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Il Nuclear Power And The Envivonment:
In Perspective

Coal, od, natural gas. nuciear power, and hydiopower huve all been used o tun thee noison
cleane generating stations. Each methaod, however, has s deawbacks Coal fired poscer can
damage the environment dunng the miming proces - of by airbome discluiges such as iy asdousd
chemicals which contribute 10 acid ren . Ol and natural gas are costh because of thew limied
supply. Few suitable sites for hydropower exist. and butlcing the Lirge diims nece coany to proschoc
Hydropower has a2 significani impact on the ensvironment

Nuchear eaergy provides an altermate source of enengy whischs readihy avalable The opetss
of nuclear power stations has a very small impact on the environment  In Gt hundreds of o
adjoining Surmy Power Station are a state watedonw] refuge and take A 05 1o North A
Power Station, is a well-known fishing site with o stne park on s sheore

I order 1o more fully understand this anigue energy souioe . P kggroomd mloomarion of «
hasic rachation charactenstics. risk assessment. reacton operation. effluent control ey irommeent
monitonng, and cdioactive waste 1s provided in this section

Fundamenials
The Alom

Evenyvthing we encounter is made of doms  Atoms are the smallest pans of an ekemens B
still have all the chemical properties of it element At the center of an alom s a mackeus e
nckeus consists of neutrons and peotons Flectrons mosve in an ot amoand the nockeus e
negatively Churged  Protons and neutrons are nearly sdentical in size and weght and each s ot
2000 times heavier than an e’ectron. The proton. however, has a positive charge, whille the nevaron
has no charge, it is electrically neutral Figure | presents a simple diagram of an atom

: ! Protons
/ Positive Charge

+
| '
i Electron - ‘
: Negative Charge Q Nucieus
i ~ T Neutrons
! ® Neutral Charge #

Figure .. Atomic Structure

Isotopes

The number of protons in the atom of any specific element is always the same. Fo- exaniphe
all hydrogen atoms have one proton whereas all oxygen ator  have eight protons. Unlike progtons

B R M0 A LY I BRI WAL Sl R A BN % B G S n W 7 S A £ kS B B 18  —, £m  e  B. SA  f h b A
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the number of neutrons in the nucleus of an element may vary. Atoms with the same number of
protons, but a different number of neutrors, aie called isolopes. Table 1 lists the isolopes of
uranium.

[ Isotope ~ Symbols Number Number
of Protons of Neutrons
T e a——-tn - - e . - o _d
Uranium-235 L ¥ 92 143
Uranium-236 B , 92 144
Uranium-237 &7 92 145
Uranium-238 e §) 02 146
Uraniuym-239 b B 92 147
Uraniumnm-240 ) 92 148

Table 1. Uranivun 'sotopes

Radiation and Radioactivity

Radionuclides

Normally, the pans of an atom are in a balanced or stable state. A small percentage of atoms
naturally contain excess energy and thercfore are not stable atoms.  If the nucleus of an atom
contains excess energy, it may be called a radioactive atom, a radioisotope, or radionuclide. The
excess energy is usually Cue to an imbalance in the number of electrons, protons, and/or neuts: 21
which make vp the atom.

Radionuclides can be naturally occurring, such as uranium-238, thorium-232 and potassium-
40, or man-made, such as iodine-141, cesiunr+137, a.ud cobalt-60

Radioactive Decay

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

Half-Life

A radioactive half-life is the amount of time required for a radicactive substance to lose half
of its activity through the process of radicactive decay. Cobalt-60 has a half-life of about 5 years.

13



After S years, 500 of its radioactivity is gone, and after 10 yvears. 78 0 has decaved awany Radioacting
hali-lives vary from millionths of a second 1o millions of years

Radioactive atoms may decay directly 10 a stable state or may undergo 1 senes of decay stages
During the decay process, severul daughter products may be formed wluch esentually transtom
3

into stable atoms. Naturally occurming racium: 220, for example. lus 10 successive davggiter
proGacts (ncluding radon) resulting finally with lead 206 as a stable form

Types Of R diation

Two types of radiation are considered
in the nuclear industry. particulate and
electromagnetic  Pamiculate sadiation man
come from the nucleus of an atom in
the form of an epeaed alpha panticle
Alpha panticles consists of two protons C
together with two neuatrons

2 Piptrons

Alpha panticles have a verny lunted 2 Neutrons

abaity to penetrate matter A piece of

paper will stop all alpha radiation. For thas | s
reason, alpha rdiation from sources out
side the body are not consicdered 1o be
radistion hazard

A bets particle is like an elecuon tha
has been excted from the wudeus of an | (7
atomy, Skin or a thin piece of auminum
will stop beta radiation. Exposure 1o beta
racliation can be a hazard 1o the skin o1
lens of the eve. Because of their limited

ability 10 penetrate the body, beta and | , e d
alpha  radiation are a health concem
primarily if alpha or beta emitters are » ‘ :
swallowed or inhaled where they might
cause internal radiation exposure Gamma
rays are like X-rays, except that they come
from the nucleus of an atom while X-rays
come from the electron rings

1 Neutron transtorms 10
1 Electron (ejected beta)
1 Protron (in nucleus )

Electromagnetic
radighon indistinguishablle

Gamma rays can penetrate deep into ,
from X.rays

the body and thus give a “whole-body’
radiation dose . Several inches of concrete
or lead will slop both gamma and X-rays
Figure 5 shows the approxis ate penetrat

ing abilty of various types of radiation

LS 1

Figure 4. Gamma Ray

i
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As radiahon travels it collides with other atoms and oses ener vy Alpha paricles car be
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Figure 6. Unit Comparison
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Studies

The effects of ionizing radiation on human health have been under study for more than eighty
years. Scientists have obtained valuable knowledge through the study of laboratory animals that
were exposed to radiation under controlled corditions. It has proven difficult, however, 1o relate
the biological effects of irradiated laboratory animals to the potential health effects on humans
Because of this, human populations irradiated under various drcumstances have been studied in
great depth. These groups include:

* Survivors of the atomic bomb
¢ Persons undergoing medical radiation treatment.

¢ Radium dial painters during World War 1 who ingested large amounts
of radioactivity by “tipping” the paint brushes with their lips

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

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

Analysis of these groups has increased our knowledge of health effects resulting from large
radiation doses. Less is known about the effects of low doses of radiation. To be on the conservative
side, ve assume that health effects occur proponionally to those observed following a large dose
of radiation. That is, if one dose of radiation causes an effect, then half the dose will cause half
the effect. Radiation scientists agree that this assumption overestimates the risks assocated with
low level radiation exposure. The effects predicted in this manner have not been actually observed
in individuals exposed 10 low level radiation.

Health Risks

Since the actual effects of exposure to low level radiation are difficult to measure, scientists often
refer to the possible risk involved. The problem is one of evaluating alternatives, of comparing
risks and weighing them against benefits. People make decisions involving risks every day, such
as deciding whether to wear seat belts or smoke cigareties. Risks are a pan of everyday life. The
question is 1o determine how great the risks are.

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

18



Whitke accepting the muany dadly nisks of Iving. some people feed that thea desmands for e
shouid be met on an essentiadly fisk-free basis - Attention s focused on safegoarding: the padsly

developing a realistic assessment of the risks. and placing them in perspecting

Because you cannol see feel, tste, hear on semell racluaion it s often o sonrce of concern W
have the same Lok of sensony perception for thangs such as rdho waves, carbon monoxicke and
st concentrations of numerous cancer causing sulstasices  Althoughs these risks are just as el
as the nisks assocuted with radution, they luive not generatedd the same degree of comngem

radiation

Maost fisks are with us throughout our Iives. and thesrs ettects can be added up over a ileting
to obtain a total ellea on our life span. The typical lle span for an Amesican worman s now e
yveurs, whereds men average 71 vears of ape Figore 9 shaosss g nombeey of different factors thoa

decreased our averge life expectancy

Days Activity
2500
1 Smoking 1 Pack of Cigarettes a Day
r 2 Being 20% Overweight
2000 3 Construchion
4 Agnculture
1500 5 Auto Accidents
6 Avg Aicohol Consumphion pet Pers
1000 7. Home Accidents
8 All Industry Hazaids
9 Radiaton Dnse of § 5 Millirgm pe
500 Year for 30 Years
NCRP Reoxon No 95 "Radation Expascie of the
0 :# Pogudation from Consume: Proguicts an 1 Miscelane s

Sources * Natona! Counce on Radhahon Protecton i
Measweaments 30 Dec 1987 Bathesda MO 20614

Figure 9. Egﬁmnted Averagéd J' Of Life Expn:uncy (]

Dde To Vurious

The American Cancer Society estimates that about 30 percent of all Amencans will develop
cancer at some time in their lives from all possible causes. 8o, ina group of 10,000 people it is
expected that 3,000 of them will develop cancer. i each person were 1o receive a radiation
exposure of one rem in addition to natural background radiation, then itis expected that three mor
may develop cancer during their lifetime. This increases the risk from 30 percent to 30.03 percent
Hence, the risks of radiation exposure are smail when compared 1o the nisks of everydar il

These comparisons should give you some idea of the risk involved in activities that you are
familiar with. They give a basis for judging what smoking, eating, or dnving a car could mean 1o
your health and safety. Everyone knows that life is full of risks  If you have the basis for judgment
you can decide what 1o do or what not 1o do



Nuclear Reactor Operation

Electricy in the United States 18 being produced using fossil fuel i Lallin
A fossilfueded power station burns coal, oil O matueal gas i a boder to g DT
‘b'-\\(! SLATKONS Lt ‘;LHH-!HI?H'I Hn'!'u ‘)l A "l-.k'MJ*‘."‘-"IM)n I ) -"; 1y wl)w T
In bxath cases \Iu\ !)"l‘ indd botl water t |1 k,lh( sietam The steam 1s tisesd TELY

which turns a geneniton and produces electricin

Nuck ar Fuel

Ulrarpam (07 s thie baske inarechent o nuciear hael (s oo ! 11:2%
Natural urarduim cottains less thuan one percent U235 when s mned « e s nuchea B
plants use fuel with a U-235 content of approximately thaeee peroent Prow s st e
e L5285 concentriation s Known das enndchment
Reactor Operation

Alter ennchment, the uranmim fu hetmcally chaneed o it chosscke, o diny bl

i

powder Ths powder is compressed into siall ceramie pellets Each tuel petlet is about 309 el

long and 38 inchies in diameter The pellets are placed into 12 foot long metal tabes ik
zirconium alloy to make d tuel rod - About five pounds of pellets are ased to il each rodd A
it 204 fued rods make a single fuel assembly  Virgings Power nuclear resdtons contans 137 1§

ssemblies (Faure 1

Reac.or Vessel

sontrol Rods

Wialer Leve

AANTURRNRRN NN

Cootant Outiel
Nozre

Coutant iniel
Ny e

LRI ¢ Fuel Rod Assembly ‘
UL ] & Fuel Pok
TR §
Thermal Stvekd : llllnl‘llm'i,.

Fuel Rod Assembhes

i ELLLRLLITETLY
JIEEnN

D
SPPTTTy L
Support
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Fission |

Nudlear energy 15 produced by a
process called fission Fission occurs in
a reactor when wranium is split into
fragments producing heat and releas
ing neutrons These neutrons strike
other uranium atoms, causing them to
split (fission) and release more heat
and neutrons This is called a chain
reaction (Figure 11) and is controlled
by the use of reactor control rods ’

. Heavy Alom ¢ Free Neutron

& Figsion Fragment W Heat

Control rods are an essential pan of
the nuclear reactor Control rodds con-
tain cadmium, indium, and silver metals which absorh and control the amount of neutrons
produced in the reactor The control rods act (o slow down or stop the chain reaction. A dun
reaction cannot occur when the control rods are insened completely into the core. When the
control rocds are withdreawn the chainm reaction begins and heat is genered

Figure 11. Fission: A Cifhin Reaction

esign & Operation

Surry Power Station and North Anna Poseer Station use o Pressunzed Waters Reactor (PW K
system o generate electncity. There are two complete and independent PWR systems on site o
both Surry and North Anng Powes Stations These are retenred 1o as Unat- 1 and Unit-2

The reactor core is mside a large ste el contaner called the Reactor Pressure Vessel The reacton
core is always surrounded by water. The fissioning of the uranium fuel makes the fuel rods get
hot  The hot fuel rods heat the water, which serves as a coolent that cares away heat.

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

The steam is piped to a steam turbine that turns an electric generator. The exhausted stean
from the tuibine is cooled and convented back to water in a condenser The condenser is also a
heat exchanger, in it heat passes from the steam to a third loop of water. [n Surry's case the James
River provides the third loop water. At North Anna Power Station third loop water is from Lake
Anna The steam tums back to liquid and is pumped back to the steam generator. Figure 12 is
a diagram of typical nuclear reactor systems

21
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Containment

Nudlear power plants are designed 1o prevent the escape of large quantities of sadiation and
radioactive substances  Two principles are used  Fust. thick. heavy walls are used as shiclding
0 absorb radiation and prevent is escape  Second, strong artight walls called containment o
used to prevent the escape of radioactive nutenals

he reactor pressure vessel and the contamnment building that houses it are enormously strong
(Figure 13). Strong enough, i fact, to withstand a direct hit from a 707 jetliner. The reacton con
lies within a sealed pressure vessel. Like all boilers its wails must be very strong beczuse the water
inside must be kept under high pressure  The reactor pressure vessel in a nuclear power plan
iseven heavier thar . 1 ordinary steam boiler because of the need to minumize the chance of rupture
and release of any radioactive materials. The reactor pressure vessel is made from a stainless steel
alloy 6 to 8 inches thick

Around the reactor pressure vessel is a thick concrete wall.  This wall acts as shielding
protecting workers by absorbing radiation resulting from the nuclear chain reaction.  Next an
airtight 1/2 inch steel liner surrounds the entire interior of the containment. [f the reactor pressurt
vessel or any of the primary piping should break, the escaping steam would be trapped inside the
liner
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Finally, the building s reinforced concrete outer wall s 4 172 feet thick tapering te. 2 12 o

at the top of the dome 1t is designed 10 act as shielding and is also intended 1o withstand natural
and man-made events like earthquakes and even thwe direct impact from a large commercul g
arcraht

Operating the Reactor Safely

Accldents

The most serious accident that coula happen in a nuclear power plant involves overheating
in the nuclear reactor core. Such an accident would result from a loss-of-coolant accident or LOCA
During a LOCA, primary coolant would no longer circulate through the reactor core to remove heat
Circulation could be lost if 2 combination of pipes burst, for example Conceivably, a dn
overheated reactor core could melt through the pressure vessel
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HI. Sampling And Analysis Program

A Sampling Program

| %)

e

. Table 1 summarizes the sampling program for North Anna Power Station during 1991. The

maps indicate the locations o the environmental monitoring stations.

For routine TLD measurements, two dasimeters made of CaSO, Dy in a teflon card are
deployed at e~ch sampling location. Several TLDs are co-located with NRC and
Commaonwealth of Virginia direct ridiation recording devices. These are indicated as “co-
location” samples.

In addition to the Radiological Environmental Monitoring Program required by North Anna
Technical Specifications, Virginia Electric and Power Company (VEPCO) splits samples
with the Commonwealth of Virginia. All samples listed in Tabie 1 are collected by VEPCO
personnel except for those labeled state split. All samples are shipped to Teledyne Isotopes
in Westwood, New Jersey

All samples listed in Table 1 are taken at indicator locations except those labeled “control”
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North Anna Power Station - 1991

Table 2

(Page 1 of 5)

Radiological Sampling Station

Distance And Divection From Unit No. 1
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Table 2
(Page 2 of 5)
North Anna Power Station - 1991

Radiological Sampling Stations
Distance And Direction From Unit No. 1

e e e e e e e

Distance  Compans Collection
Modia Location Mation Mikes Direction Remarks
Environmental “Momung Glory HI* B-10/42 a3 k L Quarierly
Dostmesry (1UD) Island Diike FSE 11743 012 5t 109 Quanety  OnSie
Route 62¢ ESE- 12044 4% ESE 1"y Quarnery
VEPCO Bidogy Lab SE 1345 0% 5 138 Quaierty  Ondte
Kowie 201 (Dum Entrance) SE /46 S8 b 1 Quanerty
*“Aspen Hill SSE1547 09 o 156 Quantrty  Eachwsion Rowrdasy
Elk Creed SSE- 16748 i 5S¢ 1% Quanesty
Warehouse Compound e 5-17/49 02 5 1% (ouanedy  On S
ik Creek Church S 1080 188 § 17 Quansry
NAPE Access Koad SSwAVa 0.3 Sw o™ Quanerty On-Suie
Koute 618 SSW- 20752 % Eul ny Queneny
NAPS Aocess Road SWIVH X W Hne Quarterty On-Sete
Route M0 Swaye 4% W nr Quinrterly
S0 v Tower WEW. 288 05y v o Quansly  OnSae
Route 200 WEW .45 100 wew “r Quanerty Fxduson Boundary
(Bacluson Boundary!
NAPS Radic Tower wave 0N w oy Quanedy  OnSee
Route 685 W% 185 v o Quarnerty
End of Rouie &85 WNW.27/% 100 W X1* Quanerly  Exdusion Boundwy
H Purcel's Priviie Rd WNY. e 1% wNw oy Quanerly  Colocauon
find of 01/97 intake NW- 261 015 N e Quanerty OnSue
\ake Anna Campground NW. 30 i N¥ ne Quanerty
e/ intake NNW.3L/63 007 NNW Ny Quanerty Om-5ie
Route 208 NNW-32/04 i NNW e Quanaty
" Bumpess Pos Office ci2 i a5t 167 Quanarly  Cootrod
Orange, VA 4 20 NW uy Quanerty  Contrl
Mineral, VA 5% 110 WS My Quanerly  Conwal
Lo, YA C1% 11H wsw 3" Cuanerty Cantrol
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Dhstame Compass Coliecton
Samphe Medie laswtien Susthon Mk Direction  Degrees  Froguency Remarks
Alrhc re Particulate NAKS Sewage 020 NE o Wenkly OnSae, S Spii
and Radiokdine Treatmen: Pan
] Fredenchs Hal §% W s Werkly
Mineral VA T i ur Weekly
Wires Coomaronds 510 WNY a» Weekly
Roye 758 an NNE iy Weoekly
Srpeons Lreek Marne 1% N n Weekly
Loy, VA 4% (i ne Wenkly
Humpas, VA % SSE * Weekly
b of Wowie 685 1.00 w e LU Weekly Eachusion Boundary
Kowie 0 100 e Mr Weekly Faciusion Boundary
Saie Spin
*Asper: Hills* D9 SSF 158 Weekly Faclusion Boundary
Orange, VA Qo NW ¥ Weekly
Surfuce Water Wasit Heat 110 $8E L] Monihly
Treatment Facility
w (Second Conling Lageon)
‘lake Anra (upsireamy) 220 NW LV g Monthly Control, Sate Split
(Route 208 Beidge)
‘lake Annk (upsireamy) 4 wNe b Marithty
(Rowne 660 Beidge)
River Waier North Anva River 580 .1 1 Monthly
w (dewngream)
Greund Water Biogy Lab 0rs Sk 138 Quanery
(Well Water)
w
;!dplubn Hology Lab 07 SE 13%¢ Monghly
Aguatic Sediment Wasee Heat 110 SSE 4 Semu-Annually
Treatment Fackity
(Secend Cooling Lagoon)
Lake Arva (upsream) N N N Semi-Annually  Control, State S 1t
North Anna Rives i SR SSE 128 Serra- Annually
(Dowrgiream’

North Anna Power Station - 1991

Radiological Sampling Stations
Distance And Dirvection From Unit Na. 1

Table 2

(Page 3af5)

' dn Ocober 1991 the Surface Water Sample location ¥ swoon 09 was moved o 094

Lk S——— ——




Table 2
(Page 4 of 5)
Nortb Anna Power Station - 1991

Radiological Sampling Stations
Distance And Divection From Unit Na. 1

S S e T e e e e e ey ey

Distance Compass Collection
Sampk Modie Locstion Sation Mlbew Direction Degroes  Freguency Kemarks
B e e e S e e
Shoreline Soll Lake arve (upstreany 0 10 NE 520 Servy Anwally S Spln
L3 (Rouwe 208 Bridge)
Sotl NAMS Sewage ) 0.2 NE Ll Orce/) vean  OinSite
Treatment Fani
$
Predencks Hal! o 5% W x5 Once/d yean
Mineral, VA 0 710 wew My Ot/ 3 veurs
Wares Cromsrcads ™4 S10 WY b b Umee/ yoans
Route 752 0% 430 NNE x Onee/3 yean
Stwurpeon's Creek Marrs 0% LY N 1* Once/d vean
Levy, VA o6 47 ISE ns Onee/) vean
Bumpme, VA 0? 4 SSF ® Once/} yean
End of Roue 8% H 100 wNw e Onee/3 yean  Excdusion Boundary
Route 700 u 100 wiw ur Onee/3 yeans  Brdusion Boundary
(Fxclusion Bowndary)
“Aspen Hiis* L 09 SSE 158 Onee/3 years  Exddusion Boundary
Orange, VA M aw N 05 Onee/3 years  Contral
Milk Hotiaday Duiry 1 8% NW N Monihly Sae Splut
A (RC Goodwin)
‘Torrells Dury n i Sy Wy Montliy Suie Sptu
(Fredercks HalD
Fish™ Waste Heat ] 110 5SE 14 Semi-Annually  Saie Split
Treatment Paclity
F (Secand Coniing Lagoon)
lake Anre (upstream) 06 0 NS b ¥ Semiv-Annually  Sae Split
(Route 208 Brdge)
Lake Orange * o) 168 NW N Semi-Arewally  Control
Food Produce Route M3 14 120 NE W Monthiy if avallabie
(Woadied o &t hurvest
Vegetaiion) Route 614 15 113 5 3% Monthly & avadabie
of al harvest

" Added as resull of 1990 Quality Assurance Audit
" Locavon changed s 4 result of 1991 Land Use Cersas (. purden &t | 37 miles Cxciober 1991
" Fish sample no longer obained & stauon, #09




Table 2
(Page . of 5)
Nortb Anna Power Station - 1991
Radiological Sampling Stations
Distance And Divection From Unit Na, 1

[Mstasxce Compass Collection
Sample Medis Location Station Mikes Direction  Degroe Frequen oy Kewarks
——— e e ]
Food Products Rowie 687520 16 N N 04 Monthly ¢ avalabee
(Broadieal of 4l harves!
Vegetation)
Endd of Kouwe 685 i 1.0 wNe 01 Monthly § wvadable
of &l hareesl
Asper: Hilis 3 09 SGE 158 Mooty i avalabie
o & harves
' oAdded as result of 1990 OQuedity Assurance Audit
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Legend For The North Anna Power Staiion
Enviromseenta: Monitoring Stations Overview Maps

B e e s e ey

Map Environmental Station Map Environmental Station
Designation Identification Designation Identificatdon
e e e o e o
1 N-1/33 249 WSW.24/586,22
2 N-2/34,05A 25 W-25/587

3 NNE-3/35 26 W-206K/58

4 NNE-4/36 27 WNW-27/59,21
5 NE-5/37.01 28 WNW-28/60

& NR-G/38.14 29 NE-20/61

7 ENE-7/39 30 NW-30/62,09
- ENE-8/40 31 NNW-31/63

v r0/41 32 NNW-32/04

10 E-10/42 33 03, C-5&6

11 ESE-11/43 44 04

12 ESE-12/44,06 35 05

13 SE-13745,01A 36 07, C-1&2

14 SE-14/46 37 0%

15 SSE-15/47,23 38 11

16 SEE-16/48 39 12

17 517-49 40 13

18 S-18-50 41 15

19 SSW-19/51 12 16

20 SSW-20/52,02 43 24, C-3&4

FA SW-21/53 44 C-7&8

22 SW-22/54 45° 25

23 WSW-23/55 46 09A

* Statons 24 and 25 are located in lake Orange and are not shown on the following maps
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R Analysis Program

. 1. Table 2 summarizes the analysis program conducted by Teledyne Isotopes for North Anna
Power Station during 1991
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Tuble 3

(Page 1 of 3)
Norto Anna Power Station
Sample Analysis Program
I e e e Y
Sample Media Frequency Analysis W Report Units
B . e T T e e e w e s oo ey,
ThermoMminescent iznerly Gamma Dose 2mKs: 2mR mR/sgd. month
Dosimetry (TLD)
(84 Routine Station TLD's)
12 Station TLD's Annuetly Camma Dose ¢ . aR mR/sd. month
Airborne Weekiy 1131 0.07 pivm?
Radiokdine
Airborne Weekly Gross Beta 0.01 pCVm’
Particulate
Quanerly (1) Gamma Isolopic pCi/m?
Cs-134 0.05
Cs-137 0.06
Annually $-89 0.005 pCim’
(2nd Quaner Sr-90 0.0002
Co nposite)
Surface Water Monthly I-131 1 pCVl
Gamma Isotopic pGil
Mn-54 15
Fe-59 30
(058, 60 15
Zn65 30
Zr-Nb-95 15
Cs 13 15
Cs-137 18
Ba-la- 40 15
Quanerly (1) Tritium (H-3) 2000 pCil
2nd Quarterly S$r-89 5 pCil
Composite §e-90 |

(1) Cuanerdy Composites of each location's samples will be used for the required analysis.

' LLD's indicate those levels that the environmental sampies should be analyzed to, in accordance with the North Anna
Radiological E “ronmental Program. Actual analysis of the samples by Teledyne Isatopes may be lower than those listed




(Page 2 of j)
. North Anma Power Station
Sample Analysis Program
e T e s s e ey R S T e S I e ey
Sample Media Frequency Analysis Lo Repo - Units
e e S e Y
River Water Monthly 1-131 i pCiA
Gamma Isotopic pCi)
Mn-54 15
Fe-59 30
Co-58,60 15
Zn65 b 4
Zr-Nb-9S 15
Cs-134 15
Cs-137 18
Ba-la- 140 15
Quarterly Tritium (H-3) 2000 pCul
2nd Quanter Sr-89 5 pCvl
Sample Sr-90 1
Ground Water Quarterly Gamma Isotopic pCyl
(Well Water) Mn-54 15
Fe-5: 30
’ Co-58.60 15
Zn-65 30
Z-Nb-95 15
1-131 i
Cs-134 15
Cs-137 18
Ba-1a-140 15
Tritum (H-3) 2000
2nd Quaner Sr-69 5 pCi
Composite Sr-60 1
Aquatic Semi-Annually Gamma lsotopic pCi'kg (dry)
Sediment Cs-13 150
Gs-137 180
Annually 5r-89 200 pCikg (dry)
390 40
Shoreline il Semi-Annual Gamma Isotopic pCikg (dry)
Cs-134 150
G137 180
Annually 5r-89 200 pCi'kg (dry)
§r-90 4C

' LL's indicate those levels that the environmental samples should be analyzed to, in accordance with the Nonh Anna
Radiological Environmental Program. Actual analysis of the samples by Teledyne lsotopes may be lower than those listed
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Table 3

(Page3aof 3®
Nortb Anna Power Station

Soil Once per 3 yrs Camma 1sotopic plikg (dry)
Cs134 150
Cs-137 180
Once per 3 yrs. Sr-89 X0 prky (dry)
Sr-90 40
Monthly 1131 1 pCui
Monthly Gamma Isotopic pCil
(s-134 15
Gs-137 18
Ba-la-140 15
Quarterly Sr-89 5 pCil
Sr-90 ]
Fish Semi-Annual Gamma Isotopic pCikg (wel)
Mn-54 130
Fe-59 29
Co-58, o0 130
Zn-65 260
G134 130
Cs-137 150
Food Products Monthly if Gamma Isotopic pCukg (wet)
(Broadleaf available ¢, Cs-1M &0
Vegetation) at harvest Cs-137 80
1-131 60
Note

This table is not a complete listing of nuctides which can be detected and reponed. Other peaks that are measurable and
wdentifiable, together with the above nuclides, shall also be identified and repanted

' LLD's indicate those levels that the environmental samples should be analyzed 1o, in accordance with the North Anna
Radiological Environmental Program. Actaa! analysis of the samples by Teledyne Isotopes may be lower than those listed

R e v v
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IV. Program Exceptions
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Table 4
REMP Exceptions For Schbeduled
Sampling And Analysis During 1991 - Nortb Anna
T e T e s ey

Location Description Date of Sampling Reason(s) for Loss/Exception
e e )

W-26 Direct Radiation/  First Quaner TLD could not be found at collection
Il MD
Sta-23 Vegetation 03/21/91 Only 48g of vegetauon could be loaded

into a 1 liter Marinelli, the largest
calibrated sample container in use a
Teledyne Isotopes. The sample was
counted for 37 hours, more than two
time the normai count time. The LLD
for Cs-134 was not met.

Sta-06 Air Particulate/ 02/27/01 - 03/v6/91  Air sampler malfunctioned, but timer
Air Radioiodine functioned for 168 hours Unable to
estimate sample volume to determine

if LLD could be met.
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V. Summary And Discussion Of 1991 Aralytical Results

L Airborne Exposure Patbwa)



pCi#m3 - North Anna

0.001
1686 1987 1988 1988 1990 1991 1992

& Conrol ® Indicator Avg LLD @ Avg Pre op

Trending Graph - |- Gross Beta In Air Particulates

pCi¥m3 - North Anna

00, -

0.001 ' ! T T T T T T ——
1977 1978 1979 1880 1981 1882 1983 1984 1985 1986

~&- Gross Bela Avg LLD -4 Avg Pre op

Trending Graph - 1: Gross Beta In Air Particulates
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R Waterborme Exposure Pathwa)




Trending Graph 2 : Tritium In River Water - Station 11

Trending Graph 3 : Tritium In Surface Water - Sta 08
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lquatic Exposure Patbway







pCikg (dry) Nocth Anna

pCikg {dry) - North Anna
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Trending Graph - 4 : Cobalt-58 In Sediment Silt
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pCifkg (dry) North Anna

pCikg (dry} North Anna
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1. Ingestion Exposure Pathwa)
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VI, Conclusions
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Aquaitic Patbway




Vegetation samples contained the man-made isotope cesium-137. The cesium-137 activity
levels in 1990 and in preoperational samples were statistically - imilar to the 1991 level.

Direct Radiation Exposure Patbway

The direct exposure pathway as measured in the environment of the North Anna site by
thermoluminescent dosimetry has remained essentially the same since the 1977 preoperational
period at 6 milliroentgens per month or 0.2 milliroentgens per day. The average dose levels
monitored have shown a normal fluctuation about these levels, and are less than the estimated
whole body dose due 10 natural terrestrial and cosmic radiation and the internal dosage from natural
radionuclides.

Program Conclusions

The results were as expected for normal environmental samples. Nawrally occurring activity
was observed in sample media in the expected activity ranges. Occasional samples of nearly all
media showed the presence of man-made isotopes. These have been discussed individually in
the text. QObserved activities were al very low concentrations and had no significant dose
consequence,

As a method of referencing the measured radionuclide concentrations in sample media to the
dose consequence, the data may be compared to the Reporting Level Concentrations listed in the
Oftsite Dose Calculation Manual. These conceuitrations are based upon 25% of the annual dose
commitment recommended by 10CFRS0, Appendix 1, 1o meet the criterion “As Low as is
Reasonably Achievabie.” Based upon the evidence of the environmental monitoring program the
station is operating within regulatory limits. Thus, no unusual radiological characteristics were
observed in the environs of the North Anna Nudear Power Station in 1991




10.

11.

12,

13.
14.
15.

16.

VII. References

Virginia Electric and Power Company, North Anna power Station Technical Specifications,
Units 1 and 2.

. Virginia Electric and Power Company, Station Admi- ative Procedure, VPAP-2103,

"Offsite Dose Calculation Manual,* Rev. 2, September, 1 1991,

Title 10 Code of Federal Regulation, Pant 50 (10CFR50), "Domestic Licensing of Production
and Utilization Facilities."

United States Nuclear Regulatory Commission Regulatory Guide 1.109, Rev. 1, "Calculation
of Annual Doses to Man from Routine Releases of Reactor Effluents for the Purpose of
Evaluating Compliance with 10CFR50, Appendix 1,* October, 1977

United States Nuclear Regulatory Commission, Regulatory Guide 4.8, "Environmerital
Technical Specifications for Nuclear Power Plants," December, 1975.

USNRC Branch Technical Position, "Acceptable Radiological Environmental Monitoring
Program." Rev.1, November 1979,

- NUREG 0472, "Radiological Effluent Technical Specifications for PWRs," Rev. 3, March,

1982.

National Council on Radiation Protection and Measuremients, Report no. 39, "Basic
Radiation Protection Criteria," Washington, D.C., January 1971.

National Council on Radiation Protection and Measurements, Report No. 45, “Natural
Background Radiation in the United States," Washington, D.C., November, 1975,

National Council on Radiation Protection and Measurements, Report No 93, "lonizing
Radiation Exposure of the Population of the United States," Washington, D...., December,
1987,

National Council on Radiation Protection and Measurements, Report No. 95, "Radiation
Exposure of the U.S. Population from Consumer Products and Miscellaneous Sources,"
Washington, D.C., December 1987

DOE/NE-0072, "Nuclear Energy and Electricity, The Harnessed Atom," US Dept. of Energy,
1986.

Eichholz, G., "Environment Aspects of Nuclear Power," Lewis Publishers, Inc., 1985.
Eisenbud, M., “Environmental Radioactivity," Academy Press, Inc., Orlando, Fl, 1987.

Fitzgibbon, W., "Energy Skill Builders, Nuclear Reactor," Enterprise for Education, Inc.,
1987,

Glasstone, S, and Jord 2, W., "Nuclear Power and its Environmental Effects,” .American
Nuclear Society, 1982,

59



RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM SUMMARY

All indicator Control Kon-
Medium or ! : Locations Location with Highest Msan | Location | routine

Pathway - I Ropomuf
Sampled : Mean Name |Distance| Mean Aean Measure
(Unit | | Range Direction| Range Range ments

Air lodine 13 i 4 57, NA NA

Alrborne

Particulates




RADIOLOGICAL ENVIRONMENTAL MONITORING PROGEAM SUMMARY

All Indicator Control Non
Medium o1 E ysis Locations | Loc ation w:!}i H-ﬁhqﬂ Mean Location routine
Pathway )| 1 1eporte
Sampled ¥ Mean Name |Distance| Mean Maan Measure
kn-m tion Range R'-):He ments

(Unit) No Range

Precipitation




RADIOILOGICAL ENVIRONMENTAL MONITORING PROGRAM SUMMARY

All Indicator Control Non-
Medium or ¢ Locations Location with Highest Mean Location | routine
Pathway LD | , Report
Sampled ! Msan Name |Distance| Mean Mean Moeasure
(Unit) Range Jirection; Range Range ments




RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM SUMMARY

North Anna Nuclear Power Station, Louisa County, Virginia - 1991

Docket No. 50-338/339 January 1 1o December 31, 1991 Page 1 of 5
All Indicator Control ‘Non-
Mediumor | _Analysis Locations | Location with Highest Mean| Location | routinc
Pathway L LDt
Sampled Total Mean ame |Distance| Mean Mean
(Linit) Type | No. Range irection| Range Range ments |
Milk 131 24 05 -(0/24) NA NA NONE 0
(pC¥iner) ‘
Gamma 24
K-40 24 100 1291(24/24) 12 83 mi 1303(12/12) NONE 0
(1010-1480 NW (1010-1480)
Sr-89 B 5 -(/B) N/A N/A NONE 0
(Quarterly) -
Sr-80 8 08 0.91(7/8) 12 83 mi 0.92(3/4) NONE 0
(Quarterly) NW (0.55-1.4) (0.71-1.1)
Fish Gamma 10
pCikg
(wat) K-40 10 200 1395(6/6 25 16.5 mi 1430(4/4) 1430(4/4) 0
(831-2160) NW (1100-2050) (1100-2050)
Cs-137 10 40 76.7(3/6) 08 1.10 mi 76.7(3/4) ((/4) 0
(57 9-99 4) SSE (57.9-99 4) .
Food Gamma 40
Vegetation Dose
(pCikg Be-7T 40 1400(32/40) 25 093 mi 2564(5/8) NONE 0
(wet)) (252-3600) SSE (404-7710)
K-40 40 8969(40/40) 23 0.93 mi 11095(8/8) NONE 0
(383-30500) SSE (383-29100)
Cs-137 40 80 168(14/40) 15 1.37 mi. 243(2/8) NONE 0
(23.5-448) SE (37.0-448)
Ra-226 40 80 580(3/40) 16 12.60 mi 1070(1/8) NONE 0
(233-1070) NW -
Th-228 40 370(9/40) 15 1.37 mi 844(1/8) NONE 0
(29 5-844) SE -
Direct Gamma 48 02 574(44/44) 01 0.2 mi 7.48(4/4) 3.78(4/4) 0
Radiation Dose (4.1-81) NE (6.5-9.1) (3.4-4 4)
(mR/std. month)
(Regular TLDs)
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RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM SUMMARY

North Anna Nuclear Power Station, Louisa County, Virginia -

Dockei No. 50-338/330

Tanuary 1 10 December 31, 1991

1991

Page Sof 5

All Irdicator Control Non-
Mediumor | Analysis Locations | Location with Highest Mean] Location | routine
Pathway L LD? eported
Sampled Total Mean rlmo Distance Mean Mean sure-
(Unit) Type | No. Range | irection Rangc Ranjg_o_ ments
inrect Gamma 12 02 S280U/11) 01 0.2 mi 6.8(1/1) 3.4(1/1) 0
Rad'ation Dose (3.9-6.8) NE
{(mF/std. Month)
(Annual TLDs)
Direct Gamma 287 0.2 6.200(255/255)21/53 030 mi1  B.99(K/K) 5.12(32/32) 0

Radiation Dose
(mR/std. Month)
(Sector TLDs)

(3.1-10.6)

1 LLD is the Lower Limit of Detection as detined

Acceptable Radiological Environmental Monitoring Program, Re

and required

SW

vision |

64

in USNR(
vovember 1979

(7.9-10.6)

»

{(3.4-7.4)

Branch Techmical Position on  an



TABLE B-1: IODINE-131 CONCENTRATION IN FILTERED AIR

Collection STATIONS
Date 01 0% 0. 05 05A 06

JANUARY

€

)

1 /48

FEBRUARY

¢

MARCH
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TABLE B-1: TODINE- 131 (CONCENTRATION IN FUHTERED AIR

STATIONS
05 DEA

SEPTEMBER

’s.\v~! I'\vL‘LH

NOVEMBER




TABLE B2
Page 1l )
1050 pCum’ ¢ 2 Sigme

NORTH \NNA - 199§
CONCENTRATIONS OF GROSS BETA IN AIR PARTICULATES

A

"

a1

«

+ 1 sd

13

2% 12

o7

8sA

83

e2

DATE

-
Lol B R ]

LIEN

Lol gl of o
bl B R

fCAR

0102 01%
0109 0116
oinses
01230130

10
Ziz 8
igr =

POl

Ll Rl R
LB R R R

cQIxx

Ll o ol o o
LB B R R ]

0227 93¢
0306-03/13
03210327
0327 0483

oi3e3

» s

29

s t12 s 7 it D321t 2@t

3 13

%216 25 110

PR

%9

LA

Average
T vd

Sampler maifune ton (hose came off) causing low volume
Pump maifunciuon causng low volume, resuls m wtal pC)

()
by



TABLE B2
(Page 2of )
NORTH ANNA - 196

CONCENTRATIONS OF GROSS BFTA N AIR PARTICULATES

1OE0Y pCvm” 2 2 Sigma

COL” ECTION 199} AVERAGKE

LATE LAl 82 ®3 "4 0s 05 A @s 87 Pl 22 13 4 sd.
APRIL
D41 .04/10 2%5S PO B 3] 20+5 2> %% S 0tS LR WS 2% 5 Mt S 215 442 3% 16
04/10-04/17 17¢3 1423 4¢3 13213 1723 623 1423 173 2113 6t 3 i5t3 1323 i6: §
0471704725 14+ 1 i6¢ 3 14+ 3 153 iI5t6 15t 3 12¢ 3 4213 1723 LE 15 5 15t 13 ISt 3
04725 0501 45 20t5 23S 0% % e 2¢6 20+5 2+5 45 232 S 2045 172 S 32 9
MAY
0501 2508 I8¢ 44a) 1914 6t 3 20+ 4 Tt Aa) 1724 LR 413 6t 3 itxa 95+ 13 5% 3 17 &
0508 05/16 10213 2+ 4 2224 () 2+5&) 182 13h) 4t 4 2t 4 N3 224 . E 3 i3 iR 3 ist 10
05160522 24+ 4 2¢4 125+ S0id) 162 4 6t 4y 6t 4 17+ 4 i2¢ 4 iRt 4 6t 4 x4 iI72 4 172 7
G522 0530 12¢ 3 153 17¢3 63 203 203 17+ 1 it 3 23t 8 132 34e) 15% 3 6t 3 7t 7
JUNE
0573006005 “Jt s 23+ 4 s4 204¢ 4 Rt 4 24 6+ 4 22+ 4 04 194+ 4 2it 4 19+ 4 01 4
06205 06712 i7¢2 13 9+3 20+ 4 igt 3 2+ 4 6% 3 1721 21+ 13 27+ 4 19t 3 93 2Wre 20t 6
0612 0619 it+3 152 3 172 4(H 1123 1323 iRt 4 I7¢ 4 15¢3 it 4 iT¢ 4 is¢ 3 91 %39 15 &
061506726 924+27 14%3 162 3(b) 93228 14121 4+ 3 iR 3 1723 Mt 4¢3 1223 6% 3 s 6
067260703 99+ 29 64227 19+ 4 823 18s13 4¢3 523 1522 6z 3 6t 3 4t 3 iz2 3 15t 8
Average 1 £11 I8+ 15 ¢+ 6 16 s ¥ ivt10 20 12 17 xS is 210 %+ 8 18 + 8 is:+H 6 t e LL IS S
t 2 =d
(a) Samplers sof running cn amval alithough pumps were bt Volumes estimated
(b} Tumer malfonctioned. estimated volumes using start/stop tumes 68

{c)
(d)
ie)
f

Volumes low doe to decrease flow rate

Volume low due 1o malfuncion of pamp  Result not esed n averages
Pump not renming on amival. Volumes determined by tuner

Tun-r maifonction sampler operating properiv and volume Latisfactory



TABLE B2

Poge 3o 4)

NORTH ANNA -
CONCENTRATIONS OF GROSS BETA IN AIR PARTICULATES

1991

10507 pCim’ ¢ 2 Sigma

AVERAGE

1991

COLLECTION

2 12 23 14

e7

0SA

a4 as

03

DATE

JULY

LAl

s
2t
%
i72

gt 4

%+ 4
s 2

07807710
oTnoem?
LLIJARE i ]

OIR4-G73%

1.

Sevem™m
Eal R R

sRERas

TeYwe™
Ll

NZRRX

TYeemw
Lo R R R

ARARZ

TRLY
i
$HE

s £ 30 1 = e

FLE R

i1t M4y

s 210 % s 10

1 8

17210 2312

1 +9 DN

2 £ 10

versge
2 sd

A
: 4

na

ia)  Pump st neweng on evivel setemated volome
B Pump viewes iwolie mrshog m low vilume
Tener melforctem volume cstemated by Sart/siop teme

i«



TABLE B2
Pagr 4 of &)
NORTH ANNA - 1991

CONCENTRATIONS OF GROSS BETA IN AIR PARTIHVLATES
108 07 pCvim” ¢ 7 Sugme

COLLECTION 199 AVERAGEK
DATE 91 02 LR 04 85 B5A an L 21 22 i3 24 t 2 ad
OCTOBER
1002 1009 R+ 4 0% 4 20t 4 2% 4 26+ 4 23+ 4 18+ 4 224 3z 4 HER 8+ 4 M4 4 21t 6
1009 1iin I7¢ 1 26+ 4(a) 2724 Mt a 5t 4 AR ) 2%+ 4 2+ 4 Xt a %t 4 9+ a it 3 7% i
116-10n3 Wt 4 Wt 4 2514 6t 4 27+ 4 4+ 4 4t 4 23+ 4 27t 4 iss 13 43+ 4 iRs 3 PLE B
W23 10030 6+ 4 4t 4 17+ 4 2%+ 4 29+ 4 272 4 19+ 4 IVES Wt e 2% 4 Wt 4 172 4 21
NOVEMBER
107301 1/06 L E 5+ 4 7+ 4 IS+ 4 RN Nta P B N+ e 27+ 4 R s 23+ 4 0t 4 Mt 10
1611413 271+ 4 LE R | 20t 4 2+ 4 29+ 4 33t 4 19+ 4 0+ 4 25t 4 24 iI5¢3 Wt 4 252 12
117131120 17+ 3 24¢ 4 15213 232 4 2it 4 Mia 25t a it 4 I8¢ 1 2it s 21t 4 s 3 202 0
2o 027 14+ 13 15¢ 3 423 121 142 3 13213 17+ 3 1723 iR 4 6t 13 MES 2%+ 29 iS¢ &
RECEMBER
1271204 12¢ 13 15+ 3 14+ 3 1423 11+3 is: 3 15+ 3 iR+ 3 In: 3 9% 3 . L E ) 13¢ 3 6%
1204 1212 2524 29t 4 9+13 411 19+3 5+ 4 L ER 2% 4 23t 4 e BN | Mt 4 2% 3 2%
121121218 22+ 4 0%t 4 2it 4 xS 21z 4 275 25+ 4 Bt 4 3t 4 3z 4 5% 4 i1s 3 3%
121812126 2+ 3 20z 3 153 IR+ 3 19+ 3 0+ 1 212 13 19+ 13 6t 3 8% 3 Wt 3 132 3 ms:
1226 01802 2it 4 20¢ 4 1223 %t 4 7+ 8 2+ 4 I8+ 4 4+ 4 17T+ 4 23+ 4 21t 4 iT2 » 2%
Qtr Average 20 £ 17 24 ¢ 2 19 + 186 24 + 1S 24 %14 6 £+ 13 21 +8 23¢9 239 22 +10 227 16 ¢ 19 22 %

t 2 sd

Ann Average 20 + 12 21 ¢+ 11 2+10 9 +14 23 202 22212 111 @+ "1 21 251 22 +¢11 W13 19+ 12 1 3
+ 2 sd

tat  Tuner malfunctyon volume estumated
70



JABLE B 3 GAMMA EMITTER!, STRONTIUM-89, AND STRONTH M- %0
CONCENTRATIONS IN AIR PARTICULATES

First Second Third Fourth
Quarter Quarter Quaner Quarte! Average
Station Nuclide 01/02-04/02 0403-07/03 O7R03-10/02 10/02-1/02 isd

STA.O1




TABLF B3 GAMMA EMITTER'!, STRONTIUM -89, AND STRONTIUM-90
CONCENTRATIONS IN AIR PARTICULATES

1.0 e<03 pCim®* £ 2 Sigma

January 1 10 December 31, 1991

Third
Quarter

07/03-10/02

North Anna Power Station, Louisa County, Virginia - 1991

Page 2 of 3

Fourth
Quarter
10/02-1/02

Average
128d

STA-O5A

S§TA-06

S§TAQ7

STA-ZY

STA-22

Ri=10)
Cs-154
Cs-137
Th-228

Sr-89
Sr-90
Be-7
¥.40

Ru-103
Cs-134
Cs-137
Th-228

Sr-89
Sr-90
Be-7
K-40
Co-60
Ru-103
Cs-134
Cs-137
Th-228

<08

(&)
(a)
101 £ 16
<12
<08
«?
«06
<06

<1

(a)

(a)
627+169
<« 12
<07
@2
<07
<07
<1

(a)
(a)
161 £ 20
<23
<09
<2
<1
<09
<1

<08
<01
9714160
21r+84

1
3
1

AAA

<09
«1

<08
<009
114 417
<10
<09
<2
« Q0
<1
<1

<1
<01
136 + 19
< 20
«09
<3
<1
<1
«2

<2
<01
131422
< 30
<1
<3
<
<1
<?

<2
<02
833+209
< 30
<1

e * " ]

<
<
<
<

72

(&)
(a)
9L 2+148
< 30
<1
<2
<09
<08
<1

(a)
(a)
110416
<10
<09
<2
<086
<07
<

(a)
(a)
102 + 16
< 19
<08
<?
<07
<08

<1

(a)
(a)
120 ¢ 14
< 20
<8
e
< )8
<08
<1

(a)

(@)
96.7+165
< 30
<1
<2
<09
<09
<1

(a)
(&)
132+ 18
<10
<07

(a)
(a)
114 £ 15
<10
< Q.7
<2
<086
<07
<1

(@)
(@)
109 + 14
<20
<08
<2
<07
<07
<1

(@)
(a)
110 £ 15
<10
<08
<2
<06
<09
<1

120+ 67
218+84

114 £ 3§

106 ¢ 60

110+ 59



TABLE B3 GAMMA EMITTER!, STRONTIUM -89, ANI? STRONTIUM-90
CONCENTRATIONS IN AIR PARTICULATES

North Anna Power Station, Louisa County, Virginia - 199]

1.0 e03 pCi md + 2 Sigma January 1 1o December 31, 190] Page 2 ol 3
First Seco Third Fourth
Quarier Quarter Quarier Quanrter Average
Station oslide 01/02-04/03 0403-07/03 07/03-10/02 10/02-1/02 1284d.
STA-23 Sr-89 (a) <2 (a) (&)
Sr-80 (&) «02 {a) (@)
Be-7 132 + 20 106 4 18 106 4 16 119414 115 ¢ 26
K-40 < 12 « 10 < 10 <10 .
Co-60 <09 <08 <07 <06
Fu103 <2 <2 12 <2
Cs-134 <08 <7 <08 <07
Cs-137 <1 <09 < (.8 <08
Th-228 « 1 <1 « <0
STA-24 Sr-89 (a) <3 (&) (a)
$1-90 (a) «02 (a) (a)
Be-7 169 + 21 2814163 107 + 16 68.7 + 130 83 ¢+ 120
K-40 <23 <10 < 40 < 30 .
Co-60 «09 <08 <1 <08
Ru<103 «3 <3 3 <?
Cs-134 <096 <07 < «09
Cs-137 <1 «06 < <09
Th-228 <1 <1 <? <1

1 All gamma emitters ather than those histed were <1LLD
(@) Strontum-R2/00 analyses performed annually



TABLE B 4 GROSS BETA, TRITIHUM, AND GAMMA EMITTER!
CONCENTRATIONS IN PRECIPITATION

Station 91 A {Omn Sile)

COLLECTION DATES GROSS BETA RAINFALL (inches)

SEMIANNUAL PRECIPIHATION COMPOSITES

12/31/90-06/24/91 06/26/91-12/26/91

fy !

TABLE B-5 SO




TABLE B6 GAMMA EMITTER!, STRONTIUM, AND TRITIUM CONCENTRATIONS
. IN GROUND AND WELL WATER

North Anna Power Station, Louisa County, Virginia - 1991

PVl & 2 Sigma January 1 10 Decembser 1, 1997 Page 10l 1

Collection
Date H-3 Sr-89 Sr-0 Be7 K-40 1131 Ba-140  Th-228

STATION01A
o2 < 200 (&) (a) < 40 < 100 <02 <9 <7
06/ 26 < 200 <3 <08 < 30 < 60 <02 <8 <7
10704 « 200 (a) (a) < 40 « 200 « 02 <9 <9
12/26 « 200 (&) (&) < 30 < 60 <02 <7 B
L All gamma cmitters other than those listed were <LLD

(a) Stontum-89/90 analyses performed only on second quarter sample

TABLE B-7: GAMMA EMITTER!, STRONTIUM, AND TRITIU) ONCENTRATIGNS
IN RIVER WAYER

North Anna Power Station, Louisa County, Virginia - 1991

Pl 2 2 Sigma January 1 to December 31, 1991 Page 1 of ]
Collection
. Dates Sr89 Sr-80 H-3 Be-7 K40 1131 Cs-137 Ba-140 Ra-226 Th-228

STATION - 11

U1/22  (a) (a) 3600 + 100 < 30 < 50 <02 <4 «6 < BO <7
02/21 3500 ¢ 100 < 30 < 40 «03 <4 <7 < 60 <6
03es 3500 + 30 < 30 < 50 <02 <3 <6 <70 <6
04/26 < 200 <40 <100 <03 <§ <8 < 80 <8

05/28 <2 <06 3200+ 300 <50 <100 <02 <5 <10 < 80 <8
0617 <2 <05 3600+ 200 < 30 < 40 <02 <4 <10 < 60 <5

07/24 3100 ¢ 200 <40 <100 <01 <4 < 10 <70 <6
owe 3600 + 200 < 30 < 50 <01 «4 <$§ < 60 <6
09/16 3000 ¢ 200 < 40 <« 80 <01 <4 <B < 80 <8
1021 3600 + 200 < 20 < 50 <05 <3 <6 <70 <8
1118 3800 + 200 < 30 < 50 <05 <4 <h < 60 <%
1217 4400 + 200 < 30 < 60 <02 <3 <8 <70 <7
Average : 2 s.d. 3646 - 712

1 All gamma emitters other thae those listed were <LLD
(a) fr-89/90 analyses performed on second quarter samples
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TABLE B8 GAMMA EMITTER!, STRONTIUM, AND TRITIUM CONCENTRATIONS
JV SURFACE WATER

o

Collection
Datles H-3 4 -7 K40 Cs-137 Ba-140 Ra-226 Th-228

STATION - 08

Avg. 4025 : 755

Z.5d

STATION - 09




TABLE B9 GAMMA EMITTER!, STRONTIUM, AND TRITIUM CONCENTRATIONS
IN SURFACE WAIER

State-Split Samples

Collection
Dates -3 / ( {39 Cs-137 Ba-140 Ra-226 Th-228

STATION - W-27

STATION




TABLF B-10: GAMMA EMITTER! CONCENTRATION IN SEDIMENT SIL1

STAO8 STA-O9 STA-11 STA-08 &TAO9 STA-11 Average
Nuclide 03/25 0325 03725 08/16 08/17 09/16 2 Sigma

TABLE B-11' GAMMA FMITTER! CONCENTRATION IN SHORELINE SOl

Station<0Y Station-09
Nuchide 03/21 09/16




TABLE B-12° GAMMA EMITTER! CONCENTRATION IN MILK
. North Anna Power Station, Louisa County, Virginia - 1991
"Jg{' 1ol 2

pCil £ 2 Sigma January 1 W December 31, 1991

| MONTH NUCLIDE STATION-12 STATION-13 I

JANUARY Sr-89 <3 <3
Sr-80 0711013 10£02
K-40 1420 ¢+ 140 1220 £ 120
Cs-137 <4 <4
<131 <02 <01
FEBRUARY Sr-89 (a) (a)
Sr-80 (a) (a)
K-40 1430 + 140 1340 ¢+ 130
Cs-137 < 4 <4
1-131 ~04 <05
MARCH Sr-89 (a) (a)
Sr-80 (a) (a)
K-40 1360 + 140 1260 + 130
Cs-137 <10 <5
1+131 «03 <03
APRIL Sr-89 <3 <5
. Sr-80 <04 141207
K-40 1340 £ 130 1260 + 130
Cs-137 < 4 <4
1131 <02 <04
MAY Sr-89 (a) (a)
Sr-890 (a) (a)
K-40 1220 + 120 1240 ¢ 120
Cs-137 <4 <4
1131 <02 <02
JUNE Sr-89 (a) (a)
Sr-90 (a) (a)
K-40 1380 » 140 1430 + 140
Cs-137 <4 <4
13 <02 «02
JULY Sr-89 < i <
Sr-90 11201 0631012
K-40 1150 =z 179 1200 + 120
Cs-137 <6 «§
1-131 <02 <01
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TABLE B-12: GAMMA FMITTER! CONCENTRATION IN MILK

)

o—
|\m\||l CLID} STATION-12 ST .TION-13

‘\\H:II\.'ST

SEPTEMBER

OCTOBER

NOVEMBER

DECEMBER




TABLE B-13 GAMMA EMITTER!T CONCENTRATION IN FISH

‘ North Anna Power Station, Low.a County, Virginia - 1991
pCikg £ 2 Sigma Januzty 1 1o Dece. ber 31, 1991 Pape 1 0f 1
Lunevtion  Station Sample K-40 Co-58 Cs-134 Cs-137
Date Type

04/11/91 08 Spont Species 1240 +530 < 50 < 30 §79+315
05/08/91 08 Catfish 831 +329 < 40 « 40 994+ 350
10/23/91 08 Catfish 2160 +380 <30 < 30 728+ 206
10/25/91 08 Game Fish 1400 +400 < 50 < 50 < 60
04/09/91 09 Spont Species 1660 1430 < 40 < 30 < 40
04/09/91 09 Catfish 1080 +340 < 40 < 30 < 50
04/08/91 25 Sport Species 1100 #1410 <« 50 < 40 < 40
05/08/91 25 Catfish 1200 +340 < 40 <N < 40
10/23/91 25 Cattish 1370 +380 < 20 < 30 < 30
10/24/91 25 Game Fish 2050 +480 < 40 < 4C < 40
Average + 2 s.d. 1409 + 856 76.7 + 420
| 1 All gamma emiwrs other than those histed were <LLD

&1



TABLE B-14: GAMMA EMITTERT CONCENTRATION IN FOOD VEGETATION
North Anna Power Station, Louisa County, Virginia - 1991
pCi/kg £ 2 Sigma January 1 to December 31, 1991 Page 1 of 2

Ru-103 Cs-134  Cs-137  Ra-226  Th-228

03/21 3600 + 360 2820+ 280 <10 < 20 <10 <10 < 200 751 4267
04/26 327+64 5510+ 550 <5 <9 <7 <8 < 100 <10
05/22 < 90 7420 + 740 <7 <10 <8 <8 < 100 <10
06/19 807 + 237 80BO + 810 <10 < 40 < 30 < 20 < 500 < 40
07/24 252+ 131 53701 540 <10 « 20 <1u 2354120 <300 <20
021 5151+ 156 4490+ 450 <20 < 20 <10 «10 < 200 <20
09/18 < 500 4240 + 420 <10 < 60 < 30 < 30 < 500 < 60
10/16 2250+ 230 4500 + 450 <9 <30 <20 < 20 < 400 < 40
STATIVM 16

03/21 1100+ 140 3600+ 370 < 30 < 20 <10 370+122 <200 <20
04/26 900+ 99 7780 + 780 ) <10 <10 <9 < 200 <20
022 490 1 234 10400 £ 1000 <10 < 40 <30 < 30 < 600 < 50
06/19 1540+ 560 10200+ 1000 <10 < B0 « 50 448 + 51 < 900 B44 + B4
07/24 <85 7450 + 750 < 20 <70 < 40 < 40 < 900 < 80
08/21 748+ 99 13000+ 1300 < 50 <10 <9 <9 233 + 102 <10
09/18 1010 + 370 30500 + 3100 <9 <70 < 40 < 40 < 600 <« 60
10/16 3370+ 340 5000 + 500 < 20 < 30 < 20 <20 < 400 < 30
STATION 16

03/21 1820+ 180 3350 + 340 <10 <10 <9 <10 «200 205+140
04/26 1160 + 120 15300 + 1500 <5 « 10 <9 «8 < 100 <10
05/22 360+ 131 64101 640 <8 < 20 <10 « 20 < 300 < 20
06/19 745+ 227 16200+ 1600 «30 < 40 < 30 161+21 1070+ 320 641 +64
07/24 < 200 7250 + 720 < 30 < 30 <20 <20 < 300 < 30
08/21 1100 + 350 3380 + 340 <10 < 60 < 30 < 30 < 700 < 60
09/18 567 + 246 10400 4+ 1000 <B < 40 <20 < g0 < 500 < 40
1016 €92 + 143 4810 + 480 < 10 < 20 <10 <10 < 300 < 30
STATION 21

021 974 :225 32101t 320 <20 < 30 <20 256 + 26 < 500 154 £ 19
04/26 1250 + 150 10400 + 1000 <7 <20 <20 355436 4371252 191119

05/22 321 +111 10100+ 1000 <10 <20 <10 M7+ 13 <200 <20
06/19 3140+ 810 17500+ 1800 <30 < 100 < 30 389166 <1000 7231116
07/24 456+ 207 6810+ 680 <10 < 40 <20 5131201 <400 < 40
08/21 981+ 200 9780+ 980 <10 < 30 < 20 165+ 18 < 300 <30
09/18 < 700 10000 + 1000 <20 < 90 < 40 230 + 46 < 900 < 80
10/16 1420 £ 150 4700 + 470 <10 <20 <10 <20 < 200 <20

&2



TABLI GAMMA EMITTER! CONCENTRATION IN FOODVEGETATION

Collection
Date Be 7/ (=4 . Ru-103 Cs-13 Cs-137 Ra-226 Th-228

STATION 23

2958 0969 + 12870 B( 873 370+ 658




DIRFCT RADIATION MEASUREMENTS

TLD RESULTS

Second Qtr Third Qtr Fourth gtr
0WV27R1 06/26/91 09/27Mm1
06/26/91 0872781 12/26/801

4 685+ t
1
r } 5 3

QUARTERL)

Annual TLD




RETAL S o) j g AR rl P
g G il e s it R G T ) ki pate it Sl il
TABLY B 16 DIRECT RAD'ATION MEASUREMENTYS
SECTOR QUARITERLY TLD RESULTS
Station First Qtr Second Qtr Third Qtr Fourth gtr A verage
Numbset 1212 0Nl “ GAINn DT 27402 09/27.12/28 s N ‘

' f 4 i f §



TABLE B 16 DIRECT RADIATION MEASUREMENTS
CITOR QUARTERLY TLD RESULTS

Stution First Qtr Se Third Qtr ourth qtr

Numbwer 127274N2 p. y 06 748/ 9/27.12/28

i N i 1 4




LAND USE CENSUS!

‘ North Anna Power Statior,, Louisa County, Virginia
KM = Kilometer January 1 10 Decembser 31, 1901 Page 1 of
Nearest Nearest Nearest Nearest Veg
Sector Direction  Resident  Site Boundary Meat Animal' Garden 500 .2
KM (Mile) KM (Mile) KM (Mile) KM (Mile)

A N 2.17 (1.35) 1.40 (0.87) 3.23 (2.01) 3.07 (1.91)
B NNE 2.17 (1.35) 1.36 (0.85) 422 (2.62) 2.17 (1.35)
C NE 1.90 (1.18) 1.32 (0.82) 2.51 (1.56) 2.51 (1.56)
D ENE 3.17 (1.97) 1.31 (0.81) 4.12 (2.56) 3.17 (1.97)
E € 2.03 (1.26) 1.33 (0.83) NONE 2.53 (1.57)
F ESE 2.60 (1.62) 1.37 (0.85) 7.74 (4.81) 5.63 (3.50)
G SE 2.20 ()1.37 1.41 (0.88) 2.20(1.37) 2.20(1.37)
H SSE 1.47 (0.91) 1.47 (0.91) 8.83 (2.38) 1.47 (0.91)
J 8 1.67 (1.04) 1.52 (0. 94) 2.32 (1.44) 1.67 (1.04)
K SSW 2.30 (1.43) 1.62 (1.01) 5.92 (3.68) 2.30 (1.43)
L SW 4.83 (3.00) 1.70 (1. oe) NONE 4.83 (3.00)
M WSEW 2.86 (1.78) 1.75 (1.09) 2.86 (1.78) 2.86 (1.78)
N W 2.46 (1.53) 1.71 (1.06) NONE 6.58 (4.09)
P WNW 2.20 (1.37) 1.64 (1.02) 7.13 (4.43) 4.09 (2.54)
Q NW 1.63 (1.01) 1.66 (0.97) NONE 1.77 (1.10)
A NNW 1.72 (1.07) 1.45 (0.90) 3.57 (2.22) 1.91(1.19)
’ . 1 No milk cows or goats within & five mile radius of North Anna Power Station

‘ COMPARISON OF THE 1991 TO 1990 LAND USE CENSUS

1.  Changes in nearest resident as compared to previous year
a. NW Sector 1.90 Km (1990) to 1.63 Km (1991)
b. NNW Sector l 91 Km (1990) to 1,72 Km (1991)

Il. No chan s were observed in the nearest site boundaries distances
I,  No changes were observed in the nearest milk cow status

IV. Changes in nearest ;vegetable garden as compared to previous year
a. ENE Sector: 4.04 K (1990) to 3.17 Km (1991,
b. ESE Sector: 693 Km (1990) to 5.63 Km (1991)
¢. S Sector 1.96 Km (1990) to 1.67 Km (1991)
d. W Sector 391 Km (1990) to 6.58 Km (1991)
e. WNW Sector: 4.92 Km (1990) 10 4.00 (1991)
f. NW Sector 1.90 Km (1990) to 1.77 Km (1991)

V. No changes were observed in the nearest milk goat status

V1. Changes in nearest meat animal as compared to previous year

| & i o

| a. SSector: 3,20 Km (1990) to 2.32 Km (1991)
| b. WSW Sector: NONE (1990) to 2.86 Km (1991)

| ¢c. W Sector; 7.13 Km (1990) to NONE (1991)

. Land Use Census Data Shown on Maps, Section 3, Pages 33-37
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ANALYTICAL PROCEDURES SYNOPSIS

ANALYTICAL PROCEDURES SYNOPSIS

ANALYSIS T1T1E




DETEK NATION OF GROSS BETA ACTIVITY
IN WATER SAMPLES

Introduction

Detection Capability



GROSS BETA ANALYSIS Or SAMPLES
Air Particulates

After a delay of five or more days, allowing for the radon-222 and radon-220 (thoron)
daughter products to decay, the filters are counted in a gas-flow proportional counter. An
unused air particulate filter, supplied by the customer, is counted as the blank.

Calculations of the results, the two sigma entor and the lower limit of detection (LLD):

RESULT (pCim3) = ((S/T)-(Br)(222VE)
TWO SIGMA ERROR (pCiim3) = 2((8/72) + (BA2))1/2/(2.22 V E)
LLD (pCim3) = 466(B12)222VEY
where:
Gross counts of sample including blank
Counts of blank
Counting efficiency

Number of minutes sample was counted
Number of minutes blank was countad
Sample aliquot s.ze (cubic meters)

<" —-“Rnoq
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ANALYSIS OF SAMPLES FOR TRITIUM
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AINALYSIS OF SAMPLES
FOR STRONTIUM-89 AND -90

SOil and Sediment




Alr Particulates




L

ingrowth factor for Y-90 from scavenge time to milking time
the ingrowth factor for Y-80 wito the strontium mount from
the *milk" time to the mid count time

the efficiency of measuring "53R-90 through a No. 6 absorber
the efficiency of counting Y 90 through a No. 6 absorber
background rate of counter (cpm)

cnemical yield of yttrium

chemical yield of strontiurn

decay factor of yttrium frm the radiochemical milking time to
the mid count time

efficiency of the counte' for Y-90

ingrowth factor for Y-90) from scavenge time to the radio-
cheniical milking time
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ANALYSIS OF SAMPLES FOR IODINE-131

Milk or Water




GAMMA SPECTROMETRY OF SAMPLES

Milk and Water

Dried Solids Other Than Soils and Sediments

A

Soils and Sediments

Charcoal Cartridges (Air 'odine)

Adr Particulate




LLD = 4.66(B)2/(2.22tEVF DF)
where: S = Area, in counts, of saraple peak and background
(region of spectrum of interes?)
B = Background area, in counts under sample peak,
determined by a linear interpolation of the representative
hackgrounds on either side of the peak
t = length of time in minutes the sample was counted
222 = dpm/pCi
E = detector efficie "y for energy of interest
and geometry of sample
v = sample aliquot size ‘liters, cubic meters, kilograms,
or grams)
F = fractional gamma abundancy (specific for each
emitted gamma)
DF = decay factor from the mid-coliection date to the

counting date



ENVIRONMENTAL DOSIMETRY

Teledyne Isotopes uses a CaS04:Dy thermolumunescent dosimeter (TLD) which the
company manufactures. This material has a high light output, negligible thermally induced
signal loss (fading), and negligible self dosing. The energy response curve (as well as all
other features) satisfies NRC Reg. Guide 413  Transit doses are accounted for by use of
separate TLDs.

Foliowing the field exposure period the TLDs are placed in a Teledyne Isotopes
Model 8300. One fourth of the rectangular TLD is heated at a time and the measured light
emission (luminescence) is recorded. The TLD is then annealed and exposed to a known
Cs-137 dose; each area is then read again. This provides a calibration of each area of each
TLD after every field use. The transit controls are read in the same manner.

Calculations of results and the two sigma error in net milliRoenrgen (mR):

RESULT = D= (D1+02+03+D4)/4
TWO SIGMAERROR =  2((Dy-D)2+(Dy-D)2+(D3-D)2+(D4-D)2)/3)1/2

WHERE: Dy = the net mR of area 1 of the TLD, and similarly tor Dp, D3, and
D4

Iy = the instrument reading of the field dose in area 1

K = the known exposure by the Cs-137 source

Ry = the instrument reading due to the Cs-137 dose on area 1

A = averaqge dose in mR, calculated in similar manner as above,

of the transit control TLDs
D = the average net mR of all 4 areas of the TLD.
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VEPCO - NORTH ANNA POWER STATION

US EPA INTERLABOTATORY COMPARISON PROGRAM 1991

(Page 1 of 3)

EPA Date TI Mailed Date EPA EPA T Norm Dev. W,
Preparation Resuits Issued Results Media Nuclide Resutsin) Resultsih) (Known) =% Action
o1/ 11/91 03/07/91 04/15/91 Watar Sr-86 §0¢ 50 500+ 000 0.00

Sr-90 50+ 50 500+ 000 0.00
01/25/91 o2r21/91 03/18/91 Watar Gross Alpha cJ* 50 800 ¢ 1.00 1.38
Gross Beta 50+ s¢C 700+ 000 069
02/08/91 03/z2/9 04 /10247 Water Co-60 400t 50 39.33 + 306 £23
2n-65 1490 + 150 147.0C + 1.00 -0.23
Ru-106 1860 + 190 17667 + 17.56 -0.85
Cs-124 80 ¢ 50 723+ 058 £.23
Cs-137 80« 50 767 ¢ a2 012
Ba-133 750+ 8.0 7567 + §.51 014
02/15/91 03/18/91 0503/91 Water -131 750 + ] 8000 + 529 1.08
02/22'91 03/22/'91 04/15/91 Watar H-3 44180+ 4420 4500 + 173.21 032
03/08/91 05/06/01 05/31/91 Water Ra-226 318+ 48 2833 + 473 -1.28
Ra-228 211+ 53 1667+ 208 -1.45
03/29/41 08/06/91 07/02/91 Atr Filter Gross Alpha 250+ 6.0 4267+ 058 510 -
Grmoss Beta 1240 + 60 12667+ 5.¢7 077
S51-90 400 50 3700+ 100 -1.04
Cs-137 400 4+ 50 4300+ 529 1.04
04/18/0 07/25/91 Water Gross Alpha 540 ¢ 140 5067+ 404 0.70
Gross Beta 1150 + 170 11000 + 090 -0.51
Sr-89 280 4+ 5.0 31.00 + 1.00 1.04
Sr-80 260 ¢ 50 2100+ 000 -1.73
Cs-134 240 % 50 2500 + 1.00 0.35
Cs-137 250 % 50 2400+ 173 -0.35
04/26/91 DE/28/M 07/31/91 Miik Sr-89 320+ 50 2400 + 3.00 277 bl (s
Sr-90 320+ 50 2633+ 208 -1.96
131 60.U % 6.0 5333+ 231 -1.82
Cs-137 S80 + £0 52€7 + 1.53 1.27
K 16500 + B3 C 159000 + €135 -1.28



B U U S pS——

VEPCY) - NORTH ANNA POWER STATION
US EPA INTERLABORATORY COMPARISON PROGRAM 1991

(Page 2 of 3)

EPA Date TT Mailed Dute EPA EPA T Norm Dev. " Warning
Preparation Results tssued Resulis Medis Nuclide Resuitsin Resuitsih) (Knpown) ***Action
05/10/811 05/06/91 051G/ Water Sr-89 390 ¢ 5.0 38ET+ 45 012

Sr-90 240 % 50 22002 173 069
o517/ 06/13/91 07/08/91 Water Gross Alpha 240 ¢ 6.0 2433+ 252 010
Gross Beta 450 ¢ 5.0 S50+ 153 1.50
06/07/91 07/18/91 0812/ ‘Water Co-60 100 ¢ 50 103"+ 058 0.12
Zn-65 1080 # 11.0 1060 ¢+ 2865 031
Ru-106 1490 ¢ 15.0 13667+ 3.79 1. 42
Cs-134 150 ¢ 50 1367+ 153 0 ae
Cs-137 140 + 5.0 1367+ 153
B.-133 620 ¢ 6.0 5633+ 153 -
06/21/91 07/18/91 8/12/91 Water H-3 12480 + 12480 12833.33 + 115.50 0.4%
07112 10/08/51 08/06/91 Watar Ra-226 159+ 24 150+ 1.00 -0.65
Ra-228 16.7 & 42 1433+ 2.3 -0.98
08/09/91 10/08/91 09/04/N Water 131 2003 80 1933 + 0.58 .19
08/20/91 10/25/91 12/04/M1 Air Filter Gr-Alpha 2501 6.0 2700+ 200 0.58
Gr-Beta 920 2 100 0000+ 000 1.29
Sr-90 300 ¢ 50 2767+ 289 -0.81
Cs-137 30.0 ¢ 50 3P: I 115
09/17V/91 10/25/91 12/12/91 Water Sr-89 490 = 50 5067+ 285 0.58
§1-90 250+ 50 2600+ 1.00 0.35
09/20/e1 10/17/81 11/04/91 Water Gr-Alpha 1002 50 1167+ 058 0.58
Gr-Beta 200 % 5.0 2100+ 000 0.35
09/27 191 12/06/91 12/23/91 Muin Sr-89 250 ¢ 50 2100+ 265 -1.39
Sr-90 250+ 5.0 1900+ 000 -2.08 **(d)
1131 1080 ¢ 1.0 11333+ 577 0281
Cs-137 300 % 50 2900+ 381 -0.35
K 17400 # 870 150333 + 75.06 -4.71 “**{e)
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VEPCTD) NORTH ANNA POWER STATTON
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EPA Ii Norm Dev “*Warning
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US ZPA CROSS CHECK PROGRAM

STRONTIUM-980 IN WATER
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STRONTIUM-89 IN WATER

100

G
20 - - - e = ¥ . i » hd Y X r
1981 1982 1983 1984

e Tt 3sgma
2 EPA 13sigma

1985



pCilliter

18000

IS EPA CROSS CHECK PROGRAM

TRITIUM IN WATER Cont )

18000

12000

10000 4

1989 1920 1991

© Tit+3S
® EPALIAS




US EFPA CROSS CHECK PROGRAM

TRITIUM IN WATER




US EPL CROSS CHECK PROGRAM
GROSS BETA IN WATER  (Cont)
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US EPA CROSS CHECK PROGRAM
GROSS BETA IN WATER




pCil/liter

US EPA CROSS CHECK PROGRAM
GROSS AETA IN WATER

220

200

180

180 4

140 +

120 A

100 4

1981 1982 15 1984

jo 11 £ 3 sigma
® EPA{3sigma




pCililter

US EPA CROSS CHECK PROGRAM

GROSS ALPHA IN WATER
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pCl/liter

US EPA CROSS CHECK PROGRAM
IODINE-131 IN WATER
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Ti = 3 sigma

US EPA CRDSS CHECK PROGRAM
STRONTIUM-90 IN MILK
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US EPA CROSS CHECK PROGRAM
STRONTIUM-89 IN MILK
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US EPA CROSS CHECK PROGRA.
POTASSIUM-40 IN MILK
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US EPA CROSS CHECK PROGRAM

CESIUM-137 IN MILK
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US EPA CROSS CHECK PROGRAM

STRONTIUM-90 IN AIR PARTICULATES
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US EPA CROSS CHECK PROGRAM

CESIUM-137 IN AIR PARTICULATES
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‘. US EPA CROSR THECK PROGRAM

GROG.) BETA IN AIR PARTICULATES
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