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This report summarizes the findings of the Radleological Environmental
Monitoring Program (REMP) conducted by Vermont Yankee Nuclear Power

Corporation in the vicinity of the Vermont Yankee Nuclear Power Station in
Vernon, Vermont during the calendar year 1991, It is submitted annually in

compliance with plant Technical Specification 6.7.C.3,

The remainder of this report is organized as follows:

Section 2: Provides an introductory explanation to the background
radicactivity and radiation that is detected in the Vermont Yankee
envirene.

Section 3: Provides a brief description of the Vermont Yankee Nuclear
Power Station site and its environs,

Section 4: Provides a description of the overall REMP program design.
Included is a summary of the Radiological Effluent Technical
Specification Requirements for REMP sampling, tables listing all
locations sampled or monitored (by TLD) in 1991 with compass sectors and
distances from the plant, and maps showing the location of each of the
sampling and TLD monitoring locations. Tables listing Lower Limit of
Detection requirements and Reporting Levels are also included.

Section 5: Consists of the summarized data as required by VYNPS
Technical Specifications. The tables are in the format specified by the
NRC Radiological Assessment Branch Technical Position on Environmental
Monitoring (Reference 1). Also included is a summary of the
environmental TLD measurements for 1991,

Section 6: Provides the results of the 1991 monitoring program. The
performance of the program in meeting regulatory requirements as given
in the Technical Specifications {s discrussed, and the data acquired
during the year are analyzed.

Section 7: Provides an overview of the Quality Assurance programs used
at the Yankee Atomic Envirormental Laboratory. As required by Technical
Specifications, the results of the EPA Intercomparison Program are
given,

Section 8: Summarizes the requirements and the results of the 1991 Land
Use Census.
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N Section 9: Gives an overall sumwary of the results of the 1991
Radiological Environmentsl Monitoring Program.



1ly Occurring and Man-Made Background Radioactivity
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category are Carbon-14 (C-14), Hydrogen-3 (H-3 or Tritium), Sodium-22 (Na-
22), and Beryllium-7 (Be-7). Beryllium-7 is the one most readily detected, |
and is found on air sampling filters and occasionally in blological medis

(Reference 2).

The third sub-category of naturally-occurring radiation and radiocactivity
| is "gosmic radiation”. This consists of primary energetic particles of
‘ extra-terrestrial origin and the secondary particles and radiation that are
produced rhrough their interaction in the eart®'s atmosphere. The primary
radiation comes mostly from outside of our solar system, and to a lesser
degree from the sun. We are protected from most of this radiation by the
earth's atmosphere, which absorbs the radiation. Consequently, one can see
that with increasing elevation one would be exposed to more cosmic
radiation as a direct result of a thinner layer of alr for protection.
This *direct radiation" is detected in the fleld with gamma spectroscopy
equipment, high pressure fon chambers and thermoluminescent dosimeters
(TLDs) .

2.2 Man-Made Background Radicactivity

The second source of "background" radiocactivity In the Vermont Yankee

environment is from "man-made” sources not related (o the power plant. The

most recent contributor to this category was the fallout from the Chernobyl

accident in April of 1986, which was detected in the Vermont Yankee

environment and much of the world. A much greater contributor to this

| category, however, has been fallout from atmospheric nuclear weapons tests
Tests were conducted from 1945 thiough 1980 by the United States, the
Soviet Union, the United Kingdom, China and France, with the large majority
of testing occurring during the periods 1954-1958 and 1961-1962. (A test
ban treaty was signed in 1963 by the United States, Soviet Union and United
Kingdom, but not by France and China.) The most recent test, conducted by

| the People's Republic of China, occurred in October of 1980, Much of rhe

| fallout detected today is due to this explosion and the last large scale

t one, done in November of 1976 (Reference 3).

The radiocaccivity produced by these detonations was depusited worldwide.
The amount of fallout deposited in any given area (s dependent on many
factors, such as the explosive yleld of the device, the latitude and
cltitude of the detonation, the season in which {t occurred, and the timing
of subsequent rainfall which washes fallout out of the tropospheric portion
(Reference 4), Most of this fallout has decayed into stable elements, but
the residual radiocactivity is still readily detectable in environmental

S S T e
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4. PROGRAM DESIGN

The Radiological Environmental Monitoring Program (REMP) for the Vermont
Yankee Nuclear Power Station (VYNPS) was designed with specific objectives

in wmind. These are:

- To provide an early indication of the appearance or accumulation of
any radiocactive materiel in the environment caused by the operation
of the station.

- To provide assurance to 1:gulatory agencies and the public that the
station’'s environmental impact is known and within anticipated
limits.

- To verify the adequacy and proper functioning of station effluent
controls and monitoring systems.

« To provide standby monitoring capability for rapid assessment of risk
to the general public in the event of unanticipated or accidental
releases of radiocactive material.

The program was initiated in 1970, approximately two years bufore the plant
began commercial operation in 1972, It has been in cperation coatinuously
since that time, with improvements made periodically over those years,

The current program is designed to meet the intent of NRC Regulatory Cuide
4.1, Progrews for Monitoring Radiocactivity in the Environs of Nuclear Power
Plants, NRC Regulatory Guide 4.8, Environmentsl Technical Svecifications
for Nuclear Power Plants, the NRC Branch Technical Position f Kovember
1979 entitled An Acceptable Radiological Enviroumental Monitori.y i.ogram,
as well as NRC NUREG-0473, Radiologlcal Effluent Technical Specifications
for BWk's. The envirommental TLD program has been designed and tested
around NRC Regulatory Guide 4.13, Performance, Testing and Procedural
Specifications for Thermoluminescence Dosimetry: Enviroomental
Applications. The quality assurance program is designed around the
guidance given in NRC Regulatory CGuide 4.15, Quality Assurance for
Badiological Monitoying Programs (Normal Operatioms) - Effluent Streams ang
the Environment.

The minimal sampling requiremente of the REMF are given in Technlcal
Specification 3.9.C, which is summarized in Table 4.1 of this report. The
identification of the required sampling locations is given in the Offsite
Dose Calculation Manual (ODCM), Chapter 4. The complete list of locations

sy



used during 1991 is given in Tables 4.2 and 4.3 of this report. These
sampling and monitoring locations are shown graphically on the maps in
Figures 4.1 through &4 6.

The Vermont Yankee¢ Chemistry Department conducts the radiological
environmental monitoring program. They collect all terrestrial saumples
(airborne and ingestion pathways), and contract with Aquatec, Inc. to
collect all waterborne samples. All TLD badges are posted and retrieved by
the Vermont Yankee Chemistry Department, and are read out by the Yankee
Atomic ZInvirornmental Laboratory.

4.1 Monmitoring Zones

The REMP is designed to allow comparison of levels of radicactivity in
sanples from the area possibly influenced by the plant to levels found in
areas not influenced by the plant. The first area is called Zone 1, and
its monitoring locations are called "indicators." The second area is
called Zone 2, and its monitoring locations are called "controls.” The
distinction between the two zones, depending on the type of saaple or
sample pathway, is based on one or more of several factors, such as site
meteorological history, meteorological dispersion calculations, relative
direction from the plant, river flow, and distance. Analysis of survey
data frow the two zones aids in determining if there is a significant
difference between the two areas. It can also help in differentiating
between radioactivity or radiation due to plant releases and that due to
other fluctuations in the environment, such as atmospheric nuclear weapons
test fallout o. seasonal variations in the natural background.

4.2 Pathways Monitored

Four pathway categories are monitored by the REMP. They are the Alrborne,
Vaterborne, Ingestion and Direct Radiation Pathways. Each of these four
categories is monitored by the collection of one or more sample media,
which are listed below, and are described in wmore detail in this section:

Airborne Pathway
Alr Particulate Sampling
Charcoal Cartridge (Radioiodine) Sampling

Waterborne Pathways
River Water Sampling
Ground Water Sampling



e Sediment Sampling

Ingestion Pathways

k. Milk Sampling

i Silage Sampling

| Mixed Grass Sampling
. Fish Sampling

Direct Radiation Pathway
TLD Monitoring

)
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4.3 DRescriptions of Monitoring Programs
4.3.1 Alr Sampling

Continuous air samplers are installed at six locations. (Five are require!
by VYNPS Technical Specifications.) The sampling pumps at these locations
operate continuously at a flow rate of approximately one cubic foot per
minute. Airborne particulates are collected by passing air through a 47 am
glass-fiber filter. A dry gas meter is incorporated into the sampling
stream to measure the total volume of air sampled in a given interval. The
entire system is housed in a weatherproof structure. The filters are
collected biweekly, and to allow for the decay of radon daughter products,
they are held for at least 100 hours at the Laboratory before being
analyzed for gross-beta radioactivity (indicated as GR-B in the data
tables). The biweekly filters are composited (by location) at the
Laboratory for a quarterly gamma spectroscopy analysis.

If the gross-beta activity on an ai. particulate sample is greater than ten
times the yearly mean of the control samples, Technical Specification 3.9.C
requires a gamma isotopic analysis on the individual sample. Whenever the
main plant stack effluent release rate of I-131 is equal to or greater than
0.1 uCi/sec, weekly air particulate {s required, pursuant to Technical
Specification 3.9.C,.

4.3.2 Charcoal Cartridge (Radioiodine) Sampling

Continuous air samplers are installed at six locations. (Five are required
by Technical Specifications.) The sampling pumps at these locations
operate continuously at a flow rate of appruxima.ely one cubic foot per
minute. A 60 cc TEDA impregnated charcoal cartridge is located downstream
of the air particulate filter described above. A dry gas meter is
incorporated into the sampling stream to measure the total volume of ailr
sampled in a given interval. The entire system is housed in a weatherproof
structure. These cartridges are collected and analyzed biweekly for 1-131,

Whenever the main plant stack effluent release rate of 1-131 is equal to or

greater than (0.1 uCi/sec, weekly charcoal cartridge sampling is requir,a,
pursuant tc Technical Specification 3.9.C.

-10-
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4.3.3 River Water Sampling

An sutomati~ compositing sampler is maintained at the downstream sampling
location by anuatec, Inc. The sampler is contrelled by a timer that
collects an aliquot of river water at least every two hours. An additional
gradb sample is ccllected monthly at the upstream control locatlon. All
river water samples are preserved with HCl and NaHS0,, or HNO,, to prevent
the plate out of radionuclides on the container walls., Each sample is
analyzed for gamma-emitting radionuclides. Although not required by VYNPS
Technical Specifications, a gross-beta analysis is performed on each
sanple. The monthly composites or grabs are composited again (by location)
at the Laboratory for a quarterly H-3 asnalysis.

4.3.4 Cround Water Sampling

Crab samples are collected quarterly fiom two indicater and one control
location. (Only one indicator and one cuntrol is required by VYNPS
Technical Specifications.) All ground watvr samples are preserved with HC1
and NaHS80,, or HNO;, to prevent the plate out of radicnuclides on e
container walls. Each sample was analyzed for gamma-emitting rad, nuclides
and H-3. Although not required by VYNPS Technicsl Specifications, a gross-
beta analysis is also performed on each sample.

4.3.5 Sediment Sampling

Sediment grab samples are collected semiannually fi.m twe locations by
Aquatec, inc. At the dewnriver shoreline, station SE<1l, one grab is
collected. At the North Storm Drain Outfall, station SE-12, mul~iple grab
sanples are collected. Each sample is analyzed at the Laboratory for
gamma-emitting radionuclides.

4.3.6 MNilk Sampling

When milk animals ar- {dectified as being on pasture feed, milk samples are
collected tvice per month fiom that location. Throughout the rest of the
year, and for the fi'l year where animals are not on pasture, wn''k samples
are collected on a monthly schelule. Three locations are chosen as a
result of the annval Land Use Cencus, based on meteorological dispersion
calculations. The fourth location ‘s a contr~l, which is located
sufficiently far away from the plant ‘o be outside any potential influence

-11-
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from it. Other samples are typically collected from locations of interest,

Immediately after collection, each rilk sample is preserved with an
appropriaste amount of formaldehyde. Methimazole is also added to prevent
protein binding of any radiofodine. Each sample is analyzed for gamma-
emitting radionuclides. Following a chemical separation, & separate low-
level I-131 analysis is performed to meet the Lower Limit of Detection
requirements in the Technical Specifications. Although not required by
Technical Specifications, Sr-89 and Sr-90 analyses are also performed on
quarterly composited samples.

4.3.7 Silage Sampling

At esch milk sampling location, & silage sample is collected at the tine of
harvest, if available. One sample {s shipped to the Laboratory without
preservative, where it is analyzed for gama-emitting radionuclides.
Although not required by Technical Specifications, a separate silace wple
is preserved with NaOH, and is then shipped to the Laboratory for a
separate 1-13]1 analysis.

4.3.8 Mixed Crass Sampliug

At each air sampling station, & mixed grass sample is collected quarterly,
when available. Enough grass is clipped to provide the minimal sample
weight needed to achieve the required Lower Limits of Detection. One
sample is shippea to the Laboratory without preservative, where il is
analyzed for gamma emitting radionuclides. Although not required by
Technical Specifications, a separate grass sample is preserved with NaUH,
and is then shipped to the Laboratory for a separate 1-131 analysis.

4.3.9 Eish Sampling

Fish samples are collected semiannually at two locations (upstream of the
plant and in Vernon Pond) by Aquatec, Inc. The specles typlcally collected
are yellow perch, smallmouth bass and largemouth bass. The fish samples
are frozen and delivered to the Laboratory where the edible portions are
analyzed for gamma-emitting radionuclides.

«12-
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4.3.10 TILD Mopitoring

Direct gamma radiation exposure was continuously wonitored with the use of
thermoluminescent dos.meters (TLDs). Specifically, Panasonic UD-801AS1 and
UD-B14AS1 calcium sulfate dosimeters were used, with a total of five
elements in place at each monitoring location., Each palr of dosimeters is
sealed in a plastic bag, which is in turn housed in a plastic-sereened
contaiver. This container {s attached to an object such as a fence or
utility poie. A total of 40 stations are required by Techrical
Specifications. Of these, 24 muct be read out quarterly, while those from
the rema.ning 16 incident response (outer ring) stations need only be de-
dosed (annealed) quarterly, unless a gaseous telease LCO was exceeded
during the period. Although not required by Technical Specifications, the
TlDs from the 16 outer ring stations are read out quarterly along with the
other stations’s TLDs. 1In addition to the TLDs required by Technical
Specifications, eleven more are typically posted at or near the Site
Boundary. The plant staff posts and retrieves all TLDs, while the Yankee
Atomic Environmental Laboratory processes them

30
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TABLE 4.°

fadiological Erwirormental Wonitoring Frogras

(as reguired by Tech. Spec. Tabie 3.9 .5)*
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TABLE 4.9
{coest inued)

Rediological Erviromentai Boni

(o required by Yech. Spec. Tuble 3.9.%)*

toring Program

4. Ingestion
8. Milk

b, Fish

€. Vegetation

- Gress zaeple

- $ilege sample

1 at each air
sampling station

1 &t sach milk
sampl ing station

Grab

Grsb

Grab

Grab

Cotlection

sonthiy
(Semimonthiy
when on
pasture)

Semiannually

Cuarterly when
svailable

At herves?t

-

Aneiysis

Gammc 1sotopic
=131

Gamma [sotopic on
edible portions

Gamme 1sotopic

Gasms [sotopic

fach sample
Each zample

fach sampie

Ench sample

fach sample

* See Technical Specification Table 3.9.3 for complete footnotes.
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TABLE 4.2

Radiological Environmental Monitoring locations (non-TLD) in 1991
Vermont Yankee Nuclear Power Station

Exposure

1. Airborne

. Waterborne
a. Surface

b. Ground

¢. Sediment

. Ingestion
a. Milk

Station
Code

AP/CF-11
AP/CF-12
AP/CF-13
AP/CF-14
AP/CF-15
AP/CF-21

WE-11
WR-21
wG-11
wG-12

wG-21
wG-22

. * .

L]

L

FHEAEHEEER

b

*

Station Description

River Sta. No. 3.5
N. Hinsdale, NH
Hinsdale Substation
Northfield, MA
Tyler Hill Road
Spofford Lake

River Sta. No. 3.3

Rt. 9 Bridge

Plant Vell

Vernon Nursing Well
Brattleboro CC
Skibniowsky Well

Shoreline Downriver
North Storm Drain
Qutfall

Miller Farm
Dominick
Newton Farm
Brown Farm
Gayland Farm
Tall Oaks
Caines Farm
Mitchell
Ranney Farm
County Farm

38+
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Distance
From
Plant

Ll

2.0
121
14,3

[0 - S ST IRT O
L RN A =l o G -

>
o

17.Q

~
"o
w

Direction
From

~—Llant

SSE
NNW

SSE

NNE

Down -

river
Up-river
On-site

SSE

NNW

N

SSE

SSE
WNW/NW

s
NNE



TABLE 4.2
(continued)

Radiological Environmental Monitoring lLocations (non-TLD) in 1991
Verm »nt Yankee Nuclear Powe * Station

Distance
From Direction
Exposure Station Plant From
Pathway Code $tation Description Zone' __(km) = __Plaut
3. Ingestion, {continued)
b. Fish FH-11 Vernon Pond 1 - o
FH-21 Rt. 9 Bridge 2 12.8 Upriver
¢. Mixed TG-11 River Sta. No. 3.3 1 1.8 SSE
Crass TG-12 N. Hinsdale, NH 1 3.6 NNW
TG-13 Hinsdale Substation 1 3.1 E
TG-14 Northfield, MA 1 11.3 SSE
TG-15 Tyler Hill Rd. 1 3.2 WNW
T¢-21 Spefford Lake 2 16.1 NNE
¢, Silage TC-11 Miller Farm 1 0.8 WNW
TC-12 Dominick 1 5.2 E
TC-13 Newton Farm 1 9. % SSE
TC-14 Brown Farm 1 2.1 s
TC-15 Gayland Farm 1 4.7 WNW /NW
TC-24 County Farm 2 2£.9 N

* 1 = Indicator Stations; 2 = Control Stations
** Fish samples are collected anywhere ir Vernon Pond, which is adjacent to the

plant (see Figure 4.1).
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TABLE 4.3

Radiological Environmental Monltoring locations (TLD) inm "771
Vermont Yankee Nuclear Power Station

Station

F

» . v

EEESEEREREER

.

SEEESEEEEEE
RO 4 bt s s e e ek e e e
C OO WA O

S
]

~
-

‘.

28
NN
w N

DR-2%
DR-29
DR-30

Station DPescription

River Sta. No. 3.3
N. Hinsdale, NH
Hinsdale Substation
Northfield, MA
Spofford Lake
Vernon School

Site Boundary

Site Boundary

Inner
Outer
Inner
Outer
Inner
Quter
Inner
Outer
Inner
Ou*er
Inner
OQuter
Inner
Outer
Inner
Quter
Inner
Outer
Inner
Quter
Inner
Juter

Ring
Ring
Ring
Ring
Ring
Ring
Ring
Ring
Ring
Ring
Ring
Ring
Ring
Ring
Ring
Ring
Ring
Ring
Ring
Ring
Ring
Ring

.18-

Distance
Frem Plant

Direction

Zope' ___(km) _ From Plant

OrH O OO MOMHDMOMSMDMMO ™MD O ~

1.6
3.9
3.0

O C e pa
LS O
WS w0

WA W R B W N B R

W Sl O O W0 MWLM O O Wb o=

B D RS B LW D W e Wy

SSE
NNW
E
SSE
NNE
wsw
W
SW
N
N
NNE
NNE
NE
NE
ENE
ENE

ESE
ESE
SE
SE
SSE
SSE

S8W

SEW

WEW
sW




P | T ————

P —

—

T T —

TABLE 4.3
(cont {nued)

Radiological Environmental Monitoring Locations (TLD) in 1991
Vermont Yankee Nuclear Power Station

Distance
Station From Plant Direction
Code Station Description Zone' __(km) . From Plant
DR-31 Inner Ring 1 0.8 w
DR-32 Outer Ring 0 5.0 WSW
DR-33 Inner Ring I 0.9 WNW
DR-34 Outer Ring Road 0 4.9 v
DR-35 Inner Ring 1 1.4 WNW
DR-36 Outer Ring 0 4.7 WNW
DR-37 Inner Ring 1 3.0 NW
DR-38 Outer Ring 0 7.7 N
DR-39 Inner Ring 1 3.2 NNW
DR-40 Outer Ring 0 5.8 NNW
DE-41%% Site Boundary SB 0.38 SSW
DR-42%» Site Boundary SB 0.60 S
DR-&43%% Site Borndary SB 0.42 SSE
DR-44%% Site Boundary SR 0.21 SE
DR-45%% S$ite Boundary SB 0.12 NE
DR-&6%* Site Boundary SB 0.2 NNW
DR-&47%* Site Boundary Sk 0.51 NNV
DR-4&B8%+* Site Boundary SB 0.82 NW
DR-49%% Site Boundary SB 0.27 WV
DR~ 50%* Gov. Hunt House 1 0.34 SSw
DR-5i%= Site Boundary SB 0.27 W

* I = Inner Ring TLD; O = Outer Ring Incident Response TLD; 2 = C ntrol TLD;

SB = Site Boundary TLD.
#* This location is not considered a requirement of Technical Specification Table

- 9

-19-



TABLE 4.4
Environmental Lower Limit of Detection (LLD) Sensitivity Requirements

Airborne
Particulates Vegetati
Water or Gases Fish Milk on Sed iment
Analysis | (pCi/1) (pCi/m3) (PCL/Xg) | (PCi/1) | (pCi/kg) | (pCi/kg
-dry)
Gross-8eta 4 0.01
H-3 3000
Mn-54 15 130
Fe-59 30 260
Co-58, 60 15 130
Zn-6&5 30 260
Zr-Nb-95 15
I-131 0.07 1 60
Ce-11314 15 .05 130 is 60 150
Ce-137 18 0.06 150 18 80 180
Ba~-La-140 1s 15

{Several explanatory footnotes

ven in Tech. Spec. Table 4.12-1.

=20




TABLE 4.5

Reporting Levels ‘or Radioactivity Concentrations
In Environmental Samples

Airborne Sediment
Particulates Food (pCi/kg~-
Water or Gases Fish Milk Product dry}
(pCi/l) (pCi/m3) (pCi/kg) (pCi/l) (pCi/kg)
Analysis
H-3 Zz0,000*
Mn~54 i000 30,000
Fe-59 400 10,000
Co-58 1000 30,000
Co-6( 300 10,000 3000+
~ g 300 20,000
4 SR 400
I-.31 0.9 3 100
Cs-134 30 10 1000 60 1000
Cs-137 50 20 2000 70 2000
Ba-La-140 200 300

* Reportirg

used.

** Reporting

=53 =

Level for drinking water pathways. For non-drinking water, a value of 30,000 may be

Level for grab samples taken at the North Storm Drain Outfall only.
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5. BRAPIQOLOGICAL DATA SUMMARY TABLES

This section summarizes the analytical results of the enviromnmental samples
vhich were collected during 1991, These results, shown in Table 5.1, are
presented in a formut similar to that prescribed in the NRC's Radiclogical
Assessment Branch Technical Pesition on Environmwental Monitoring (Reference
1). The results aro ordered by sanple media type and then by radienuclide,
The units for each media type are also given.

The left-most column contains the radionuclide of interest, the total
nusber of analyses for that radionuclide in 1991, and the nuaber of
measurements which exceeded the Reporting Levels fcund in Table 3.9 4 of
the VYNPS Technical Specifications. The latter are classified as "Non-
routine® weasurements. The second column lists the required Lower Limit of
Detection (LILD) for those radionuclides which have detectlion capability
requirements as specified in the plant’'s Radlologlcal Effluent Technical
Specifications (Table 4.9.3). The absence of a value in this column
indicates that no LLD is specified in the Technical Specifications for that
radionuclide in that media. The target LLD for any analysis is typically
30-40 percent of the most restrictive required LLD. On rare occasions the
required LLD is not met This is usually due to malfunctions in sampling
equipment, which results in low sample volume. Such cases are addressed in
Section 6.2.

For each radionuclide and media type, the remaining three columns sumsarize
the data for the following categories of monitoring locations: (1) the
Indicator or Zone 1 stations, which are within the renge of influence of
the plant and svhiich could conceivably be affected by its operation; (7) tae
station which had the highest mean concentration during 1991 for that
radionuclide; and (3) the Control or Zone 2 stationy, which are beyond the
influence of the plant. Direct radiation monitoring stations (using 1TLDs}
are grouped into Inner Ring, Outer ring, Site Boundary and Contrel
stations,

In each of these columns, for each radionuclide, the following statistical
values are given:

« The wean value of all concentrations.
- The standard error of the mean.

- The lowest and highest concentration.

.28,
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« The number of positive measurements (& concentration which {s greater
than the g peosterieri LLD for that analysis) divided by the total
nusber of measurements.

%ach single radicactivity measurement datum in this report Is based on a
sin{ » measurement and is reported as a concentration plus or minus a one
standard deviation uncertainty. The standard deviation on each measurement
represents only the random uncertainty assoricte’ with the radicactive
decay process (counting statistics), and not the propagatien of all
possible uncertainties in the analytical procedure.

Pursuant to VYN?S Technical Specification Table 4.9.3 (footnote f), any
cuncentration below the LLD for its analysis is reported as "not detected.”
These values are set to zero for averaging puiposes, Where a range of
values is reported in the tables of this section, values less than the g
poateriord LLD for the analysis are reported as zero.

The radionuclides teported in this section represent those that: 1) had an
LLD requirement in Table 4.9.3 of the Technical Specifications, or a
Reporting Level listed in Table 3.9.4, or 2) had a positive mweasurement of
radicactivity, whether it was naturally-occurring or man-made; or 1) were
of specific interest for any other reason. The radionuclides that were
routinely analyzed and reported by the Laboratory (in a gamma spectroscopy
anslysis) vere: AcTh-228, Ag-110m, Ba-140, Be-7, Ce-141, Ce-l44, Co-57,
Co-58, Co-60, Cr-51, Cs-134, Cs-137, Fe-59, 1131, I-133, K-40, Mn-54, Mo-
99, Np-239, Ru-103, Ru-106, Sb-124, Ke-75, Tel-132, Zn-65 end Zr-95. In no
case did a radionuclide not shown in Table 5.1 of this report appear as &
*detectable measurement™ during 1991,

-29-



TABLE 5.1

RAD |OUOGTCAL ENVIRONMENTAL PROGRAN SUMMARY
VERMONT TANKEE MUCLEAR POMER STATION, vikmow, VI
CJAMUARY - DECEWBER 19791)

INDICATOR STATIONS STATION WITH MIGHEST MEAN CONTROL STATIONS
BRERRRRORPORRRLNEN L R R R R ] LA R R R
RAD | OWUCL 1DES™ ME AN WEAN MEAN
(MO, ANALYSES) REQUIRED RANGE STA.  RANGE RANLE
(NON-ROUT INE ) Wb NO. DETECTED®** N, NO. DETECTED®®* NO. DLTECTED®**
MDIUM: AIR PAKTIOUATES (A0) WNITS: pli/oubic meter
GR-8  (155) 0 ( 2.1 0.0 -2 12 ( 2.2 0.1) -2 { 193 0.4 -
( O ( 14 3.0k -2 £ Y& 5.0 -2 ( 1.0~ 2.8 -
(129/129) ({ 26/ 26) ( 26/ 2¢)
-7 (2 ( 7.4 ¢ 0.5 -2 1« 8.5 1.5)¢ -2 ( 6.7 2 1.1 -
{ 0 { 3.9 12.008 -2 {( &.6 - 2.0k -2 ( 3.8 v .0 -
( 207 20) ( & &) ( & &)
CO-60 ( 24) ( 0.0% t.oot © 1 ( 0.0 2 0.0 0O { 0.0 0.0)
{ ©
( o7 20) { O/ &) ( W/ &
813 © 2&) 05 { 0,01 0.0 © " ( 0.0 2 0.0 © ( 0.0 0.0
3]
( 07 20 {( O/ &) { O &
C8-137 ( 24) 08 ( 0.01 0.0 O "M ( 002 0.0 © ( 0.0¢ 0.0
{ 0
{ O/ ed) { o/ &) ( W @
MEDIUM; CHARCOAL FILYERS (Cr) NITS: pli/owic meter
=131 (15%) 07 ( 0.01 0.0 © " ( 0.0 ¢ 0.0 ¢ ( 0.9 0.0)¢
( O
( 0/129) ( 07 2%) { 0/ 26
MEDIUN: RIVER WATER (W) NITS: pCi/kg
GRB &, { 2.012 0.2 0 11 ( 2012 0.2 0 { 1.9 0.1
{ © ( 0.0- 3.5 0 { 0.0~ 3.5 ¢© ( 1.3~ 3.0
( ** 1) { W7 12 { 127 1)
ME-54 (24 15. { 0.0 0.0 © " ( 0.0 2 0.0 © { 0.0 2 0.0
t 0
t o7 1) ( o/ 1) ( 0/ 12)

NUTE: Footnotes may be found at the end of Toble 5.1,
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SAD TR OGICAL ENVIRONME NTAL PROGRAWS SLARY
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. -ty
IABLE S 0
RAD UL OGTCAL FNVIROMN NTAL PROGEAN SLMMARY
VERMENT YARILEE MUCLIAR MR STATION, Viemw, Vv
C AAMLARY PECEMRIR YWY)
¥ |
" ATOR 57h - » WITN & ML AN a1k >
CEEPRERERAR AR O R RN T ' Y1131 2 ' '
KA i O S" N AN M Ak Ml AN
N ANAL Y5E REQUIRIL KA > EAnid FAL
( NON RN NE ) *¢ w t vos N .
A0 GROLBE wa'ls w L & i Ly
Wt B ¢ “ ' i




RAD 1ONUCL 1DES®
(NO. ANALYSES)
NON-ROUT IME ) **
BA0 (Y0

{t o
W3 ( 1&)

(S )
-7 (82

« 0
K40 (8

t o
co-58 (&)

(O
S0-60 ( 8

« o0
©8-134 ( B2)

() )
€s-137 ¢ 82)

{0
AcTh22e ( 82)

«t »

5.

150,

180,

TABLE 5.1

RAD IOUOGTCAL ENVIROMANTAL PROGRAN SUMMARY
VERNONT TAMKEE MUCLEAR POMER STATION, VERNN, VI
C(JANUARY - DECEMBER 1991)

INDICATOR STATIONS STATION WITH HIGHEST MEAN

D T FELRRRSARRRRRERE O RIRRRY
Mi AN ME AN
RANGE STA,  RANGE
NO. DUTECTED®** No, MO, DETECYED***

...............................................

MEDIUM:  GROUMD WATER (W), continumed URITS: pCiZkg

( 0.0 0.0 0 1" ( 001 0.0 ©
( 07 W) t o/ B

{ 0.0 0.0 0 " ( 0,02 0.k 0
« o7y «t o7 %
MWDIM: SEDIMENT (SE) UNITS: pCi/kg (dry)

( 5.21 2.8k 1 12 ( $.41 2.8 1

{ 0.0+ 1.6 1} { 0.0~ 1.6k 3
( & B ( & 80)

i -1.3% 0.0 & 12 ( L% D0 &

{ 1.0 1.0 & ( 1.0+ L7 &
{ 82/ 82) ( B0/ B0)

( 0.01 0.0 ¢ 11 ( 0.0+ 0.0 ©
( o7 %) ( &7 2

( 1.7 & O.5» 1 12 ¢ 1.7 2 0.5 1

{ 0.0 - 1.8F8 2 ( 0.0+ 1.8 2
( 137 82) ( 13/ 8O

( 0.012 0.0 0 "M ( 0,014 0.0 ©
( 07 82) « & 2)

gy Mo 0.1 2 12 ( 241 0.1 2

- -%,0 = 5.8 2 ( 1.2+ .08 2
( B2/ &) ( B0/ 80)

- 933 0.1 2 N ( 942 0.2 2

( 6.7+ N, 8¢ 2 ( 9.2 V.6t 2
( 827 &) ( & 2

NOTE: Footnotes ey be found ot the end of Table 5.1,
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CONTROL STATIONS
SEERRER AR RNt R
MEAN

RANGE

NO. DETECTED®**

(

0.0 2 0.0k

0.0 2 0.0)F

NO DATA

NO EoTA

NO DATA

NO DATA

NO DATA

NO DATA

NO DAY

0

0



RAD 1 ONUCL IDES®
(NO. ANALYSES)
CHON - ROUT L WE ) **
SR8 ( 26)

()
SR-90 ( 26)

( O
K40 (Y0%)

()
1131 (10%)

(G
C8-134 (\09)

« o
Cs-137 (109)

«{n
BA-140 (Y09)

« 0
-7 (&

« O
K40 ( &

("

NOTE: Footnotes may De found at the end of Table 5.7,

AEmaE.

5.

18.

15.

TABLE 5.1

RAD TCLOGTCAL ENVIROMMENTAL PROGRAN SUMRAK Y

VERMONT YAMKEE MUCLEAR POMER STATION, VERNOW, VI
(JANUARY - DECEMBER 1991)

INDICATOR STATIONS

MEAN
KANGE
NO. DETECTED®**

0.0 ¢ 0.0)¢

( 07 90)

.....

STATION WITH WIGHEST MEAN
T

MEAN
KANGE
NO. DETECTED®**

..........................

$1A,
N0
NiLK (TW)
0 "
0 12
0 (
3 7 ¢
2 (
0 " "«
0 Lh B ¢
0 2 (
i
0 1o S

MEDIUN:  SIAG (10)

. B 1.00€
0 s. ¢

~ e

L

“w (

12

-84

NITE: pCiZkg
0.0 2 0.0 ©
( &/ &

3.6 0.6 0
2.3 &9 0
( & &)

1.9 0.0 3
1.2 2.3 3
{ 207 ¥0)

0.0 0,008 ©
( 1Yy

0.0 0.0 0
( o1\

1.3 12 0.3 1
0.0 - 3.9 1
¢ 17/ 20)

0.0 1 0.0 ©
t o715

WIS pCizkg

5.2 ¢

( v

b

H

0.8) 2

0.1 &

CONTROL STATIONS
e RaRRRRRRIRe
MEAN
RANGE
NO. DETECTED®®*

{ 0.01¢ 0.0 ¢

«C 0 &

( 6512 6.5 -°
« 0.0 - 2.6 ©

{ v/ &

{ 1.3: 0.0 3%
¢ 1.1 - 1.6 3

( 1%/ W)

( 0.0 ho 0

( 07 1%)

( 0.02 0.0 ©

( O/ 19)

( 0.01% .00 ©

¢ 0/ 1)

( 0.0%¢ 0.0) ©

{ o/ 1)

( 4312 1.0 2

( 531 0.5 3



ABLE 5.0

RAD IOL O TCAL ENVIROMM NTAL PROGEAN SUPBAR Y
EMONT YANELE NUCLEAR POMER STATION, VIRME, Vv
( JANLUARY DECENRER YY)

- ’ i B » i N ¥ U L A &) »
PREE REEREREARRE B EREREP PSRN NN PR RPN RN R RUD Cree bR YL
> L - DEST WA NEAN - a
- ARALYSE kL@ , FAN A AN F AL
NOW - RO KL )** . ! ghees . " 8 .
&)
WD SILAGE ¥ R TS v X
' 4 "
V
b ¢ ¢ 4
: $ »
'
Ea - ¢ 4
- - RIXED GEA E3 ¥ '
B t ' i
’
5 o y 1 3
5 § 4 $
-
1
'
3 S« ¥ ¢ 8
y 5 1 B B 4 s §
i
N it Wy - " ‘




RAD1ONUCL 1DES®
(MO, ANALYSES)
(NON-ROUTINE)**
40 (&
« "
wse (&
« o
co-58 ( &
« 0
FE-59 ( &
¢ 0
e ( «©
L )
s (&)
(
C$9% ( ©
0
€537 ¢ &)
L )
NUTE:

Footnotes may be found at the erdd of Table 5.1,

REQUIRED
1384

130,

130.

130.

130,

150.

BAD ICEOGICAL ENVIROMMENTAL PROGRAM SUMMAN Y
VERMONT YANKED MUCLEAR AOMER STATION, VERNON, VI
COANUARY - DéCEmBER Y991)

INDICATOR STATIONS

LA AR A A A0l

.....................

0.2
2.4)¢
&)
0.0
2)
0.0)¢
2)
0.0
2)
0.0
&
0.0)F
2)
0.0)¢
2)

0.0)€

2)

FISH (FH)

-

TABLE 5.1

STATION WITH WIGHEST MEAN
B DT
MEAN
RANGE
NO. DETECTED®*®

$TA.

2

"

"

1

1"

"

"

2

.36 -

UNITE:

3.2 1
2.6 -
( &
0.0

( ¢/

wifkg

0.7
5.9
2)
0.0
2)
0.0)€

2)

1.9
3.83¢
2)

CONTROL STATIONS

LA AR A R R Rt e

MEAN
RANGE
NO. DETECTED®®*

" A .76 3

6 - 3.9 3
g D

( 0.0 ¢ 0.0)E ©
« o/ 2

( 0.0 C.0 0

( &7 )

( o/ &)

( 0.0% 0.0 0
« o

( 0.01 0.0)E O
( &/ 2

{ 0.0 0.0 O

( W 2

23 1.9 9

1
« 0.0~ 3.0E 1
( v 2



Footnotes to Table 5.1:

*  The only rediomc| ides reported in this table are those with LLD reguiressnts, those for which positive
radicsctivity was detected, and those that were of some other special Interest. See Section 5 of this report
for » discussion of other radionuc!ices thet were analyzed,

" jon-Routine refers to those redior. ides thet exceeded the Reporting Levels in Technical Specification Teble
3.5.4,

*%¢ The fraction of sample snelyses ylelding detectable measurements (f.e. the concentretion is preater than the g
postecior! LLD) is shown in parentheses.



INNER RING TLDs

(NO. MEASUREMENTS)"

SITE BOUNDARY YLD
WITH KIGHEST MEAR

TABLE 5.2

ENVIRONMENTAL TLD DATA SUMRARY
VERMONT YANKEE MUCLEAR POMER STATION, VikMow, VI
CJANUARY - DECEMBER 1991)

OFFSITE STATION
WITH HIGHEST MEAN

BRRRRARERERTRAR IR

QUTER RING TiDs
EERRRerERREeRRARE ey
MEAN MEAN

RANGE r RANLE

INO. MEABUREMENTS) (NO. MEABUREMENTS)

SITE BOUNDARY TLDs

FERREAER R BRAREREAERARRRRR AR,

ST RRERREIEOATS .

RANGE -
(NO. MEASUREMENTS)

oR-45 163 ¢ 1.8
1%.7 - 8.6
(4)

MEAN
RANGE )
(MO, MEASUREMENTS)

$.1¢ 4.3
6.2 - .0
(48)

CONTROL TiDs
LR R R R R R R
MEAN

RANCE n
(NO., MEASUREMENTS)

*  Each “measurement® s based typically on guarterly readings from five TLD elements,
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$ite Boundary

Inner Ring
Inner Ring
Outer RKing
Inner Ring
Iner Ring
Outer Rirg
vner Ring
Outer Ring
Irner Ring
lner Ring
loner Ring

DR-06 Vernon Schoo!

DR-07
DR-0B Site Boudary

oR-09
DR-10 Outer Ring

bR-11
DR-14  Outer Ring

bR- 15
DR-20 Outer kirg

bR-21

DR-22 Outer Ring

bR-23
DR-26 Outer Ring
oR-25

bR-16

be-12
bR-13
bk-17
DR-18
bR-19

6.6
6.8
6.8
6.9
6.7
A5
6.
6.
6.9
el
6.7
7.7
6.9
r.0
6.6
6.5

6.6 2 0.3
6.7+ 0.3
6.9 2 0.4
6.9 0.3
6.7 0.2
661202
6.9 12 0.3
6.6 2 0.3
6.9 ¢ 0.2
7.02 0.2
6.6¢ 0.3
7.5+ 0.3
7.0+ 0.2
6.9 0.3
6.4 2 0.7
6.4 8 0.3

6.9 ¢ 0.2
7.04 0.2
6.8 2 0.2
.1+ 0.3
6.9 0.2
6.6 0.3
691 0.2
6.9 1 0.2
6.9 12 0.2
7.3¢ 0.2
6.9 1 0.4
8.0+ 0.3
7.13 0.2
7.2+ 0.2
691 0.3
é.712 0.3

6.7 ¢ 0.4
7.12 0.3
7.3 8 0.4
7.2 4 0.6
6.9 ¢ 03
6.9 1 0.4
7.2 ¢ 0.4
6.7 2 0.4
711203
7.4 204
7.0 2 0.4
8.0 1 0.4
7.2 2 0.4
7.4 205
6.9 0.3
6.712 0.3
XV

"“zs

6.4 2 0.4
6.21203
6,612 03
6.7 s 0.4
6.4 ¢ 0.4
T3¢ 05
6.4 2 0.3
6.5 1 0.4
.21 0.3
6.4 £ 0.3

Inner Ring
DR-26 Quter Ring
OR-27 Irner Ring
OR-28 Outer Ring
DR-29 Inver Ring
OR-30 Outer Rirng
irnmer Ring
Irver Ring
Irewer Ring
Irmer Ring

oe-3
DR-32 Guter king

DR-33
DR-34 Outer Ring

pR-35

DR-36 Outer Ring
Dk-37 Inner Ring
DR-38 Outer Ring

oR-39
DY-40 Outer Ring
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storm caused a pover outage that was discovered on June 17, The
sampler was put back in service on June 18. (See Potential
Repcrtable Occurrence No. 91-47.) On July 3, 1991, the vater
supply to the automatic sampler was found to be interrupted for
urknown reasons., The water supply was put back {n service on
July 4, 1991, (See Potential Repc-table Occurrence Ko. 91-50.)

£ Samples vere not avallable at TM-19 (an optional milk sampling
location) on all monthly collectinn dates except January 3 and
February 6, 1991,

B The following TLDs were found to be mlssing in the field during
1991: DR-12, 2nd Quarter; DR-15, Znd Quarter, DR-7, 4th Quarter;
& DR-49, 4th Quarter.

h. Due to the lack of growing vegetation during the w/nter season,
mixed grass saaples were not collected during the first and
fourth quarters of 1991,

6.2 Comparison of Achieved LLDs with Requirements

Table 4.9.3 of the VYNPS Technical Specifications (alse shown in Table 4 &
of this report) gives the required Lower Limits of Detection (LLDs) for
environmental sample analyses. On occasion, an LLD {s not achievable due
to a situation such as a lov sample volume caused by sampling equipment
malfunction. In such a case, Technical Specification 6.7,.C 3 requires a
discussion of the situation. At the Yankee Atomic Envirciamental
Laboratory, the target LLD for any analysis is typlcally 70-40 percent of
the most restrictive required LLD. Expressed differently. the typlcal
sensitivities achieved for each analysis ave at least 2.5 to 3 times
greater than that required by VYNPS Technical Specifications.

For each analysis having an LLD requirement in Technical Specification
Table 4.9.3, the g posteriorl (after the fact) LLD calculated for that
analysis was compared with the required LLD. Of the over 7400 analyses
performed during 1991, of which approximately 1300 had an LLD requirement
in Technical Specification Table 4.9.3, all but two met the requirement,
The two sample analyses in question were for the paired alr particulate and
charcoal samples for the air sampling period August 6 to August 20, 1991,

A falled pump and the consequent low sample volume result.d in an LL. that
was unachievable.
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6.3

199) Results Compared Agalnst Reporting Levels

Technical Specification Taeble 3.9.4 requires the written notification of
the NRC (within 30 days) whenever a Reporting Level in that table is

exceeded.

Reporting lLevels are the enviromnmental concentrations that

relate to the ALARA desien dose objectives of 10 CFR 50, Appendix 1. 1t
should be noted that envirornmental concentrations are averaged cver
calendar quarters for the purposes of this comparison, and that Reporting
levels apply only to measured levels of radiocactivity due to plant
effluents. During 1991, no Reporting Levels were exceeded.

6.4 Chaoges in Sampling locatlons

VINPS Technical Specification 6.7.C.3 states that {f "new environmental
sanmpling locations are identified in accordance with Specification 3.9.D,
the new locaticons shall be identified in the next annual Radiological
Environmental Surveillance Report." Several changes were mwade in sampling
locations during 1991, &s described below:

In March of 1991, the Ranney Farm (TM-20, TC-20) went out of
business. This control milk &nd silage sampling location was
replaced with the County Farm (TM-24, TC-24) in April of 1991,
(See Potential Reportable Occurrence No. 91-17.)

Iu July of 1991, the Tall Oaks Farm (TM-16, TC-16) went out of
business. This wilk and silage sampling locati. . was replaced
with the Gayland Farm which is adjacent to tie Tall Oaks Farm.
The GayluuG Farm is essentially the same farm as the previous
Coomps Farm, but under different ownership. The Gayland Farm was
given the same cdesignation as the previous Coombs Farm, TM-15 and
TC-15. (See Potentia: PReportable Occurrence No. 91-054.)

When the routine sample collection was attempted at the control
locatior WG-21 on February 12, 1991, the water source was
inaccessible. (An alternate sample was then collected on
Fehruary 12 at the Southern Vermont Engineering Co.) It was
vgecided to change the sampling location to & permanent new
location that *rould prove to be more consistently available. The
Skibniowsky well was cho.en, and a test sampie was collected on
March 14, 1991 The well became the permanent sampling location
on May B8, 1991, 1t was designated WG-27.
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6.4.1.2 Charcoal Cartridges

The bi.weekly charcoal cartridges frow euch of the six air sampling sites
were analyzed for 1-131., The results of these analyses are summarized in
Table 5.1. As in previous years, no 1-13]1 was detected in any charcoal
cartridge during 1991.

It should be noted that the 1-13]1 measurement reported to VYNPS by the
Yankee Atomic Environmental Laboratory for the perled August 6 to August
20, 1991 at stat‘on CF-11 was not included in the Table 5.1 summary. Since
the sample volume for the period was extremely low and not specifically
known, an 1-131 concentration could therefore not be reliably determined.
The Laboratory's reported concentration was based on an arbitrary volume of
one cubic meter for the sample period.

6.4.2 Haterborpe Pathways
6.4.2.1 River Water

Aliquots of river vater were automatically collected every two hours from
the Connecticut River downstream from the plant discharge area. Monthly
gradb sanples were also collected at the upstream control location, also on
the Connecticut River. The cowposited sarples at WR-11 were collected
monthly and sent to the Yankee Atomic Environmental Laboratory, along with
the WR-21 grab samples, for analysis. Table 5.1 shows that gross-beta
measurements were positive in most sawples, as would be expected, due to
neturally-oceourring radionuclides in the water. The mean concentrations at
the indicator and controel locations were not significantly diffcrent in
1991. Both mean concentrations were consistent with those detected in
previous years, as shown in Figure 6.3, No gamma-emitting radionuclides
attributable to VYNPS operations were detected in any of the samples.

For each sampling site, the monthly samples were composited Iinto quarterly

samples for Tritium (H-3) analyses. None of the samples contalned
detectable quantities of H-3.

6.4.2.2 Ground Water

Quarterly ground water samples were collected from two indicator locations
(only one is required by VYNPS Technical Specificatlons) and one control
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location during 1991, Table 5.1 and Figure 6.4 show that gross-beta
measurenents were positive in most samples. This is due to naturally-
occurring radionuclides in the water. The levels at all sampling
locations, including the higher levels at station WG-11, were consistent
with that detected in previous years. No gamma-emitting radionuclides or
Tritium (H-3) were detected in any of the samples.

6.4.2.4 Sediment

Semiannual sediment grab samples were coliected from two locations during
1991. A single sample vas collected from SE-11 on May 16 and again on
October 24, 1991, Forty (40) grab samples were cullected fromw a gridded
area at the North Storm Drain Outfall (SE-12) on May 15 and again on
October 24, 1991. As would be expected, naturally-occurring K-40 and Ac-
Th-228 were detected in all samples. Naturally-occurring Be-7 vas detected
in several samples.

In addition to the above radionuclides, Cs-137 was detected i{u all samples,
as vas expected, The levels measured at both locations were consistent
with what has been measured in the previous several years and with that
detected at other New England locations that are monitored as part of other
Yarkee-affiliated environmental monitoring programs. This Cs-137 {is
attributed to nuclear weapons testing fallout that has persisted in the
environment, This i{s further substanti{, eJd by the fact rhat there were no
liquid releases from Vermont Yankee during the period 1982 through 1991.

Co-60 was also detected i{n many samples from station SE-12. This
radioactivity is due to plant operations and is localized within a sumall
area near the west shore of Vernon Pond. Its presence has heen monitored
for several years, The Co-60 levels, as shown in Table 5.1, have decreased
significantly since 19%0. 1t should be noted that the mean values in Table
5.1 are veighted heavily toward station SE-12, since 80 of the 82 sanples
collected in 1991 were from that location. No Co-60 has been detected at
station SE-11, which is downstream of the North Storm Drain Outfall (SE-

12).

6.4.3 Ingestion Pathways
6.4.3.1 Milk

Milk samples from cows or goats at several local farus were collected
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6.4.4 Direct Radiation Pathway

Direct radiation was continuously measured at 51 locations surrounding the
Vermont Yankee plant with the use of thermo) mirne~ ent doslmeters (TLDs).
These are collected every calendar quarter for 1. ..out at the Yankee Atomic
Environmental Laboratory The cowp ete summary «  data may be found in
Teble 5.3,

As can be seen in Figures 6.12 to 6.25, there is « distinct amnmual cycle at
both indicator and control locations. Toe lowest point of the cycle occurs
during the winter months. This {s due primarily to the attenuating effect
of the snovw cover on radon emissions and on direct irradiation by
naturally-occurring radionuclides in the soil. Dbiffering amounts of these
naturally-occurring radionuclides in the underlying soil, rock or nearby
building materials result in different radiation levels between one fleld
site and another.

From Table 5.2, it can be seen that the mean exposiure rates for the laner
Ring, Outer Ring and Control categories were not statistically different in
1991. This indicates no significant overall increase in direct radiation
exposure rates In the plant vicinity. As shown in Figures 6.12 to 6. 35

the levels in 19> re consistent with those in previous years.

Upon examining F.gure 6.15 and Table 5.2, it is evident that stations DR.45
and DR-46 had higner average exposure rates than any other station. Botb
locations ave on-site, and the higher exposure rates ave due to plant
operations in the lmmediate vicinity of the TLDs. There is no significant
dose potential to the surrounding population or any real individual from
these sources.
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PICOCURIES / KILOGRAM

FIGURE 6.3
GROSS-BETA MEASUREMENTS ON RIVER WATER
- VEPMONT YANKEE NUCLEAR POWER STATION -
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PICOCURIES / XILOGRAM

FIGURE 6.4
GROSS-BETA MEASUREMENTS ON GROUND WATER
~ VERMONT YANKEE WNUCLEAR POWER STATION -
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FIGURE 6.5
CEETUM-137 IN MILK
YANKEE NUCLEAF POWER STATION -
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KILOGRAM

FIGURE 6.6
CESTUM-137 IN MILK
~ VEAMONT YANKEE NUCLEAR POWER STATION -

PICOCURIES

404 — i } oy } % F SECEEPUR SERSEEISONE SRR S
4 1
I I
+ +
| +
30+ 4
+ |
4 {4 —0O— TM-14
i 'f {Cows)
T —O— TM-16
i + (Cows)
) | I —b— TM-19
i i (Goats)
! I e TH=20
$ + {CUHS)
101
LA i
T AvE .
R/ I
i % o
1987 1932




s e L

_
|
|
m (smo])
_ ErNL —V—
_ (s3e09)
__ 21-WlL —O—
; (Sm02)
m IP-WlL —O—
!
_ - +
” T +8
“
w G -+
T s T 4 i 3 T + X ot

= NOILVLIS H3MOd HVITIONN FIANVA INOWHIF -
ATIW NI O6-WNIINCHLS
4°9 3IHNSIA

-56-

WVYEO0™IM / S3IWNJ0JId



(sm03)
02-nl
(s3e09)
S5T-nWlL
(sm0D)
Sl-Wl
{sm02)
PI-Wi

:
"~
8
-

o

-

2

©

A T S S o
%

ﬂ

4
v —+ - —t ; T 4

= NOILVIS H3IMOd HVITONN IFNVA LNOWH3A -
AHIW NI O6-WNILINOHLS
B8'9 3HNSI4

WYHOO0TIM / S3IHNJ0JId

57 -



—8‘;-

PICOCURIES / KILOGRAM

FIGURE 6.9
CESIUM—~137 IN MIXED GRASSES
- VERMONT YANKEE NUCLEAR POWER STATION -
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FIGURE 6.14
EXPOSURE RATE AT SITE BOUNDATY TLDS., DR 07-08B, 41-42
- VERMONT YANKEE NUCLEAR POWER STATION -
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MICRO-R PER HOUR

EXPOSURE RATE AT SITE BOUNDARY TLDS, DR 47-49, 51
- VERMONT YANKEE NUCLEAR POWER STATION -
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MICRO~-R PER HOUR

FIGURE 6.17
EXPOSURE RATE AT INNER RING TLDS., DR 09-15 (0dd)
- VERMONT YANKEE NUCLEAR POWER STATION -
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FIGURE 6.18
EXPOSURE RATE AT INNER RING TLOS, DR 17-23 (0da)
- VERMONT YANKEE NUCLEAR POWER STATIOMN -
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FIGURE 6.20
EXPOSURE RATE AT INNER RING TLOS, DR 33-39 (0dd)
~ VERMONT YANKEE NUCLEAR POWER STATION -
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EXPOSURE RATE AT OUTER RING TLDS, OR 18-24

FIGURE 6.22
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FIGURE 6.23
EXFOSURE RATE AT OUTER RING TLDS. DR 26-32 (Even)
- VERMONT YANKEE NUCLEAR POWER STATION -
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FIGURE 6.25
EXPOSURE RATE AT CONTROL TLD DR-05
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QUALITY ASSURANCE PROGRIM



met the lLaboratory acceptance criteria for accuracy, while 1.0%8 (6 out of
602 analyses) were identified as outside the Laboratory acceptance
criteria. Of the 640 analyses for precision during 1991, 99 5% met the
Laboratory acceptance criteria for precision, while 0.5¢ (3 out of 640
analyses) were identified as outside the Laboratory acceptance criteria.
Table 7.1 shows a summary of the results of this program.

7.2 ERPA Intercomparison Program

To further verify the accuracy and precision of the Laboratory analyses via
an independent outside third party, the Yankee Atomic Environmental
Laboratory particiocates in the U.S. Environmental Protection Agency's
Enviroimental Radi.activity Laboratory Intercomparison Studies Program for
those available species and matrices routinely analyzed by the Laboratory.
Participation in this program {s required by VYNPS Technical Specification
3.9.E. Each sample supplied by the EPA is analyzed in triplicate, and the
results are returned to tlie EPA within a specified time frame. When the
known values are returned to the Laboratory, the Laburatory and EPA results
are then evaluated against specific Lsboratory and EPA acceptance criteria.
When the results of the cross-check analysis fa’l outside of the control
limit, an investigation is made to determin. the cause of the problem and
corrective measures are taken, as appropriate. Results of this program are
provided in this report in compliance with Technical Specification 4.9 E.

For the EPA Intercomparison Program, there were 177 analyses for accuracy
on 93 samples. The samples consisted of water,K milk and air parciculate
filters. The analyses were for gamma-¢ tting radionuclides, gross-beta,
strontium, iodine, plutonium and tritiu.. Table 7.2 shows a summary of the
results for 1991. Of the 177 analyses for accuracy, only one mean value
did not meet the EPA Control Limits. This was for a set of Strontium
analyses on three water samples (Laboratory Sample Nos. $97981, $97982 and
§97983). The mean value was 38.6 pCi/l and the EPA Contrel Limits were
from 40.3 - 57.7 pCi/1. The Labs ratory is currently invcstigating this set
of results under Yankee Laboratory Corrective Action Request YLCAR ASG-01-
92. The results of this investigation will be discussed with the next
report on the EPA Intercomparison Program {in the VYNPS Radiclogical
Environmental Surveillance Report for 1992.

7.3 Environmental TLD Quality Assurance Program

The Panasonic environmental TLD (thermoluminescent dosimeter) program at
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the Yankee Atomic Environmental Labore*- is its own quality assurance
program. In addition to instrumentation checks perfcrmed by the Dosimetry
Services Group (DSG), which represent approximately 10% of the TLDs
processed, two independent test programs are performed for accuracy and
precision. The first of these progrums is performed by the in-house
Dosimetry QA Officer, and the second involves the University of Michigan
third-party testing program. Under these programs, dosimeters are
irradiated to known doses (unknown to the DSG) and given to the DSC for

read-out,

In 1991, out of 1428 TLDs processed at the Yankee Atomic Environmental
Laboratory, 6.7% (96 TLDs) were processed as part of the performance
testing program. Of these 96 TLDs, 72 were from the in-house Dosimetry QA
Officer, and 24 were from the University of Michigan testing program. All
of these (100%) met the acceptance criteria for accuracy and precision.

7.4 Blind Duplicate Ouality Assurance Progran

The Laboratory Quality Control Audit Committee (LQCAC) is comprised of one
menber from each of the five power plants tl st are serviced by the Yankee
Atomic Environmental Laboratory. Two of the primary functions of the LOCAC
are to conduct an annual audit of Laboratory operations and to coordinate
the Blind Duplicate Quality Assurance Program. Under the Blind Duplicate
Quality Assurance Program, paired samples are submitted from the five
plants, including the Vermont Yankee Nuclear Power Station. They are
prepared from homogeneous environmental media at each respective plant, and
are sent to the Laberatory for analysis. They are "blind" in that the
identification of the matching sample is not identified to the lLaboratery.
The LQCAC analyzes the results of the paired analyses to evaluate precision
in Laboratory measurements.

A total of 58 paired samples were submitted under this program by the five
partic.pating plants during 1991. Paired measurements were evaluated for
26 gamma emitting radionuclides, H-3, Sr-89, Sr-90, I-131 and gross-beta.
All measurements were evaluated, whether the results were considered
statistically positive or not, and whether the net concentration was
positive or negative. The 1470 paired duplicate measurements evaluated in
1991, 1466 (99.78) fell within the established acceptance criteria. With
the four paired measurements that did not meet the acceptance criteria,
none had radicactivity that was considered statistically positive. The
results of this program are summarized in Table 7.3 and 7.4.
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