansal'wildlife feed G/A 6 5 [rese
AQUATIC
Treated Surface Water G/WM ? 27 S a
Untreated Surface Water G/'WM 29 43 Jeeee
Comp/WM 5 A8 e
Fish (2 species) G/SA ) 11 Jrery
Shoreune Sediments 3/SA 4 9 0
DIRECT RADIATION
Thermoluminescent CM 0 0 0
Dosimeters cQ 115 445 [5reas
C/A 115 108 guene

*  Tvoe of collection:
C/ = Continuous; G/ = Grab; Comp/ = Composite.
** Frequency of collection:
‘WM = Weekly composited Monthly; 'W = Weekly,
/SM = Semimonthly ; M = Monthiy,
/Q = Quarterly; /SA ~ Semiannually; /A = Annually;
/AQ = When availabie composited Quarterly.
*** Airborne particulate and radioiodine samples were collected but declared
invalid due to low volume during sampling period.
#*e* The reasons for missed samples is discussed on pages 2-36 and 2-37.
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Every vear, a small percentage of the TLDs placed in the field by REMP pers

el are vanda.ized. However. the lost data can usually be estimated from calcula

tions using data from other nesrby locations or from other TLDs (quality contr
warterly. annual) at the same site, The increased number of sampiing 10¢g Nns

brought on by the REMP Enhancement Program has provided g

erage over the area mc utored py the REMP and has helped to reduce the in
nact of lost TLDs on the REMP database. 1n 1990, 3% of all T1LDs the fi¢
NETE 8L, however. Lthese St Qata did not have a sipt ficant ertec! « the quality
f the 1990 REMP
; I'he second major program deviation experi¢ nced 1n (YLD vwas the 1088 O MiLK
ampies al [-109, The sampie could not be obtained Decause the cow S da 'y
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y 1,
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filters and charcoal cartridges at a rate of approximately one cubic foot per min-
ute. The samples are collected on a weekly hasis, 52 weeks a year.

Airborne particulate samples are collected on 47 mm diameter membrane filters
which are carefully handled so as not to disturb or lose any deposited particu-
lates. Charcoal cartridges are -+ .lied downstream of the particulate tilters to
sample for the presence of airborne radioiodine. The airborne particulate and
airborne radioiodine samples are sent 10 an offsite contractar laboratory for anal-
ysis. At the laboratory, the airborne particulate filters are stored for 72 hours be-
fore (hey are analyzed to allow for the decay of naturally occurring short-lived
radionuclides. However, due to the short halt-life of iodine- 131 (approximately
eight days), the airborne radioiodine cartridges are analyzed upon receipt by the
contractor laboratory.

Airborne Particulates

Davis-Besse samples air for airborne radioactivity continuously at ten locations.
There are six indicator locations including four around the site boundary (T-1,
T-2, T-3, and T4), one at Sand Beach (T-7), and another at a local farm (T-8),
There are four control locations, Oak Harbor (T-9), Port Clinton (T-11), Toledo
(T-12) and Magee Marsh (T-27).

Gross beta analysis is performed on each of the weekly samples. Each quarter,
the filters from each location are combined (composited) and analyzed for

gamma emitting radionuclides. The gross beta analyses yielded an annual aver-
age of .019 pCi/m3 at both control and indicator location for 1990. Evidence of

Average Concentration of Beta Emitting Radionuclides in Airbarne Particuiate Sample

t
. -

1972 - 0.041 pCUMI 1981 - 0.080 pCYma*
1973 - 0.096 pClm3 1982 - 0.023 pCYma
1974 - 0198 pCYm3* 1983 - 0 021 pClUm3
1976 - 0.036 pCima* 1984 - 0.026 pCUm3
1976 - 0.089 pCi/ma* 1985 - 0.023 pCi/m3
1977 - 0.166 pClUm3* 1986 - 0.033 pCi/m3
1678 - 0.096 pCima* 1987 - 0.022 pCi/m3
1979 - 0.0u8 pCYM3 1988 - 0.031 pCY/mJ
1980 - 0 030 pCi/m3 1989 - 0.024 pC/m3
1990 - 0.019 pCYMJ

*Averages were Influenced by nuciear fallout from weapons testing.
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low sampie volume caused by the loss of power 1o the pumps. These samples in-
dicated less than the LLD of 0.24 and 0.34 pCi/m3 of iodine- 131,

Snow

Snow provides a mechanism to sample for radionuclide deposition from the at-
mosphere. Since snow is solid, it provides a surface which airborne radionuclides
can be deposited. The radionuclides may be mman-made (frotn nuclear weapons
test fallout or nuclear power plant operation) or naturally occurring,

Foliowing a fresh snowfall, approximately 10 pounds of snow are collected from
the surface and packed into a container, Once the snow melts, it is transferred to
¢ one gallon container. At the end of the quarter, a one gallon composite is
made for each sampling location,

During 1990, snow samples were collected when available from three indicator
locations (T+1, T-4 and T-8) and 2 control locations (T-9 and T-11). The samples
were anzlyzed for beta emitting radionuclides, tritium, and gamma emiiting ra-
dionuclides.

In all snow samples collected in 1990, there were no detectable beta emitting ra-
dionuclides above the LLD of 0.6 pCi/l in suspended solids. The concentration
of dissolved solids averaged 0.8 pCi/l at indicator locations and 1.4 pCi/l at con-
trol locations, Tritium was not detected above the LLD of 330 pCU1 in ull sam-
ples. There was no detectable cesium-137 above the LLD of 10 pCi/lin any of
the samples.

TERRESTRIAL MONITORING

The collection and analysis of groundwater, milk, meat, fruits and broad leaf veg-
etation provides data to assess the buildup of radionuclides that may be ingested

by humans. Animal and wildlife feed samples provide additional information on

radionuclides that may be present in the food chain, The data from soil sampling
provides information on the deposition of radionuclides from the atmosphere.

Many radionuclides are present in the environment due to sources such as cos-
mic radiation and fallout from nuclear weapons testing. Some of the radionu-
clides normally present are:
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e tritium, present as a result of the interaction of cosmic
radiation with the upper atmosphere.

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

e cesium-137, a man-made radionuclide which has been
deposited in the environment, (for example, in surface soils),
as a result of fallout from nuclear weapons testing and
routine releases from nuclear facilities,

o potassium=40, a naturally cecurring radionuclide normally
found in humans and throughout the environment, and

o fallout radionuclides from nuclear weapons testing,
including strontium-89, strontium-90, cesium-134,
cerium-141, cerium-144, ruthenium-103 and ruthenium-106.
These radionuclides may also be released in minute amounts
from nuclear facilities,

The radionuclices listed above are expected to be present in many of the environ-
mental samples collected in the vicinity of the Davis-Besse Station. The contri-
bution of radionuclides from the operation of Davis-Besse is assessed by
comparing sample results with preoperational data, operational data from previ-
ous years, control location data, and the types and amounts of radioactivity nor-
mally released from the Station in liquid and gaseous effluents.

Davis-Besse monitors the terrestrial environment through the collection and
analysis of samples of groundwater, milk, meat, broad leaf vegetation, fruits, ani-
mal feed, and soil.

Milk Samples

Milk sampling is very important in environmental surveillance because it pro-
vides a direct basis for assessing the buildup of radionuclides in the environment
that may be ingested by humans. Milk is particularly important because it is one
of the few foods commonly consumed soon after productiot. The milk pathway
involves the deposition of radionuclides from atmospheric releases onto forage
consumed by cows. The radionuclides present in the forage can become incorpo-
rated into the milk which is then consumed by humans.

Samples of milk are collected at three farms and a commercial dairy store once a
month from November through Ap. .., and twice a month from May through Oc¢-
tober. Sampling is increased in the summer when the hords are usually outside
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on pasture and not on stored feed. The sample locations consist of one indicator
(T-8) and three control locations (T-24, T-57, and T-199)

MILK
CONCENTRATION OF SR-90

TT 7B TR B0 81 B2 B3 B4 B B0 87 38 89 90
YEAR

B noicater B conirel

Figure 2-7: Stroatium-90 is normally detected in milk samples from both controi and indicator
locaations. The 1990 average concentrations of strontium-90 in milk samples were similiar of
control and indicator locations, a trend exhibited in previous vears.

The milk samples are analyzed for strontium-89, strontium-90, iodine-131 and
other gamuma emitting radionuclides, stable calcium and potassium. A total of 66
milk samples were collected in 1990, The results obtained were similar to those
of the previous years.

Strontium-89 was not detected above the LLD of 2.1 pCl/ in any of the samples,
Strontium-90 activity was detected in 64 of the 66 samples collected and ranged
from 0.6 to 3.1 pCV/l. The annual average concentration cf strontium-90 was 1.02
pCU/l at the indicator locations and 1.25 pCi/l at the control locations. The loca-
tion with the highest annual average concentration was indicator location T-199
with an average of 1.81 pCi/l. For all sample sites, the annual average concentra-
tions were similar to those measured in the previous years (Fig 2-7),
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A total of 66 analyses for iodine-131 in milk were performed during 1990,
lodine-131 was not detected in milk samples abuve the LLD of 0 .5 pCi/.

The concentratiors of barium- 140 and cesium-137 were below their respective
LLDs in all samples collected. The results for potassium-40, a naturally oceur-
ring radionuclide, were similar at indicator and control locations (1229 and 1225
pCl/, respectively).

Since the chemistries of calcium and strontium, and potassium and cesium are
similar, organisms tend to deposit cesium radioisotopes in muscle tissue, and
strontium redicisotopes in bones. Ir order to detect the potential environmental
accumulation of these radionuciides, the ratio of the strontium radioisotopes
radioactivity (pCi/1) to the concentration of calcium (g/1), and cesium
radioisotpes radioactivity (pCiN) to the concentration of potassium (g/1) were
monitored in milk. These ratios are compared to standard values to determine if
build up is occurring, No statistically significant variations in the ratios were ob-
served. The results of the analyses performed on the milk samples collected in
1990 indicate no effect due to the operation of Davis-Besse.

Groundwater Samples

It is unlikely that groundwater will accumulate radioactivity from nuclear facili-
ties, except for those facilities which discharge liquid effluents to the ground via
cribs, pits, or trenches. This is because the soil acts as a filter and an ion ex-
change medium for most radionuclides. However, tritium and other radiony-
clides such as ruthenium-106 have a potential to seep through the soil into the
groundwater, Although Davis-Besse does not discharge its liquid effluents di-
rly to the ground, REMP personnel sample local wells on a quarterly basis to

asure the detection of any adverse impact on the local groundwater supplies
due to Station operation. The four wells sampled include two indicator locations
(T-7, T-84), and two control locations (T-23 and T-27). In addition, a quality con-
trol sample is collected at one of *he four welis each quarter,

The groundwater samples are analyzed for beta emitting radioactivity in dis-
solved and susperded solids, tritium, strontium-89, strontium-90 and gamma
emitting radionuclides.

Beta emitting radionuclide concentrations in suspended solids were not detected
above the LLD of 0.4 pCi/l in any samples. In dissolved solids, the concentra-
tions averaged 3.1 pCi/l at indicator locations and 2.1 pCi/l at control locations,
The location with the highest annual average was T-54, a control location. The
concentration of beta emitting radionuclides at T-54 averaged 3.6 pCi/l.
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e Domestic Meat:

A Domestic Meat sample (chicke n) was collected at one indicator
(T-197) in July. The Domestic Meat sample at control site T-147 was
unavailabie. All meat samples were analyzed {or gamma emitting
radionuclides.

o Eggs:

Eggs were collected at T-197 in July, The sample was analyzed for gamma
emitting radionuclides.

In the edible meat samples, the mean potassium-40 concentration was 2.47 pCi/g
wet .veight for the indicator locations. No edible meat sample was available dur-
ing 1990 {or the control location. This value is well within the range of the pre-
operat.onal and operational values. Potassium-40 is a naturally occurring
radionuclide and is not produced by nuclear power stations, Cesium-137 was not
detected in meat samples above the LLD of 0.025 pCig.

In the epgs, the only detectable gamma emitting radionuclide was potassium-40
which was detected at a concene..ation of 0,97 pCi/g weight. This is similar to
concentrations observed in previous years.

Broad Lea! Vegetation and Frult Samples

Fruits and broad leaf vegetation also represent a direct pathway to humans from
ingestion. Fruits and broad lea’ vegetation may become contaminated from at-
mospheric deposition from air orne sources (nuclear weapons fallout or gaseous
releases from nuclear facilities) or from irrigation water drawn from lake wcter
receiving liquid effluents (from hospitals, nuclear facilities, etc.) Also, radionu-
clides from the soil may be absorbed by the roots of the plants and become in.cor-
porated into the edible portions. During the growing season (July through
September), broad-leaved edible vegetation such as cabbage or lettuce, and
fruits, are collected from farms in the vicinity of Davis-Besse.

In 1990 broad leaf vegetation samples were collected at two indicator locations
(T-8 and T-25) and one control location (T-37). Fruit sumples were collected
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from two indicator (T-8 and T-25) and three control (T-23, T-37, and T-173) loca-
tions, Samples were collected once a month during the growing/harvest season,
from July through September. All samples were analyzed for gamma emitting ra-
dionuclides, strontium-89, strontium-90, and iodine- 131,

In all the samples, strontium-89 was not detected above the LLD of 0.028 pCig
wet weight, Strontium-90 was detected at one indicator site in a broad leaf vege-
tation sample at a concentration of 0.007 pCi/g wet weight. This is weil within
the normal range.

Broad leaf vegetation (cabbage, squash leaves, Kohlrabi leaves, Swiss chard, let-
tuce and horseradish leaves) and fruit (apples, pears, and grapes) collected
during the growing season were analyzed for I-131 by gamma spectral analysis,
Broad leaf vegetation is an excellent source for accessing the deposition of radio-
nuclides from atmosphere on the leaves. lodine-131 was not detected above the
LLD of 0.043 pCi/g wet weight.

No gamma emitting radionuclides, except naturally occuring potassium-40 were
detected. In fruits, the average potassium-40 concentrations were 1.01 pCi/g wet
weight and 1.93 pCi/g wet weight for indicator and control locations, respectively.
In vegatation, the concentratiuns of potassium-40 were 4,35 pCi/g wet weighi for
indicator locations and 1.53 pCi/g wet weight for control locations.

Although the average concentration of potassium-40 at indicator locations was
approximately twice that at control locations in 1990, this radionuclide is not pro-
duced by nuclear power stations, and, thus could not be attributable to the opera-
tion of Davis-Besse. The disparity between control and indicator potassium-40
averages may be due to the fact that different types of vegetation (e.g., cabbage
versus squash leaves) were sampled at control and indicator locations, and differ-
ent types of plants accumulate different concentrations of potassium-40.

Animal/ Wiidiite Feed Sampies

As with broad leaf vegetation and fruit samples, samples of domestic animal
feed, as well as vegetation consumed by wildlife, provide an indication of air-
borne radionuclides deposited in the vicinity of the Station. Analyses from ani-
mal/wildlife feed samples also provide data for determining radionuclide
concentrations in the food chain. Domestic animal feed samples are collected
annually at both the milk and domestic meat sampling locations. Wildlife feed
samples are collected from the Navarre Marsh onsite and from a local marsh
within five miles of the Station. As in all terrestrial samples, naturally occurring
potassium-40, cosmic ray produced radionuclides such as beryllium-7, and fallout
radionuclides from nuclear weapons testing may be present in the feed samples.
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¢ Domestic Animal Feed:

Domestic animal feed was collected at two indicator (T-8 and T-197)
and one control ( T-87) locations. The feed collected consisted of hay,
silage, corn, and chicken feed. The samples were analyzed for gamma
emitting radionuclides.

e Wildlife Feed:

Wildlife feed was collected at 2 sites (T-31 and T-198 Toussaint Wild-
life Area) and consisted of cattails, coontail, millets and smartweed,
The samples were analyzed for gamma emitting radionuclides.

In cattle feed, chicken feed, and wildlife feed, the only gamma emitting radionu-
clides detected were beryllium-7 and potassium-40: both are naturally occurring
radionuclides not produced at nuclear plants. Beryllium-7 was detected in two
indicatot locations at an average concentration of 0.50 pCi/g wet weight. The an-
nual average potassium-40 concentration for control location was 1.48 pCi/g wet
weight compared to the average value of §.39 pCi/g for the indicator locations.

The type of plants collected for animal feed will influence the potassium-40 con-
centrations found. For instance, hay samples collect more potassium than other
crops or wild feed. Also, crops that are fertilized possess more potassium be-
cause it is readily available in fertilizer and therefore, more available for the
plants to absorb it.

The normal range of berryllium-7 concentrations is 0.15 to 1.61 pCi/g wet weight.
The normal range for potassium-40 is 1.17 to 14.4 pCi/g wet weight. Thus, the
concentrations of these radionuclides measured in 1990 were typical for the
types of feed sampled. In addition to being analyzed for gamma emitting radio-
nuclides, all grass amples were analyzed for iodine-131; however, iodine-131 was
not detected in any of these samples. No other radionuclides were detected.

Soll Samples

Soil samples are generally collected twice a year at all sites equipped with air
samplers. Only the top layer of soil is sampled in an effort to identify possible
trends in the local environmental nuclide concentrations caused by atmospheric
deposition of fallout and Station-released radionuclides. Generally, the sites se-
lected are relatively undisturbed, so that the sample will be representative of the
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actual deposition in the area. Ideally, there should be little or no vegetation
present, because the vegetation rould affect the results of the analyses. Approxi-
mately five pounds of soil are taken from the top two inches at each site. Many
naturally ocecurring radionuclides (e 8., berryllium-7, potassium-40) and fallout
radionuclides from nuclear weapons testing are usually detected. Fallout radio-
nuclides which are often detected include strontium-90, cesium-137, cerium- 141,
cerium-144, and ruthenium-106.

During 1990 soi! was collected at 11 sites in June and October, The indicator lo-
cations included T-1, T-2, T3, T-4, T-7, and T-8. The control locations included:
T-9, T-11, T-12, T-23, and T-27.

The predominant activity was attributable to the presence of potassium-40 which
had an average concentration of 11.93 pCi/g dry weight at the indicator locations
and 15.59 pCu/g dry weight a\ control locations, Potassium-40 is part of the natu-
ral environment and is expected to be found in soil. The typical potassium-40
concentrations for the locations range from 9.70 pCi/g dry weight to 2582 pCi/g
dry weight.

Cesium-137 is a man-made radionuclide that is normally present in top few
inches of soil as a result of fallout from nuclear weapons testing. Cesium-137
was detected at both indicator and control locations. The average concentration
for the indicator locations was 0,40 pCi/g dry weight and 0.38 pCUg dry weight at
control locations. The concentrations and distribution patterns were similar to
those observed in previous years. No other radionuclides were detected above
the respective LLDs.

SOIL

Cs~137 Concentration
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Figure 28 The concentration of cesium-137 in soil has remained fairly constant over the years the
REMP has conducted sampling. The peak observed in 1978 was due to fallout from nuclear weap-
ons testing.
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AQUATIC MONITORING

Radionuclides may be present in Lake Erie from many sources including atm -
spheric deposition. run-off/soil erosion, and releases of radioactivity in liquid ef-
fluents from hospitals or nuclear 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 the immersion
(swimming) in the water Internal exposure can occur from ingestion of radionu-
clides, either directly from drinking water, or as a results of the transfer of radio-
nuclides through aquatic food chain with eventual consumption of aquatic
organism, such as fish, To monitor these pathways, Davis-Besse samples treated
surface water (drinking water), untreated surface water (lake or river water), fish
and shoreline sediments.

Treated Surtece Water

Treated surface water is water from Lake Ene which has been processed for
human consumption. Radiochemical analysis of this processed water provides a
direct basis for assessing the dose to humnans from ingestion of drinkin,  ter.

Samples of treated surface water were collected from three indicator (T-28,

T-50, and T-144) and three ¢ontrol locations (T-11, T-12, and T-23). These loca-
tions include the water treatment facilities for Davis-Besse, Erie Industrial park,
Port Clinton, Toledo and Put-In-Bay. Samples were collected weekly and com-
posited monthly. The monthly composites were analyzed for beta emitting radio-
activity, The samples were also composited into a quarterly sample and analyzed
for strontium-89, strontium-90, gamma emitting radionuclides asd tritium. One
QC sample was collected from a routine location which was changed exch month,

In treated water samples, beta emitting radionuclides weie detected at one site
(T-11) in suspended solids at a concentration of 0.7 pCi/l. The average concentra-
tion was similar in dissolved solids for indicator and control (2.2 and 2.1 pCU/], re-
spectively). The annual average beta emitting radionuclides was similar to
concentration observed in previous years (Fig. 2-9),

All tritium analysis results were less than the LLD of 330 pCi/l. All strontium-89
and strontium-90 analysis results were less than their respective LLDs of 2.4
pCil and 1.0 pCil. Additionally, all cesium-137 results were less than the LLD
of 10,0 pCi/l. These results are similar to those of previous years and indicate no
measurable effect resulting from the operation of Davis-Besse.
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Treated Surtace Water
Gross Beta Analysis
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Figure 2-9: The average concentration of beta emitting radionuchides i treated surface water
samples collected during 1990 was similiar to concentrations detected in previous years.

A quality control sample (T-143) was collected from a routine sample site each
week and composited each month, and the location was varied on a monthly
basis. The results of the analyses were consistent with the results obtained at the
routine sampling locations,

Untreated Surface Water

Sampling and analysis of untreated surface water provides a methcd of assessing
the dose to humans from external exposure from the lake surface as well as im-
mersion in the water, It also provides information on the radionuclides present
which may affect drinking water, fish and irrigated crops.

Routine Program:

The routine program is the basic sampling program which is performed year
round. Untreated water samples are collected in the areas of the Station intake
and discharge, and at the water intakes used by nearby water treatment plants.
Routine samples are collected at Port Clinton, Toledo, Davis-Besse, Erie
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Industrial Park, and Put-In-Bay Water Treatment Plants. A sample is also col-
lected from Lake Erie at the mouth of the Toussaint River. These samples are
collecied weekly and composited monthly, The monthly compaosite is analyzed
for beta emitting radionuclides, tritium. and gamma emitting radionuclides. The
samples are further composited quarterly and analvzed for strontium-89 and
stronuium-90. A QC sample was collelcted weekly at a different location each
month,

Surnmer Program:

The summer program is designed to supplement the routine untreated water
sampling program in order to provide a more comprehensive study during the
months of high lake recreational activity, such as boating, fishing, and swimming
These samples are obtained in areas along the shoreline of Lake Erie and
around the islands (see Figure 2-10).

The samples are collected weekly and composited monthly. The monthly com-
posites are analyzed for beta emitting radioactivity, tritium, strontium-89, stron-
tium-90, and gamma emitting radionuclides.

UNTREATED SURFACE WATER
Gross Beta Analyses
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Figure 2-10: Over the past 19 years, the annual average concentratious of beta emitting radionu-
clides in untreated surface water samples collected from indicator locations have been consistent
with those concentraions in samples collected from control locations. This shows that Davis-Besse ,
has had no measurable radiological impact on the surrounding surface water
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In untreated water samples, beta emitting radionuclides in suspended solids were
detected at an average concentration of (.5 pCi/l for indicator and 0.4 pCi/l at
control location. In dissolved solids, the average concentrations were 2.5 pCi/l
and 2.3 pC for indicator and control sites.

Of the 208 tritium analyses performed on untreated surface water, 206 results
were less than the LLD of 330 pCil. The concentrations in these two samples
with tritium results greater than LLD were 437 pCi/1 and 768 pCi/. 1t is sus-
pected that these two samples may have been cross-contaminated with non-envi-
ronmental sample when the sample was composited or analyzed at the
laboratory. No other samples collected at the same time from nearby locations
showed elevated tritium results, and all other samle collected from T-134 and T-
162 during 1990 showed tritium results less than the LLD.,

Cesium-137 and strontium-89 were not detected in samples of unireated water
above their LLDs of 10 pCi/l and 2.3 pCi/1, respectively. Strontium-90 was de-
tected at both indicator and control and an average concentration of 0.7 pCi/l
and 0.8 pCi/, respectively. These concentrations are similar to concentrations
observed in previous years.

Each month, weekly quality control samples were collected at different locations.
The results of the analyses from the quality control samples were consistent with
those from the routine samples. Some of the samples collected during the sum-
mer months in Lake Erie were close to the collection points of some of the rou-
tine untreated surface water samples. Thus, they served as quality control
samples and helped to verify the accuracy of the measurements performed. A
comparison of their results from the routine sites and nearby summer coilection
sites illustratas the value of using quality controi samples to cheek (he accuracy
of analyses performed by the laboratory. The average concentrations of beta
emitting radionuclides for these samples are provided below:

T-12- 262 pCiA s, T- 138 - 2.44 pCiA
T- 3.3.00pCi/ v, T-130- 2,62 pCiA
T-11.230pCiA v, T - 164 - 2.60 pCiA
T.23-192pCiA v, T- 168 - 2.28 pCi
T-28-2.22 pCiA vs. T- 131 2,60 pCi/
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Fish Samples

Fish are analyzed primarily to quantify the dietary radionuclide intake by hy-
mans, and secondarily to serve as indicators of radicactivity in the aquatic ¢cosys-
tem. The principal nuclides which may be detected in fish include naturally
occurting potass ‘um-40, as well as cesium-137 and strontium-90. Depending
upon the feeding habit of the species (e.g., bottom-feeder versus predator), re-
sults from sample analyses may vary,

With the aid of a local commercial fisherman, Davis-Besse routinely collects
three species of fish (walleye, white bass and carp) twice a year from sampling lo-
cations near the Station’s liquid discharge point and more than ten miles away
from the Station where tish populations would not be expected to be impacted by
the Station operation. Walleye are collected because they are a popular sport
fish, white bass because they are an important commercial fish. Carp are col-
lected because they are bottom feeders and thus would be more likely to be af-
fected by radionuclides deposited in lake sediments. Only one carp sample could
be obtained at T-33 during 1990, The edible portions of fish were analyzed for
beta and gamma emitting radionuclides.

Fish Samples

Indicator vs. Control Mean Gross Beta

e o o T

1

T8 TR 80 &' 82 80 04 BE B0 &7 B B9 W
War

B acner B Corvo

=

Figure 2-11: Average concentrations of beta emitting radionuclides in fish samples were similiar at
indicator and control locations and were within the range of results from previous years
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examining preoperational measurements or data collected at control locations,
Davis-Besse measures direct radiation at 95 locations. These lccations include
indicator and control locations. Additionally, there are 20 duplicate or QC sites.

Thermoluminescen Dosimeters

Radiation at and around Davis-Besse is constantly monitored by a network of
thermoluminescent dosimeters (TLDs). TLDs are small devices which store
cadiation dose information. The TLDs used at Davis-Besse contain a calcium sul-
far: dysprosium (CaSOa: Dy) card with four main readout areas. Multiple
readoy* areas are used to ensure the precision of the measurements.

Thermoluminescence is a process by which ionizing radiation interacts with the
sensitive material in the TLD, the phosphor. Energy is trapped in the TLD mate-
rial and can be stored for several 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 re-
moved and measured by a controlled heating process in a calibrated reading sys-
tem. As the TLD is heated, the phosphor releases the stored energy as light,

The amount of light detected is directly proportional to the amount of radiation
to which the T1L.D was exposed. The reading process rezeros the TLD and pre-
pares it for reuse.

TLD Collection

Davis-Besse has 95 TLD locations (71 indicator and 24 contrc!) which are col-
lected and replaced on a quarterly and annual basis. Twenty QC TLDs are also
collected on a quarterly and annual basis or at any given time. There are a total

COMPARISON OF TLD DOSES
CONTROL vs INDICATOR

meam 81 davs

B wocaror T conTROL

Figure 2-12: The similiarity of the indicator and control results demonstrate that the operation of
Davis-Besse has not caused any abnormal gamma dose.

2.88
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of 230 TLDs in the environment surrounding Davis-Besse. By collecting TLDs
on & quarterly and annual basis from a single site, the two measurements serve as
a quality control check on each other,

In 1990, the annual average value for all indicator locations was 15.1 mR/91 days,
and for all control locations was 16.2 mR/91 days. The annual average value for
all TLDs in 1990 was 15.4 mrem/91 days. This average value is slightly lower
than 1989 and within normal range of the previous year; as shown below:

1972 . 2.4 mrem 91 days 1981 « 148 mrem/91 days
1973 . 143 mrem/™1 days 1982 « 14.5 mrem/¥1 days
1974 < 11.7 mrem/] days 1983 - 13.2 mrem/91 davs
1975 < 12.8 mrem/91 days 1984 - 13.2 mrem9] days
1976 « 156 mrem/91 days 1985 - 14.4 mrem/91 davs
1977 . 16.8 mrem/91 days 1986 - 148 mremy91 days
1978 - 16,7 mrem/91 days ' 1987 - 14.5 mrem/91 days
1979 . 134 mrem/91 days 1988 « 14.5 mrem™1 days
1980 - 14.5 mrem/9] days 1989 - 159 mrem/91 days

1990 - 154 mremM1 days
Quality Control TLDs

Duplicate TLDs have been established at 17 sites. These TLDs were placed in
the field at the same time and at the same location as some of the routine TLDs,
but were assigned quality control site numbers. This allows us to take several
measurements at the same location without the laboratory being aware that they
are the same. A comparison of the quality control and routine results provides a
method to check the accuracy of the measurements. The average dose at the rou-
tine TLDs averaged 14.3 mrem whi's the quality control TLDs yielded ar. aver-
age dose of 15.3 mrem, All the quality control and routine sample results were
similar, demonstrating the accuracy of both the TLDs and the laboratory's mea-
surements.

NRC TLD Monitoring

The NRC has 22 TLDs located around Davis-Besse as part of their Direct Moni-
toring Network Program. Davis-Besse maintains TLDs at all the NRC TLD mon-
itoring sites. The NRC collects their TLDs on a quarterly basis, whereas
Davis-Besse collects TLDs quarterly and annually at these locations. The NRC
TLDs are collected and read independently of Davis-Besse's TLDs, thus provid-
ing a quality control check on both laboratories.

2-56




Annual Environmental QOperating Repon 1 98K

Davis-Besse Nucliear Power Statiof

i

and two elements of calcium sulfate: thulium

)4: Tm). The difference LD mater sed by the NRC and Davis-Besse
T he re ts of TLD mot ring Nese «« 10CA § SHhOow g00Od nsistency 1ot
he NRC TLDs and the Davis-Besse TLDs. The average of the quarterly result
are 16.4 mrem/91 days for the Davis-Besse TLDs and 16.5 mrem/91 days for the
NRC T1LDs (data from L < rd quanet niy The variance these me
suremer § most likely due e fferences in the TLD mater
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CONCILUSION

The Radiological Environmental Monitoring Program at Davis-Besse is con-
ducted to determine the radiological impact the Station's operation on the envi-
ronment. Radionuclide concentrations measured at control locations. in
previous operational studies and in the preoperational surveillance program.
These comparisons indicate normal concentrations of radioactivity in all en-
vironmetnal samples collected in 1990. No adverse effects attributable to the op-
eration of Davis-Besse were detected in any of the sampling media collected and
analyzed during 1990, In fact, the dose to local residents from exposure to nor-
mal sources of radiation, both natural and man-made, 1s much more significant
than the dose associated with the operation of Davis-Besse.

The results of the sample analyses performed during the period of January
through December 1990 are summarized in Appendix E of this report.
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' ¢ S Sector-The vegetation pathw.v at 2560 meters was

deleted in favor of a closer garden at 1450 meters, The
¥ . residence at 1090 meters is changed to (070 meters. The

l * actual location of residence 1s the same as 989 ¢ceénsus

g ® SSW Sector- The residence and garden located at 960 and
980 meters changed to 980 and 2180 meters. The residence

‘ was changed due to measurement improvement and the
garden at Y80 meters was not present in 1990
¢ ® SW Sector-A garden at 1340 meters was added. The garder
| at 1220 meters was not present in 1990

o WSW Sector- The residence, garden and mnilk cow changed

W - ‘ .
to 1620, 2640, and 4270 meters. The changes are due to
* | ™ ! |
: improvemeat in measuiing accuracy. The actual grourd
T locations remained the same
- ‘ o W Sector - The garden at 1050 meters was added because
- | the g;xrdch at Y8l meters was not present in 1990

o WNW Sector - The residence and vegetation pathway at
“ 1310 and 2900 meters. r=spectively, were changed to 1730
J and 3290 meters, respe o ively
e NW Sector - The residence and vegetation pathway at 1730
; and 2290 meters, respectively, were changed to 1980 and
2040 meters, respectively
o NNW Sector- The residence and vegetation pathway at 125(
and 1490 meters were deleted in tavor of a closer location at

| 1210

L« i) meters

e Critical Pathway - The critical pathway for 1989 was west
sector =t 380 meters for child/vegetation. The critical

pathway foi 1990 changed to WSW at 4270 meters for
!

infant/milk pathway

The detaiied pathway list in Table 3-1 was used tc update the database of the ei-

fluent dispersion model used in dose calculations. Table 3-1is < 1ded by sectors

and lists the distance (in meters) of the closest pathway in each meteorologival
r g

Sector
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There were a number of changes in the 1990 Annuai Land Use Census. The ma-
jority of these changes were due to improvements in measuring the distance from
the station vent. The actual ground location in these sectors were the same as
last year only the distance measured changed (see Table 2-1).

Table 3-2 provided informatior on the pathways, critic... age group, atmospheric
dispersion (X/Q) and deposition (D/O) parameters for each sector. This infor-
mation is used to update the Offsite Dose Cale lation Manual (ODCM). The
ODCM describes the methodology and parameters used in calculating offsite
doses from radioactivity released in liquid and gaseous effluents, and in calculat-
ing liquid and gaseous effluent monitoring instrumentation alarm/trip setpoints,

3-4
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1990

Davis-Besse Nuciear Power Station

Table 3-1: Closest Exposure Pathways Present in 1990

Sector Distance from Station

(meters)

Closest
Pathways

N N

NNE 870

NE LY

ENE, E, ESE, SE N/A

*SSE 2010

*SSE 2900

s 1070

.S 1450

Inhalation
Ground Exposure
Plume Exposure

Inhalation

Ground Exposur

Plume Exposure

Inhalation
Ground Exposure
Plume Exposure

Located over Lake Erie

[nhalation
Ground Exposure
Plume Exposure

inhalation
Ground Exposure
Plume Exposure

Vegetation

Inhalation
Ground Exposure
Plume Exposure

Inhalation

Ground Exposure
Plume Exposure

Vegetation

*Changes since 1989,
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Table 3-1: Closest Exposure Pathways Present in 1980

(comtinued)

Sector Distance from Station Closest
(meters) Pathways
*SSW IR Inhalation
Ground xposure
Plume Exposure
*SSW o 18 Inhalation
d Exp r
Plume Exposure
\ yer o r
YERCLAUIONO
SW 1080 {nhalation
Ground Exposure
Plume Expost
"W 1 34 inhalation
Ground Exposure
Plume Exposure
Vegetation
*WSW 162 Inhalation
Ground Exposure
Plume Exposure
*WSW s (nhalation
Ground Exposute
Plume Exposure
Vegetatnon
*WSW 4270 [phalation
(3round Exposure
Plume Exposure
Vegetation
w Milk
¥ IR [nhalation
sround Exposure
Plume Exposure
*Changes since 1989
|

‘s
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Table 3-1: Closest Exposure Pathways Present in 1980
(continued)

Sector Distance from Station Closest
(meters) Pathways

"W 1050 Inhalation
Ground Exposure
Plume Exposure
Vegetation

YWNYY 1730 Inhalation

Ciround Exposure
lume Exposure

TWNW 3290 [nhalation
3 Ground Exposure
Plume Exposure
Vegetation

NW 1980 Inhalation

Ground Exposure
Plume Exposure

W 2040 Inhalation
Ground Exposure
Plume Exposure

Vegetation

SNNW 1210 Inhalation
Ground Exposure

Plume Exposure
Vegetation

*Changes since 1989,
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Table 3 - 2: Pathway Locations and Corresponding
Atmospheric Dispersion(X/Q) and Deposition(D/Q)
Parameters

SECTOR METERS CRITICAL AGE XQ D/
PATHWAY GROUP  (sec/m’) (m*)

R 880 inhalation  child 9.15E-07 8.40E-09
NNE 870 inhalation  child 1.27E-06 1.47E-08
NE 900 inhalation  child 1.26E-06 1.58E-08
ENE* - .

E* - . -

ESE* -

SE*
Ssk' 2900 vegetation  child 6.80E-08 7.90E-10
el 1450 vegetation  child 1.21E-07 246E-09
SSwee 2180 vegetation  child 6.45E-08 1L19E-09
Swee 1340 vegetation  child 2.10E-07 3 94E-09
WSEWres 4270 cow/mu|¥ infant 5.71E-08 S31E-10
Wi 1050 vegetation  cnild 8.72E-07 8.87E-09
WNWes 3290 vegetation  child 6.28E-08 S.18E-10
Nwee 2040 vegetation  child 8.25E-08 7.28E-10
NNWwe+ 1210 vegetation  child 2.70E-07 1.92E-09

* Since these sectors are located over marsh areas and Lake Erie, no ingestion
pathways are present.

**Changes since 1989,

***Changes in measurement but not actual ground location.
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Meteorological Monitoring

Introduction

The Meteorological Monitoring Program at Davis-Besse is required by the Nu-
clear Regulatory Commission (NRC) as part of the program for evaluating the ef-
fects of routine operation of nuclear power stations on the surrounding
environment. Both NRC regulations and Davis-Besse Technical Specifications
provide guidelines for the Meteorological Monitoring Program. These guide-
lines ensure that Davis-Besse has the proper equipment, in good working order,
to support the Radiological Environmental Monitoring Program.

Meteorological observations at Davis-Besse began in October 1968. The Meteo-
rological Monitoring Program at Davis-Besse has provided data, with very little
data loss, since the Station began operation in 1977, This has provided an exten-
sive record of meteorological information that can be usea by many programs at
Davis-Besse. The Radiological Environmental Monitoring Program uses the me-
teorological data to evaluate the effects of radioactis .ty released in Station efflu-
ents. The meteorological conditions at the time of these releases are used to
caiculate doses to the general public. Meteorological data are also used to evalu-
ate where new radiological environmental monitoring sites should be located.

The meteorological monitoring system is also valuable in wonitoring weather
conditions and predicting the development of adverse waather trends, such as
flood ag or high winds. This provides an early warning system, so precautiuns
can be taken to protect the facilities and personnel at Davis-Besse, as well as
local residents. Onsite meteorological data would also be a vatuable tool in the
unlikely event of an emergency at Davis-Besse. Atmospherie dispersion charac-
teristics necessary for evaluating conditions, distribution, and doses to the public
could be readily obtained.

4-1
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Onsite Meteorological Monitoring

This section describes the onsite Meteorological Monitoring Program at Davis-
Besse. A description of the meteorological system at Davis-Besse, and data han-
dlinZ and analysis procedures, as well as a table and discussion of the annual data
recovery are also provided.

System Description

Meteorological data collection at Davis-Besse consists of wind speed, wind direc-
tion, sigma theta (standard deviation of wind direction), ambient (outside air at
10 m) temperature, differential temperature (air temperature at 100 or 75 m
minus air temperature 10 m), dew point temperature (tho air temperature where
\noisture begins to condense out of the air, and precipitation. Two towers
equipped with 4 variety of meteorological instruments are used to gather this
data.

Meteorological Instrumentation

The meteorological system consists of one monitoring site located at a grade
level of §77 feet above mean sea level. A 340 ft (100 m) free-standing tower lo-
cated about 3000 feet SSW of the cooling tower, and an auxiliary 35 £t (10m)
foot tower located 100 feet west of the 340 ft tower, are used to gather the meteo-
rological data. The 340 ft tower is instrumented for wind speed and wind direc-
tion at 340 ft (100 m) and 250 ft (7S m). The 35 ft (10 meter) tower is
instrumented for wind speed and wind direction. The 350 ft tower also measures
two differential temperatures (delta T's) : 340-25 ft and 250-35 ft (100-10 m and
75-10 m, respectively). Differential temperatures are used to determine stability
of the lower atmosphere. This gives an indication of how fast airborne effluents
can mix and disperse. Precipitation is measured by a tipping bucket rain gauge
located near the base of the 35 ft (10 m) tower. According to the Davis-Besse
Nuclear Power Station, Operating License, Appendix A, Technical Specifica-
tions, a minimum of six instruments are required to be operable at the two lower
levels (75 m and 10 m) to measure temperature, wind speed and wind direction.

The signals from each meteorological instrument are translated by modules lo-
cated iuside the meteorological shelter. These signals are then transmutted to var-
lous places (refer to Figure 4-2): to an ADAC System-1000 computer (PDP
11/03) located in the meteorological shelter, to a computer in the Control Room,
and to four Esterline-Angus strip chart recorders located in the meteorological
shelter which are used if the PDP 11/03 and Control Room data are not avail-
able. The PDP 11/03 also communicates data to a PDP 11/34 computer located
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Additional data losses during the year were as follows:
o January: Ice stom freezes 340 foot(100meter) 250 foot
(7Smeter sensors temporary sensor failure).
High winds break 35 foot (10m ) windspeed

sensor,
e February: Ice storm freezes all sensors temporarily.
® August: Lightning strike, temporary computer failure.

METEOROLOGICAL SYSTEM
RECOVERY STATISTICS
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Fig. 4-4: Davis- Besse Technical Specification requires six sensors to be to be op-
erable on site during plant operation. Data loss from these six sensors were mini-
mal resulting in a data recovery of greater than 90% for 1990. See table 4-1.

Meteorological Data Summaries

This section presents summaries of the meteorological data collected from the
onsite monitoring program at Davis-Besse during 1950. Tables 4-2 through 4-7,
discused in this section, can be found on pages 4-27 through 4-34, Tuble 4-2 sum-
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in the area surrounding Davis-Besse, t/ie jake breezas are deflected clockwise 12

i degrees each hour until about midaight. As the land cools, a land breeze from
late evening to mid-morning develeps, resulting in winds from the SSW and

‘ WSW. In general, lake/land breezes cecur at Davis-Besse from April through

September, with a peak in May,

Current and reliable information on local weather patterns (such as the lake/land
breeze effect) and global weather patterns is crucial for Davic-Besse personnel

| responsible for monitoring aimospheric dispersion characteristics in the unlikely
\ event of 7 radiological emergency at the Station.

Wind Sree nrd Wing Dirsction

The maximum hourly average wind speeds for 1990 were 54.49 mph for the 100m
level on January 23, 30.6 mph for the 75m level on January 25, and 37.14 mph for

\ i the 10m: level on January 28

Figure 4-5 gives an annual and monthly wind rose of average wind speed and per-
i cent {reyuency by directioa measured at the 100 m level in 1990. Wind roses get
g el name because the circular pattern of each graph resembles a flowering
rose. Fach vand sector has rao radial bars, the darker bar represents the percent
of time the vand blew from that direction. T - hatched bar represents the aver- ’
, age speed of the wind frore that direction. Wind direction sectors are classified '
vaing, Pasquill Stabilities (Tab'e 4-3, page 4-31), Calms (less than or equal to 1.0 |
mph) are shown (n perceat in the middle of the wind rose. The 75 m wind rose is I
given in Figure 4-6 and the 10 m wind rose in Figure 4-7.

Amblart Tempertture

|
; Monthly minimum and maximum temperatures for 1990 are given in Table 4-2, [
These data are measured at the 10m level. The maximum monthly average tem- !
5 perature was 72.3°F(22.4°C) for July, The extreme maximum was 97.9"F(36.6°C) ‘
| on July 4, and the extreme minimum was 4,43°F(-15.4° C) on December 24, l
l I

D Poix Tomperature

Monthly average and extreme dew point temperatures for 1990 are also provided

: 1 it Tabie 4-2, These data are measured at the 10m level. The maximuin daily

il ; average dew point temperature was 63.0°F(17.2° C) for August. The extreme

¥ | rmaximum was 7% .5°F(24.2° C) on August 27, and the extreme minimum was -
6.7°F(-21.5°C )en Februrary 25.

T




Fig, 4-4; 100 Meter Wind Rose for January through December 19K

N
- ", | . |
| |
1
5 |
I » = S » 'g\nq‘
I o \

i w

st b »0

|
1 1
< { N X | ¥ {
| [ ¥ L] \ L
| i
" ‘/ i \ y | Y |
L e L . | ... o
ERI00 WikD SeeRD BP0 B FE000a Wik eheED (v 5
SRR DINECTION FREGUENCY (K) S DIMECTION FREGLUENCY (W
DAVIS~-BESSE DAVIS~BESSE
JANUAKY 1880 FEBRUARY 1890
100M LEVEL 100M LEVE
‘\ d N N
3 i 1 ol b o1 R ‘o
- - . ‘ -
e e
»
v
>
0 e
\
!
~ e -/
p
L3 N /
‘ e
{ ~d_ | g b 3
L e N e - s -"'.:‘.‘ ;!A..u_._ Setauaes J e —— _.,,!’.!_..T:T, g 1,'.(._v!<, IR —
PO WinG SPEED e EOCU WIND SPEED O8N0 S

WO O INECT 100 FREGUEMCY (N N OIAECTION FREQUENSY N)

° DAVIS~BESSE DAVIS-BESSE
MARCH 41990 APRIL 1990
100M LEVEL 100M LEVEL




Fig. 44 (continued): 100 Meter Wind Rose for January through December 1990,
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Fig. 4-4 (continued): 100 Meter Wind Rose for January through December 19960
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Fig. 4-4 ‘continued): 100 Meter Wind Rose for January through December 199¢,
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Fig. 4.5: 75 Moter Wind Rose for January through December 1990
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Fig 4-5 (continued): 75 Meter Wind Rose for January through December 1990
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Fig. 4-5 (continued): 75 Meter Wind Rose for January through December 1990
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FI1G, 4-6: 10 Meter Wind Rose for January through December 1990.
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Fig. 46 (continued): 10 Meter Wind Ros
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i"ig. 4-6 (continued): 10 Meter Wind Rose for January through December 1990
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Fig. 4-6 (continued): 10 Meter Wind Rose for January through December 19%
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Pracipiation

Monthly totals and extremes of precipitation at Davis-Besse for 1990 are given in
Table 4-2. Total precipitation for the year was 36.76 inches (93.37 ¢m). The max-
mum monthly precipitation total was 5.50 inches (13,97 em) in December. Itis
likely that precipitation totals recorded in colder months are sornewhat less tha

the actual amounts received at the site due to periods of freezing prec

coupled with strong winds

;’..;xlmr‘.

Atmospheric Stabiiity

Tbc atmospheric stability is categorized by de!ta T (100m - 10m) and deita T

78m - 10m) using the information provided in Table 4.3 (page 4-18). Unstable
..ondmons (classes A-C) mix and disperse effluents better 'han stable conditions
(classes E-G). Table 4-4 (page 4-19) gives the monthly and annual \(;ﬂ“.x.I\ class
frequency distributions for 1990, based on delta T (100m - 10m). The table
shows that neutrai and slightly stable conditions (classes D and E) were the most
common during the year

For comparison purposes, the delta T (75m - 10m) f'aml.r\ class fr:-.;uenn distr-
bution is given in Table 4-5 (page 4-20). The delta T (75 - 10m) shows an in-
crease of extreme classes (A and G), and a decrease of neutral class D relaty

the delta T (100m - 10m) distribution. This was expected due to the smal hc.g‘..
separation.

Tables 4-6 and 4-7 (pages 4-21 and 4-22, respectively) give the distnid
bility classes by hour of day for delta T (100m - 10m) and delta T Sm - 10m), re-
spectively, for 1990. They show, as expected, that unstable classes occurred
primarily during the daytime hours and stable classes generally occurred at night
The neutral class occurred throughout the day and night, but showed a peax ire-
quency for morning and afternoon transition periods

n b
us\ LS A e

Local Wind Patterns

Heating and cooling cycles that develop from solar heating of the atmosphere
can create a variety of localized wind systems. One example common in areas
bordering the Great Lakes is sometimes referred to as the "lake/land breeze ef-

fect.” Unfortunately, this term is also used in other parts of the country to de-
scribe localized wind systems not at all related to (ne wind patterns in the Lake
Erie area. For purposes of this report, the term "lake/land breeze c"‘cx.‘ will be
used to describe the harmless wind patterns that occur over areas adjacent 1o
Lake Erie, including the Davis-Besse site. These wind patterns anse because of
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the different thermal characteristics of land and water, a difference that is magni-
fiad when the body of water has a large surface ar=a, such as Lake Erie. The
large surface area of Lake Erie causes the temperature of the air over the water
to be quite different from the air temperature over the land. This difference in
temperature is not seen over smaller bodies f water such as man-made reser-
voirs. Lake Erie acts as a giant "heat sink”"; i.e., it takes a long time for water tem-
peratures to rise in the spring, but once the lake has warmed, it also takes a long
time to cool back down in the autumn. [n contrast, landforms experience signifi-
cant temperature changes over short periods of time.

In the case of the lake/land breeze effect along the Lake Ere shoreline, during
the daytime, the land surface heats up faster than the water, and therefore
reaches higher temperatures than the water. The warmer air above the land rises
faster because it is less dense than the cooler air over the lake. This leads to ns-
ing air currents over the land with descending denser air over the lake. This
starts a wind circulation which draws air from the water to the land during the
daytime, creating a "lake breeze" effect (Figure 4-7). At night tume, this process is
reversed. The water retains its heat as the land cools rapidly. This results in
warmer, less dense air over the lake, with colder air over the land. This causes
the local winds to shift from the land to the water, creating a "land breeze” effect
(Figure 4-8).

The lake/land breeze circulation at Davis-Besse s generally not present during
the late fall winter, early spring, or when skies are cloudy. At these times, there
is no significant solar heating of the land. The lake/land breeze is also not pres-
ent when the difference between the lake temperature and land temperature i
too small, or when wind speeds become faster than 12 mph (19.2 km/L ). Such
wind speeds tend to minimize the effect of local wind circulation patterns and
allow large scale weather features (e.g., fronts, lows, highs, etc.) to domunate.

If conditions are such that a lake breeze develops in the area around Davis-
Besse, the winds usually start out from the SSW and the WSW during mudmorn-
ing. As the land becomes warmer during the day, the lake breeze develops and
the wind shifts to the NNE and NE. Once the lake breeze develops, the Coriolis
Force begins to act on the wind direction. The Coriolis Force develops due to the
earth's rotation. When any mass travels above the earth's surface in an appar-
ently linear path (as viewed from its point of origin), its path is actually deflected
to the right or left, depending upon the object’s position relative 10 the equator.
This deflection is easily observed from the earth’s surface at some point in the
initial trajectory of the mass. However, when viewed from some fixed point in
outer space, or from the initial point of origin, the mass appears to travel a
straight path. The deflection seen by earthbound observers arises from the fact

4-21
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that their frame of reference changes as the mass travels along its path due to the
earth's rotation beneath the mass. In essence, the earth actually “moves out” from
under the traveling mass. [n the Northern Hemisphere, objects (or air masses)
are deflected to the right of their path of motion; in the Southern Hemisphere,
they are defleced to the left,

In ihe area surrounding Davis-Besse, the lake breezes are deflected clockwise 12
degrees each hour until about midnight. As the land cools, a land breeze from
late evening to mid-morning develops, resulting in winds from the SSW and
WSW. In general, lake/land breezes occur at Davis-Besse from April through
September, with a peak in May.

Current and reliable information on local weather patterns (such as the lake/land
breeze effect) and global weather patterns is crucial for Davis-Besse personnel
responsible for monitoring atmospheric dispersion characteristics in the unlikely
event of a radiological emergency at the Station. The Meteorological Monitor-
ing Program at Davis-Besse has provided such information, with very little data
loss, since the Station began operation in 1977,

Lake Level Monitoring

Lake and forebay levels are monitored at Davis-Besse to observe, evaiuate, pre-
dict and disserninate high or low lake level information. Long-term Lake Ene
water levels are controlled by the amount of precipitation and evaporation in the
Great Lakes drainage basin. As well as diversion of water for irrigation. Indus-
try and domestic use, short-term changes are controlled by the current
meterological conditions daily. Davis-Besse personnel gather national weather
service information and satellite imagery data to evaluate Lake Erie fluctuations.
Figure 4-9 shows lake ievel data for Lake Erie during 1980 to 1990 from four
sites: Toledo, Davis-Besse, Cleveland, and Buffalo. As expected, all four sites
track each other for the ten year period.

The increase or decrease in lake level is sometimes due to high winds creating 4
seiche. Specifically, a seiche is an oscillation in water level from one end of a
lake to the other due to rapid changes in winds and atmospheric pressure. The
seiche may last as long as thirty six hours and cause flooding at one end of the
lake and anti-flooding at the other. Close monitoring of these events allow time
to prepare for low or high water events and take a; propriate action.
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Figure 4-10 shows lake level data for Lake Erie duning 1980 to 1990 four sites:
Toledo, Davis-Besse, Cleveland, and Buffalo. As expected, all four sites track
each other for the ten year perod.

4-24



Annual Environmental Operating Report 1990 Davis-Besse Nuciear Power Station

Forebsy Yempersture Maonitoring

Forebay temperature at Davi -Besse are monitored and compared with Lake
Erie temperatures. Figure 4-10 show Forebay temperature averages for 1989,
1990 and the ten year average.

FOREBAY TEMPERATURES
1989 AND 1990 WITH 10 YR. AVG

TEMP ¢

O == v . ey
JAM FEDMARAPR MAY JUN JUL AUG SEP OCT NOV DRC
MONTH

oo W0 T 0 ve ave

Fig. 4-11: Forebay Temperature ar ' monitored to aid in determuring evaporation.

REMOTE SENSING

Remote sensing is the scanning of the earth from remote observation stations;
manned or unmanned. Satellite imagery can provide information on tempera-
tures of the earth and its atmosphere, snowfall and rainfall. geologic actvity, land
use and vegetation cover. Radar is also used for detecting precipitation and geo-
graphic features. Aerial photography is used for land use, mapping, water use
and vegetauon cover,

Satellite, radar imagery and aerial photography are used by meteorological per-
sonnel on a daily basis to monitor global and local weather systems, lunar-tidal
gravitational effects, seismic activity, solar radiation fluctuations and magnetic
fields and land use. All of these have an impact on the weather. Monitoring
these events allow for careful analysis of weather conditions that could impact
the operation of Davis-Besse and surrouding area. Figures 4-12 and 4-13 shows
sample applications of remote sensing.
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Table 4-2
Summary of ical Data Measured at Davis-Besse Nuclear Power Station
For January 1, 1990 through December 31, 1990
JAN FEB MAR APR  MAY JUN UL AUS  SEP OCT  NOV  DEC

1m WIND 214 170 188 175 %69 173 151 N7 134 179 199 179
Max Speed {mph) S449 5279 4093 3579 4624 439 M6 2518 04 213 4w 44978
Date of Max_ Speed 25 2% v 5 0 3 12 28 25 18 5 3
Mir Speed (mph) 360 156 209 218 113 23 1MW 1M 215 156 160 224
Date of Min Speed 31 4 3 1 23 14 .1 10 13 23 8 27
75m WIND 194 156 168 162 156 158 M1 109 130 165 178 169
Max Speed {mph) 5060 4974 WSS9 M4 MK 0W B6 2645 WOl 00 4147 4520
Date of Max. Speed 25 24 0 10 10 K 12 2 15 18 5 3
Min Speed {mph) 33 175 185 243 117 198 212 19 289 211 155 304
Date of Min._ Speed 31 1 =3 1 ps 14 20 10 26 b2 18 19
ilm WIND 21 €. 11 03 06 97 92 72 79 0W: 09 11
Max Speed (mph) 3714 36R7 3088 W04 3547 NO 262 189 2189 3123 RS NN
Date of Max_ Speed 25 24 W 12 10 2% 12 28 16 8 5 1
Min Speed (mph) B 1M 155 i85 102 174 135 133 133 194 102 147
Date of Min. Speed 27 1 1 3 p.) 12 25 2 26 24 M 27
10m Ambnent Temp 35 331 4E 502 S71 688 T23 B 642 S34 452 434
Max {“F) 639 6319 7605 859 7685 9132 9791 8968 9S8 9203 7243 S75%
Date of Max. 17 13 M4 25 - 17 4 2 6 3 i 3
Min (°F) 1655 872 2167 2370 W73 4501 079 5451 4134 3421 2679 437
Date of Min. 30 % 4 3 nm s 7 X 24 2 W 24
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Table 4-2 ‘

Sumnsary of Meteorological Data Measured at Davis-Besse Nuclear Power Station |
For January 1, 1990 through December 31, 1990 ;

i (Continued) |
? |
L ! = -
: JAN FER MAR APE MAY JUN Jui L SEP (T LY DEL !
f 3 ; T . — ' RS - :
| i
: |
i 1m DEW POINT TEMPERATURE i
]
1 i
i Mcan ( F) R3 24 11 8 373 36 6 61 63 6 3 434 v - i
3 i
; Max (°F) 518 61.2 616 633 147 ? 4.6 633 6 4 R ~
! Date of Max 1 ) 11 7 1 & £ ) P 1 vy 2 l
Min (F) )¢ 67 2 S %11 R 7 14 ¢ a1 IR & :
| Nate of Min M} ¢ 1 ¢ - 4 |
! PRECIPITAITON ~
| Yotal (inches) , i 61 X 5 1 44 ‘ - v i
| Max m Ore Day I (X W 3 ' u .
4 a 1 ' 14 ]
i
i
|
|
]
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Table 4-3
Classification of Meteorological Data
Wind Direction
Wind Sector Wind Direction {Degrees)

N 3¥R87S TO 1125

NNE 125 70 3378

NE 3375 TO 56.25

ENE 625 TO 7RIS

E MM75 TO MM25

ESE 10125 TO 123875

SE 12375 T0 14625

SSE 14625 TO 168.75

S 16875 TO 9125

SSW 912 TO 21375

SwW 21378 TO 236.25

wsSw 2325 TO 25875

w 2SR 7S TO 28125

WNW 28125 TO 375

NW ¥’ TO 32625

NNW 32625 TO MRS

Pasquill Stabiii
Delta T (100m - 10m) 3300t 350t Delta T (75m - 19m) 25001 -35h
34n-35m * 0 ‘¥ o

Stability Class
A (extremely unstable ) T<313 T <-218
B (modcrately unstable ) 313 <=T <-2808 218 <=T <-195
C (shghtly unstabic 280 <=T <-247 195 <=T <17
D {newtral) 247 <=T <082 AR <=T <057
E (shghtly stable) A8 <=T < 247 051 <=T< I72
F {(moderately stable ) 247 <=T < 659 1?2 <=T < 459
G (extremely stable) 659 <=T 49 <=T
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Table 44
Monthly and Annual Stability Class Frequency Distributions
Based On Delta T 340FT - 35FT (100m - 10m)
For January 1, 1999 Through December 31, 1990 (in percent)

100m- . Jm A B L. D E F G

JAN 0.00 0.00 0.00 549 37.1 6.10 1.90
FEB 0.90 1.20 3.36G 60K 294 420 030
MAR 0.60 .80 270 619 2712 5.40 200
APR 0.40 1.10 460 490 287 12.40 37
MAY .50 2.40 470 578 263 7170 0.50
JUN 0.10 .60 1.90 563 332 640 1.60
JUL 1.20 0.80 200 615 278 7% 0.50
AUG 0.1t 0.30 300 583 202 150 310
SEP 4.00 040 1.00 528 29.7 13.1 310
OCT 0.10 0.40 400 529 25.1 15.0 240
NOV 000 0.70 0.76 482 373 109 2.20
DEC 0.9¢ 0.30 0.30 586 348 5.10 0.0

4
ANNUAL (40 0.70 230 56.0 29.7 9.10 1.80
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Table 4-5
Monthly and Annual Stability Class Frequency Distributions
Rased on Delta T 250FT - 35FT (75m - im)
For January 1, 1990 Through December 31, 1990 (in percent)

A B { D i ! {
i () Bi} 518 39 {; ;s 41} Gis
1 O 520 fy S i : U

i Y 54 58 5 » S ) Y %)
:‘(Kf H) 44 4 i4 4 4 1t
1 50) 1 O} b & #r 4 Y (K}
1 () 61 S 34 N S 4 N

i X ) g S Gi )
S W M £ ) IR R &6
R 3 N 6 3 4 1)
7 3 4 20 19 | ] )
{40 1 70 $() B 424 i
{hLin) 1 SH) S s 4 K 1
1 3} 4 N 518 ) 5.8 £y
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Table 46
Davis-Besse Nuclear Power Station
Stability Classes by Hour of Day for 1990, Based on 340FT- 35FT {100m-10m) Delta T
Stability Index

Hourof Day A ® C D E ¥ G TOTAL FG EFG
i O i 0 125 162 (&3 12 304 76 238
2 0 0 0 129 157 6 i3 365 7 2%
3 0 i 1 127 152 o6 18 65 84 236
s 1 9 2 130 146 7 16 %S 86 232
5 1 3 i 1443 131 62 20 w2 82 213
6 2 2 3 141 137 59 20 34 79 216
7 4 ] 2 153 137 5K 10 S 6oX 205
N 5 2 1 179 139 po 6 W) 34 173
9 3 i 5 251 89 1 i Wi 12 101
10 3 2 13 2% 35 6 i 358 7 S
1 3 3 23 205 17 3 i 156 4 2
12 3 7 29 299 20 0 i 359 ] 2
13 2 19 39 293 12 0 1 357 i 13
is 2 11 35 297 id 1 1 361 2 iH
15 0 8 2% W2 » 3 0 %1 3 25
i6 1 5 13 305 33 1 1 362 5 ®
17 0 2 5 2% 57 6 2 %2 M 65
i8 6 1 2 249 11 R | | 363 1t i
19 0 2 1 22 138 18 2 363 20 158
20 1 ] | 131 I8S 32 3 63 35 220
21 1 0 0 122 191 P 5 61 47 238
» 0 1 0 12 179 55 B 2 6 239
23 0 1 0 130 165 61 6 33 67 n2
24 0 0 1 132 159 2 9 3 7 230
Toral 32 65 203 4560, 2578 786 155 RORS 941 3519
Percemt 94 a7 23 o0 297 e1 1R RELARE 3] FI12.Y 05
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Table 4-7
Davis-Besse Nuclear Power Station
Stability Classes by Hour of Day for 1990, Based on 2S0FT-35FT { 75m-10m) Delta T
Stability Index
b P G TOTAI ¥G EFG

Hour of Day A B { D

1

1o o ¥ -l 3

ba

.
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Marsh Management

Navarre Marsh
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A revetment is also a retaining structure designed (0 hold back water for pur-
poses of erosion control and/or to encourage beach fromation. Unlike a dike, a
revetment consists of rocks laid over a nylon mesh mat atop a clay base. Revet-
ments are also built &t a gentler slope ( E.g., a ratio of three<to-one). As waves
strike the gradual slope of a revetment, their energy dissipates, allowing the sedi-
ment load 1o drop out at the base of the revetment. At the same time, the under-
lying mat allows the water to percolate through slowly. This helps maintain the
integrity of the clay base beneath the mat. Because a revetment extends well out
into the water, it actually encourages beach formation by this passive deposition
of particulate matter,

Particularly along the southern shores of Lake Erie, where wave action has
literaly eroded away large areas of shoreline, a revetment is a logical choice to
both protect the inland areas and to encourage beach formation, Due to the
steeper slopes of dikes, when waves strike, they are deflected laterally down the
shoreline. This tends to scour out the base of the dike and will eventually cause
the dike to slump or collapse, allowing flooding. In contrast, when waves strike
the gently sloping sides of a revetment, they are deflected up and their energy is
dissipated. As the water slowly passes back down the reverment, any silt or sedi-
ment drops out, gradually forming a beach along the base of the revetment,
Beaches themselves provide a natural form of flood control, and are therefore
desirable in areas with a great deal of wave action (such as Lake Erie).

Marshes are generally found in low-lying flat areas, and are chacterized by a wide
divesity of plant life as the elevation changes. In the Navarre Marsh , elevations
throughout rarely differ by more than two feet (refer to Figure5-3). As one trav-
els to higher elevations and the land gets dryer, woody plants such as shrubs and
trees replace the plants more commonly associated with wetlands. The Navarre
Marsh has a varied landscape with different plants found in each. The majonty
of vegetation is found in the fresh water marsh. Three kinds of vegetation grow
here: emergents, submergents, and floating plants. Emergents grow in wet soil
or out of the water and ‘nclude cattails, smartweed and arrowvhead. Sub-
mergents, such as pond veed and water milfoil, thrive beneath the water’s sur-
face. Floating on the waiar are greater and lesser duckweed, and water lilies,
All these plants provide food, cover, and nesting area essential to wildlife.

The Navarre Marsh is boidered by a narrow, dry beach ridge along the lake

front. The beach support: a limited number of woody plants and has many stand-
ing dead treed, frequently occupied by birds of prey such as bald eagles. Extend-
ing out from the beach is a sandbar which formed over the last few years after the
revetment was constructed in early 1988. As discussed earlier, the revetment
helps dissipate lake wave action , allowing suspended particles in the water to
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ELEVATION
ABOVE
SEA LEVEL

SHAUSS AND TREES

571.8

SUBMERGENT AND [T S ——
FLOATING PLANTS

. AVERAGE WATER LEVEL

IN THE NAVARRE MARSH

$70.8

$69.5

I I
0 FEET 1000

Figure 3-3. I one travels 1,000 Teet in any Qirection in (he Navarre Narsh, eleva:
tions will rarely differ by more than two feet, As elevation increases, the ground
gets dryer and plant communities change.

settle out and accumulate, eventually forming a sandbar. The sandbar then acts
as a natural barner, protecting the shore from storms and wave action. In addi-
tion to protecting the shoreline, the sandbar also benefits iocal wildlife, Shore
birds and waterfowl are often seen resting and feeding in this area. Figure 5-4,
taken in early 1990, shows the beach that has formed within the last year after the
revetment was completed in 1988, Lower lake levels in 1989 also exposed
shorelines that were underwater during previous yaars. These lower levels also
contributed to the beac.. at the base of the revetment pictured in Figure 5.

The Navarre Marsh also supports a variety of other habitats, including a swamp
forest and wet meadows. Bluejoint grass and rice-cut grass are the major wet

54
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} Figure 5-4: The revetment encouraged this beach to torm within the first twi |

| years. While encouraging beach formation, the revetment also provides 4 means |

! of flood control and protects tne marsh againat the wave action ot Lake Erie [
1

L -t

meadow plants. In the swamp foresy, the soil is poorly drained or underwater for

part of the growing season. The swamp forest supports woodv plants such as ¢o
t

onwoad, willows and buttonbush, and several undersion plants such as poison
Ivy, sumac, and swamp loosestrife, Navarre Marsh is unique to this area because
of the buttonbush found in the swamp forest. Buttonbush is be coming rare
along Lake Erie and so it is becoming increasingly important to protect those
nabitats that support the buttonbush population. Studies have shown that 90

of Navarre Marsh’s black-crowned night-heron use the buttonbush sw amp for
teeding and resting. Cireen herons have also been observed nesting in the area
(Meeks and Hoffman, 1979)

A wide variety of birds utilize Navarre Marsh. The best known resident is the
Canada goose, abundant throughout the marsh and around the Station site
Besides natural nesting site, severai artificial ne: ling areas, such as wood duck
Doxes and goose tubs. are provided. The boxes and tubs represent a collective et
fort of both U.S. Fish and Wildlife Service, Ohio Department of Natural Re
sources (ODNR), and Davis-Besse personnel. The marsh also provides

oot

v & | ¥ i1 sacring lare "t SILT YY) ' R i \ P
wateriowl with a reeding and resting piace during their mugration, Besides wate

t vl v 3 I L8 by e d s Lrs . . 1rY by syt th arch ha

LOWL, TAPLOrs such as Owis, hawks and eagies also requent the marsh In the

v 1M ' | i o . " \ ¢ " 5 4 2 ' ) " B

Spring and tall, waroplers, vireos, Kinglets and a bariety of other sor ROIrds stop
et s e 4 4 A S ettt —
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The songbird banding project was conducted in cooperation with the ODNR
from April through August 1990. The project involved capturing and banding
songbirds migrating through the area. From April through June, 8,011 individual
birds were banded. The yellow warbler, a resident species of the Navarre Marsh
during the summer months, was studied in further detail from June through Au-
gust. The study provided information on nesting and feeding habits of the yellow
warbler. The data collected during the banding project provides and extensive
database so that the migratory movements of the warblers may be better under-
stood, and to aid in tracking the population levels of the different warbler species
over time,

A Canada goose nest survey was performed in the Navarre Marsh and in the sur-
rounding marsh area in 1990 by the ODNR. The survey was performed using a
helicopter from the ODNR. This allowed the nests to be located more quickly
and easily. Sixty-five goose nest were identified in Navarre Marsh. This was the
highest concentration of Canada goose nest in this area

Environmental Compliance students assisted the ODNR in capturing and band-
ing ducks at Ottawwa National Wildlife Refuge in December. Mallards and
black ducks were aged, sexed, and banded. Six of the black ducks were fitted
with radio collars for tracking.

Prior to the 1990 nesting season, 19 wood duck boxes were installed at several lo-
cations throughout the Navarre Marsh. These boxes will be examined for use
and reconditioned with fresh sawdust prior to the 1991 breeding season.
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ZEBRA MUSSEL CONTROL

introduction

Dreissena polymorpha, more commonly known as the zebra mussel because of

' ol - 3 1 4 T BT . . o~ " | "nty T Vs
ts striated shell, 1s a native | uropea ivalve that was accidentally introducted

i | into North American waters in 1958 and was discovered in Lake Erie in 1989 "
“ “ Zebra mussels are prolific breeders, which rapidly colonize an area by secreting
X t byssal threads which enable them to attach to solid surfaces and to each other
Because of their abilitv to attach like this, they may form layers several incnes .

3

aeep Ihis POsSeEs a prooiem (o facilities that vely on water intakes from Lake |

Erie because mussels may attach to the intake structures and restrict water flow
i Zebra mussels have not yet caused any significant probiems at Davis-Besse, but
. mussels were found attached to the intake cnb (the structure that allows water (« X
be pulled in from the lake) and the first section of the intake conduit (the pipe

that connects the ¢rib to the intake canal). However, mussels have not attached

t0 tne latier portion of the condutt of the intake canal which supplies water 1o the

bl

plant. The mussels were removed from the crib with high pressure water which
NP ) . | i)

JdesStrovs tne mussels s well

Fig. 6-1 : Named after its distinctive black striping, the zebra mussel (Dreissena polymorpha) is

I
equipped with a tuft of fibers that protrude through the hinged area of its shell. These, known as
byssal threads, attach to hard surfaces wath an adhesive secretion which anchors the musse! firmly

in place

6-1
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ussels are monitored to estimate Ltheir poputation den-

sityv. which will determine the severity ot the probiems tney may Cause I'he life
cvele of the mussel ar ¢ elrieCts Of certair vuriables (wind, temperature, and
chemicals) on Mussels or veugers, the larvae stage of the Mussel are deing stud
ied to determine a means of controlling musse: papulation

Monitoring

€ a Mi § [
Compliance Unit, has been in place since Apnl 1990 ['he program involves the
collection of severai types Ol san f,\lc» which are observed for the presence 0Ol
adul ssels Or the free-swimming larva torms, veugers The frequency
L Ol san - 'mined by lake water temperature, dampies are ol taKetr
when the lake temperature is above 127C because this 1s the temperature at ‘
k which spawning may occur At temperatures above 1o L, Whel spawning condi-
tions are most tavorable, more froguent sampies are Ltaxken

¢ most frequent sampie type Is the raw waler sampie collected datly tfrom tne
water treatment plant Other water samples are taken weekly trom the Toussaint

River and semi-weekly from two difterent locations along the torebay (the canal

that provides laxe water [or piant INtake) hese samples are collected using ¢
plankton net sampier: a net support system with a straining buckel used tor
plankton-size (microscopic) organisms which include veligers. One milliiiies

; ¢ e ¢

is observed under & microscope to check {or the presence Dy
)

lume and the number of veligers observed 10 determine the
liter. The average number o1 veligers per Liter is
detsrmined so that mparson may bhe made from waier samples ol
dirierent volumes

one other type ol sampile 1s COs ected, but 1t 1s observed rihe presence of adult

than the veliger stage. This sample is taken from the bottom ot

'

MUuUsSsSeis ra

ther

.he screenwash basin which collects debris from the er intake traveling
% ‘

wal
screen. It is collected by using a device (an Eckman Dredge) which has a pair o

s 1A . - . . » | mnle The mr \
spring loaded jaws that cloge to trap a sediment sampi€, | he sample 1 then

i | nt ST T { ftal th \ y 0y O it the n ' by 4 { ' . .
dumped onto a screen and Siied u rough to count the number Of adull IMUSSCIS

mathar matt 1 i) t AL ¥ r \ .y . i1t v 4
Another method used by tne [ nvironmentai Hdgg UL O MOonItor aGuil

v ic tha B AN § " . — " . | T g 9 linn tha § .
mussels 18 the observation of mussels that attacn 1o 0D eCts placed il 1@ torebay
"Maca S g—— . ia ampnt } s i N AT Y, ue F e
These objects include a cement diock and a vEHEET ree (twO levels Ol Crossed
hoards separted by a met crimnart . h hacg roe or fnaten s that allow
OAards Sepdricd DV d IiCidl SUPON wh.Ch Nas 1arge graduaicd y LIAL i
itta \ im s | & ~ ' 1 3 r ¢ 5 16 ¥ mnl the tr ‘ ri
attached mussels to be counted easily. Once a week the€ DIOCK and 1€ (ree are
\ v | ) Foebon ¢ ) . mwl tha m X . P |
DULIEU OUL ( ne toredvay and the mussels arc Couniied
>
62
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Foreboy Veliger Sample Compariso:s

L

r N " - . B

' d-& -3 H-d A K B A A & & & 4
v . v v v v v % v . (% L ™ “ v
/ | ! | Ll 8 9 9 9 ¢ 9 9 ¢ 9
1 1 1 3 2 Yy B 8 1 2 2 3
2 6 % g 2 1 3 6 0 3 i 0

Dotes

B oo tove I weor intone

Fig. 6-2: The graph (above) sh. -~ the peaks in veliger population during July
and August 1990 and that the .cuger population is less dense in the intake near
the station compared to the veligers near the lake.

The date, time, location, and number of adult mussels or veligers are recorded
for every sample or observation. Weather data and water temperatures are also
recorded to determine their effects on veliger/musse! population.

Research

The environmental Compliance Unit is involved with the Electric Power Re-
search Institute (EPRI) in studying the effects of water velocity and chemicals on
zebra mussels. The purpose of the study is to determine what may influence mus-
sel mortality and/or detachment. An apparatus, Fig. 6-3, designed by EPR1 to
roughly simulate an in-plant water system was constructed for use at Davis-
Besse. The apparatus consists of four different-sized cells, ranging from 1 12" to
3" in diameter, with a valve connected to each that allows the water flow to be ad-
justed. Mussels are placed inside the cells then water is pumped from the
forebay through the system. A chemical feed pump is connected to the syster so
that chemicals can be introduced into three of the cells. The fourth is the control
cell that enables comparisons to be made with different chemical conditions in
the other cells.

<
*
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Fig. 6-3: The apparatus designed by EPRI that is used for zebra mussei expet

mentation
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: WATER TREATMENT

WATER TREATMENT PLANT OPERATION

Description

i he Davis-besse N ear Power Statior es lake Fri WHLET ree for s
waler treatment piat The lake water is treate with ¢! rine me M

nate, § g Coaguiant aic Make the water Cle nd sate tor ol mp !
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Clartfier Operstion

The water treatment plant at Davis-Besse uses upflow clarifiers, or precipitators,
to remove sediment, organic debris and dissolved agents fr. m the raw water
prior to filtration. Clarifiers combine the conventional treatn. “at steps of coagu-
lation, Nocculation, and sedimentation into a single unit, Coagulauon is the pro-
cess by which a chemical, called a coagulant, is added, causing the small particies
in the water 10 adhere to each other and form larger particles. During floccula-
tion, the water is gently circulated, allowing these conglomerate particles to mass
together further. Finally, during sedimentation, large conglomerate particles
settle to the bottom of the clarifer. These processes normally require large sepa-
rate tanks. However, the use of clarifiers saves both space and the manpower
needed to operate the treatment plant,

The sediment removed during clarification is routed to settling basins, The sedi-
ment settles to the bottom of the basin, allowing the clear supernatant to be dis-
charged to the lake.

The water treatment plant has two precipitators with separate chemical addition
systems, allowing for operation of one or both of the units. Throughout 1990,
precipitator number iwo was operational while precipitator number one was
taken out of service for cleaning and maintenance.

Flow Measurement

The OEPA requires daily domestic water production flow measurement for the
Drinking Water Operation Report. This flow is normally recorded from the Do-
mestic Water integrator in the water treatment plant, however, this integrator
was out of service throughout the year, As a result. flow values had to be calcu-
lated using precipitator and secondary demineralizer flow measurements. In De-
cember 1990, the inteerator was replaced by a new flow measuring device
making plant production flow values more accurate and easily obtainable.
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¢ plant to digest more incoming wastewater. The effluent leaving the plant is
vinfected with chlorine and is pumped to the waste water treatment basin
(NPDES Outfall 601) where further reduction in solids content and the
Biochemical Oxygen Demand (BOD) takes place.

To provide for optimun wastewater treatment, Environmental Compliance added
a laboratory 10 the wastewater treatment facility in 1988, The laboratory is used
to run daily tests (refer to Figure 7-2) on the plant processes including pH, total
suspended solids, dissolved solids, percent settleability, chlorine and dissolved
oxygen tests. By analyzing the test results, an operator may make adjustments to
treat the wastes more effecively,

SUMMARY OF 1990 WASTEWATER TREATMENT PLANT OPERATIONS

WWTP Number 1 was taken out of service in early May 1989 after operators ob-
se ved that the wall separating two of the plant's treatment tanks was bowing
several inches. The plant was completely drained and suupports were installed
to alleviate this problem. Current plans are o place the Number one WWTP
back into service early in 1991, Later that year WWTP2 will be removed from
service for cleaning and maintenance in 1991,

Biochemical Oxygen Demand(BOD) is an analytical procedure designed to
determine how polluted the water is. The more organically active the wastewa-
ter is, the more oxygen it will consume. Hence BOD measures the demand for
this oxygen; the higher the BOD the greater the treatment required. In 1990,
water entering the treatment system had an average BOD of 230mg/L, while
water leaving the system averaged only § mg/L. This represents a total BOD re-
duction of 98%.

National Poliutant Discharge Elimination System (NPDES) Reporting

The OEPA has established limits on the amount of pollutants the Davis-Besse
may discharge to the environment. These limits are regulated through the
Station’s National Pollutant Discharge Elimination System (NPDES) permit,
number 21B0011*ED. Parameters such as chlorine, suspended solids, and pH
are monitered under the NPDES permit. In June 1990, the NPDES permit was
renewed, with Ohio EPA issuing a new permit with some new requirements, For
example, the permit was expanded to include increased sampling frequencies for
suspended solids and BOD at the wastewater basin.

7.8
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Davis-Besse has six sampling points described in the NPDES permit Five of
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Outfall 001

Collection Box: At a point representative of discharge | Lake ke

Source of Wastes: Low volume wastes (Outtalls 601 and O 2)circuls
gvstem bhlowdown and occasional service walel Sampid eC1e at Day
Besse Beach Sampling Station)
Outfall 002
Area Runoff: Discharge to Toussaint River
' e turhint

Source of Wastes: Storm water runofi, condensate pit Sumps

Outfall 003

Sereenwash Catch Basin: Outfall to Navarre Marsh
Source Of Wastes: Wash debris from water intake screens (Ssampie

ected at o (‘H.:x)\\ Of SCreenwas N DAasI

Outfall 601

Muarose trog

Wastewater Plant Tertiary Treatment Basin: Discharge
wastewsgter treatment systen
Sources Of Wastes: Wastewater Treatment Facility

Outfall 602

Low voiume Wastes: Discharge from settiing basins

Source of Wastes: Water treatment residues, condensate mOlSnIng
resins (sample collected at overtiow number . Dasit
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Sampling Point 801

Intake Temperature: Intake water prior to coolis

computer point at east end of forebay)

peraton (Values oblainet

-

B | 1990 NPDES Summary

Outfall 001

The Davis-Besse NPDS permit Limits the amount of chlorine that can be dis
charged to Lake Erie, in order to protect the lake's diverse aquatic life. Chlorine
discharge 1s restrictd to only two hours per day for this purpose. On two 0¢ca
sions, in 1990 this requirement was not met. The first incident occured on Au
I gust 31 as a result of an equipment malfunction. The second took place on
October 4, It was attributed to design and equipment deficiencies. Neither o« ‘
curance resulted resulted in &n exceedance of the (.5 mg/l free available chlorine
J FAC) daily maximum concentration limitation , and no impact to the lake was
observed

Qutfall 002

Various conditions resulied in the isolation of Outfal 002 for much of 1990, In

February of 1990, the discharge gate was closed due to feedwater drainage into |
the Training Center pond via the station stormwater system. The discharge of '
the pond (Outfall 002) was again isolated in May 1990 as a result of condensate

drainage in the station which contained small quanuties of a treatment chetrucal
hvdrazine. The gate remained closed throughout the summer as evaporation

eliminated the need to discharge stormawater. The gate was opened in November

1990, In preparaton for the winter months

Qutfall 003

e screenwash catch basin overflow requires a single total suspended solids
analvsis each month and has no set limitations. No «,xgmf;gum prodlems occured
at this outfall in 1990

Outfall 601

\lgac populations thrive on the nutnent rich water 1n the wastewater treatment

DASI ALhOURD AlRae Dlay an important role 1n terary, or final cleanup




Javis-Besse Nuolear Power Sia ra Annual Env

C AL Ll moers ol adversely mpads (A4 < i { L6 L
MU Were supe gy I ¢ { \ '\ alj ¢
! LUt ¢ N ] ! ¢ s foar O)
ee
|
Quitfall 602
I-, T e ry ¢ Fove bt 61D were EXCet e
l r hlanis OCCure ! ! ! v
Ssinpling Point 80]
"W
’ &l |("'."'-‘ re vat e twe ntake "
range as high as 15 F w ! {Or the vear. Al
: . tae t)
. WS recoroe !
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Chemical Waste Managemen_tT Program

The Chemical Waste Management Program for chemical, hazardous and nonhaz-
ardous wastes generated at the Davis Besse Nuclear Power Station was devel-
oped to ensure wastes are disposed of offsite in accordance with all applicable
state and federal regulations. Chemical wastes which are transported from Davis-
Besse are regulated primarily by two federal agencies, the United States Environ-
mental Protection Agency (USEPA) and the United States Department of
Transportation (DOT). The State of Ohio also regulates chemical wastes, but in
general, State reguiations duplicate the federal regulations,

Regulations Governing Chemical Materials

The Chemical Waste Management Program is regulated by the USEPA under

the Resource Conservation and Recovery Act (RCRA); the Hazardous and Solid
Waste Amendment (HSWA); the Comprehensive Environmental Response, Com-
pensation, and Liability Act (CERCLA or Superfund); and the Toxic Substance
Control Act (TSCA). The waste transported from Davis-Besse is also regulate §
by DOT under the Transportation Safety Act. A brief description of these r.o-
grams is provided in the following paragraphs.

Reso  ce Conservation and Recovery Act (RCRA)

The Resource Conservation and Recovery Act (RCRA) of 1976 is the federal law
which regulates solid hazardous waste. Solid waste is defined as any solid, lig-
uid, semisolid or contained gaseous material. The major goals of RCRA are to
establish a hazardous waste regulatory program to protect human health and the
environment, and to encourage the establishment of solid waste management,
resource recovery, and resource conservation systems. The intent of the hazard-
Ous waste management program is to control hazardous wastes from the time
they are generated until they are properly disposed of, commonly referred to as
“cradle to grave" management. Anvone who generates, transports, stores, treats
or disposes of hazardous waste is subject to regulation under RCRA,

81
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Under RCRA, there are essentially three categories of waste generators:

e Large Quantity Generator - A facility which generates 1000 kilograms/month
(2200 Ibs/month) or more.

e Small Quantity Generator - A facility which generates less than 1000 kilo-
grams/month (2200 [bs/month).

e Conditionally Exempt Small Quantity Generator - A facility which generates
100 kilograms/month (220 Ibs/month).

Hazardous anc Solid Waste Amendment (HSWA)

The Hazardous and Solid Waste Amendment of 1984 is an important addition to
the RCRA. The goals of HSWA are to significantly increase federal regulation
of hazardous waste management and to ban the land disposal of most hazardous
wastes il the next few years. In cases where it is not possibie to entirely ban haz-
ardous waste from landfills, the regulations state that the waste should be
treated according to guidelines and stored or disposed of in a manner that mini-
mizes the present and future threat to human health and the environment. This
amendment also promotes the recycling, recovery, or reuse of waste such as
waste-to-energy f7 zilities, distillation facilities, and fuel blending facilities.
These activities would result in a reduction of waste being disposed of in our
nation's dwindling landfil! space. An additional HSWA goal is to minimize the
generation of waste through such methods as source reduction, product substitu-
tion, technology/process modification, and raw material modification.

Comprehensive Environmental Response, Compensation and Liabllity Act
(CERCLA)

The Comprehensive Environmental Response, Compensation and Liability Act
(CERCLA, sometimes refered to as Superfund) became law in 1980, The pri-
mary reason for the establishment of this law was to create a federal authority
and source of funding for responding to spills and other releases of hazardous
materials, pollutants, or contaminants into the environment. Superfund estab-
lished "reportable quantities” for several hundred hazardous materials, thus,
spills exceeding this quantity for a specific material must be reported to the EPA.
Superfund also regulates the cleanup of abandoned hazardous waste disposal
sites.

8-2
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Compliance with RCRA and HWSA
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As another measure in waste minimization, 4000 pounds of polystyrene resins
were returned to a plastic manufacturer for reuse. Recycling this material repre-
sents about 74 cubic feet of space which was not used in today's dwindling land-
fill space.

Compliance With CERCLA and SARA

Davis-Besse conducted site wide inspections to identify and record all hazardous
products and chemicals onsite as required by SARA. Determinations were made
as to which products and chemicals were in sufficient quantities to report and, in

1990, the following list was generated:

diesel fuel
hydrazine

.

-

e hydrogen, compressed gas
e lubricating (petroleum) oils
-

Nalco Surecool 1332 (aqueous mixture of organophosphorous compound
and acrylic polymer)

PCBs

sodium hydroxide
sodium hypochlorite
sulfuric acid
unleaded gaoline

Two of these chemicals, kydrazine and sulfuric acid, are extremely hazardous
substances (EHS). These chemicals are found onsite it quantities greater than
or equal to 500 pounds. The other reported chemicals are in quantities greater
than or equal to 10,000 pounds. Any new chemicals found to be present in these
quantities (10,000 Ibs. or 500 Ibs,) or at threshold planning quantities (TPQ)
prior to the next reporting vear (1991), must be reported within 90 days of discov-
ery. The TPQ is simply a limit at which certain reporting is required. This allows
for the appropriate regulation and tracking of these chemicals. In 1990, the re-
quired reporting quantity was the same pound limits as in 1989, Annual SARA
reports are submitted by March 1 for the preceding calendar year.
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former during operation. For the entire retrofill process, the transformers are
retrofilled three times w.th a leaching solvent and twice with silicone fluid. The
entire process will take two to three years and will extract almost all of the PCBs.
The transformers will be tested in 1991 for PCB levels, and if less than 50 parts
per million (ppm), the transformers can be reclassified as non-PCB. One trans-
former, BF 4, was reclassified as non-PCB in 1990,

Complisnce With the Transportation Safety Act

Before any wastes are transported offsite, Davis-Besse must ensure that the
wastes are identified, labeled and marked according to DOT regulations. Also,
the transportation vehicle is checked to ensure DOT placards are on all sides and
it is in good operating condition (for example, brake lights and turn signals func-

tion properly).

Hazardous wastes are transported for disposal within 90 days from the date accu-
mulation and storage began, as required by the USEPA waste generator permit
issued to Davis-Besse. Before shipping the waste, approval for disposal is re-
ceived from the Treatment, Storage and Disposal Facility (TSDF). Prior to
transportation, a Uniform Hazardous Waste Manifest is completed and signed
by both the generator and the transporter, If the TSDF does not return a signed
copy of the manifest within 35 days, Davis-Besse personnel contact the facility to
determine the status of the waste. In 1990, all manifests were returned from the
TSDF to Davis-Besse within the required 35 days.

Compliance With the Clean Air Act

In 1990, a notification letter was prepared and submitted to the EPA concerning
the removal and disposal of asbestos-containing material from Davis-Besse. The
Davis-Besse cooling tower was renovated and (amount) of nonfriable asbestos
cement board was removed and replaced with a non-ashestos cement board. As-
bestos is not considered an RCRA hazardous waste, but the EPA does require
special handling and disposal of this waste under the Clean Air Act.

Audits and Inspections

The above programs, as well as Davis-B :sse's commitments to various regulatory
agencies, are audited and inspected by various groups and individuals including
the following:

e Davis-Besse Quality Assurance Department
e Nuclear Regulatory Commission

e Institute of Nuclear Power Operations
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e There must be corrosion protection, monthly release detection, and
overfill prevention for the 2,000 gallon waste oil tank by Decemnber 22,
190K,

In 1990, the two 40,000 gallon and the 8,000 gallon diesel fuel storage tanks be-
came exempt from these regulations by virtue of being part of an emergency gen-
erating system at a nuclear power station. However, there are regulations that
do apply for responding to a tank or piping leak greater than 25 gailons and for
corrective action to clean up such a spill

Fuel Storage Tenks At Service Buikiing #4

Permanent gasoline storage tanks were constructed at Service Building #4. Mo-

bile Central at Service Building #4 provides vehicle repair and service. Having 4
fuel supply at this location elirninates the inconveniences of the previous tempo-

rary fuei storage facility at the station warehouse.

The gasoline storage tanks are constructed inside a diked concrete structure (0
collect any spilled fuels and to reduce any environmenieal impact should a spill
oceur,

100,000 Galion Diesel “usl Ol Storage Tank

A spill zontrol dike was constructed in front of the pump house for the 100,000
gallon diesel fuel oil storage tank. This dike was constructed to ensure contain-
ment of drips, leaks and small spills during refueling operations.

Firs Training Ares Mod fication

In response to an independent Chemical Risk Assessment Audit performed at
the Davis-Besse site, Environmental Compliance recommended that the fire
protection training area be upgraded to reduce the potential of adverse environ-
mental impact due to training activities or potential spills.

Envirormental Compliance recommended that a diked concrete pad with a

catch basin be installed. The catch basin would collect wastes preventing contam-
inatiun of surrounding soils and possibly groundwater supplies. Wastes are peri-
odically pumped out of the catch basin and properly disposed of. When the
training area is not in use, a waterproof cover prevents accumulation of

rain/snow thereby minimizing the amount of contaminated wastes.

Bum Permits

As required by the EPA under the Clean Air Act, burn permuts for Davis-Besse
were submitted for approval. The Station has a small area onsite for training em-

B.10
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ployees on proper fire-fighting techniques. Most instruction is on the propet
use of a fire extinguisher. A burn permit is submitted every three months to re-
main in compliance with the Ohio EPA regulations.

Spill Control Kits

Fifty-five gallon drums containing protective equipment and spill control equip-
ment are maintained throughout the Station at chemical storage areas. Equip-
ment in the kits includes such items as waterproof coveralls, gloves, absorbent
cloth, goggles and warning signs. The spill kits are strategically placed through-
out the Station to allow for fast and easy response in the event of & chemical or
oil spill,

Testing of Waste Oil

The majority of waste oil generated at Davis-Besse is not disposed of, but is re-
moved to a recycling facility for thermal energy recovery. Before removal for re-
cycling, the oil is tested to determine that it is nonhazardous. Waste oil that
contains less than 1000 parts per million of halogens and has a flash point above
140°F is considered to be nonhazardous waste. This testing minimizes waste due
to the fact that the nonhazardous waste oil is recyclable Also, disposal cost is
minimized due to the lower cost of waste oil recyeling than hazardous waste dis-
posal.

Waste iInventory Forme

Inventory forms placed on waste accumulation drums allow employees to record
the waste type and amount as it is added to the drum. This ensures that in-
compatible wastes are not mixed and aiso identifies the drum contents for proper
disposal. It also ensures that nonhazardous waste is not mixed with hazardous
waste. This eliminates the possibility of increasing the volume and number of
containers of hazardous waste and ncreasing disposal costs,

Chemical Approvel

The Controlled Materials Program at Davis-Besse was developed to review and
approve chemicals and products before they are put to use at the Station, Chem-
icals and products that cannot be disposed of easily are either deleted or re-
placed with a less hazardous substitute to eliminate the problem of waste
disposal at a later date.

1
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<]

calibrate

chain reaction

charged particle

cladding

composite sample

containment
vessel

continuous sample

control location

To standardize a measuring instrument, such as the
anemometer used to measure wind speed, by
determining its deviation from a standard. Tle
deviation determined allows one to apply a correction
factor to a measured value, to vield the true value.

A reaction that stimulates its own repetition. In a
fission ¢hain reaction, a fissionable nucleus absorbs
a neutron and fissions, releasing additional neutrons
which perpetuate the fission reaction in the nuclei of
neighboring atoms.

Anion. Anelementary particle carrying a pos:tive
of negative eiectric charge.

The thin-walled tube of zirconium alloy that forms the
outer jacket of a fuel rod. The ciadding is highly resistant
1o heat, corrosion and radiation, and comprises the first
barrier 10 the release of fission products.

A sample made of grab or continuous samples combined to
represent a particular location or a set period of time,

(e.g., four weekly water samples combined to make one
monthly composite sample).

A steel liner inside the concrete shield building. Designed
10 isolate the primary system from the environment and
other station systems,

A continuous sample is one that collects samples
non-stop and is used to evaluate conditions over a specific
period of time. The typical continuous samples collected
at Davis-Besse include TLDs and air samples.

A sample collection location generally more than §
miles away from Davis-Besse. Analyses of samples
collected at control locations provide information on
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control rod

coolant

cooling tower

coriolis force

cosmic radiation

critical group

critical organ

critical pathway

curie (Ci)

normally-o¢curring background radiation and
radioactivity,

A rod containing material such as hafnium or boron,
used to control the powar of a tiuclear reactor.

By absorbing neutrans, control rods slow down and
eventually siop the fission process.

A fluid, usually water, used to cool the nuclear
reactor core by transferring the heat energy emitted
during the fission process into the fluid medium.

Essentially a chimney, designed to create a natural draft,
Cool air enters the base of the tower, is drawn upward
through the hollow tower interior and exits the top, At
the same uime, warm water used to cool the turbine is
showered on to a series of baffles insice the cooling
tower. As the water strikes the bafiles, it is cooled by the
process of evaporation,

An apparent deflective force that develops due to the
earth’s rotation. When any mass travels above the earth's
surface, the coriolis force appears to deflect the mass

to the right in the Northern Hemisphere and to the left
in the Southern Hemispiiere.

Penetrating ionizing radiation, both particulate and
clectromagnetic, that originates in space,

The segment of the population that could receive
the greatest radiation dose.

‘The body organ receiving a radiation dose that could result
in the greatest overall effect.

The exposure pathway that will provide, for a given
radionuclide, the greatest radiation dose to a population,
or to a specific segment of the population.

The basic unit used to describe the intensity of
radioactivity in a sampie or material. One curie is
equal to 37 billion disintegrations per second, which

A-S
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E

eMuent

electromagnetic
radiation

electron

element

enrichment

exposure

In general, a waste material, such as smoke, liquid,

industrial refuse, or sewage discharged into the environment
Effluents discharged from the Davis-Besse Nuclear Power
Station include liquid and gaseous media containing extremely
small concentrations of radionuclides. The concentrations
released are well below the limits established by the NRC.

A travelling wave motion resulting from

changing electric or magnetic fields, Familiar
electromagnetic radiations range from X-rays (and
gamma rays) of short wavelength, through the ultravic'et,
visible, and infrared regions, to radar and radiowaves of
relatively long wavelength.

An elementary particle with a negative charge and a
mass 1/1837 that of the protnn. Electrons orbit

arround the positively charged nucleus. In an electrically
neutral atom, the negative charges of the electrons are
balanced by the poaitive charges of the protons.

One of the 103 known chemical substances that
cannot be broken down further without ~hanging its
chemical propenies. Some examples include carbon,
hydrogen, nitrogen, gold, lead, and uranium.

The process of increasing the concentration of the fissionable
isotope utanium-235 relative to concentrations present in
natural uranium ore. Fariched fuel is more capable ot
sustaining a chain reaction, and is therefore a more economical
fuel source for a nuclear power station. The uranium fue! used
at Davis-Besse has been enriched approximately 3%,

In comparison, the uranium fuel used in nuclear weaponry

has been eariched over 90%.

The absorption of radiation or ingestion of a
radionuclide. Acute exposure is generally
accepted to be a large exposure received over a short

A7
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ion

ionization

ionizing radiation

isotope

J KL

lower limit
of detection
(LLD)

An atom that carries a positive or negative electric charge
as a result of having lost or gained one or more electrons
May also refer to a free electron, i.e., an electron that is
not associated (in orbit) with a nucleus.

The process of adding one or more electrons to, or
removing one or more electrons from, atoms or
molecules, thereby creating ions. High temperatures,
electrical discharges, or ionizing (atomic) radiation
may cause ionization,

Any radiation capable of displacing electrons from

atoms or molecules, thereby producing ions,

For example, alpha and beta particles, gamma and X-rays,
neutrons, and ultraviolet light.

One of two or more atoms with the same number of
protons, but different numbers of neutrons in their

nuclet, Thus, carbon-12, carbon-i3, and carbon- 14 are
isotopes of the element carbon; the numbers dencting
their approximate atomic weights, [sotopes have the same
chemical properties, but often differant physical properties
(for example, carbon-12 and carbon-13 are stable, while
carbon- 14 is radioactive).

The smallest amount of sample activity that will give

a net count, for which there is a confidence at a
predetermined level, that the activity is present. The LLD
is actually a measure of the ability of an individual
analysis to detect extremely minute amounts of
radioactivity in a sample.
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nuclide

OP

pico-

picocurie

primary loop

proton

QR

quality assurance
(QA)

quality control
QO

quality factor

rad

A general term referring to all known isatopes, both
stable (279) and unstable (about $000), of the
c¢hemical elements.

A prefix that divides a basic unit by one trillion,
One-trillionth of a curie.

A closed system of piping which provides cooling water
to the reactor and transfers heat energy to a second
closed system, the secondary loop.

An elementary particle lhmﬁames a positive charge
and has a mass of 1.67 x 10 ™" gram,

All the planned and systematic actions that are necessary
to provide adequate confidence in the results
of an activity.

The field check or verification of work while it is being
performed to assure that the task is properly done.

The factor by which the absorbed dose is multiplied to
obtain a quantity that expresses, on a common scale for all
lonizing radiation (rem), the potential for biological damage
1o exposed persons.

An acronym for " radiation absorbed dose". The hasic unit
of absorbed dose of radiation. One rad equals 1’
absorption of 100 ergs (a small but measureabl. .mount
of energy) per gram of absorbing material.

A-12
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APPENDIX B - Interlaboratory
Comparison Program




Appendix B

Interlaboratory Comparison Program Results

Teledyne !sotopes Midwest Laboratory (formerly Hazleton Environmental Sciences)
has participated in interlaboratory comparison (crosscheck) programs since the
formulation of its quality control program in December 1971, These programs
are operated by agencies which supply environmental-type samples (e.g., milk or
water) containing concentrations of radionuclides known to the issuing agency
but net to participant laboratories., The purpose of such a program s te
provide an independent check on the laboratory's amalytical procedures and to
alert it to any possible problems.

Participant laboratories measure the concentrztions of specified radionuc!ides
and report them to the issuing agency. “everal months later, the agency
reports the known values 0 the participant laboratories and specifies control
limits, Results consistently higher or lower than the known values or outside
the control limits indicate & need to check the instruments or procedures
used.

The results in Table Bl were obtained throygh participation in the anvirone
mental sample cresscheck program for milk, water, air filters, and food samples
during the period January 1986 through December, 1990, This program has been
conducted by the U,5. Environmental Protection Agency Intercomparison and
Calibration Section, Quality Assurance Branch, Environmental Monitoring and
Support Laboratory, Las Vegas, Nevada.

The resylts in Table B-2 were obtained for thermoluminescent dosimeters (TLDs)
during the period 1976, 1977, 1979, 1980, 1984, and 1985-198% through partici-
pation in the Second, Third, Fourth, Fifth, Seventh, and Efinth [nternational
Intercomparison of Environmental Dosimeters under the sponsorships listed in
Table B-2, Also Teledyne testing results are listed.

Table B-3 lists results of the analyses on in-house spiked samples.
Table B-4 1ists results of the analyses on in-house “blank" samples.
Attachment B lists acceptance criteria for "spiked" samples.

Addendum to Appendix B provides explanation for out-of-limit results,






Table B-1 (continued)
Concentration in pCi/LP
EPA Resyltd
Lab Sample Date TIML Result Contro)
Coge Type Collected Analysis 220¢ ls, N=l Limits
STAF =487 Air Apr 1986 Gr. alpha 13.720.6 16.028.0 6.3:23,7
Filter Gr. beta 46.320.6 47 .025.0 38,3+%5.7
5!‘-90 1‘07:006 18'0:105 1504'2006
c"137 10.7:006 10.0:5'0 103.18Q7
STU-4%8 Urine Apr 1986 Tritium 4313270 44232189 4096-4750
STw=459  wWater May 1986 Sr-89 4,320.6 §.028.0 0.013.7
Sr-90 §.,020.0 §.0s1.5 2.4+7.6
STW=460  wWater May 1986 Gr., alpha 6.320.6 8,025,0 0.0-16.7
Gr. beta 11,.321.2 16.,025.0 6.3-23.,7
STW=461  water Jun 1986 Cre5l <9.0 0.025,0 0.0+8.7
Co=60 66.021.0 66 .025.0 §7.3-74,7
in=6% 87.321.5 86.025,0 77.3-94.,7
Ru=106 39.722.5 §0.025,0 4] .,3-58.7
Cs=134 49.322.5 49.025.0 40.3-87.7
Cs=137 10.381 .5 10,025.0 1.3=18.7
STw=402  Water Jun 1986 Tritium 3427225 31252361 24983751
STM-464  Milk Jun 1986 Sr-89 <1.0 0.0¢5.0 0.0+8,7
S!"90 15.3:0.6 1600:1.5 13.4"1806
1'131 ‘8-3:2.3 4100:6.0 3005'51 .';
Cs=137 43,721.5 31.025.0 22.,3+39,7
K 15672114 1600280 1461-1739
STwW=465  water Jul 1986 Gr. alpha 4,720.6 6.025.0 0.0-14.7
Gr- betl 18.7:102 1800:5.0 905‘26.?
STW=467  water Aug 1986 1131 30.320.6 45.026.0 34,4-88 .4
STW-468  water Aug 1986 Py=238 11.320.6 10.121.0 8.3-11.9
STW=469  wWater Aug 1986 JUranium 4.,020.0 4,026.0 0.,0-14.4
STAF-470 Air Sep 1986 Gr, alpha 19.321.5 22.,025.0 13.,3-30.7
471 Filter Gr, beta 64 .022.6 66.025.0 87.3-74.7
472 Sr-90 22.021.0 22 ,025,0 19.4-24.6
Cs=137 25.,721.5 22.025,0 13,3«30,7
STW=473  wWater Sep 1986 Ra=226 6.020.1 6.120.9 el ?
Ra-228 8.781.1 911538 vell o8

B-4
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Table B-1 (continued)
Concentration in pCi/LP
EPA Rggglgd
Lab Sample Date TIML Result Control
Code Type Collected Analysis 2 1s, Ns=) Limits
STW=496  water Apr 1987
497 (Blind)
Sample B Gr. beta 69,329.4 66.025.0 §7.3+74,7
Sr-89 16,323.0 19.025,0 10.,3-27.7
SP'90 10103000 1000’105 70"12.5
Co=60 8,323.0 8.025,0 0.0-16.7
C"13‘ 1900:2'0 2000‘5.0 1103'28.7
Cs-137 i4.721,2 15.028.0 6.3223.7
STU-488  Urine Apr 1987 Hel 60172454 26204795 A647.6592
STW-499  Water May 1987 Sr-89 38,026,0 4] .025,0 32,3497
Sr'go 21 .0!2.0 2000:1.5 170"2206
STW=500  water May 1987 Gr, alpha 9.023.4 11.028.0 2.3-19,7
Gf‘. b"‘ 100331.2 700:5.0 000'15-7
STW=501  water Jun 1987 Cre81 40.0¢8.0 4] ,025.0 32.3=49,7
C0°60 6003:300 6‘.0:500 55.3'720?
In=65 11.328.0 10.025.0 1s31847
Ru=106 78 ,326,.4 75.028,0 66.3+83.7
C$-134 3607‘3.0 ‘00035-0 3103'4807
C"137 80033‘02 800025.0 71.3‘6817
STW=502  water Jun 1987 Hed 2906286 28952387 22773813
STW=503  Water Jun 1887 Ra=226 6.,920.1 T.3¢1.1 £.4.9,2
Ra-228 13.321.0 15.222.3 11.2=19.2
STM=504 Milk Jun 1987 Sr-89 87 .024,3 69.025.0 60,3777
Sr-90 32.0¢1.0 35.025.0 32,4-37.6
I“131 6400:2-0 5900:600 48.6'69.4
Cs-137 17.720.6 74 .025.0 65.3-82.7
K 1383217 1525276 1393-1687
STW~505  wWater Jul 1987 Gr. alpha 2.320,7 §.025.0 0.0-13.7
Gr, beta 4,021.0 §.025.0 0.0-13.7
STF-506 Food Jul 1987 [=131 B2.724.6 30.028.0 66.1-93.9
Cs=137 $3.723.0 50.025.0 41.3-58.7
K 1548257 1680284 1634.1826
STW-S07  water Aug 1987 1131 45,7242 48.026.0 37.6-%8.4




Table B-1 (continued)

Concentration in pCi/Lb

EPA Resyltd

Lab Sample Date TIML Result Control
Coge Type Collected Anal ysis 220C 1s, Nel Limits
STwe508  Water Aug 1987 Pu=238 §.820.2 8,320.5 4.4.6,2
STW=509  water Aug 1887 Uranium 13,3¢0,3 13.026.0 2.6-23.4
STAF-5810 Afir Aug 1987 Gr. alpha §.720.4 10.025.0 1.3=18,7

Filter Gr. beta 28.320,6 30.025.0 21.3-38.7
Sr«30 10.020.9 10.021.5 7.4=12.6
Cs=137 10,021.0 10.028.0 1:3=18,7
STw«811  wWater Sep 1987 Ra=226 9.920.1 9.721.5 7.8#12.2
Ra=-228 8.121.,4 6.321.,0 4,6-8.0
STw=512  water Sep 1987 Gr. alpha 2.020,6 4.028.0 0.,0-12.7
Gr. beta 11.351,3 12.02%.,0 343=20.7
STW=513  Water Sep 1987 Held 44732100 44822449 3714-5270
STweS14  Water Oct 1987
(Blind)
sample A Gr. alpha  29.382.6  28.087,0  15.9+40,1
Ra-226 4,9¢0,! 4.820.7 3.6+6.1
Ra-228 4,2:1.0 3.620.5 2.7+4,5
Ura"‘um 300:001 300‘600 000'13.4
Sample B Sr«89 14,321.3 16,028.0 7.324,7 |
Sr-80 §,720.4 10.0¢21.5 T.4e12.6
Co=~860 16.723.0 16.025.0 7.3%24,7
CS°134 1607:203 1600:500 703'2407
Cs=137 24,.323.3 24,025.0 §.3+32.7
STW=S16  Water Oct 1987 Creb1 80.3¢17.5 70,025.0 61.3+78.7
C°°60 16-0‘203 15003500 603'23:7
Sample A In«65% 46.325.6 46.025.0 37.3=54.,7
Ru-lOﬁ 57.3:150‘ 6‘00*500 5203'69.?
Cs-134 23.7%2.5 25.025.0 16.3+33.7
CS'137 510733.2 51 .025.0 4203'5907
STU=817 Urine Nov 1987 Held 7267100 74328743 6145-8719
STW-518  Water Nov 1987 Gr. alpha 3,022.0 7.025,0 0.0-15.7
or. beta 15.722.3 19.025.0 10.3=27 47
STh=5168 Water Dec 1987 i=131 26.023.0 28,026.0 15.6«236 .4
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Table B-1 (continued)

Concentration in pLi/Lb

EPA Resyltd

Lab Sample Date TIML Result Control
Coge Type Collected Analysis £20¢ ls, N=l Limits
STwe544  water Aug 1988 i=131 80.020.0 76.,028.0 62.1-89.9
STw-545  water Aug 1988 Pu=239 11.020,2 10.2¢1.0 8.8+11.9
STW-546  Water  Aug 1988 Uranium 6,060.0  6.086.0  0.0-16.4
STAF-347 Air Aug 1968 Gr, alpha 8,020,0 8.025,0 0.0-16,7

Filter Gr, beta 26,321.2 29,025.0 20,3377

Sf‘-go 800:2.0 800:‘05 Su4'1006
Cse137 13.022.0 12.025.0 3:3+20.7

STW=548  Water Sep 1988 Ra=226 9.320.5 8,422,6 6.2+10.5
Ra-228 $.820.4 5.4¢] .6 4,0-6,8

STW=549  water Sep 1988 Gr. alpha 7,022.0 8.025.0 0.0-16.7
Gro bet‘ 110331.2 1000:500 103.18.7

STW=550  wWater Oct 1988 Cre5l 252.0214,0 251.0225.0 207.7-294.3
C°°60 2600:200 2500:5.0 ‘66:3"330?
Ru=106 153.0¢9,2 152.02¢15.0 126.0-178,0
Cs-134 28,725.0 25.025,0 16.,3+33,7
Cs-137 16.321.2 15.028.0 6,32 7

STW=E51  water Oct 1988 Hed 23332127 23162350 171

STW-552  Water Oct 1988

883 (Bling)
Ra.zzs 4.5:005 500:008 305‘6.4
R"228 404!006 502:008 3'6.6!4
Ur‘nium 4.711:2 50026.0 000'15.4
Sample B Gr. beta 51.323.0 54.025,0  45,3-62.7

Sf‘-eg 307:102 1100:500 203'1907
Sf‘-go 10.7:102 100021.5 7.4"12.6
CS"134 15¢32203 1500:5.0 603"23-?
CS°137 1607:1 02 1500:500 603'23.7

B=-11
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Table B-1 (continued)
Concentration in pCi/L®
EPA Resyltd
Lab Sample Date TIML Result Control
Code Type Collected Analysis 220¢ ls, Nsl Limits
STW=580 water Sep 1989 Sr-89 14,72).2 14,025,0 80902247
Sr«90 9.721.2 10,021,585 7.4012.6
STW-581 wate- Sep 1989 Gr. alpha §.020.0 4,085.0 0.0«12.7
Gro B’ta 807‘2.3 6.0:5'0 000'1‘.7
STWe583 water Qct 1989 Ba-133 60,3210.0 59.026.0 48,669 .4
CO-60 290034-0 3000‘5.0 2101’380?
in=65 132,326.0 129.0213.0 106.5-18]1.5
RU'IOG 355.326.1 16100:1600 13303'l8807
Cs~134 30.726,1 29.025,0 20.3237.7
Cs-137 66,324.6 £9.0¢5,0 §0.387.7
STW=584 water Oct 1989 Hel 340721580 34962364 2B66-4126
STW=585  wWater Oct 1989
586 (Blind)
Sample A Gr. Alpha 41,728.,4 49,0212.0 28.2+65.8
Ra-226 7.,920.4 8,421.3 §.2-10.6
RG-ZZB 4.4:0.8 ‘01:006 30:"5c;
V 12.020,0 12.0¢6.0 1.6-22.4
Sr-89 13,324,2 16.025.0 6.3023.7
5?-90 7-3:2.0 70033.0 404‘905
CS’134 5. 20.0 5:0:500 0.3'13.7
Cs=137 7.020,.0 6.025.0 0.0=13.7
STW«587 water Nov 1989 Ra-226 7.920.4 8.721.3 6.4-11.0
Ra-228 8.921.2 9.3z1.2 6.9-11.7
STW-588  water Nov 1989 U 16.020.09 15.026.0 4,6-28.4
STh=589 water Jan 1980 Sr-89 22.,7¢5.0 25.025.0 16.3-33.7
Sr-80 17.321.2 20.021,5 17.4222.6
STW=881 water Jan 1990 Gr. Alpha 10,323.0 12.025.0 343220.7
Gr. Beta 12.3¢1.2 12.028.0 3.3220.7

B-14






Table B-1 (continued)
Concentration in pCi/LP
EPA Resultd
Lab Sample Date TIML Result Control
Coce Type Collected Analysis 22¢ ls, Nsl Limits
STW-602  water Jun 1980 Co=60 25.322.3 24,025.,0 16,332.7
in«65 166.,0210.6 148.0¢15.0 130.6-165.4
Ru=106 202.7#217.2 210.,0221.0 173.6-246.4
Cs=134 23.721.2 24.,025.0 18.2-29.8
CS°137 2707’301 2500*500 1603.33'7
STW-603  water Jun 1390 He3 29272306 29332358 2312.3554
STV 504  Water Jul 1830 Ra=226 11.820.9 12.121.8 9.0-18.2
R“zzs 4.i:1|‘ 5.1:1.3 208'714
STW-605  water Jul 1990 V 20.321,7 20,823.0 15.6-26.0
STw=606  water Aug 1990 1=131 43,021.2 39.026.0 28,6-49.4
STW-607  wWater Aug 1920 Pu«2389 10.021.7 9,120.9 7.5=10.7
STw-608 Air Aug 1990 Gr. alpha 14,020.0 10,025,0 1.3+18,
Filter Gr, beta 65.3s1.2 62.025.0 §3,3+70.7
Sr-80 19.026.% 20,025.0 11.3-28.7
Cs-137 19.022.,0 20.025.0 11.3-28.7
STw=609  water Sep 1990 Sr-89 9,.022.0 10.02£.0 1.3=18.7
Sr-%0 9,022.0 9,025.0 0.3«17.7
STM=610  Water Sep 1990 Gr. alpha 8.321.2 10.025.0 1.,3-18,7
Gr, beta 10.321.2 10.025.0 1.3-18,7
STM=611 Milk Sep 1990 Sr-89 11.783.1 16.025.0 7.324,7
SP‘-90 15 0020 00 2000‘500 11 03'2807
[«131 63.026.0 §8.,026.0 47 .6-68,4
Cs-137 20.022.0 20.025,0 11.3=28.7
K 1673.3270.2 1700.0488,0 1552.5~1847 .5
STW-612  wWater Oct 1990 Co-60 20,323,1 20.028.0 11.3-28,7
In=65 118,3212.2 115.,0212.0 94,2-135.8
Ru=106 162.028.0 151.0$¢15.0 125.0-177.0
Cs-134 11.02C,0 12.0£5.0 3.3+20.7
Cs-137 14.0£2.0 12.025.0 3.3-20.7
Ba-133 116.729.9 110.0211.0 90.9-129.1
STW=613  wWater Oct 1990 Hed 71672330 720327290 §954.8452
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Table B-2

Crosscheck program results, thermoluminescent dosimeters (TLDs).

mR
Teledyne Average 124
Lab Result Known ?AII
Code L0 Type Measurement 2208 velueS  Participants)
nd International lnter rigond
1182 Ca;5§:n Field 17.021.9 17.1 16.427.7
Lab 20.824,) el 18.827.6
rg International Intercouparisone
1163 CCZS;SH Field 30.723.2 34,9248 31.623.0
Led 89.626.4 §1.7214,6 86,0224.0
ath international Intercomparison’
1154 Cliﬁ;:n Field 14,121.1 14,121.4 16.089,0
Lab (Low) 9.321.3  12.,2#22.4  12.027.4
Lab (Migh) 40.421,4  45.829.2 43,0230
Sth lnternations) !n!!rgggg!ri!gnO
11554 Ca;ﬁi:n Field 31.42].8 30,026.0 30.2814.6
Lab at beginning 77.425,8 76.287.6 75 .8340,4
Lad at the end 96.625.8 88.428.8 90.7431.2
11568  LiF-100 Field 30,324,8  30.026,0  30.2214.86
. Lab at beginning 8l.127.4 7$.227.6 75,8240 .4
Lab at the end §5,4211,7 86.428,8  90.7¢31.2
1th Internstional 1n§crgggg!r1ggnh
118«7A  LiF-100 Field 78.422.,6 75.826,0  75,1829.8
o Lab (Co=60) 80.023.5 79.9:4,0 77.9827 .6
Ladb (Cs=137° 66.622.% 76.083.8 73,0222 .8
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Table B-2 (continved)
mR
To]oe{nc hverage 228
t::o TLD Type Measurement R:;gO‘ 5:#::‘ 9lrt$:3;lnts)
115-78 c‘:E;:: Field 71,822 .6 7%.,826.0 78.1229.8
Lab (Co=60) b4, B25.4 79.524,0 17.9227.6
Lab (Cse137) 78.821.6 76.,083.8 73.0822.2
115«7C  CaS04:0y Field 76.822,7 75.,826.0 76.1229.8
i Lab (Co«60) 82.,523.7 19.924.,0 77,9427 .6
Lab (Cs+137) 79.083.2 76.023.8 73.0822.2
h International rison'
116«8A  LiF-100 Field Site | 29.5¢1.4 29.721.5 28.9212.4
iy Field Site 11.320.8 10.,420,5 10,129,086
Lab (Cs=137) 13.7¢60,9 17,2209  16.226.8
116-88 c.:z;:: Fielg Site ) 32.321.2  29.78l.8 28.9212.4
Field Site 2 9.721.0 10.420.5% 10.129.0
Lab (Cs-137) 15,820.9 17.620.9 16,226.8
118-8C  CaS0q:0y  Field Site 1 312,380.7  29.781.5  28.9812.4
- Field Site 2 10.620.6 10.420.5 10.129.0
Lab (Cs-137) 18.,120.8 17,2280,9 16.2254.8
eleayne Testing)
d9-1 LiF<100 Led ¢1.020.4 2.4 .
Chips
89-2 Teledyne Lab 20,921.0 0.3 .
coret
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Table B=2 (continved)

Mk
?0100{ﬂt Avlra?! 2229

Lab Result Known (Al
Coge D Type Measurement 1208 Volue® Participants)
Telegyne Y!;;ingJ
90«1k Teledyne Lab 20,621 .4 19.6 ..

Cas04:0y

Cards
90«1/ Teledyne Lab 100,824,3 100,0 .

Cas04:0y

Cards

& Lab resylt given is the mean 22 standard deviations of three determinations,

b fecond Internaticnal Intercomparison of Environmental Dosimeters conducted
in April of 1976 by the Health and Safety Laboratory (GASL), New York,

New York, and the School of Public Health of the University of Texas,
Houston, Texas.

¢ Velue determined by sponsor of the intercomparison using continuous!y
operated pressurized fon chamber,

¢ Mean 22 standard deviations of results odbtained by a)] laboratories partie
cipatirg 1n the program,

€ Third International Intercomparison of Environmental Dosimeters conducted
in sumer of 1977 by Dak Ridge National Laboratory and tie School of Pubiic
Health of the University of Texas, Wouston, Texas,

f Fourth International Intercomparison of Environment .| Dosimeters conducted
in summer of 1979 oy the School of Public Health or the University of Texas,
Houston, Texas.

9 Fifth International Intercomparison of Environmental Dosimeter conducted
in fall of 1980 at ldaho Falls, ldaho and sponsored by the School of Public
Health of the University of Texas, Houston, Texas and Environmenta) Measure-
ments Laboratory, New York, New York, U.5. Department of Energy.

h Seventh International Intercomparison of Environmental Dosimeters conducted
in the spring and summer of 1984 at Las Vegas, Nevada, and sponsored by the
U.S. Department of Energy, the U.S. Nuclear Regulatory Commission, and the
U.5. Environmenta! Protection Agency,

1 Eignth International Intercomparison of Environmental Dosimeters conducted
in the fall and winter of 1985-1986 at New York, New York, and sponsored by
the U.5. Department of Energy.

5 Chips were submitted in September 1989 and cards were submitted in Novermber
1989 to Teledyne lsotopes, Inc., wWestwooc, NJ for irragiation,

k Cards were irradiated by Teledyne lsotopes, 1nc., westwood, NJ on June .9,
1990,

| Caras were irradiated by Dosimetry Associates, Inc., Northville, M on
October 30, 1990,
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Table B-3 In-house spiked samples,
Concentration (pCi/L)
Lab Sample Date TIML Expected
Code Type Collected  Analysis Resylt Known Precision
ned Activity s, nejd
QC’";'G "i]t F.b 1986 57089 600‘1.9 60“300 ‘ 7
Sr"o 1‘02'1.7 1209‘200 5 2
l«131 M.2:3.8 38 ,223.5 10.4
C3'13‘ 3200.1.' 27-33500 ‘ 7
(5137 35.822.1 38.026,0 8.7
Qlew=l4 water Mar 1986 Sr«89 1.,620.4 1.,621.0 741
sr«80 2.420,2 2.422.0 4.2
QC-Wel$ water Apr 1986 1«131 44 ,522.4 41.5¢7.0 10.6
CO"O 100631.7 1201'500 7llb
c"l" 300232;‘ 25:8“00 701°
(5137 21.9:1.9 19,926,0 1.48
QCeM]e? Milk Apr 1586 1+13] 39.7¢3.3 4).522,0 10,4
C8'13‘ 2‘07‘2.8 2508‘800 Bo:
Ce1d? 2).,2¢2.8 19.925.0 8,7
SPkel water May 1986 Gr. alpha 16 .8¢) .8 18.028.0 8¢
QCewe=16 water Jun 1986 Gr. alpra 16.220,7 16,922.5 'l
Gr. beta 38.,423.5 30,225.0 8.7
QC-M1-9 Milk Jun 1986 Sr-89 <1.0 0.0 .40
5""90 12-63.605 1303‘300 4-2°
"131 ”o’t’.O 3‘-8‘700 10.4
Cl-l:‘ 33.0‘3.‘ 3601’5.0 807
Cs-137 38,.522.8 39.025.0 "
SPWe2 Weter Jun 1986 Gr. alpha 16,821 .8 18.026,0 §C
SPW-d water Jun 1986 Gr. alpha 17.7¢0.8 18,028.0 &
QC-W-18 water Sep 1986 (s~134 34,725,6 31,328.0 8.7
Qew=19 water tep 1986 Sr-89 13.624,] 16.623,8 7.0
5"‘90 60“‘.6 6!2‘-{00 402b
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Table B-3 Inehouse spiked samples (continued)
ncentration { !
Lab Sample Date TIML Expected
Code Type Collected Analysis Result Known Precision
ned Activity ls, neld
QCew=2l water Oct 1986 Co~60 19.222.2 18.523.0 8.7
Cs-134 31.7¢8,2 26.628,0 8.7
C‘.137 zaoa‘lco 2‘ .635.0 3.7
QCMle«11 M{lk Oct 1986 Sr-89 12,321.8 14 ,323.,0 8.7
QC-w=20 water Nov 1986 Hed 38552180 19602350 5200
QCew=22 Water Dec 1986 Gr., alpha 9,821 .4 11.284.,0 8.7
Gr. beta 21,722.0 23,8258.0 8.7
QCewe23 water Jan 1987 [=131 29.822.5 27.923,0 10,4
QC-Ml=12 Milk Jan 1987 [=131 36.5¢1.3 32.625.0 10.4
CS'137 32.6‘.02 27 .‘t‘.o o;'
QC=M1«13 Milk Jan 1987 Sr-89 10.422,1 12.2¢4,0 8.7
sr"o 1‘:6‘106 12 06.300 5.2
1.131 l’.stl.z 5‘09:800 10.‘
Cs-134 <}.6 0.0 8.7
Cs=137 33.320.6 27.418,0 8,7
QC-w=24 water Mar 1987 Sre89 24,7¢3.6 26 .915.0 8.]
$re90 23,923.8 22 .828.,0 .8
QCw=25 water Apr 1987 1131 28.021.9 29.325,0 10,6
QC~M]l=14 M1k Apr 1987 1«131 25.082,2 23.,926,0 10.¢
Cs=134 .1 0.0 8,7
Cs=137 34,282.0 27.287.0 8.7
QC-W=26 water Jun 1987 Hed 3422+100 33624300 §20
C°‘6° 2‘.8‘1.‘ 26053’00 807
Cs~134 2.0 0.0 8,/
Cs=137 21.280.5 21.627.,0 8.7
QC-wW=27 Water Jun 1987 Gr. alpha 8,.521.9 10,124,0 8.7
Gr. beta 22.621.9 21.245.0 8,7
QCew=28 Water Jun 1987 Gr. alpha 8,721.3 10,124.,0 8.7
Gr. beta 12.,225,2 9,423.0 8
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Table B-3 nehouse spiked samples (continued)
Corzentration (pCi/L)
Lab Sample Date TIML Expected
Code Type Collected Analysis Result Known Precision
ned Activity 1s, nedd
Qw18 water Apr 1988 1=131 17.121.1 14,225.0 10.4
QCew=18 Water Apr 1988 Hed 4439431 41762500 724
C8'13‘ 250“2.6 29.2“.5 807
Cs+137 26,622,3 26.224,0 8,7
Qlewed] Water Jun 1988 Gr. alpha 12.320,4 13,125.0 8.7
Gr, beta 22.621.0 20,.125,0 8.7
QleMlel® Milk Jul 1988 Sre8% 15.121.6 16.425.0 8.7
5“90 18.0:006 1803‘500 5.2
1«131 88 ,.424.9 86.,6¢8,0 10.4
Cs-137 22.720.8 20.826,0 8.7
QC-wed? water Sep 1988 Sreg8 48 ,523,3 50.828,0 8.7
§r«90 10.921.0 11,423.5 §.2
QC-we42 Water Oct 1988 Co-60 20.923.2 21 .,423,5 8.7
CS*N‘ 3807‘106 38.0‘600 an.
(=137 19.022.4 21.023.5 8.7
Ql-wed4 water Oct 1988 [«131 22.240,6 23,323,5 10.4
QC-w=4% water Oct 1988 Held 4109243 41532500 724
QC«M1+20 Milk Oct 1988 [=13] §9.8¢0.9 60,629.0 10,4
CS']J‘ ‘906".8 “06’705 807
Cs-137 25 824 .6 24.734.0 8.7
QCewe-db Water Dec 1988 Gr, alpha 11.582.3 16,2¢5.0 8.7
Gr. beta 26.522.0 25.725.0 8.7
QC-M1<21 Milk Jan 1989 Sre89 26.,6210,3 34,0210,0 8.7
Sre30 28,323,2 27.123,0 8.2
l«131 540213 550220 10,4
Cs+137 24 ,020.,6 20,.525.0 8.7
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Teble B-3  In-house spiked samples (continued)
Concentration 325145}
Lab Sample Date TIML Expected
Code Type Collected Analysis Result Known Precision
nel Activity ls, nedé
QC-w=47 Water Mar 1989 Sr-89 16.2¢3.8 16,128,0 8,7
Sre90 16.421,7 16,923,0 $.8
QCeMI=22 Milk Apr 1989 1+131 36.321.1 37,225.0 10.4
Cs+134 20.822.8 20.,728.0 8.7
Cs=137 22.2¢2 .4 20,4128.0 8.7
QCew-dg wWater Apr 1989 Co-60 el 5¢2.0 2%.128,0 8.7
(s=134 24,221,] 28,9280 8.7
fs=137 23.621.2 23,028,0 8.7
Ql-wed§ water Apr .989 (=13, 37,2837 37.245,0 10,4
QC-w=50 Water Apr 1989 wel 3011259 30892500 724
QL-w=51 Water Jun 1989 Gr, alpha 13.021.8 15.085,0 8.7
Gr. beta 26.,08).2 25 .526.0 8.7
QC-MI-23 M1k Jul 1989 Sr-89 19.,426.5 22.,0¢10.0 8.7
sr'9° 2706’305 28.6‘3.0 5.2
1.131 “'8‘302 ‘30"5:0 1004
(s=134 27.42) .8 28,326.0 8.7
Cs=137 24,12].8 20 .826.0 8.7
QCeMle24 Milk Aug 1969 Sr-89 25.422,7 27.2¢10.,0 8.7
sr°90 ‘6.0‘1-1 4708’906 803
QC-w=52 water Sep 1089 [«131 9.620,3 9,721.9 10.4
QCeW=E3 Water Sep 1989 1=131 19,020,2 20,924.2 10,4
QC-W=54 water Sep 1989 Sre89 25,8246 24,7240 8,’
51«90 26,525,2 29.725,0 §.2
QCeM1=20  Milk Oct 1989 1«131 70.023,3 73.5¢20.0 10.4
Cs=134 22.182.6 22.628.0 8.7
Cs=137 29.421.5 27.528.0 8.7
QC-WeE5 Water Oct 1989 [«131 33,221.3 35 .3210,0 10.4
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Table B-3 [nehouse spiked samples (continued)
ncentration 1/0)
Lab Sample Date TIML Expected
Code Type Collected Analysis Result Known Precision
ned Activity ls, nedé
QCeweb6 Water Oct 1989 Co=60 16.2¢0.9 17.425,0 8.7
Cse137 27.2¢81.2 20.926.0 8.7
QCWeb7 Water Oct 1989 Hed 3334222 33792500 724
Qlew=58 water Nov 1989 Sre8§ 10.781,4d 11,121,00 8.7
Sr«90 10 ,421,00 10,321,040 §.2
QC-w+E9 water Nov 1989 Sr-89 101 ,026,0d 104,1210.8¢ 17,5
Sre90 98 023,00 96.,0210,0¢ 17,0
QC-w=60 wate! Dec 1989 Gr, alpha 10.82).1 10,624 .0 8.7
Gr. bets 11.,620,% 11.424,0 8.7
QCeMl=26 Milk Jan 1980 Cs=134 12,321.0 20,828.0 8,7
Cs=137 25.221.2 22.828,0 8.7
. QCeM]e27 Milk Feb 19%0 Sr-%0 18,081 .6 18.825,0 $.8
QC=M1-28 M{lk Mar 1990 [«131 63.822.2 62.626.,0 6,3
QC-MI«6]1  water Apr 1990 Sr-89 17 .925.5 23,1287 8.7
Sf'”o 190“2.5 23.53502 502
QC«M1«20 M1k Apr 1890 i=131 90,729.2 82 .528.5 10,4
Cs=134 18,.321.0 19.726.0 8.7
Cs=137 20,321.0 18,2¢5.0 8,7
QC-W=62 water Apr 19%0 Co=60 8,720.4 9.425,0 8,7
Ce=134 20.020.2 19.725,0 8.7
Cs=137 28,72) .4 22.725.,0 8.7
QC=w=63 water Apr 1990 1«131 635.528.0 66.026,7 6.6
QC-w=64 water  Apr 1990 He3 19412130 1826.,02350,0 724
QL~W=66 Water Jun 1890 v 6.220,2 6.026,0 6.0
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Table E-1 tnvironmente] Radiological Monitoring Program Summary (continued)

Name of Factlity Davis-Besse Nuclear Power Station Docket %o. 50-348 o
Location of Factiity Ottaws, Chic Reporting Period Jerunry - Delemper 1930
{County, State}
indfcetor Locstion with Highest Contrel
Sample Type and Locatfons Annual Hean tecations waber of
Type womber of mean (7)€ Wean (F)T
(untts) Amalyses?® obd Bange®
Afrdorne 1-131 520 o.019 ate
fodine
{pci/a3)
Snow 68 (55) 5 o6 <aip - - e 0
{pCifL)
ce (os) 5 0.6 0.8 (3/3) T-11, Port Clinton 1.6 {171) 1.4 (272)
(0.7-0.9) 9.5 » S - f1.2-1.8)
68 (Ir) S 6.6 0.8 {3/3) 1-11, Port Climton 1.6 {(1/1) 1.4 (272) L]
(0.7-0.9) 5=l & - (1.2-1.8)
W3 s RE aip - - a4 ¢
&S 5
Cs-137 10 aLd - - aLre o
O {Quarteriy) | Gamms 3jre i.0 151 (2r9/219) 1-66, Site boundary 22.0 (4/8) 16.2 (9i/0} (]
{mR/9) days) i8.6-23.1) 0.3 =t N {20.9-23.0) (10.8-20 8)
1O (Annual) [ a9 1.0 60.2 (877867) T-153 teutz Road 88.5 {(1/1) 58._ 4 (22722) ()
(mR /55 days) {30 6-88.5) 1.4 S5 - (48). 7-54 8}
Miin -1 66 2.5 “aLp - - @i g
(pCi/L)
Sr-89 o6 2.1 <«id - - «10 e
Sr-90 o6 o.h 1.0 {16/18) 1-199, farm 1.8 (12/12) 1.2 (a8/48, (]
{6.7-1.8) 8.5 ot SM (1.3-3.1) {0.6-3.1)
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Table E-1 gavironmental Redicloglcal Monttoring Program Sumsary [continuves)

Meme of . cility
Location of Faciltty

Bavis-Besse Muclear Power Statien

Docket No.

Ottewa, Dhic

Reporting Pertod

{County, State}

Janvary - Decesber 1930

indicetor Locat fon wilth Highest Contreol
Semple Type and tocations Annual Nean tocettons neter of
Type Nusber of mean {F)C Mean (F)C Ron- rout | ne
{untts) fnalyses® 1o Bange® tocation® Bange® Bange” Results®
Ground dater o8 {(ss) 19 1. aie - - <«ip
68 (05) 1% 20 3.4 (1w} T-54, Farm 3.6 (ars) 2.4 (5/8)
(2.0-4.7) 4.8 mt W (2.8-4.7) {z.0-2.8)
o8 (m) e 2.0 3.4 (178 1-54, fars 3.6 (a0 Z.0 (Srw) -
{2.0-4.7} 48 ot W {2.0-4.7) iz.0-2 @)
w3 113 330 aio - - «aid )
Sr-89 16 1.6 aie - - aip
Sr-%0 16 1.0 «aip - - “aid e
S 18
Cs-137 10.0 “aip - - “aip 3
fainle Meat (59 .
(pCi/g wet)
x-a0 6.1 2.47 {4 ¥-31, Onsite 2.5%2 (33) “one o
(2.30-2.57) reving locstten (2.98-2.57)
Cs-13) 0.0:5 “ale - - None 0
s =
frults and Sr-£9 7 e. oty «“to - - “aid
Vegetadbies
(pCirg wet) Sr-90 7 0.011 «@1p - = @0
-3 7 6.022 QL - “@aib
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Table E-1 gavironsental Radtologicel Monitoring Prograe Summery {continved)

fame of Factlity Davis-Besse Nuclesr Power Ststion Doctet No. 50-346
Locatfon of factilifty Ottaws, Ohio __ Reporting Peitod ‘anvary - December 19%0
TCounty, State)
indicstor tocation with Highest Control
Sample Type and tocations Annuel Meso e | tocat tons atier of
Type mber of Mean (F)C “Tean TP fean (7)< on-rout ine
{un1ts) Analyses® uod Range® J t ocat ton® Bangel Range Besults®
d‘“ 4
fruits and (59 7
Vegetables
pli/g wet x40 0.50 1.0¢ {ase) 1-173, Firelands 2.5% {(11h) 1.9¢ {373) o
cont { nued 16.90-1.31) Winery, Sandusky - (0.83-1.55)
2.0 = S
w-¥ 0.619 aLp - - airp o
Ir-95 0.0 aip - - aie 9
Cs-137 0.019 “'e - - “@aLe °
Ce-141 0.02% atp - - L0 9
Ce-144 e.1¢ atp - - “aiLp e
Broed Leaf Sr-89 13 0.028 “atp - - @i o
Vegetation
{pl1/g wet) Sr-90 13 o015 aid - - <“ap
1-131 13 06.04) aie - - @0 u
65 13
v -40 0.1 4.3 {19/10) -8 fFarm 4.4) (878) 1.53 {33) L]
(3.35-4.98) 2.7 1 WS {3,354 98) (1.41-1 s0)
n-95 0.02¢ aLop - - ai® 1]
Ir-95 0.084 arp - - @' e
Cs-137 8.02e «aip - - @410 °
fe-141 0.0 atn - - aLp L]
Ce-148 0.1 qi0 - - «@ie o
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Table E-1

Environmenta]l Radislogical Menitoring Program Susmery {continued)

Mame of Facliiny Davis-Besse Nuclear Power Statiom Docket Re. 5C-346
Locatton of Factliny Ottows, .!“ Reporting Perfod _ Janvary - Decesber 1950
ounty, State)
Indicstor tocatfon with Highest Control
Semple Type and Locstions Annual Mean tocettons uster of
Type Nusder of Meen (F)€ Vean [FT Mean {F ;€ Hon- roul tne
{units) Analyses® 1ob Renge tocattond RangeC Range ¢ Results®
m——T-—_—_:
Untrested 62 (33) 207 0.5 “10 - - aLe (4]
Surface Water
{ptin) 68 (0s) 207 1.0 2.5 (81/81) 1-* §° o boundavy 3.7 (12712) 2.3 {126/128) 9
(1.4-4.1) 1.4 L1 ESE (2.1-4.1) (1.2-4.7)
6B (In) 207 1.0 2.5 (s1/81) -3, Site boundary 3.8 (12/12) 2.4 {126/128 L]
(1.4-0.1) 1.8 vt ESK (2.1-4.1) (1.1-4.7)
L 207 330 718 {1/81) T-134, Lake Erte e (1/5) 4937 {(1/128) 2
- IS I ) - -
Sr-89 160 2.3 aid - - aio ¢
Sr-90 160 1.2 a@Lp - - L9 4]
(5 160
Cs-137 e <10 - - aie o
Flsn ¥ ] i 0.1 3.00 {5%/5) 1-33, Lake Erte 3.08 (5/5) 2.98 {(8/6) [4]
{2.03-3.96) 1S ot M (2.03-3.96) 2.13-3.86)
GS n
540 0.1 271 {5/5) 1-35, Lake frte 2.80 {(6/6) 2.80 (6/8) ]
(1.96-3.18) 10 ®f radiem (2.09-3.26) (2.09-3.2¢)
Cs-137 0.013 0.13 (1/5) T-33, Lake irte 0.13 (1/%) “4ib []
- 1.5 =t 16 -
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Table E-1 favironmental Radiologics! Monitering Program Susmary {continued)

Name of Factlity
focation of Faciifty

Davis-Besse Muclear Power Stastion

Ottawe, Ohio
{County, State]

Docket Mo,
Reporting Pertod

50-346
January - December 1990

N indicator Loceation with Highest Control
Semple Type and Locations Annual Mean Locetions
Type Muster of Rean (F)C [ Wean [FJT Mean (F)C
(untts) Analyses® et Range Ltocat fon? Renge ¢ Range
Shoreline GS 10
Sediments
{pli/sg ary) K-40 8.1 11.04 (6/8) ¥-23, S, Rass Islane 11.9% (272) 11.58 (4/a
{(4.0-15.1) .3 e M (11 .5-12.0) {(10.6-12 .4
€s-137 6.028 0.82 (176} T-23, S. Beass Island 0.3 {172} 0.49% [(1/2)
- 4.3 =i Eme - -
R R

huater of
Non- rout fne
fesulrs®

¢ LB - gross beta, G5 = gasms scan, S5 = suspended soitds, 05 = dissolved soltds, IR = tota! residue.
B 11e = nominal lower limis of detectfon based oe 466 signe counting error for background sample.

€ Mesn based cpon detectsble measurements only. Fraction of detectable measurements at specified locstions i3 indic ted in parestheses

{F).
4 tocations sre specified by statfon code {Teble 4.1) and distance (miles) oné direction relative te reactor site.
€ Mon-routfne resulls are [hose which exceed ten times the contra! statfon valee.
f One result (<0.031 pCt
from low volume due to pump malfunction.
¥ Iwo results (<6.28 and <0.34 pC1
from low volume due to pumps malfunctions.

) wes exclused in the determination of the LLF of gross beta fn air particulates. The clevated 1.0 resulted

} were excluded 1n the determination of the 11D of afrborne fodine-131. The elevates: 1103 resulted

E One result {<1.§ pCI/1) was excluded In the determinstion of fodine-131 fn milh. The clevated 11D resulted from low carrier recovery.
One result (<1.88 pl1 $r-90/g Ca) wes excluded In the determinat fon of LD of Sr-90/Ca. The elevated t1D resulted from Migh 11D for

Sr-90.






