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EXECUTIVE SUMMARY

O o
] qaram

Report
Janvary 1 through December 31, 1990

INTRODUCTION

This report summarizes the results of the Boston Edison Company's Radiological
Environmental Nonitoring Program (REMP) conducted in the vicinity of Pilgrim
Nuclear Power Station (PNPS) during the perfod from January 1 to December 31,
1990. This document has been prepared in accordance w'th the requirements of
PNPS Technical Specifications section 6.9.C.2.

The REMP has been established to monitor the radiation and radicactivity
released to the environment as a result of Pilgrim Station's operation. This
program, initiated in August, 1968, includes the collection, analysis, and
evaluation of radiological data in order to assess the impact of Pilgrim
Station on the envircnment and on the general public.

SAMPLING AND ANALYSIS

The environmental sampling media collected in the vicinity of PNPS and at
distant locations included air particulate filters, charcoal cartridges,
seawater, shellfish, Irish moss, American lobster, fishes, sediment, rilk,
cranberries, vegetation, and animal forage.

During 1990, there were 1,418 samples collected from the atmospheric, aquatic
and terrestrial environments. In addition, 420 exposure measurements were
obtained using envi onmental thermoluminescent dosimeters (TLDs) and six
exposure rate measyu ements were performed using a high pressure fon chamber,
These 1,418 samples and 420 monitoring devices were collected by Boston Edison
Company and Massachuetts Division of Marine Fisheries personnel.

All samples were collected as required by the PNPS Technical Specifications
with the following exceptions: 2 out of 160 of the TLD measurements were
missed, and samples of Group 11 fishes were not collected during the first
guarter. Of the TLDs required by PNPS Technical Specifications, there were
two TLDs which were found missing from their posted locations during the
quarterly retrievals. The missing TLDs and cages were relocated to be
inconspicuous and less accessible, where possible. In addition, Group 11
(near-bottom distribution) fishes were not avallable in the vicinity of the
discharge canal between January and March. Therefore, samples of fish fror
this category were not collected for the first quarter of the year.

There were 1,600 analyses performed on the environmental media samples. All
analyses were performed by the Yankee Atomic Electric Company Environmental
Laboratory in Westboro, Mass. A)) samples were analyzed as required by the
PNPS Technical Specifications.
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LAND USE CENSUS

The annual land use census In the vicinity of Pilgrim Station was conducted as
required b{ Technical Specifications between Sept.ber 11 and 29, 1990, A
total of 31 gardens with an area of more than 500 square feet were identified
within three miles of PNPS. No new milk or meat animals were located during
the census. Of the 31 garden locations Ydentified, eight were sampled as part
of the environmental monitoring program.

RARIQLOGICAL IMPACT TO THE ENVIRONMENT

During 1990, al1! samples (except charcoal cartridges) collected as part of the
REMP at Pilgrim Station continued to contain detectable amounts of
naturally-occurrin? and man-nade radioactive materials, Shellfish (mussels)
was the only sampling medium which showed radioactivity which could be
attributable to Pilgrim Station's operation.

None of the radioactivity unll{sis results exceeded the reporting levels
specified in the PNPS Technica) Specifications. Furthermore, the detectable
radiocactivity which could be attributable to Pilgrim Station's operation was
only a small percentage of the naturally-occurring and other man-made amounts
of radioactivity. In addition, off-site direct radiation measurements usin
environmental TLDs and a high pressure fon chamber ranged between 42 and 15
mR/yesr. This range of radiation levels Y5 consistent with natural background
radiation levels for Massachusetts as determined by the Environmental
Protection Agency (EPA),

BARIOLOGICAL IMPACT TO THE GENERAL PUBLIC

During 1990, radiation doses to the general public as a result of Pilgrim
Station's aperation continued to be wel)l below the federa! 1imits and much
lns: :?an the dose due to other man-made and naturally-occurring sources of
radiation.

The maximum estimated total body dose tu the general public from radicactive
effluents due to PNPS operations for 1990 was about 0.2 mrem for the year.
This conservative estimate 1s well below the EPA's annual dose 1imit to any
member of the genera) public and 1s a fraction of a percent of the typical
dose received from natural and man-made radiation.

In addition to dose calculations based on radioactive effluents, a speclal
study was initiated to determine the dose contribution from radicactivity that
was detected in mussels. Results of this study showed that the radioactivity
In shel1fish would result in a maximum dose to a member of the general public
of much less than one mrem, using extremely conservative assumptions,
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CONCLUSIONS

The 1590 Radinlogical Environmental Monitoring Program for Pilgrim Station
resulted '» the collection and analysis of hundreds of environmental samples
and measurewents. The data obtained were used to determine the impact of
Pilgrim Station's operation on the environment and on the general public,

An evaluation of direct radiation measurements, environmenta) sample analyses,
and dose calculations showed that all applicable federa) criteria were met
Furthermore, radiation levels and resulting doses were a small fraction of
those which are normally present due to natural and man-made background
radiation,

Based on this information, there 1s no evidence of any stanificant

radiological impact on the environment or on the general public due to Pilarin
Station's operation.
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1.0 INTRODUCTION

The Radiological Environmental Monitoring Program for 1950 performed by
Boston Edison Company for Pilgrim Nuclear Power Station (PNPS) is
discussed in this report. Since the operatior of a nuclear power plant
results in the release of small amounts of radioactivity and low levels
of radiation, the Nuclear Regulatory Commission (NRC) requires a program
to be estubl1shod to monitor radiation and radioactivity in the
environment . This report, which 1s required to be published annually by
Pilgrim Station's Technical Specifications section 6.9.C.2, summarizes
the results of measurements of radiation and radioactivity in the
environment in the vicinity of the Pilgrim Station and at distant
locations during the period Janvary ) to December 31, 1990,

The Radiolegical Environmental Monitoring Program consists of taking
radiation measurements and collecting samples from the environment,
analyzing them for radioactivity content, and interpreting the results.
With emphasis on the critical radiation exposure pathways to humans,
samples from the aquatic, atmospheric, and terrestrial environments are
collected, These samples include, but are not limited to: alr, soil,
seawater, shellfigh, lobster, fishes, milk, cranberries, vegetables, and
forage. Thermoluminescent dosimeters (TLDs) are placed in the
environment to measure gamma radiation levels. The TLDs are processed
and the environmenta) samples are analyzed to measure the very low levels
of radiation and radioactivity present in the environment as a result of
PNPS operation and other natural and man-made sources. These results are
reviewed by BECo's radiological staff and have been reported semiannually
or annually to the Nuclear Regulatory Commission and others since 1972.

In orcder tc more fully understand how a nuclear power plant impacts
humans and the environment, background information on radiation and
radioactivity, natu 1 and man-made sources of radiation, reactor
operations, radiocactive effluent controls, and radiolo?ical impact on
humans 1s provided. It is believed that this information will assist the
reader in understanding the radiological impact on the environment and
humans from the operation of Pilgrim Station.

1.1 Radiation and Radioactivity

All matter 1s made of atoms. An atom 1§ the smallest part into which
matter can be broken down and still maintain all its chemical
properties. Nuclear radiation is ener?y, in the form of waves or
particles, that is given off by unstable, radioactive atoms.

Radicactive materfal exists naturally and has always been a part of
our environment. The earth's crust, for example, contains
radicactive uranium, radium, thorium, and potassium. Some
radioactivity 1s a result of nuclear weapons testing. Examples of
radioactive fallout which is normally present in environmental
samples are cesium-137 and strontium-90. Some examples of
radioactive materials released from a nuclear power plant are
cesium-137, 1odine-131, strontium-90, and cobalt-60.
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Radiation 15 measured in units of mi)iirem, much 1ike temperature 1s
measured in degrees. A miliirem iy 3 mercire of the blological
effect of the energy deposi..d in tissue. The natural and man-made
radiatica ﬁi:, received in one year by the average American 1s 300 to
400 mrem, <13

Radioactivity is measured in curfes. A curie is that amount of
radioactive material needed to produce 37,000,000,000 nuclear
disintegrations per second. This 1s an extremely Iar?o amount of
radioactivity in comparison to environmental radioactivity, That is
why radioactivity in the environment i1s measured in picocuries. One
picocurie 1s equal to one trillionth of a curle.

1.2 Sources of Radiation

As mentioned previously, naturally occurring radiocactivity has always
been a part of our environment. Table 1.2-1 shows the sources and
doses of radiation from natural and man-made sources.

Table 1.2+
Sources and Doses of Radiation®
NATURAL MAN-MADE
Radiation Dose Radiation Dose
¢_$gu£;g (millirem/year) | Source Amillirem/year) |
Cosmic/cosmogenic 30 Medical/Dental X-rays 39
Internal 40 Nuclear Medicine 14
Terrestrial 30 Consumer Products 10
Radon/Thoron 200 Weapons Fallout Less than |
Nuclear Power Plants Less than )
APPROXIMATE APPROXIMATE )
TOTAL 300 TOTAL 60

Cosmic radiation from the sun and outer space penetrates the earth's
atmosphere and continuously bombards us with rays and charged particles.
Some of this cosmic radiation interacts with gases and particles in the
atmosphere, making them radioactive in turn. These radioactive byproducts
from cosmic ray bombardment are referred to as cosmogenic radionuc!ides.
Isotopes such as beryllium-7 and carbon-14 are formed in this way.
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Additions) )y, natural radioactivity 1s in our body and in the fuod we
eat (about 40 mi)lirem/yr), the ground we walk on (about 30
mi11irew/yr) and the air we breathe (about 200 millirem/yr). Al
these sources contribute to a tota)l dose of about 300 mrem per year
from all natural sources of radiation.

Radon and thoron levels vary greatly with location. Many newspaper
articles have recently appeared concerning elevated levels of
radon/thoron at some locations in Colorado, New York, Pennsylvania
and New Jersey. Residents of these areas have a h1?hor annual dose
as a result of higher levels of radon/thoron gases in these areas.

In addition to natural radiation, we are normally exposed to
radiation from a number of man-made sources. The single largest
doses from man-made sources result from therapeutic and diagnostic
applications of x-rays ang radiopharmaceuticals. The annual dose to
an individual in the U.S. from medical and denta! exposure 1s about
£0 mrem. Consumer products, such as televisions and smoke detectors,
cont: bute about 10 mrem/yr. Much smaller doses result from weapons
fallout (less than 1) and nuclear power plants (less than )

mrem/yr). Basically, the average person in the United States
receives about 60 mrem per year from man-made sources.

Nuclear Reactor Operations

Pilgrim Station generates about 670 megawatts of electricity at full
power, which is enough electricity to supply the entire city of
Boston, Massachusetts. Pilgrim Station 1s a boiling water reactor
whose nuclear steam supply system was provided by General Electric
Co. The nuclear station 1s located on a 1600 acre site about five
miles east-southeast of Plymouth Center. Commercial operation began
in December, 1972,

Pilgrim Station was fully operational from January 1 to December 31,
1990. Monthly capacity factors are given in Table 1.3-1,

Nuclear-generated electricity 1s produced at Pilgrim Station by many
of the same techniques used for conventional ofl and coal-generated
electricity. Both systems use heat to bol) water to produce steam.
The steam turns a turbine which turns a generator, producing
electricity. In both cases, the steam passes through a condenser
where 1t changes back into water and recirculates back through the
system. The cooling water source for Pilgrim Station 1s the Cape Cod
Bay.

The key difference between Pilgrim's nuclear power and conventional
power is the source of heat used to boil the water. Conventional
plants burn fossil fuels in a boller, while nuclear plants make use
of uranium in a nuclear reactor,
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This 1iquid waste effluent discharge header has a shielded
radioactivity monitor located on it. This detector is connected to a
radiation leve! meter and a strip chart recorder in the Control
Room. The radiation alarm i1s set so that the detector will alarm
before radicactivity levels exceed the release limits. The liquid
effluent discharge header has an fsolation valve. If an alarm is
recefved, the 1iquid effluent discharge valve will automatically
close, thereby terminating the release to the Cape Cod Bay and
preventing any 1iquid radiocactivity from being released that may
exceed the release 1imits. An audible alarm notifies the Control
Room operator that this has occurred.

Another means for adjusting liquid effluent concentrations to be
below federal limits is by mixing plant cooling water from the
condenser with the 1iquid effluents in the discharge canal. This
larger volume of cooling water further dilutes the radioactivity
levels far below the release limits,

The preceding discussion 11lustrates that many controls exist to
reduce the radioactive liquid effluents released to the Cape Cod Bay
to as far below the release 1imits as is reasonably achievable.

Radiocactive releases from the radicactive gaseous effluent system to
the environment are limited, cont:. 1led, and monitored by a variety
of systems and procedures which in lude:

reactor building ventilatio: system;

reactor building vent effluent radiocactivity monitor,
sampling and analysis of reactor building vent effluents;
standby gas treatment system,

main stack effluent radioactivity monitor and sampling;
sampling and analysis of main stack effluents;

augmented off-gas system;

off-gas radfation monitor.

The purpose of the reactor building ventilation system is to collect
and exhaust reactor building air. Air collected from contaminated
areas is filtered prior to combining it with air collected from other
parts of the building. ~1is combined airflow is then directed to the
reactor building ventilation plenum which is located on the side of
the reactor building. This plenum, which vents to the atmosphere,
has a shielded radiation detector located on it. The radiation level
mater and strip chart recorder for the reactor building vent efflueit
radioactivity monitor is located in the Control Ruom. To supplement
the information continuously provided by the detector, air samples
are taken periodicaily from the reactor building vent and are
analyzed to qu:ntify the total amount of radioactive gaseous and
particulate effluent released.

If air containing elevated amounts of noble gases is routed past the
reactor building vent's effluent radioactivity monitor, an alarm will
alert the Control Room operators that release limits are being
approached. The Control Room operators, according to procedure, will
isolate the reactor building ventilation system and initiate the
standby gas treatment system to remova airborne particulates and

w]0=



¥aseous halogen radioactivity from the reactor building exhaust.

his “i1tration assembly consists of high-efficiency particulate air
filters and charcoa! adsorber beds. The purified air is then
directed to the main stack. The main stack has dilution flow which
further reduces concentration levels of gaseous releases to the
environment to as far below the release limits as 1s reasonably
achievable.

The approximately 330 foot tal)l main stack has a special probe inside
it which draws a portion of the air out and passes it through a
radioactivity monitoring system. This main stack effluent
radioactivity monitoring system samples radioactive particulates,
fodines, and noble gases and collects a tritium sample. The system
also contains radioactivity detectors that monitor the levels of
radioactive noble gases in the stack flow and display the result on
radiation level meters and strip chart recorders located in the
Control Room. To supplement the information continuously provided by
the detectors, the particulate, fodine, tritium, and gas samples are
analyzed perfodically to quantify the total amount of radiocactive
gaseous effluent being released.

The purpose of the augmented off-gas system is to reduce the
radioactivity from the gases that are removed from the condenser.
This purification system consists of a 30-minute holdup 1ine to
reduce the radiocactive gases with short half-lives, a pre-filter to
remove radicactive particulates, and several charcoal adsorbers to
remove radicactive iodines and further retard the short half-1ife
gases.

The radioactive off-gas from the condenser is then directed into a
ventilation pipe to which the off-gas radiation monitor is attached.
The radiation 'evel meter and strip chart recorder for this detector
are also located in the Controi Room. If the radiation alarm
setpoint is exceeded, an audible alarm will sound to alert the
Control Room operators. In addition, the off-gas bypass and charcoal
adsorber inlet valve will automatically re-direct the off-gas into
the charcoal adsorbers if they are temporarily being bypassed. If
the charcoal adsorbers fail to return the radicactivity levels to
below the alarm setpoint within 13 minutes, the off-gas releases will
be automatically isolated, thereby preventing any gaseous
radioactivity from being released that may exceed the release limits.

Therefore, for both liquid and gaseous releases, radioactive effluent
control systems exist to collect and purify the radiocactive erfluents
in order to reduce releases to the environment to as low as is
reasonably achievable. The effluents are always monitored, sampled
and analyzed prior to release to make sure that radicactivity levels
are below the release limits. 7f the release limits are being
approached, isolation valvas in some of the waste effluent lines will
automatically shut to stop the release, or Control Room cperators
will implement procedures to ensure that federal regulatery limits
are always met.
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1.5 Radiological Impact on Humans

The final effluent control is the determination of the radiological
dose impact to humans and comparison with the federal dose limits to
the public. As mentioned previously, the purpose of the continuous
rzdiation monitoring and the periodic sampling and analysis is to
measure the quantities of radiocactivity being released to determine
if the radiocactivity release 1imits are complied with, This is the
first stage for assessing releases to the environment.

Next, calculations of the dose impact to the general public from
Pilgrim Station's radioactive effluents are performed. The purpose
of these calculations is to periodically assess the doses to the
general public resulting from radioactive effluents to ensure that
these doses are being maintained as far below the federal dose 1imits
as 1s reasonably achievable. This is the second stage for assessing
releases to the environment.

The types and quantities of radiocactive liquid and gaseous effluents
released from Pilgrim Station during 1990 were reported to the
Nucliear Regulatory Commission semiannually. The 1990 Radiocactive
Effluents are provided in Appendix B and will be discussed in more
detail in Section 3 of this report. These l1iqu'd and gaseous
effluents were well belcw the federal release ' .its and weve a smal)
percentage of the PNPS Technical Specifications uperational
objectives.

These measurements of the physical and chemical nature of the
effluents are used to determine how the radionuc)ides will interact
with the environment and how they can result in radiation exposure to
humans. The environmental interaction mechanisms depend upon factors
such as the hydrological (water) and meteorological (atmospheric)
characteristics in the area. Information on the water flow, wind
speed, wind direction, and atmospheric mixing characteristics are
used to estimate how radioactivity will distribute and disperse in
the ocean and the atmosphere.

The most important type of information that is used to evaluate the
radiological impact on humans is data on the use of the environment.
Information on fish and shellfish consumption, boating usage, beach
usage, locations of cows and goats, locations of residences,
locations of gardens, drinking water supplies, and other usage
iriformation are utilized to estimate the amount of radiation and
radioactivity received by the gereral public.

The radiation exposure pathway to humans is the path radioactivity
takes from its release point at Pilgrim Station to its impact on
man. The movement of radioactivity through the environment and its
trunsport to humans is portrayed in Figure 1.5-1.

-12-
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There are six major ways in which gaseous effluents impact humans:
1) external radiation from an airborne plume of radioactivity;

2) finternal radiation from inhalation of airborne radioactivity;
3) direct radiation emitted from Pilgrim Station;

4) ex}:rnal radiation from deposition of radioactive effluents on
soil;

5) 1internal radiation from consumption of vegetation containing
radioactivity absorbed from the soil due to ground deposition of
radioactive effluents; and,

6) finternal radiation from consumption of milk and meat containing
radiocactivity deposited on forage which i1s eaten by cattle and
other livestock.

There are three major ways in which liquid effluents impact humans:

1) external radiation vrom liguid effluents that deposit and
accumula*e on the shoreline;

2) external radiation from immersion in ocean water containing
radioactive liquids; and,

3) f{internal radiation from consumption of fish and shellfish
containing radioactivity absorbed from the liquid effluents.

To the extent possible, the radiological dose impact on humans is
based on direct measurements of radiation and radiocactivity in the
environment (see Appendix A). However, the operation of Pilgrim
Nuclear Power Station results in releases of only small amounts of
radioactivity, and, as a result of dilution in the atmosphere and
ocean, even the most sensitive radioactivity measurements and
analysis technigues cannot detect these tiny amounts of radiocactivity
above that which is naturally present in the environment. Therefore,
radiation doses are calculated using radioactivity release data and
computerized dose calculations that are based on very conservative
(over-estimated) NRC-recommended models. These computerized dose
calculations are performed by or for Boston Edison Co. personnel.
These computer codes use the guideg1nes and methodology set forth by
the NRC in Regulatory Guide 1.109.° The dose calculations are
documented and described in detaii in the gilgr1m Nuclear Power
Station's Off-site Dose Calculation Manual’ which has been reviewed
by the NRC.

Monthly dose calculations are performes by Boston Edison Co.
personnel. Semiannual dose calculations are performed for Bostoun
Edison Co. by Yankee Atomic Electric Co., using their advanced "YODA"
computer program. It should be emphasized that because of the very
conservative assumptions made in the computer code calculations, the
maximum hypothetical dose to an individual is considerably higher
than the dose that would actually be received by a real individual.

-14-
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The summary of the 1990 radiologica! impact for Pilgrim Station and
comparison with the EPA dose limits and guidelines, as well as a
comparison with natural/man-made radiation levels, 1s presented in
Section 3 of this report.

The third stage of assessing releases to the environment is the
Radiological Environmental Monitoring Program (REMP). The
description and results of the REMP at Pilgrim Nuclear Power Station
during 1990 will be discussed in Section 2 of this report.
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2.0 Description and Results of the Radiological Environmental Monitoring
Program

The Radiological Environmental Monitoring Program (REMP) at Boston Edison
Company's Pilgrim Nuclear Power Station was initiated in August of 1968,
Tho1?urpose of the pre-operational environmental monitoring program was
to:

1) measure background levels and their variations in the environment in
the area surrounding Pilgrim Station; and,

2) evaluate procedures, equipment, and technigues.

The pre-operational program continued £or approximately three and a half
years, from August 1968 to June 1972, Examples of background radiation
and radioactivity levels measured during this time period are as follows:

e Airborne Rgdioact1v1ty Particulate Concentration (gross beta): 0.02 -
.11 pCi/mY;

¢ Direct Radiation (TLDs): 4.2 - 22 micro-R/hr (37 - 190 mR/yr);

e Seawater Radioactivity Concentrations (gross beta): 12 - 31 pCi/liter;
o Fish Radioactivity Concentrations (gross beta): 2,200 - 11,300 pCi/kg;
¢ Milk Radioactive Cestum-137 Concentrations: 9.3 - 32 pCi/liter;

¢ Milk Radioactive Strontium-90 Concentrations: 4.7 -~ 17.6 pCi/liter;

¢ Cranberries Radioactive Cesium-137 Concentrations: 140 - 450 pCi/kg;

o Forage Radioactive Cesium-137 Concentrations: 150 - 290 pCi/kg.

This information from the pre-operational phase is used as a basis for
evaluating chan?es in radiation and radiocactivity levels in the vicinity
of the plant following plant » _ration. In April 1972, just prior to
ifnitial reactor startup (June 12, 1972), Boston Edison Co. implemented a
comprehensive operational environmentat monitoring pro?ram at Pilgrim
Nuclear Power Station. This program provides information on
r:d‘gact1v1ty and radiation leveis in the environment for the purpose
of:

1) demonstrating that doses to the general public and levels of
radioactivity in the environment are within estabiished limits and
legal requirements;

2) monitoring the transfer and long-term buildup of specific
radionuclides in the environment to revise the monitoring program and
environmental models in response to changing conditions;

3) checking the condition of the station's operation, the adequacy of
operation in relation to the adequacy of containment, and the
effectiveness of effluent treatment, so as to provide a mechanism of
determining unusual or unforeseen conditions and, where appropriate,
to trigger special environmental monitoring studies;
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American Lobster
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Table 2.0-1

Pilgrim Nuciear Power Station's Radiological Environmental
1090 Routine Sampling Locations

Code

Rescription

Warehouse

E. Rocky Hill Road
W. Rocky Hi1l Road
Property Line
Pedestrian Bridge
Overlook Area

East Breakwater
Cleft Rock
Plymouth Center
Manomet Suhstation
East Weymouth Control

Discharge Canal
Bariett Pond
Powder Point Contro)

Discharge Canal
Plymouth Harbor
Duxbury Bay Control
Manomet Point

Powder Point Contro!
Green Harbor Control

Cischarge Canal
Manomet Point
Ellisville

Brant Rock Control

Discharge Canal
Plymouth Harbor
Duxbury Bay Control

Discharge Canal

Priest Cove Control
Jones River Control
Vineyard Sound Control
Cape Cod Bay Control

Discharge Canal
Plymouth Harbor
Duxbury Bay
Plymouth Beach
Manomet Point

areen Harbor Control

Plymouth County Farm
Whitman Farm Control
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Mi
Mi
Mi
Mi
Mi
Mi
Mi
Mi
Mi
Mi
Mi

Mi
Mi
Mi

Mi
Mi
Mi
Mi
Mi
Mi

Mi
Mi
Mi
Mi

Mi
MI
M

Mi
Mi
Mi
Mi
Mi

Mi
Mi
Mi
Mi
Mi
Mi

Mi
Mi

Rir,

ESE
SE
SW

NNW
SW
SE
SW

SSE
NK

NNW
SE
NNKW

NNW

C
8

NNW
NNK

SE
SE
NNK

NNW

SN

NNW
SSW
ESE

NNKW

SE
NNR

WNW



Media
Cranberries

vegetation

Beef Forage

NQ

13
14
23

1

"
“

43
60
77

11
12

Table 2.0-1 (continued)

Pilgrim Nuclear Power Station's Radiological Environmental
1990 Sampling Locations

Code

MR
BR
PS

CF
BF
WH
AF

MG

CF
WF

Pescription

Manomet Pt., Bog
Bartlett Rd. Bog
Pine St. Bog Control

Plymouth County Farm
Bridgewater Farm Ctrl
Whipple Farm

Work Residence

Moon Residence

Plymouth County Farm
Whitman Farm Control

~20-
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Mi
Mi
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Mi
Mi

Mi
Mi

SE
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Figure 2.0-4

Terrestrial and Aquatic Samgling Locations

Code Descripti Digt.* Dir. .~ Code ripti Dist.* e *

SEAWATER }
DIS Discharge Canal 0.13 mi N R Rocky Point 6.2 mi N
8P Bartlett Pond 1.7 mi SE PLY-H Plymouth Harbor 3.0 w -
PP Powder Point Control 7.9 mi NNw PLB Plymouth Beach 2.5 wmi w

Mp Manomet Point 2.5 m ESE

SHELLFISH DUX-BAY Duxbury Bay Control 8.7 wmi NAAw
DIs Discharge Canal 0.27 mi N GH Green Harbor Control 10 mi NN
PLY-H Plymouth Harbor 2.8 wmi .
MP Manomet Point 3.0 mi ESE MILK
DUX-BAY Duxbury Bay Control 7.8 mi N cr Plymouth County Farm 3 - -
PP Powder Peint Control B0 m NNw wh Whitman Farm Control 20 mi W
GH Green Harbor Control 9.9 m NNw

IRISH MOSS (RANBERRIES
IS Bischarge Canal 0.21 mi N MR Manomet Pt. Bog Z.4 m SE
Mo Manomet Point 2.2 = ESE 87 Bartlett Rd. Bog 2.7 m SSE
EL Ellisville 7.9 mi S5 PS Pine St. Bog Control 16 mi i
8K Brant Rock Control 10 mi NAfw

AMERICAN LOBSTER VEGETABLES
pIS Discharge Canal 0.2 mi L CF Plymouth County Farm 1.4 mi -
PLY-# Plymouth Harbor 4.0 mi W 8F Bridgewater Farm (tr} 20 Ld W
DUX-B Duxbury Beach Control 58 m NNw wH wWh' ople Farm 1.8 mi S
DUX-BAY  Duxbury Bay Control 7.1 mi NNw AF Work Residence 0.8 mi SE
PLB Plymouth Beach 2.5 m - M

X6

FISHES MG Moon Residence 2.1 wi WoW
DIS Discharge Canal 0.2 mi N
PLB Flymouth Beach 2.5 wi w FORAGE
JR Jones River Control 7.8 mi w CF Plymouth County Farm 3.5 =i w
CC-BAY Cape Cod Bay Control 15 mi £ Wt vhitman fFarm Control 20 =i e
NR N River-Hanover Control 15 mi NNw
Ca Catausmet Control 20 mi SS
PT Provincetown Contrel 20 mi NE
B8 Buzzards Bay Control 25 mi SSW
PC Priest Cove Control 30 mi 5w
NS Nantucket Sound Control 30 m SSE
Al Atlantic Ocean Control 30 mi £
MV Vineyard Sound Control A0 mi 55w

* Distance and direction are measured from the centerline of the reactor to the sampling/monitoring location. Values listed

are approximate and are being evaluated in conjunction with revision of sampling Tecation maps
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Figure 2.0-4 (cor
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Figure 2.0-5

Environmental Sampling And Measurement Control Locations

Code Description Dist.* ir.” Code ripti Dist.* Bir.”
AIR SAMPLE LD
Ew East Weymouth 24 wi NW KS Kingston Subst 10 mi W
LR Landing Road 10 mi N
SEDIMENT cs Cedarville Sub 10 mi S
GH Green Harbor Control W0 m NRW (8] Church & West 10 mi Nw
DUX-BAY  Duxbury Bay Control 8.7 mi NNW Ll Main & Meadow 11 mi wow
DMF Div. Mar. Fish 14 mi SSE
Ew East Weymouth Sub 24 mi e
SEAWATER MILK
P Powder Point (Control 7.9 mi ANw Wi Whitman Farm Control 20 mi N
SHELLFISH CRANBERRIES
DUX-BAY Duxbury-Bay Control 7.8 mi NNW PS Pine St. Bog Control 16 mi N
PP Powder Point Control 8.0 mi NN
GH Green Harbor (Control 9.9 wi NNW
IR1,H M0SS VEGETABLES
BK Brant Rock Control 10 mi PN BF 8ricgewater Farm Control 20 mi w
Wi whitman Farm Control 20 mi N
AMERICAN LOBSTER
FORAGE
DUX-BAY Duxbury Bay Control 7.1 mi NNw Wk wWhitman Farm Contrel 20 mi wWNw
FISHES
JR Jones River Control 7.8 mi wWNw
CC-BAY Cape Cod Bay Centrol 1S =i ESE
NR N. River Hanover Control 15 mi NNW
CA Cataumet Control 20 wm SSW
PY Provincetown Control 20 mi NE
88 Buzzards Bay Control 25 wm SSW
PC Priest Cove Control 30 mi W
NS Nantucket Sound Control 0 w SSE
AD Atlantic Ocean (ontrol 3 wmi £
MV Vineyard Sound Control 4 m W

* Distance and direction are measured from the conterline of the reactor to the sampling/menitoring location. Values Tisted
are approximate and are being evaluated in conjunction with revision of sampgling location maps
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Figure 2.0-5 (cont.)
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Table 2.1«1 (continued)
Summary of Radioactivity Analysis Results
For Air Particulate Filters - 1880

ENVIRONMENTAL RADIOLOGICAL PROGRAM SUMMARY
PILGRIN RUCLEAR POVER STATION, PLYMOUTH, WA
(JANUARY - DECEMBER 1990)

MEDIUM: AIR PARTICULATE Uk,
INDICATOR STATIONS STATION WITK JICHEST MEAN
LA AR R R R R R L R R ] LR AR R L R R R R R R R R R
RAD |ONUCL IDES MEAN MEAN
(MO, ANALYSES) REQUIRED RANGE $TA, RANGE
(NON-ROUT INE)* L NO. DETECTED®™* N, NO. DETECTED®*
RU-103 ( &4) ( 3.8 T.0)8 «5 0 ( 23% 1.5k 4
( 0 ( 7.6 - 10.8)E -4 ( 4} 10.8)E -4
] 0/ &0)* o O/ A
RU-108 ( &4) ( 6.01 3.5)8 4 % ¢ 373 0.8)k -3
(0 € 5.3 « 5.4)8 -3 ( 1.9 $.4)8
*( 0/ &0)* o 0/ &)y
£8-134 ( &) 0 ( 2.1 12 0.6)E 4 0 { 1.11 2.2 -4
( O ( +8,7- 6.8)E 4 ( 2.7 ¢ 6.8 4
0/ A0)* 0 07 4
€8-137 ( &&) 01 ( .21 0.4)E -4 03 ¢« 3.9 2 1.2)E 4
( O ( 3:6 - 5.9 & ( 9.1« S59.4)¢ -5
*( 0/ &0)* o 0/ A
BA- 140 { 44) { *1.5 % 2.2)E 4 10 ( 5.412 5.B)E -4
t O ( 3 . 3.0)¢ -3 ( 3.9 ¢+ 20.1)E -4
. 0/ &0)* "] 0/ 6
CE-141 ( &) ( 9.9 2 7.2)E -3 0 ( &2 2 1,858 <4
( 0) ( 1.0 1.3)E -3 ( 3.0 T3.1)E 5
*( 07 40)* ] 0/ &)
CE-144 ( &4) { - 1 B V.8)E <4 10 ( 961 12.0)E -4
(¢ 0 { 1.9~ 3.8)¢ 3 (¢ ~1.9 3.8)€ -3
*( 07 40)* " O/ A
TH-232 ( &4) ( 3612 1.6)E 4 L | A S, P B 0.3)€E -3
( 0) ( -7~ 2.3)€ -3 ( 6.8~ 20,2) -4
"¢ C/ 40)* o O/ 4)e

*  NON-ROUTINE REFERS TO THE NUMBER OF SEPARATE MEASUREMENT WHICH WERE GREATER
TRAN TEN (10) TIMES THE AVERAGE BACKGRCUND FOR THE FEk (U0 OF THE REPORT,

** THE FRACTION OF SAMPLE ANALYSES YIELDING DETECTABLE MEASUREMENTS
CI.E. >3 STD DEVIATIONS) IS INODICATED WITH *¢( ™.

CONTROL STATIONS
AR A R R R R L R R R L R
MEAN
RANGE
NO. DE ECTED®*

{ 4.0 1 Q228.9)E -6

( 5.6 5.5)€ 4
" 0/ &)

( +%.3 % 11.2)E 4

( 2.3+ 2.8)E +}
0 N Ay

( $ 0.5 -4

( 2.6+ 0. 1€ 4
" O

¢ 534 8.4)E <5

( =t.%- 2.5)E 4
" Q7 A)

{ 7.6 +0)E -4

¢ 1.9 - 3.5)E -3
"0/ 4

{ 2.2 2 2.7 -4

{ =9.0 - J.OE 4
o o7 )

( <6.01 4.9 <4

( +2.0 ¢ 0.1)E -3
8 Q7 A

( 4,01 8.1)E 4

{ 3.3~ 1.2)€ -3
] 0/ 4)*
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2.2 Charcoal Cartridges

The same sample collection systems which were used to collect airborne
particulates were also used to collect gaseous fodine on charcoal
cartridges. The Nucon Level A charcoal cartridges were analyzed weekly
for gaseous fodine<131. The eleven locations sampled during 1990 are
indicated in Table 2.0-1,

A total of 572 charcoal cartridges were collected during 1990, Despite
several instances of low sample flow resuiting from power fallures, pump
fatiures, and crimped sample 1ines, the lower level of detection (LLD)
was met for all 572 samples collected.

The summary of the radifoactivity analysis results for charcoal cartridges
collected during 1990 s provided in Table 2.2-1. The results indicate
that the mean value of the gaseous lodine~13)1 concentrations for the
indicator stations 1s statistically no different than the mean value for
the control station; that is, none of the results showed detectable
levels of fodine-131.

Therefore, analysis of charcoa! cartridges collected during 1990 showed

no evidence of any significant radiological impact on the environment due
to Pilgrim Station.

~40-



Table 2.2~

Summary of Radioactivity Analysis Results
For Charcoal Cartridges ~ 1990

ENVIRONMENTAL RADIOLOCICAL PROGRAM SUMMARY

PILGRINM NUCLEAR POMER STATION,

JANUARY DECEMRER 9%

MEDIUM: CHARCOAL CARTRIDGE

)

PLYRLUTH, WA

INDICATOR STATIONS STATION WITH NIGHES! MEAN

SRR RNERAn (SRR R R R R R R R R R R R L A R
RAD IONUCL IDES ME AN MEAN
(NO. ANALYSES) REQUIRES RANGE STA RANGE
NOK-ROUTINE)® Ll NG, DETECTED®® N NO, DETECTED®®
1«13 ST o7 { 1512 §.60F 4 { 2.0 % 2.00¢ -3

( © { &9 &7 2 { iy ) f
' 0/%20)0 o 0/ 3¢

. NON-ROUTINE REFERS TO THE NUMBER OF SEPARATE MEASUREMENTS WHICH WERE GREATER

THAN TEN (10) TINES THE AVERAGE BACKOROUND FOR THE
®¢  THE FRACTION OF SAMPLE ANALYSES YIELDING DETECTABLE
CL B, »3 8TD DEVIATIONS) 1S INDICATED WITH *

PERIOD OF THE REPOR
MEASUREMENTS

CONTROL STATIONS
LA A AR R AR R R R R
MEAN
RANGE
NO. DETECTED®®

1.6 1 1.0
i.6 1.3
. Loye



201l

Soil surveys at eleven locations are performed once every three years
Since the surveys were conducted during 1988 at the required eleven
locations, plus several additional locations, no soil surveys were
performed during 1990, The results of the most recent soll survey were
reported in the 1988 Annual Envirenmental Radiation Monitoring Program
Report, 1ssued in May 1989
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2.4 Direct Ragiation

Exposure rates from external radiation sources were measured during 1990
in the vicinity of Pilgrim Station using two metheds. Measurements were
obtained at 107 locations, only 40 of which are required by PNPS
Technical Specifications, using environmental thermoluminescent
dosimeters (TLDs) which were posted and retrieved each quarter. In
addition, annval measurements were made at six local beaches using a high
pressure ion chamber. Indicator TLDs were placed in the vicinity of
Pilgrim Station as shown in Figures 2.0-1 through 2.0-3. Control TLDs
were placed at locations so as to be outside the influence of Piigrim
Station and are shown in Figure 2.0-5.

Only two out of the 160 TIDs (40 stations * 4 quarters) required by
Technical Spectfications were not collected during 1990. The TLDs
located at Statfon J (1st Qtr.) and at Sherman Airport (4th Qtr.) were
found missing from their posted locations during the quarterly
retrievals. In addition, six other TLDs were missed during the course of
the year. TLDs which were not retrieved are noted in Table 2.4.1-1, In
all cases, the missing TLD and cage were relocated to be inconspicuous
and 'ess accessible.

2.4.1 Environmental Thermoluminescent Dosimeters

A state-of-the-art thermoluminescent dosimeter program was
impiemented in 1987 using the Panasonic UD-B01 and UD-814
combination TLD packet. Thermoluminescence 1s a process in which
fonizing radiation, upon interacting with the sensitive material
of the TLD (the phosphor or 'element'), causes some of the energy
deposited in the phosphor tc be stored in stable electron 'traps'
in the TLD material. The energy stored in the TLDs as a result
of interactions with radiation 1s removed and measured by a
controlled heating process in a calibrated 11ght reading system,
As the TLD 1s heated, the phosphor releases the stored energy as
1ight. The amount of 1ight given off is directly proportional to
the radiation dose the TLD received. These highly sensitive TLDs
are capable of accurately measuring exposures between | mR (well
below normal environmental levels for the quarterly monitoring
periods) and 200,000 mR.

Table 2.4.)1-1 shows quarterly average exposure rates and annuval
exposure from direct gamma radiation at the off-site TLD
stations. The off-site exposure rates ranged from approximately
5 micro-R/hr to 12 micro-R/hr, yielding annual exposures ranging
from 43 mR to 100 mR.

Two TLD locations beyond the PNPS protected area fence ytelded
annual exposure rates of greater than 100 mR/yr. These were
Pedestrian Bridge (112 mR/yr) and Overlook Area (150 mR/yr).
These locations are within the PNPS exclusion area in close
proximity to the reactor building and indicate increased exposure
as a result of reactor operation. In addition, the TLD at
Pedestrian Bridge 15 located over granite materfal used to
construct the breakwaters, which can contribute to increased
exposure due to 1ts high content of naturally-occurring
radionuclides.

~43-



2.4.2

2.4.3

In addition to average doses for each TLD for each readout
perfod, average doses were calculated for four geographic zones.
Table 2.4.1-2 1ists environmental radiation levels that are
consistent with past trends.

Results from the 28 on-site TLDs are presented in Table 2.4.1.3,
Quarterly and annual average exposure rates are 1isted for each
location, A number of these results are considerably higher than
off-site locations, due to the clese proximity of some on-site
TLDs to radlation sources within Pilgrim Station,

Beach Surveys

Sensitive radiation detection surveys using a high pressure fon
chamber were performed at Plymouth Beach, White Morse Beach, and

Duxbury Beach during July of 1990.'%  These measurements were

g.rformod by Yankee Atomic Electric Company's Radiological
ngineering Group personnel.

Tne purpose of this survey 1s to detect differences in the
external exposure rate encountered at beaches near the plant
(Plymouth and White Morse) and at a control location 7™ vbury),
The detector's calibration was checked before each me s rencont,
The data in Table 2.4.2-1 indicate that the exposure rates »i\
Plymouth Beach and White Horse Beach are not significanily
different from the exposure rates measured at the distant control
station in Duxbury,

The results of the 1990 beach surveys are in agreement with the
previous beach surveys conducted annually from 1977 through
1989. The ?raphicll trend of the radiation levels at these
beaches depicted in Figure 2.4.2-) shows 1ittle change in the
exposure rate over the thirteen year period.

Granite beach stones and gravel are present at three locations,
It has been demonstrated that proximity to beach stones results
;n h:ghor exposure rates than in sandy aveas (see Annual Report
0. 10).

aummary

The direct radiation (TLD) measurements and heach survey results
for 1690 are comparable to previous years' background radiation
levels and are within the expected natural background exposure
rates in the northeastern part of the United States. The low
levels of radiation measured at al) monitoring iocations were the
result of naturally-occurring sources, as well as fallout from
nuclear weapons testing. Therefore, analysis of direct radiation
data collected during 1990 showed no evidence of any significant
radiological impact on the environment or the general pubiic due
to Pilgrim Station.
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OFF-SITE ENVIRONMENTAL THERMOLUMINESCENT DOSIMETER RESULTS - 199

EMERSON & PRISCILL
EM  EMERSON RD

TLD STATION

DESCRIPTION

10
M MANDMET ROARD

e

JOHN GMAEY
STATION €

B8S  BAYSHORE

4G

E

PLYMDUTH YMCA

STATION J
STATION K

GN GIWIN PROPERTY

..
-

W WHITEHORSE RD

J
2
K

YANKEE VILLAGE

YV

L §

TAYLOR & THMAS
RIGHT OF way

VELLEY ROAD

TAYLOR & PEARL

2w
w
B

Vi

3A & BARTLETT RD

WARREN & OLIFFORD

ME MANDMET BELEM

M OMANDMET PT

.

M5  MANDMET SIBSTA

B H5EEOWD RD

S PLYMOUTH SIBSTA
EARt RD

RT.

PINES ESTATE

5

EA

RP

eT

|

ey iation calculated from quarter iy values

plus contr ibution from individal garter ly uwertamties (standard deviations}.

starndaw d

Lo

3 OVERPASS

* Distance an! direction are measured from the center line of the reactor to the sampling/monitoring locat ion.
Standard deviation of amuzl average W ludes ar ith

** Anvnml average value is based on arithmet ic mean of observed quarter Iy values multiplied by 4.0 qgarters/yr.



TaBLe 2.4.1-1 (CONTINUED)

OFF-SITE EXVIRONMEATAL THERMOLUMINESCENT DOSIMETER RESULTS - 1990
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* Distance and direction are measirad from the center 1ine of the reactor to

tic mean of cbserved guarterly values muitiplied by 4.0 qarters/yr,

Standard Jeviation of anvwal average includes ar ithmet ic standard deviat on calaslated from guarter 1y vaiues

plus cntritation from individsal geErter Iy uncertaint ies (starnviecd doviat jons)

** Avwwal average value i1s based on ari
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Table 2.4.1.2

Off-site Environmenta) Thermoluminescent Dosimeter
Averages by Geographic Zone - 1930

|
BV So———— ‘
\

T i oLk el A Average Exposure s 5.0,
| — . B 4 1. 74 .1 8 KT 1
Period e hnyironmental TLD Zones LC,_"h |
one | lone 2 lone 3 lone 4

RIS T B N S N X e & ml,a_lﬁﬁm do210ml

15t Ouarter 1990 16.3¢ 4.1 | 13.9¢ 2.8 ] 13,6 ¢ 1.7 6.0 ¢ 2.0
2nd Quarter 1990 6.0 s 3.6 18.6s2.8[130s1.4 5.1 8 8.1
173rd Quarter 1980 16.6¢d.) | 4.8 ¢2.7] 14.1¢1.3 16.6 % 2.2 |
ath Ouarter 1990 160 5.3 ] 1308261126215 1 13.9 ,ol
7990 Annual Exposure | 66.1 s 17.1] 56,6 ¢ 10.7] 54,3560 | 59,6+ 8,1 J
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TABLE 2.4.1-3

HERMOLUMINESCENT DOSIMETER RESULTS - 1990

e o
L]

ON-SITE ENVIRONMENTAL

ARLIAL MEANS®

* STD.DEV.
R/ yr

9.8

LI |
10.9

83.7
107.3

126.9 ¢

33.

-

4

2.2

-

134.6

37.

.

151.4

f

W

-

5.3
12.9

+

80.7

1341

10

2

1043

8.9

102.7

6.7

105.7

5.4

a5.6

7.0
7.1

108.9

131.6

5.6

¢

173.1

* 13.6 _]

89.8

ter (VALLE * STD.DEV)

R/

EXPOSURE RATE

FOURTH

THIFD

SEQOND

FIRST

1.0

1.7

73.8 £ 3.6

26.6

31.0 ¢

99.3

32.7

3.4
2.0

1.8

*|

.
100.%9 = 5.8

1.7
5.6

3.1
34.6

1.7

-
&N

oD
2.0
4.0

3.1

1

sl
2.0

1

35_1

b4

47.3

: 2.2 53.0 =

41 1

8(

T7.0 #

-l

€4.6

£ 3.0

&67.
83.

*l
o

1.1

*

26 .4

34.0 ¢ 1.2

1

-l

3

35.

* 1.7 31.8 * 1.6

13.6

.4
2 %3

45.8

-

N

&

21.7

0.6
0

8.7 #

0.8

19.3

17.0 5

0.7

L1 |

1.1

16.4

»

1.4

D.6 »

36 .4

19.6 * 0.8

9

+

~N

~

1

20.3

1.8
-

p;
[ 4

-

1

0 *

-2

*
@

g,

¢ 2.4

47 .1

T

*

8.7

wl

~

1.6

7

26.1 ]

-7 1.3

-
-

1.1

.
o

"
&N

.4

1

24.5

0.6

1.8 2 4

“

0.8

*

"2}
*l

N

L2l
o
o
-

$ 1.1

$t 2.4

26.0

3

*

26.8

0.9

.9
31.5

-l

28.2

¥ 1.9 37.4

*$ 3.2

33.1

2.6
3.6

44.5

* 1.9

28.0

.4 £ 0.9
* 0.8

L

4

67.6

1.3

18.8

-l

25.6

LOCATION®

DIR

DISY

tha
N

330 TL.

220 ft.

N

260 fr.

280 ft.

ENE

E

00 fr.

300 ftr.

t

450 ft.

ESE

740 ft.

»

d

660 f+.

SSE

s
s

740 ft.

750 fe.

55w
S

T20 ft.
5

o0 fr.

350 ft.

W e
S
S

290 ftr.

280 fL.

SSE
Sk
SE

220 ftr.

170 fr.

450 fr.

S5k

w

400 fr.

190 ft.

W

SE

250 ft.

490 ¥t.

ESE
ESE

640 ft.

800 ftr.

TLD STATION

DESCRIPTION

1D

WAREHORIGE

PO3 FEN L SOREENH
P04 FEN R SOREENH
POS FEN WATER TAaNK
PO FEN QULVERY

PO2

FEN INTAKE

POT7

FEN NEW ADMIN
FEN TOF SIDE

PO8
P09

FEN INTAKE TOF
GATE WH TO TCrF

£10
P11

FEN WH OON GATE
FEN OON 8 RBIR

P12

P13

FEN SUTLER BLDG

P15 FEN INIT 89
P16 FEN SWY M GATE
P17 FEN S M GATE

Pis

I&C NEW ADMIN

P13 OOMPLIANCE AREA

P8

P wiNow

20

<

P

WW ADMIN & PROC
QA/QC CORNER

£21
&

22

R

P24  ADMIN OFF O aD

P23 OMG

FIRST AID TRAIL

P26 FENCE WAREHOUSE

P2s

TCF BOAT RAW

P27

LOY

TOF CONTR.

P28

Distance and direction are measured from the center line of the reactor to the samp Hing/monitor ing  Jocat jon.

observed quarter ly values muitiplied by 4.0 parters/yr .

** Annual average value 1s based on ar ithmet ic mean of

standard deviaton caloculated from quarter ly values

Standard deviation of anmml average inc hedes ar 1thmet ic
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Table 2.4.2~)

Beach Survey Exposure Rates - 19%0

1990 Direct Ragiation Survey Results

B

PSR T T ——

auly 260, 1990

Exposure Rate

,..NiELQ:.E.L'DL!."l .LUL,.QR.Y_M e e e e

Beach Terrain

White Horse Beach 7.4 4+ 0.4 Sandy. Few granite
(Near Hilltop Ave) boulders within thirty
feet.
White Horse Beach 8.8 ¢+ 0.6 Sandy with small amounts
(In Back of Ful)l of gravel.
Sall Bar)
Plymouth Beach 7.5+ 0.5 Sandy.
(Outer Beach)
Plymouth Beach 4.8 2 0.7 Sandy.
(Inner Beach)
Plymouth Beach 9.54 0.4 Sandy with gravel.
(Behind Bert's Breakwater and seawall
Restaurant) nearby.
Duxbury Beach 7.6 ¢ 0.3 Sandy with coarse
(Control) gravel. J
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Tat)]@ 2¢ 5"
Summary of Radioactivity Analysis Results
For Seawater - 1990

ENVIRONMENTAL RADIOLOCICAL PROGRAM SUMMARY
PILGRIN NUCLEAR POVER STATION, PLYMOUTH, WA
(JANUARY « DECEMBER '950)

HEDIUM: SEAWATER UNITS: PCL/XG

INDICATOR STATIONS STATION WITH KIGHEST WEAN CONTROL STATIONS
BREERRERRAREEER IS R L L R L L R LR AR R R R R R S L ]

RAD | ONUCL IDES MEAN MEAN HEAN

(NO. ANALYSES)  REQUIRED RANGE §TA,  RANGE RANGE

(NON - ROUT [NE)* i) NO. DETECTED®® NO, MO, DETECTED®® NO. DETECTEO®®

SN sNEscunan T T LT FANBEARANIAEREEE ERmesssasasERanRe BARANNARER R ARRLARANAARARERRR AN

BE-7 (&R t 372 1.5 © 17 ( 6.91% 2.0 O { ) 2.0E 0
( 0 ( =V.) = 1.0 1 ( 6.0« 19,006 © ( *1.3:¢ .

*C O/ 28 o 0/ 1) LI TR YL
K40 (&) ( 15 0.5 2 8 ( 9% 0.1 2 ¢ B9 d 0.1 2
¢t 0 ( 1.0+ 366 {( 28+ .o 2 ( 23+ Lo 2

*( Y47 28)* LRI TR TS L ISR YAR TS L
WS4 (D) 15, { 6.8 1 17.9)¢ <2 17 ( 1.6 12 2.0 ( +2.73% 1.708 <\
(O ( 1.4 .58 0 ( 1.3~ .76 © ( 1.9 0.0 0

o« O/ W) o 0/ W) LU TARTS
£o-58 ( 42) 1%, { L7 2 1.8) 1\ 17 { 3.6 1 3.00 ( 4.5 2.6
3 ( 2.0 ¢ 1,9 © ( 2.0 1.9 © ( 2.8 WOE 0

( 0/ \)* o 07 W 07 )
FE-59 ( &2) 30, ( 72.31 4.9 B { %A 5.8 { 6.1\ 2 S0 <)
{ 0 ( *6.3 5.3 0 ( *2.3+ 4108 O ( 2.3 1€ O

o O/ W) o 0/ 14 07 W)
CO-60 ( 42) 8. ( 5.6 218 e ( 3.3 2,0k { 3.3 4% 2
¢ 0 t b2 1.6)E 0 ( *'.6~ 1.5 0 ( *%.6~ 1.5 0

" G/ 2B o0/ W) ¢ 07 Y
W85 (WD) 30, { .2 3 | " ( 6.0 ¢ 6.2)¢ ( V.21 6. B)E 2
« 0 ( 3.0+ &3 0 ( 2.7+ &0 0O ¢ 3.2 .58 ¢

o 0/ e o U7 e o 0/ Ve
WS (4D 18, ( 351 .18 4 17 ( 431 L0k ( 2.4 1 4.3 4
i 0 { *3.3° 4.6 0 { +*3.3% - L8 0 ( 3.0 - 2.8 0

* 07 28)* 0/ W) o 07 W)
RU-103 ( &2) {( *3.81 2.0 \? { *2.91% 2.7 ) {( ~&.81 2.6)E 1
( O ( +2.8 - 1.7¢ © { 1.9+ 1.7k ¢ ( 2.0+ 0.9 ©

*t 0’ 28 o 0/ W) (07 W)

*  NON<ROUTINE REFE™S TO THE NUMBER OF SEPARATE MEASUREMENTS WHICK WERE GREATER
THAN TEN (Y0) TIMES THE AVERAGE BACKOGROUND FOR THE PERICD OF THE REPORT,
% THE FRACTION OF SAMPLE ANALYSES YIELDING DETECTABLE MEASUREMENTS
(1.E, >3 STD DEV.ATIONS) IS INDICATED WiTH %( ye,
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MED UM SEAWATER

RAD | OMUCL IDES
(NO, AKALYSES)
(NON-ROUTINE)*

RU-106 ( &2)

| R

= L

L B

BA-

CE-

CE-

™

N

140

AL}

144

32

(

(

NOM-ROUTINE REFERS TO THE NUMBER OF SEPARATE MEASUREMENTS WHICH WERE GREATER
THAN TEN (10) TIMES THE AVERAGE BACKORCUND FOR THE PERIOD OF THE REPORT,

0

&2)
0)

42)
o)

“2)
o

42)
0

42)
)]

a2
0)

12)
0

REQUIRED
Lo

3000,

-~

Table 2.5«1 (continued)
Summary of Radioactivity Analysis Results
For Seawater - 1990

MEAN
RANGE
NO. DETECTED®*

-5

)

3293,

8

(JANUARY -

Bk ¢
Bk

e -
D)€ -

Wk -
g

TIE
Ak

g B

&7

8)*

L8
T

8)E
S)E

0)¢

96

INDICATOR STATIONS

ERRERRRRRTRRAE R,

r~

STATION WITH WIGNEST MEAN
PEERERERERRE R RE R RN
AN
RANGE
NO, DETECTED®®

$TA.
NO.

"

17

bt
-

ENVIRONMENTAL RADIOLOGICAL PROGRAM SUMMARY
PILGRIM NUCLEAR POWER STATION,
DECEMBER 1990)

PLYMOUTH, MA

UNITE,

PCL/KG

0/

2.5
1.0k
e

458 -
3.0 -

16)*

.0 -

1.23€
14)*

2.9 ¢

1.7
14y

65.1)¢ ¢

3408
14

5.6 ¢

a T

e

APRS! ¢
9.
14y

0.8)¢
3.5
14)¢

12.2)¢
3.6
4

THE FRACTION OF SAMPLE ANALYSES YIELDING DETECTABLE MEASUREMENTS
(1.,

»3 STD DEVIATIONS) 1S INODICATED WITH *(

A

L]

CONTROL STATIONS
PeeeRRREERERReY
MEAN
RANGE
NO, DETECTED®*

( 2.3+ .6t

( 9.6 W.0¢ 0
o O/ Y4

( .21 3.408 2

( 1.3 ¢ 3.6 <\
o D7 WU

{ *\.1a 0. 5E 0

( 2.6 0.5 ©

" 0/ W)

( *1.01 SV

( 2.8 7€ O
" 0/ W)

( $.71 6.9t

{ 5.7+ 3.0k 0
] 0/ W)t

( 2.2s @83.6) -2

(¢ 5.1 - 3.7%¢ 0
" 0/

£ %1 1.1 ©

{ 5.5 « .08 0
°® 0/ 1)

( 1.1 0.8 O

{ 2.9 7.8 0
0/ 1)

{ A 122N 1

( 2.3+ 3.6 2
ot G/ A
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2.6

shellfish

Shellfish samples, which include soft shell clams, quahogs, and blue
mussels, were collected quarterly from five locations: the Discharge
Canal, Manomet Point, Plymouth Marbor, Duxbury Bay (control), and
Marshfield (control). Shells and bodies were analyzed quarterly for
gamma-emitting Ysotopes. A1l shellfish samples were collected and
analyzed as required during 1990.

The summary of radifoactivity analysis results for shellfish collected
during 1990 is presented in Table 2.6-1. This table shows positive
measurements of bery!lium-7, potassium-40, cobalt-60, silver-110m and
thorium-232 in samples from the Discharge Canal. 1In addition, there were
positive measurements of beryllium-7, potassium-40, and thorium-232 at
Manomet Point, Plymouth Harbor, Duxbury Bay, and at the Marshfield
control station. The observed concentrations of veryllium-7,
potassium-40, and thorium-232 are due to the natural occurrence of these
radionuc)ides, whereas the observed concentrations of cobalt-60 and
silver«110m were the result of Pilgrim Station radioactive 1iquic
releases. It should be noted that no soft shell clams or quahogs showed
any detectable radioactivity that could be attributed to Pilgrim
Station's operation,

A specia) study was conducted to evaluate the impact of the cobalt-60 and
silver-110m detected in the blue mussels. Appendix A presents the
findings and results of this special study. It was shown tha* if a
person were to consume the maximum annual quantity of seafood (9
kilograme/year) with the concentrations of the above radionuc!ides (as
found 1n the mussels in the discharge canal outfall), he would receive a
dose of less than 0.001 mrem to the total body and about 0.0) mrem to the
most restrictive organ (adult, gastrointestinal tract/lower large
intestine). This study noted that blue mussels, due to their filtration
effect, concentrate the radioactivity in the water thereby making them a
sensitive biological indicator,

Therefore, analysis of shellfish samples collected during 19390 showed no

evidence of any significant radiological impact on the environment or on
the general public due to Pilgrim Station.
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Table 2.6«
Summary of Radioactivity Analysis Results
For Shellfish « 1990

ENVIRONMENTAL RADIOLOGTCAL PROGRAR BUMMARY
PILGR!M NUCLEAR POMER STATION, PLYMILTH, W
(JANUARY « DECEMBER 1990)

MED UM SHELLPISN UKITS: PCI/KE WY
INDICATOR STATIONS STATION WITH RIGHESY MEAN CONTROL STATIONS
FRREEARRRERERERAY L L R R ) AR ERERRRR R
RAD IONUCLIDES MEAN MEAN MEAN
(NO. ANALYSES) REQUIRED RANGE $TA, RANGE RANGE
CNON-ROUT I NE ) b NO. DEYECTED®® NO. NO. DEYECTEL®® NO, DE.E7TEDO*
8- (W { 2.8+ 0.9 2 ( J3.7% .60k 0 ( Y1 1.2
( 0 { 7.2 AN 31 IR ( 7.2+ 1.5 1 ¢ «V.4 » 1.7
* & W) o 1/ 1) o ¥ 0y
K40 ¢ 5B { 8.2 .78 2 % ( 1.0 0.1 3 {t Y61 1.2)¢
('} ( 2.1+ 5 PR BT S ( 8.5 13.1% 2 { Y&« 5.0
o 2T W o 5/ 5 o2/ 30
WS4 () 130, { d.b6 1t 8.0 ) 1A { $.11 3.7 A { T.0 s e Bk -3
{ 0 ( 4.8 ¢ 0.9 { +8.6 * 20.33¢ { «\.3 - .30
" 07 28 o b/ 8 o 0/ 30
€958 ( 58) 130 t 31 8.0 U it (TR0 BEa ( T3 8.8 ¢
( 0 ( “\.2 0.93¢ { 1.8 - 1.9 0 { 1.4 » 0.8
*t 07 20)* " Q7 W0)* o € 30
FE-5% (S8 880, ( 3.2 1.9 ¢ 11 { 5.1 7.13k 1 { 1.4 1 FRTS]
( & ( 3.3+ 2.0e ( 2.8+ .Mk © { 3.8+ 308
*( 0/ 28)* o 0/ 8 o W W
Co-60 ( 58) 5. ( &7t WO 11 4.7 2.9 90 ( 321 1.5
({ O £ “R:N o 1.9 1 ( 1.0+ 8.5 © ( +3.¢~ 1.7
o %/ " 5/ 8y o 0/ 30
68 ( 58) $ ( 138 1.4 O 12 ( 1.9 2.6 ¢ ( %01 1.7
t O ( *1.§ - 2.0E 1 ( “\..9 HE Y ( 2.4+ 1.6)8
o 0/ 20 07 18) o 0/ 30
-9 (58 . ¢ 1.6 1 1.23¢ 0 13 ¢ 2.3 3.7% 0 t 2.0 2.6
{ O ( 2.3 1.408 { 3.4~ 4 &F 1 ¢ 8.4 ¢ 4,408
o O/ 28)* i | / 20)* *( 0/ 30,
AG- 110N 58) { 9.5 8.3k 1 " { 1.2 1 1,608 O {( 9.8 1.4
(t 0 ¢ 1,0 1.1 1 t 4.3 0.9 0O { “2.2 - 14008
1/ M) LIS P F L o 07 30

* NON-ROUTINE REFERS TO THE NUMBER OF SEPARATE MEAGUREMENTS WHICH WERE GREATER
Tie TEN (10) TIMES THE AVERAGE BACKGROUND FOR THE PERIQD OF THE REPORT,
*¢  THE FRACTION OF SAMPLE ANALYSES YIELDING DETECTAGLE MEASUREMENTS
(1.6, >3 STD DEVIATIONS) IS INDICATED WITH *{ L
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KEDIUM: BNELLYISH

RAD [ONUCL IDES
(NO, ANALYSES)
CNON-ROUT IRE )Y

RU-103 ( S8)
{ O
RU-106 ( 58)
t O
1+131 ( '8
( O

5134 ( 58)
()

£$-137 ( S8)
( o

BA: VA0 ( 58)
( O

SE-14) ( 58)
t O

CE- 144 ( 58)
¢ 0

TH-232 ( 58)

* NON-HOUTINE REFERS TO THE NUMBE® OF SEPARATE MEASUREMENTS WHICH WERE CREATER

(48 NO. DETECTED®* NO,

Table 2.6<1 (continued)
Summary of Radioactivity Analysis Results
For Shellfish « 1980

ENVIRONMENTAL RAD IOLOGICAL PROGRAM SUMMARY
PILGRIN NUCLEAR POMER STATION, PLYMIUTH, WA
(JANUARY + DECEMBER '1990)

WNITE

INDICATOR STATIONS

RERRRRRRNREERRAR

STATION WITH WIGHESY MEAN

D L R L R A

WEAN MEAN
REQUIRED BANGE $1A,  RANGE
NO, DETECTED®®

( 381 6.3 13 (¢ 2.9 .0m
t 14 1.0 1 ( 1.0 1.6
*( 0/ i) o 07 20)
( 451 7.1 ¢ 1% ( 8.2 ¢ 397 -2
{ «\.2+ 0.8 2 ( 6.3+ 1.3¢ 0
o 0/ )¢ g 0/ %)
( 11t 0.8 1 2 ( ¢ 1,608 10
( 3.8 7.2 1 ¢ 3 7.8 1
¢ 07 28 o 07 150
$. ( 1.0 0.9 0 24 { *4.61 .5 9
( 1.7+ 0.9 ¢ 2.3 2.0 O
o 07 28)* “t 0/ 10y
5. {( 713 &0 13 { 1.7 % 1.9 0
{ *2.% ¢ 0. 0 ( *Y.1 >+ 1.6 1
* 07 28)* *C O/ W)
( 3412 2.0 O " ( 241 a.E ¢
{ 6.3~ 1.8 1 ( *%.0¢+ .08 1
" 0/ 28) " 0/ B8
( 511 1.5 0 12 ( 8.1 2.8 0
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( 2.61 0.6)3 1 13 ( 621 ¢.9E 1\
( 4.6 ¢« 1V0,0) -\ ( 6.9+« 166,006 O
*( 8/ 28 o 77 20)

THAN TEN (10) TIMES THE AVERAGE BACKGROUND FOR THE PERICD OF THE KEPORT,
¢ THE FRACTION OF SAMPLE ANALYSES YIELDING DETECTABLE MEASUREMENTS
(1,6, »3 STD DEVIATIONS) 1§ INDICATED WITH %¢( A

oBYe

PCL/RG WY

CONTROL STATIONS
LR R e L L]
MEAN

RANGE

NO. DETECTED®*

$.6 ¢ B0.5)8
«1.0 1.6)¢
o 07 30)°
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1.0 1.
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.71 1.0)8
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L 1.3
V.23

1.3 1.0
3.1 . 1.6
*( 0/ 30)*
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‘ ' 3.5
¢ 07 30)*

%% 1.9
1.6 ¢+ 3.4
¢ 0/ 30
8.2 1 5.3
8.4 ¢ 8.1
" 07 30)*

“«.71 0.1
6.9 + 166038
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2.7 lrish Moss

Irtsh moss (Chondryus crispus) samples were ccllected quarterly at four
locations: the Discharge Canal, Manomet Point, Ellisville (control), and
Brant Rock (control). Irish moss samples were analyzed quarterly for
gamma-emitting isotopes. All Irish moss samples were collected and
analyzed as required during 1990,

The summary of radioactivity analysis results for Irich moss collected
during 1990 1s presented in Table 2.7-1., This table shows positive
measurements of beryllium-7 and potassium-40 at the Discharge Canal. In
addition, there was detectable beryllium-7, potassium-40, and thorium-232
in samples collected from Manomet Point and the control stations in
E1l4sville and Brant Rock, The positive measurements of beryllium-7,
potassium-40, and thorium-232 in Irish moss are a result of
naturally-occurring radioactivity. There were no positive measurements
of Pilgrim Station related nuclides at any sampling locations during 1990.

Therefore, analysis of Irish moss samples collected during 1990 showed no

evidence of any significant radiological impact on the environment or on
the general public due to Pilgrim Station,
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Table 2.8-1 (continued)
Summary of Radioactivity Analysis Results
For American Lobster - 1990

ENVIRONMENTAL RADTOLOGICAL PROGRAM SUMMARY
PILGRIN NUCLEAR POWER STATION, PLYMOUTH, WA
(JANUARY « DECEMBER 1990)
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2.9 [Flshes

Figh samples of bottom-oriented (Group 1)® and near-bottom (Group 1
species were collected quarterly (when avatiable) in the vicinity of the
Discharge Canal. In additiog. samples of < adromous (Group 111" and
coastal migratory (Group IV)¥ species were collected (when in season) in
this same area. Lastly, a sample from each group was collected at a
distant control location. Fish samples collected from the vicinity of
the discharge canal were analyzed quarterly for gamma-emitting isotopes
and fish samples collected at control locations were analyzed annually.
During 1990, Group I1 fishes were unavailable in the first quarter due to
rough seas and the species not being found in the general area of the
Discharge Canal. Only one of two subsamples of Group 1 fishes were
collected during the first quarter for the same reasons Group 11 fish
were not collerted. Fish samples from all other groups of fishes were
collected and analyzed as required during 1990.

The summary of the radiocactivity analysis results for fishes collected
during 1990 1s presented in Table 2.9-1. Naturally-occurring
potassium-40 was detected in all 32 fish samples collected during 1990.
No radionuclides attributable to PNPS operations were observed in any
indicator station samples.

Therefore, analysis of fish samples collected during 1990 showed no

evidence of any significant radiological impact on the environment due to
Pilgrim Station.

8Group 1 - Bottom Oriented: Winter Flounder, Yellowtal! Flounder.

Group 11 - Near-bottom Distribution: Tautog, Cunner, Atlantic Cod,
Pollock, Hake,

CGroup 111 - Anadromous: Alewife, Rainbow Smelt, Striped Bass.

dGroup IV - Coastal Migratory: Bluefish, Atlantic Herring, Atlantic
Menhaden, Atlantic Mackerel.
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Table 2.9-1 (continued)
Summary of Radioa.tivity Analysis Results
For Fishes - 1990

ENVIRONMENTAL KADIOLOGICAL PROGRAM SUMMARY
PILGRIN NUCLEAR POVER STATION, PLYMOUTH, MA
(JANUARY + DECEMBER 1990)
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2.10 3ediment

Sediment samples were collected semiannually at five indicator stations
including: the Discharge Canal, Plymouth Harbor, Duxbury Bay, Plymouth
Beach, and Manomet Point, and at a control station in Marshfield. There
is a detailed procedure for sub-dividing individua) sediment cores in
which samples are sectioned inte 2-cm increments during the first half of
the year (this applies to all locations except Plymouth Beach), and
samples are sectioned into 5-cm increments during the second half of the
year. The surface and alternate sections were analyzed for
gamma-emitting nuclides semiannually. In addition, the surface section
from each core and a mid-depth section from Rocky Point and Plymouth
harbor were analyzed for plutonium-238, 239, and 240 annvally. Al
sediment samples were collected and analyzed as required during 1990.

The summary of radioactivity analysis results for sediment collected
during 1990 1s presented in Table 2.10-1. This table shows that positive
measurements of potassium-40 and thorium-232 were observed at al)
indicator and control stations. Positive measurements of beryllium-?
were detected on sediment samples from three indicator station samples.
The beryl'ium-7, potassium-40, and thorium-232 are all
naturally-occurring radionuclides. Cobalt-60 was not detected in any
samples during 1990. Positive measurements of cesium-137 were detected
in 32 sediment samples taken from indicator and control stations,
Unfortunateiy, Cs-137 was not directly analyzed for in pre-operational
samples collected between 1968 and 1972. However, the presence of
detectable levels of cestum-137 in samples collected at control locations
beyond the influence of Pilgrim Station indicates that the levels
observed are indicative of fallout from nuclear weapons testing. The
maximum concentration of Cs-137 in any of the indicator station samples
was 93 pCi/kg, essentially the same as the maximum concentration of 92.7
pCi/kg observed in control station samples.

The results of plutonium analyses for the 1990 samples are presented in
Table 2.10-2. When the 1990 analysis results were compared to results
from previous years' analyses, there was no apparent trend to indicate
that Pilgrim Station is contributing measurable levels of plutonium-238,
239, or 240 in the environment.

Therefore, analysis of sediment samples collected diring 1990 showed no

e ‘dence of any significant radiological impact on 'he environment due to
Piiyg=im Station.
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TABLE 2.10-2

Radioactivity Analysis Resulte for Plutonium in Sediment - 1990

Location

Core Depth (cm)

Rocky Point

Rocky Point

Plymouth Harbor
Plymouth Harbor
Plymouth Beach
Manomet Point
Duxbury Bay - Control

Marshfield - Control

0-2
12-14
0-2
12-14
0-5
0-2
0-2
0-2

Results

pCi/Kg (dr

+=1.5.0.

Plutonium 238

Plutonium 239,
Plutonium 240

NDA
NDA
NDA
NDA
NDA
NDA
NDA
NDA

2.97 & 0.5]
1.81 2 0.40
8.9 2 1.6
8.2 » 1.3
NDA
2.11 ¢ 0,58

27.5 2 3.0

2.43 £ 0.33

*NDA indicates no detectable activity.
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2.11] Milk

Milk samples were collected at two locations during
Plymouth County Farm and the Wnitman Farm C¢ trol s
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Table 2.11«1
Summa: v of Radioactivity Analysis Results
For Milx « 1990

ENVIRONMENTAL RADIOLOGICAL PROGRAM SUMMARY
PILGRIN NUCLEAR PONER STATION, PLYMOUTH, WA
(JANUARY + DECEmBER 1990)
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¢t O ( 1.0+ . NE O ¢ 1.0 « 3.0 0 ( 6.1+ 359.008 -2
177 190 AT 1) o 127 19)*
ge-7 { 38) ( *2.71% 1.6 © 4 ( 7.2 1 Ws.6)F 2 ( 7.2 32 206.6)¢ -2
{( O ( 1.6 - o.9E AT« 1.6)E { V.7 ¢ 1.6
o O/ ) o 07 19)° *C 07 19)°
K40 ( 38) ( 1:3 % 0.00F 3 K3 ¢ 1.4 8 0.0 3 { 1.6 2 0.0k 3
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o 0/ 19 o 0719 o 07 1)
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s 0/ 19)* ¢ 07 19 * 07 19)*
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. KON-ROUTIME REFERS TO THE NUMBER OF SEPARATE MEASUREMEWTS WHICH VERE GREATER
THAN TEN (10) TIMES THE AVERAGE BACKGROUND FOR THE PERIOD OF THE REPORT,
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(1.E. >3 STO DEVIATIONS) 1S INDICATED WiTH *( *
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¢.12 Cranberries

Cranberries were collected from three locations at the time of harvest:
the Manomet Point Bog, the Bartlett Road Bog, and the Pine Street Bog
(control station). Cranberries were analyzed at harvest time for
gamma-emitting i1sotopes in edible portions. A1l cranberry samples were
collected and analyzed as required during 1990,

The summary of the radiocactivity aralysis results for cranberries
collected during 1990 1s presented in Table 2.12-1. Naturally-occurring
potassium-40 was observed in all three cranberry samples. Cesium-137 was
detected at a concentration of 41 pCi/kg in a sample of cranberries
collected near Pilgrim Station in September 1990. Cesium-137 was seen at
concentrations of 140 - 450 pCi/kg in pre-operational samples collected
between 1968 and 1972. Such levels were due to fallout resulting from
nuclear weapons testing. When corrected for radiocactive decay, which
would have occurred between 1972 and 1990, the expected levels would be
between 90 and 300 pCi/kg. The observed concentration of 41 pCi/kg is
well below that expected for decay-corrected fallout cesium-137. No
other radionuclides attributable to Pilgrim Station operations were
detected in any of the samples.

Therefore, analysis of cranberry samples collected during 1990 showed no

evidence of any significant radiological impact on the environment due to
Pilgrim Station,
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Table 2.12-]
Summary of Radioactivity Analysis Results

(continued)

For Cranberries - 1980

ENVIRONMENTAL RADIOLOGICAL PROGRAM SUMMARY
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2.13 Vegetation

Samples of produce (tuberous and green leafy vegetables) were collected
at the time of harvest from the required locations at Plymouth County
Farm and Bridgewater Farm (control station). In addition, samples of
produce or naturally-growing leafy vegetation were also collected at or
near gardens identified during the 1990 Land Use Census. These locations
and the corresponding sample codes were:

Location Dist. Dir. Sample ID
Hall residence 0.5 mi. SE 99
Fry residence 2.7 mi. SW 99C, 990
Cotti residence 1.9 mi. WSH 99k
Moon residence 2,1 mi, WSH G99F, 99G
Brook Road 1.7 mi. SSE 99H
Beaverdam Road -3 R I S 991
Clay Hil1 Road 1.0 mi. " 99)
Whipple residence 2.0 mi, SW 99x

Each sample of produce/vegetation was analyvzed for gamma-emitting
fsotopes. All samples were collecteu and analyzed as required during
1990.

The summary of the radioactivity analysis results for vegetation
collected in 1990 is presented in Table 2.13-1. Positive measurements of
beryllium-7, potassium-40, cesium-137 and thorium-232 were observed in
the samples. Of these isotopes, the Be-7, K-40 and Th-232 are
naturally~occurring, whereas the Cs-137 is a result of fallout from
previous atmospheric nuclear weapons testing.

The highest oubserved concentration of Cs-137 of 152 pCi/kg was found in
naturaliy-grow'ng vegetation (ieaves from trees and shrubs) collected
from Beaverdam Road in the vicinity of an identified garden. This is
comparable tc the concentration of 210 pCi/kg observed in forage samples
collected from the control iocation during 1990 (see section 2.14).
These concentrations are aiso comparable to the pre-operational levels of
150 - 290 pCi/kg observed in samples collected between 1968 and 1972.
Such concentrations are considered indicative of Cs-137 from nuclear
weapons testing, and not a result of Pilgrim Station operations. No
other nuclides associated with generation of nuclear power were observed
in any of the samples.

Therefore, analysis of vegetation samples collected during 1990 showed no

evidence of any significant radiological impact on the envirnnment due to
Pilgrim Station.
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Table 2.13-1 (continued)
Summary of Radioactivity Analysis Results
For Vegetation - 1990

ENVIRONMENTAL RADIOLOGICAL PROGRAM SUMMARY
PILGRIM NUCLEAR POWER STATION, PLYMOUTK, MA
SCCEMBER 1990)

(JANVARY -

INDICATOR STATIONS

AEEARRRERRRRA RN E A
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.
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NON-ROUTINE REFERS TU THE NUMBER OF SEPARATE MEASUREMENTS WHICH WERE GREATEX
THAN TEN (10) TIMES THE AVERAGE BACKGRCUND FOR THE PERICO OF THE REPCRT,

THE FRACTION OF SAMPLE ANALYSES YIELD

(lL.E, >3 STD DEVIATIONS) IS INCICATED
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2.14 forage

Cattle forage is collected from two locations annually: the Plymouth
County Farm and the Whitman Farm (control station). Forage samples were
analyzed annually for gamma-emitting isotopes. A1l forage samples were
collected and analyzed as required during 1990,

The summary of radicactivity analysis results for the forage collected
during 1990 1s presented in Table 2.14-1. Positive measurements of
beryllium-7 and potassium-40 were detected at both stations. These
radionuclides are both naturally-occurring. Cesium-137 was also detected
at both stations at levels of 43 pCi/kg in the sample from Plymouth
County Farm and at 210 pCi/kg in the sample from the control location at
Whitman Farm.

The observed concentrations of Cs-137 in forage at levels of 43 and 210
pCi/kg are comparable to pre-operational levels of 150-290 pCi/kg
observed in samples collected from 1968 through 1972. The levels
observed in the 1990 sample would be considered indicative of Cs-137 from
nuclear weapons testing. No other radionuclides attributable to Pilgrim
Station Operations were observed in forage samples.

Therefore, analysis of forage samples collected during 1990 showed no

evidence of any significant radiological impact on the environment due to
Pilgrim Station.

-82-



~
b A
3 e 4
mmary of Radioactivity Analy e R¢ '
Far For - 9 Y
LN RONMENTAL HA A R RAM MMARY
PILGRIN N EAR PONER A N PLYMOUTH, WA
JANUARY f MHER >
MED [UM: FORAGE Wil L0 W
NOIC R STAD A L N WiITH ) . MEAN Nk a
FREEERAERRR R o EPEARRR R RAR TR RN RERRRARARERRRR S
RAD 1 ON Df MEAN MEAN ME AN
N AKALYSES RES X RANGE A RaniE RANGE
NON-ROUTINE )" . 3 e N B pee N TEN*e
’ \ " p '
Bt & : ¢t g d.¢ 12 F81 P t
. . » 1 1 . *
K4 : 6.6 ¢ . 3 6.6 1 &)k 3 '
. - . \ * B »
MN-54 I 2 2 . ¢ :
* * . * * .
. . * . * *
g3 2 OA a2 1 k- . X t “ 1 ¢
. . . . . .
* . * . . .
. * * * * N
- . g
. * . ' . *
2 1OM . c 31 3
v . . 0 N * N
. NON-RCQUTINE R 5 {E NUM - ME N - wER B
HAN N - B <A ACKGR \ 4 K X R R
e ik FRA N AM ANA N MEA REMEN
AT N N v . .




i
1 A | H
iable ¢ 4 ntinuved
n y f 4 \ 4 " : . ’
imary Radioactivity A y R t
Far Fara " 104
EXNVIRONMENTA RAL s by RAM SUMMAR
; + 38 | EAR PONER A ~ MOUTH wA
ANUARY DECEMBER .
’ FORAGE ~ ¢ kL
N ATOR A A A N WITH K1GHE ME AN NTR YAT 1O

FEEARRRARR RN AR AN

CARARUERRARRRER A

RAL L 4 ML AN ME AN ME AN
N ARALYSE REQUIE RANGE TA RANGE gA
NON-ROUTINE )® N (o] . N = PETEC ™" N e
. 3 ¢ ' t g {
. " * . . .
¢ 5 4 1.3 3 Nt :
* . . * . '
. . * . * .
. . . . . N
' ’ . ' . .
BA- 14 ‘ $ . i . ;
' " * . . .
. ' ' . . .
- . ] . » .
. . . . . “
¢ NON-RDY NE R R { NUM M HE u J R
THAN N ™ AVERA X UN , 5 { HE R
e {E FRA N MPLE ANA "







Table 3-1
Comparison of 1990 Maximum Estimated Doses from PNPS Effluents to

Federal Dose Limits and Natural/Man-Made Radiation Levels

1990 1990 1990

Liquid Gaseous| Total EPA NRC Natural/
Body Dose Dose Dose* | Limit Limit| Man-made
Part (mrem) {mrem) (mrem) | (mrem) |(mrem){ (mrem) |
Total Body! 0.0006 0.234 0.234 25 500 |300 - 400
Skin 0.0004 0.085 0.085 - -
Thyroid 0.0003 0.5M 0.5M 75
Organ 0.003 0.57 0.571 25 -

Dose due to direct radiation from Pilgrim Station was not included in total

dose, as the value for near-plant measurements was not statistically

different than that for control! locations.

Two federal agencies establish dose limits to protect the public from
radiation and radicactivity. The Nuclear Reguiatory Commission (NRC)
specifies a whole body dose 1imit of 500 mrem/yr to be received by the
maximum exposed member of the general public. This limit is set forth in
Section 105, Part 20, Title 10, of the U.S. Code of Federal Regulations
(10CFR20). By comparison, the Environmenta! Protection Agency (EPA)
1imits the annual whole body dose to 25 mrem/yr, which is specified in
Section 10, Part 190, Title 40, of the Code of Federal Regulations
(40CFR190) .

Another useful “gauge" of radiation exposure is provided by the amount of
dose a typical individual receives each year from natural and man-made
(eg. diagnostic X-rays) sources of radiation. The typical American
receives 300 to 400 mrem/yr from such sources.

As can be seen from the doses resulting from releases of radioactive
effluents during 199C, all values are well within the federal limits
specified by the NRC and EPA. In addition, the calculated doses from
effluents represent only a fraction of a percent of doses from natural
and man-made radiation.

A second method of dose estimation involves calculations based on
radioactivity detected in environmental media. During 1990, one special
study was performed to determine the dose impact associated with
radionucliides detected in blue mussels. These calculations are discussed
in detail in Appendix A of this report.
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APPENDIX A
SFECIAL DOSE IMPACT STUDIES

Blue Mussels:

Introduction

As a part of the routine radiological environmental sampling program at
PNPS, blue mussels are sampled and analyzed on & quarterly basis.

During 1990, as in previous years, samples from the outfall of the PNPS
discharge cana) exhibited measurable quantities of cobalt-60. One
sample also showed detectable silver-110m. This special study documents
the radiological analysis results as well as the dose calculations to
evaluate the maximum radiological impact to a hypothetical member of the
general public.

Background

Blue mussels (Mytilus edulis) are harvested from the Cape Cod Bay area
and sold on the commercial market. Although mussels are not as popular
a seafood as lobster or clams, they are eaten regularly (estimated
maximum ingestion rate of 9 kg/yr per capita). The uptake and
elimination rates of radionuclides discharged by nuclear power plants by
these filter-feeding mollusks has been <tudied and documented.

The uptake rate can be described by the biological accumulation factor
which indicates how many times higher the concentration in the mussel
will be than the radiocactivity concentration in the water. The
biological accumulation factors documented in the literature for
cobalti=6Q, cesium-134, cesium-137 and manganese-54 range from 300-50,000
units. '~ This filtration or concentration effect by shellfish makes
them a good indicator of radionuclide effects on the aquatic food chain
because 1t is possible to detect radionuclides in the edible portions,
even though the concentrations released into the dischagge canal are
well within the Nuclear Regulatory Commission's 10CFR20° permissible
concentrations.

The following sections of this document will describe:

1) the recent radioactivity concentration measurements on the mussels
in the discharge canal outfall,

2) the estimated internal dose from the ingestion of these mussels, and

3) how these levels compare with existing regulatory limits and
proposed guides or guideliines.
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TABLE 1A
EEELUENT AND WASTE DISPOSAL SEMIANNUAL REPORT (1990)
GASEQUS EFFLUENTS SUMMATION OF ALL RELEASES
l Quarter Quarter Est. Tota!
Unit 15t end Error. %
A. Fission and activation gases
ci 1.426+2 1.976¢2 1 22% |
W | 1.80C+ 2.90E+)
gh, Spec. limit 3 S -
Iodines
E_JLQuLMlm;m_ 1 1,28E-3 1,38f-3 08|
T T AL W e Y —, I— o, 10
&11 x - .
C. Particulates
1. Particul, with half-11ves>8 daysl _Ci ¢ 29k~ 2.25E-4 21% I
L_Auuu_nlnu_:nn_tnunum_._ucilm 2,995-5 zlag'-s
s..Percent of
4, Gross alpha radioactivity - MO, WNE | WML S N
D. Tritium
1. lotal release ci 2.616+0 2.92640 | 20% |
2. Average release rate for period | uCi/sec] 3.31f-1 3.71E-]
s Percent of Tech. Spec. limit 3 . -

Notes for Table 1A:

. Percent of Technical Specification Limit Values in Section A.3 through D.3
are to be provided in the annual supplemental dose assessment report to be

fssued prior to April 1,

1991,

1. NDA is no detectable activity.

2. LLD for gross alpha 1isted as NDA 1s 1E-11 uCi/ml,

B-2



TABLE 1B
EFFLUENT AND WASTE DISPOSAL SEMIANNUAL REPORT (1890)
GASEQUS EFFLUENTS - ELEVATED RELEASE

CONTINUOUS MODE BATCH MODE
| _Nuclides Released | Unft [ Quarter [ Quarter | CQuarter | Quarter |
st end Not applicable
1. Fission gases
Kr-85m C 2,538 | _4.16E)
Kr-87 JNOA [ 5. S0E0
. Kr-88 [ 2.67E) 41281
Xg=133 ¢ 8.47E) 9.18E1
Xe=135 1.41£0 8.56£0
J—— 1 __NDA NDA
e Xe-138 i 33,5260 8.61E0
_JTotal for period ¢ 1.42E2 1.97E2 LI
2. lodines
=131 B+ S T i T . J8€-3
=133 C J.618-3 | 7.86E-3
—..Jotal ror period Cl 4.40€-3 9.24E-3
3. Particulates
r-89 ci 1.10£-8 3,956-5 ¥
-90 % 3.10£-7 3.47E-7
m C NDA NDA
— Cs-137 )« NDA NDA
. Ba/la-140 i 6, 16E-5 9. BBE-5
~Jotal for period (%] 1.29C-% 1,394

Notes for Table 1B:

1. NDA is no detectable activity.

Q. LLDs for nuclides 1isted as NDA are as follows:

Fission gases: 1E<4  uCi/m)

lodines: 1€-12 uCi/ml

Particulates: 1€-11 uCi/ml
B-3
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TABLE 2A
WFFLUENT AND WASTE DISPOSAL SEMIANNUAL REPORT (1990)
LIQUID EFFLUENTS SUMMATION OF ALL RELEASES

Quarter Quarter Est. Total

I Anit f o dst L 2nd 1 Rrror. %

A, Fission and activation products

1. Total release (not including ¢

.._Lmj.um.ﬂnhll_mwmn L_LG.L;AMWLZZL;Z_____.L&__J
2. Average diluted concentration pCl/m}

_guring period A 2.036-9 1 7.05€-9
LPercent of applicable 1imit 2L 9. 70E-3% | 1.666-2%
B, Tritium

7 ¢i 4.18f- 2.40E+0 10%

2. Average diluted concentration uCi/m

~furing peciod 6 - -
RN Y777 B TRV WA 51585 8 W55

C. Dissolved and entrained gases

(%) 1,.75(-4 NDA 16%
2. Average diluted concentration uCl/ml
aperiod 2.836-10 NDA
d. Percent of applicable limit. % 1.426-4 NDA
D. Gross alpha radioactivity
|1, Total release Ao Noa [ NpA ] 34% I
£. Volume of waste released (prior
to dilution) 1iters
— 2.36E45 1, 15646 Y —
F. Volume of dilution water used
during period 11ters I
6. 19648 [ 1.73E+9 10%

Notes for Tavle 2A:
1. NDA 1s no detectable activity.
2. LLD for dissolved and entrained gase. 1isted as NDA 1s 1E-5 uCi/ml.

3. LLD for gross alpha 1isted as NDA is 1E-7 uCi/ml,

8-5
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EEFLUENT AND WASTE DISPOSAL SEMIANNUAL REPORT
Supplemental Information (1990)

Faciiity _Pilgrim Nuclear Power Station = Licensee __DPR-38 p——

1. Regulatory Limits

8. Fissfon and activation gases: 500 mrem/yr total body and 3000 mrem/yr
for skin at site boundary.
b,c. lodines, particulates with
half-11ves >8 days, tritium: 1500 mrem/yr to any organ at site boundary.

d. Liquid effluents: 0.06 mrem/month for tetal body and
0.20 mrem/month for any organ (without
radwaste treatment).

2. Maximum Permissible Concentration

a. Fission and activation gases: 10 CFR 20 Appendix B Table 11
b. lodines: 10 CFR 20 Appendix B Table Il
€. Particulates, half-lives >8 days: 10 CFR 20 Appendix B Table 11
d. Liquid effluents: 26-4 uCi/m) for entrained noble gases;
10 CFR 20 Appendix B Table Il values
for all other radionuc)ides.
3. Average Energy Not applicable

4. Methods used to determine radionuciide composition in effluents

a. Fission and activation gases: High-purity Ge gamma spectroscopy for
b. lodines: all gamma emitters; radiochemistry

¢. Particulates: analysis for H-3, Fe-55 (1iquids only),
d. Liguid effluents: Sr-89, and Sr-90,

5. Batch Releases

a. Liquid Quarter
ard JAth,
1. Number of batch releases: 24 12
2. Total time period for batch releases (minutes): 00643 1 7,.550e2
3, Maximum time period for a batch release (minutes):|_1.06E¢2 | 1.05E42
4. Average time period for batch releases (minutes): | _4.176+1
5. Minimum time period for a batch release (minutes):|_1.008+1 | 2.508+1
6. Average stream flow during periods of release of
effluent into a flowing stream (1iter/min): L1786 | 1. 17646
b. Gaseous: Not applicable

6. Abnormal Releases

a. Liquid: None
b. Gaseous: None









Iritium



ission and

‘adioactivity

Volume of waste released
(prior to dilution)

Volume of dilution water used
during period




>

and Activy at

anc

Entraine







RADIOLOGICAL ENVIRONMENTAL TECHNICAL SPECIFICATIONS

OPERATIONAL OBJECTIVES

SURVEILLANCE REQUIREMENTS oot e

7.0 '*9’?§%$’f‘§ ENVIRONMENTA
1"‘4 v'-o.‘; ‘ﬁﬁ‘“

7.1 Monitoring Progranm
Applicability

At 211 times.

52:;1";!119n:

A, ENVIRONMINTAL MONITORING

An enyironmenta) monitoring program
shall be congucted 1O evaludte the
effects of station operation on the
environs ang to verify the
effectiveness of the source
controls on ragioactive materials.

The ragiological environmenta)
monitoring program shall be
conductes as specified in Tadble
B.1-),

Ast\gr:

1. With the radiologica)
envirpnmenta) monitoring program
not being conducted as specifies
fn Table B.1<), prepare and
submit to the Commission, in the
Annual Ragiolog!ca!
Environmental Monitoring Report
regquired by Specification
6.9.C.2, & gescription of the
reasons for not conducting the

+ program as required ang the
plans for preventing &
recurrence.

2. With the Yevel of radioactivity
as the result of plant effluents
tn an environmental sampling
pedium at a specified location
grceeding the reporting levels
of Table 7.1+1 when averaged
over any calendar quarter,
prepare and submit to the
Commission within 30 days, @
special report that fgentifies
the cause(s) for exceeding the
1imit(s) and cdefines the
corrective actions to be taken

Amendment No. &9

8.0

)

RADIOLO NVIRONMENTAL
MON J 5‘ hw
Monitoring Prograe
(fication: :

ENVIRONMENTAL MONITORING

The ragiological environmental
monitoring samples shall be
collected pursuant to Teble 8.14)
from the specific locations given
in the table anc figurels) in the
Offsite Dose Coalculation Manua!
(ODCM) ang shall be analyzed
pursuant to the requirements of
Table £ 1<) ang the getection
capatilfties required by Tad'e
B.1-4

1. Cumulative oose contributions
for the curre t calengar yeer
from ragionuc)ides oetected
in environmenta) samples
shall be getermined in
accordance with the
methodology and parameters in
the ODCM.  These resuits will
be reported in the prnud)
Ragiological Environmentsl
Monitoring Report.

"~
o
£




ENVIRORMENTAL MONITORIN
(Continued

reduce radioactive effluents

that the potential annue

¢ to 4 memder of the pudli¢
$ less than the calengar year
mits of Specifications 7.2
3, ang 7.4 Mhen more thar
one ¢f the radionuciides ir
Table 7.1<) are Cetected In the
sampling medium, this report
shall be submitted If

,'.<,. (1

1@.9 (1)
When radionuclides other thar
those in Table 7 1 are
getected and are the resu't ¢
plant effluents his report
shal) be submitted {f the
potential annys ose to @
member ©f the public 15 egua
t0 Or gredter than the
year 1imits of Specific
7.2, 7.3, ang 7.4 This
is not required 1f the
Teve! of radicactivity wa .
the result of plant effiyent
however, In suth an event
congition sha be reportet
gescribed in the Annus!
Ragiologica) Environmental
Moritoring Report

L CL # +® o n

\

3. With milk or fresh leafy
vegetable samples unavailadle
from one or more Of the sample
locations reguired by Table
8.1, igentify locations for

obtaining replacement samples

ang 480 them tO the
! ! Eavironments)
in 3
-
¢S were
unavallable may then De Oeleted
from the monitoring prograr

Amengment K




RADIOLOGICAL ENVIRONMENTAL TECHNICAL SPECIFICATIONS

OPERATIONAL OBJECTIVES

SURVEILLANCE REQUIREMENTS

7.0 A EWNVIRONMENTAL MOKITORING
(Continued)

Pursuant to Specification
6.9.C.2, 1dentify the cavse of
the unava'ladility of semples
and 1gentify the new
location(s) obtaining
replacement samples in the nert
Annpa! Environmenty! Ragiation
Monitoring Report ang also
include in the report the table
for the ODCM reflecting the nev
locationis),

B.  LAND USE CENSUS

A land use census shall be
conducted and shall tgentify,
within & ¢distance of 8 km (5
miles), the location in eath of
the 16 meteorological tectors of
the nearest milk animal, the
nearest resigence and the nearest
garden of greater than 50 m'

(500 ft') producing broad leaf
vegetation, (For elevated
releases as defined in Regulatory
Guige 1.11), Revigion 1, July
1877, the land use census shall
al1s0 fgentify, within a distance
of 5 km (3 miles), the lozations
fn eath of the 16 meteorologica)
sectors of gl; ik arimals ang
141 gardens of greater than 50

m" producing broad leaf
vegetation.

Agtion

Y. With a Yand use census
fdentifying a location(s) that
ylelos & calculated dose or
gose commitment greater than
the values currently being
calculated In Specification
B.4.A, fgentify the new
location(s) in the next Annyal
Environmenta) Ragiological
Monitoring Report.

Amengment No. B9

C-3

8. LAND USE CENSUS

The 1ant use census shal) be
condutted ouring the growing
season, ot least once per 12
months using that Informatior that
will provide the best results,
Suth &5 by 8 0OOT«10-000r Survey,
aerial turvO{: or by consulting
local agriculture authorities.

The results of the land use tensus
shall be Intluced in the Annya!
Rediologice! Environments)
Monitoring Report.

Broad leaf vegetation sampling of
at least three gifferent kings of
vegetation may be performed at the
site boundary In each of the twe
gifferent Olrection sectors with
the h”host predicted D/Qs, in
11ey of the garden census
Specifications for broad leaf
vegetation sampling in Table 6.1-1
shall be followed, Including
analysis of control samples




RADIOLOGICAL ENVIRONMENTAL TECHNICAL SPECIFICATIONS

OPLRATIONAL OBIECYIVES

SURVETLLANCE REQUIREMINTS

7.1.8 LAKD USE CENSUS (Continued)

2. Nith & land use census
fdentifying & location(s) that
ylelos & colculated dose or
dose commitment (via the same
exposure pathway) 20 percent
greater than at a location from
which samples are currently
being obta'ned in accordance
with Specification 7.1, add the
new location(s) to the
Radiologica!) Environmenta)
Monitoring Program within 30
Gays. The sampling
location(s), excluding the
control station Yoctation,
having the lowest calculated
gose or gose commitment(s), vis
the same erposure pathway, may
be deleted from this monitoring
program after October 31 of the
year in which this land use
census was condutted. ldentify
the new 1ocation(s) In the next
Annual Environments!
Ragiclogical Monitoring Report
and 8150 Include In the report
8 reviged figure(s) and tadle
for the ODCM reflecting the new
location(s).

7.2 Dose - Liguigs

Applicab!iity:

At 2l times.

Specification:

A. The dose or dose comnitment to a

member of the public from
radicactive materials n liguig
effiuents released at and beyond
the site boundary shall be 1imited:

1. Ouring any calendar quarter to
£ 1.5 mrem to the total body
&nd to < 5 mrem to any organ,
and

2. During any calendar year to ¢ 3
wrem to the tota) body and to ¢
10 mrem to any organ.

Amengment Ko, B9

Pose - Liguigs
4 fon:

5913 ;a‘gy1gt'$n; o Cumulative
ose contributions from 1igquid
effluents shall be determines in
accordance with the ODCM for each

celendar month during which
releases occurred.

e
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Reporting Levels
Hater Airborne Particulate Fish Mk Vegetabies
Anatysts o /L) or Gases (pCi/M") (pCiikg, wet) tpCri 1) (pCi/hy, wet
"3 2= 10"
L 1 = 10° 3x 10"
; Fe-59 4 x 10 1 x 30°
Co-S8 1z 0 3= M0
o Co-60 Ix V0 1= 0°
o In-65% Iz 2 » 10°
Ir-95 4x 0
- 2 0.9 3 1 =0 '
Cs-134 30 0 T xt* 60 =0
Cs-137 S0 20 2=t 70 2=
Ba-140 2 » 30" 3z t0°
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TASLT 8.1}
OPERATIONAL RADIOLOGICAL €wv]ROWME NTAL MONTTORTNG PROGRAM
Locations o
; Exposure Pathway (Direction-Distance) Sampling and Type and Froquency >
_or_Sample Type —from Reector Colirction Frequency —Of fmalysts =
ATRBORWE S
O
Particulates 11 Locations (See Contl. wous sampling over Gross beta radloactivity >
Table 8.1.2) one week 28 hours or more after
! fiiter change’ z
| Quarterly 11 Locations (Cee Composite (by location) df
5 Table 8.1-2) gamma f:otopic’ 3
' ~
; Radiotodine 11 locations (See Continuous samplirg with fnalyze weekly for 1.173 §
o | Table 8.1-2) canister collection weekly =
' | il
1 DIRECT® 40 Locations (See Quarterly Gamma expoture quarterly
Table 8.1-3) z
Plymouth Beach and fnnually Cawma exposure survey® 2
5 Prisctiila/iihite Horse -]
! Reach -~
!
i WA TERBORNE Discharge Canal Continuwous composits Gamma 1sotopic® momthly,
| {Surface Water) sample and composite for W3
! Bartlett Pong Wesk iy grab sample analysis quarterly”
(SE-1.7 =1)
! Powder Point Meekly grab sample
-7 8 mt)* oy

AQUATIC -

Shellfish
(clams, mussels
or guahogs as
avaliable)

Amendment No. 89

Discharge outfall
Duxbury Bay

Manomet Point
Plymouth or Kingston
Harbor

Marshfield®

Ouarterly (at approximate
J-month intervals)

Gasma 1sotoptic®-*

2N




QL)

fxposure Zathway
or_Semple Troo

Lovster

Fish

Sediments

INGESTION
(Terrestrial)

Mk

Cranberries

JABLE 8.1-1 (Continved)
OPERATION4L RADIOLOGICAL ENVIRONSENTAL MOWTTORTNG PROGRAN

locations
(Direction-Distance) Sampling and Type and Frequency
from Reactor Collection frequency of Analysis
Vicinity of discharge four times per season Gamma isotopic” on
snint edibie portions
Offshore Once per season
Vicinity of discharge Quarterly (when particular Gamma ‘sotopic® on
point spectes avallable? for Growps edible portions®
Offsho-e* 1 and 11*, In season for
Groups 111 and IV,
amnually for each group
Rocky Point Semiannually Gamma Tsotopic® -"-’
Plymouth Harbor
Duxbury Bay
Plymouth Beach
Manomet Point
Marshfield
Piymouth County Farm, Semimonthly during Gamma isotopic”, radie-
when avallable periods when animalr are fodine analysis all samples
(H-31.5 m1)°F on pasture, otherw! o
#Whitman Farm monthly
(-21 )"
Manomet Point Bog At time of harvest Gamma isotopic® on edible
(SE-2.0 mY) portions

Bartiett Rd. Bog
(SSE/S-Z2.8 mY)

Pine 5t. Bog
(W17 w1

2n




TABLE 8.1-1 (Continved)
OPERATIONAL RADTOLOGICAL TNVIRONMENTAL MONITORING PROGRAM

tocations
Fxposure Pathway (Direction Distance) Sampling and Type and Frequoncy >
or Sample Type from Reactor Collection Fraquency of Analy+*; S
] R = P i L& _— - o
Tuberous and green Plymouth County Farm At time of harvest Gamma isotopic” on editle =
teafy vegetables (H-3.5 mi)* por tions -
fir idgewater farm -
(N-20 )" e
feef foraqe Plymouth County Farm Annually Gamma Isotopic’ Ef
(H-1.5 mi)"* 2
Hhitman Farm ii
(-21 w1)” =8
.
=
o —
o
=
-.;.)

.
'

LYII412345

UMY
I .
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TABLE B ). N s tinued
No LS

If gross beta racdioactivity 15 greater than 10 times the contro) value,
gamma Vs0t0pic w be performed on the sample
Camma 1s0topic means the 1dentification and quantification of
gamma-emitting radionuciiges that may e attributable to the ev¥fiuents
from the factility

If integroated gamma activity (less K-40) 15 greater than 10 times the
control value C(less K«40), strontiume50 analysts will be performed on the
sample

Ingicates control lotatior

Fish analyses will be performed on o minimum of 2 sub-samples, consisting
of approximately 400 grams each from each of the following groups

.

Bottom Oriented 11. Near Botton 111, Anagromous IV, Coasta
Distrib, M ogratory
Winter flounder Tavutog Alevwife Bluefis!
Ye!lowtal! founder Cunner Rainbow smelt tlantic herring
Atlantic cot Striped bass atiantic menhader
Po)loch Atlantic mackere)
Kihes

Kosse! samples from four locations (immediate vicinity of discharge
outfall, Manomet Point, Plymouth or Kingston Narbor, and Green Marbor Ir
warshfield) will be analyzed quarterly as follows

One kilogram wet welight of mussel bodles, Including fluld withir
shells will be collected Bodles will be reduced 'n volume by
grying at about 100°C. Sample will be compacted and analyzed ¢,
Ce(lY) gamma spectrometry or alternate technique, 1f necessary, tc
achieve a sensitivity of § pCi/kg for Cs-134, Cs-137, Co-60, In-65,
ang Ir-95; and 15 pCi/kg for Ce-144. Sens'tivity values are to be
determined in accordance with ¢ §5% configence level on k, and a
0% confiZeice tevel On Kk, (See NASL-30Q for definitions)

The musse) shell sample from one location will be analyzed each quarter
One acditiona)l mussel shel)l sample wil)l be analyzed semignnually
Unscrubbed shells tO be analyzed will Do dried, processed, and analyzed
similarly to the mussel bodies




" o8 U & i1t ¢
ViU )G 1 CAL EN\I' INMENTA

TABLE B 1.
| L

Because ©f the small volume reguction in pre-processing of shells,
gensitivities attained will be 1ess than that for musse! bodies The
eauipment ang counting times to be employed for analyses of shells w
be the same Of comparable to that employed for musse! bodies SO that the
reduction 'n sensitivities (relative to those for mussel bodigs) wi | be
gtrictly Vimited to the effects ©f poorer geometry related tO 1ower
sample volume reductior Shell samples not scheouled for analysis wil
Se reserved (unscrubbed) for possible lTater analysis

1f radiocestium (Cs-134 and Cs-137) activity exceeds 200 pli/kg (wet) in
musse! bedies, these samples will be analyzed by ragiochemical
separation, e'ectrodeposition, and alpha spectrometry for ragioisotopes
of plutonium, with a sensitivity oFf 0.4 pCi/kg

Sediment samples from four locations (Manemet Point, Rocky Point,
Plymouth K.rbor, and head of Duxbury Bay) will be analyzed once per year

(preferably early summer) as follows

Cores will be taken to depths of 30-cm, minimum depth, wherever
sediment conditions permit, by & hand-coring sampiing cdevice 1f
sediment conditions do not permit 30-cm deep cores, the oeepest
cores achieval ' 3 hand-coring device will be taker In any
case, core dept 11 not be less than lé-cm. Core samples w! be
sectioned iInt¢ n \ncrements; surféce and alternate Infrements
will be analyzed, 4! others will be reserved. Sediment sample
volumes (getermined by core ¢lameter and/or number of indivicua!
coras taken from any single location) and the counting technigue
will be sufficient to achieve sensitivities of 50 pCi/kg dry
sediment for Cs-134, Cs-137, Co-60, In65, and 2r-55 ang 150 pCi/kg
for Ce-144. 1In any cate, individual core diameters will not be less
than 2 inches

The top 2-tm section from each core w!ll be analyzed for Py 1sotopes
(Pu-238. Pu-235, and Pu-240) using radiochemical separations
electrodeposition, and alpha spectrometry with target sensitivity

25 pCi/kg Ory seciment. Two additional core siices per year
(mig-depth s)ice from two core samples) will be simijariy analyzec

These locations may be altered in accordance with results of surveys
discussed in Specification B.).B

Mintmum sensitivities for gamma exposure measurements are as follows

Gamma exposure - 1 R/hr avera posure rate
; »

Camma exposure survey - | rate
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Over
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Karehouse (M.




Distance ang
Dosimeter Location (Des tion from Stat

ONSITE STATIONS
Property Line
Property Line
Property Line
Property Line (C)
Rocky WI11 Road (A
Property Ling (M)
Public Parking Area
Pedestriar
Overlook Area

East Breakwater

Tower (MT
Emerson Road (EM
Mhite MOrse Road (WK
Property Line (E)

11

Rocky M| Road (KR

Property Line ()

Property Line (¢

Rocky Mi1) Roag (ER

Property Line
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Dosimeter Locatior
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NOTt
Plymouth Center
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Bayshore Drive
Cleft Rock
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Manomet (M
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Hater Atrborne Particulate
Analysis (pCl/ikg) __or Gas (pCi/W")
gross beta ! o 1 x 10°°
'y 2000°
" ann 15
T 10
.%o 15
“*In 30
e 15
gyl H 7 x 10°?
Gt 15, 18 1z 10
'“*Ba 15

ll.(—'

TRefer to ODCM for LLD definition
* LLD for sprface water.

© 11D for leafy vegetables.

* 1f no drinking wator pathway

exists. a valuve of 3000 pci/l
may te used
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1ABLE 8.1-&
MAXTMUM VALUES FOR THE LOWER LIMITS OF DETECTION (LLD)*®

Het Soltds
(pCi/ikg, wet)

130
260

130

130

M1 Tk
(pCi/g)

fond Products
(pCi/kg, wet)

60

Dry Solids
{(pCl/kg, dry)

50
50
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RADIOLOGICAL ENVIRONMENTA

BASES

7/8.0

1/8
7/8

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

1 Monitoring Program

1.A ENVIRONMENTAL MONITORING

An environmental radioliogical monitoring program 15 conducted to verify
the adequacy of in-plant controls on the ro‘easo of radiosctive

saterfals. The program is designed to detect radicactivity concentrations
to ensure that radiation doses to Individuals 00 not exceed the levely g=t
orth in 10 CFR 50, Appendix 1,

A supplemental monitoring program for sediments and mussels has been
fncorporated into the basic program (see Notes 6 and 7 to Table B.1-1) as
@ result of an agreement with the Massachusetts Milglife Federation. Thnig
supplemental program is designed to provide iInformation on radioactivity
levels at substantially higher sensitivity levels in selected samples t¢
verify the adequacy (ﬁ'. 1te'ra'\se‘, to provide a basis for later
modifications) of the long-term marine SlW"‘r; schedules. As part c' the
supplemental program, ana ;s‘s of mussels for {sotopes of plutonium will
be performed {f radiocesium activity should exceed 200 pCi/kg 1n the
e:'b1e portions

The 200 pCi/kg radiocesium “action level™ is based on calculations whict
$how that i\ f rac'o.es‘uw from plant releases reached this level, plutontium
could possibly appear at levels of potential interest.' The

calculations also show that the dose delivered from these levels of
plutonium would not be a significant portion of the total dose

attributatle to liquig effluents

The program was also designed to be consistent, wherever applicadle
NUREG 0473,

Groundwater flow at the plant site s into Cape Cod Bay, therefore,
terresirial monitoring of groundwater is not included Iin this program

Detection capabilities for environmental sample analyses are tabulated ir
terms Of the lower limits of detection (LLD). The LLD in Tadle B.)1.4 i
considered optimum for routine envirponmenta! measurements in industrial
laboratories. 1t should be recognized that the LLD is defined as an 3
prior! (before the fact) 1imit representing the capadility of a
measurement system and not as an a posterior! (after the fact limit for a
particular measurement,

Detatled discussion of the LLD, and other detection 1imits can be found ir
WASL Procedures Manua'l, HASL-300 (revised annually), curle, L.A.; “Limits
for Qualitative Detection and Quantitative Determination - Apc“'a"““ to
Radiot hew stry", Anal, Chem. 40, 586-93 (1968); and Kartwe®1l, J. K

*Detection Limits for Racioanalytice) Counting Techniques,® Atlantis
P‘:h’welc Hanford Company Report ARK.SA-215 (June 1975)

e e e ——

[n measurablie quantities having & potential dose (human food chain)
ignificance comparable to other nuciides 1f present at their detectior
1imits.
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RADIOLOGICAL ENVIRONMENTAL TECHNICAL SPECIFICATIONS
BAsES
7/8.1.8B LAND USE CENSUS

This section Vs provided to ensure that changes in the uvie of areas at
and beyond the site boundary are fgentified anc that modifications to the
radiological environmental monitoring program are mage \f required by the
results of this census. The best Information from the 0OOr-t0-0001
gurvey, from aeria) survey, or from consulting with 1oca) agricultural
puthorities shall be used This census satisfies the requirements of
10CFRSO. Appendix 1, Section 1V.B.3. Restricting the census to gardens
of greater than 50 m' provides assurante that significant exposure
pathways via Teafy vegetadles will be igentified and monitored, since »
gerden of this size 15 the minimum required to produce the quantity (2¢
kg/year) of leafy vegetables assumed in Regulatory Guide 1.108 for
consumption by a ¢hilg. To determine this minimum garden size, the
following assumptions were made 1) 20% of the garden was used for
growing broad leaf vegetation (1.e., similar tc lettuce and cabbage), and
2) a vegetation yleld of 2 kg/m’

7/8.2 DOSE - LIQUIL

This section 4 provided tO implement the requirements of Sections 11.A,
111.A, and 1V.A of VOCFRSO, Appendix I, to assure that the releases of
redicactive materia) in Viguio effluerts will be kept a5 low a3 1§

reasonably achievable Because Pilgrim s not a site where plant
operations can concelvably affect orinking water, none of these
requirements are intended to assure compliance with 40 CFR 14) The doss
calrulations in the ODCM implement the regquirements of 10CFRSD, Appencis
1. Section 111.A to ensure that the actual exposure of a member of the
public through appropriate pathways 1 unlikely to be substantially
ynderestimated Tre equations specified in the OOCM for calculating the

oses due to the actual release rates of radicactive matertals in 1iquig
effiuents will be consistent with the methodology provided in Regulatory
Guige 1.105. "Calculation of Annua) Doses to Man from Routine Releases of
Reactor Effluente for the Purpose of Evaluating Compliance with 10CFR
Part 80. Appendix 1." Revision 1, October 1§77 and Regulatory Guide
1.113, “Estimating Aquatic Dispersion of Effiuents from Accigental and
Routine Reactor Releases for the Purpose of Implementing Appendix 1.
Apri) 1977, NUREG-0133 provides methods for dose calculations consistent
with Regulatory Guides 1.109 and 1.113

Amendment No. B89
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RADIOLOGICAL ENVIRONMENTAL TECHNICAL SPECIFICATION

LM

7/8.3 DOSE - NOBLE GASES

This section s proviced to implement the requirements of 10CFRSD,
Appendix 1, Sections 11.8, T11.A, ant IV.A to ensure that the releases of
racicactive materta) in gastous effluents will be kept “as low as s
ressonadly achievadle. ™ The survelllance requirements inplement the
requirements of 1OCFRSD, Appendin 1, Section 111.A to ensure that the
actua! exposure of a member of the public through the appropriate
pathways 15 unlikely to be substantially underestimated. The dose
calculations estab)ished in the ODCM for calculating the doses Cue tO the
actua) release rates of ragioactive nobtle gases in gaseous effluents are
consistent with the methodology provided In Regulatory Guige 1.10§8 arg
Regulatory Guide 1,111, "Methods for Estimating Atmospheric Transport and
Dispersion of Gaseous Effiuents in Routine Releases from
Light-Nater-Cooled Reactors,” Revigton 1, July 1877. The ODCM equations
provides for determining the alr doses at and beyond the site boundar)
wil) be based upon the historical average atmospheric congitions
NUREG-0133 provides methods for cose calculations consistent with

#

Regulatory Guides 1,108 ang 1,111

7/8.4 DOSE - 10DINE-13), JODINE-133, RADIOACTIVE MATERIAL IN PARTICULATE
FORM, AND TRITIUM

This section 15 provided to implement the regquirements of Sections 11.C,
111.A and IV.A of 10 CFRSD, Appendix 1, to assure that the releases of
ragioactive materials tn gasecus efflyents will be kept “as low as 13
reasonadly achievable.” The ODCM calculationa) methods specified in the
surve!llance reauirements implement the requirements of 10CFRS0, Appendix
1. Section I111.A to ensure that the actual exposure of & member of the
public through appropriate pathways 1s unlikely to be substantially
underestimated. The ODCM calculationa) methods approved by the NRC for
calculating the doses due to the actual release rates of the subject
materials are required to be consistent with the methodoliogy proviged ir
Regulatory Guides 1,109 and 1.11) These equations also provide for
getermining the actual doses based upon the historical average
atmospheric conditions. The release rate specifications for fodine-131,
ragioactive material in particulate form with half-lives greater than E
gays. and ragionuclides other than noble gases are dependent on the
existing radionuc)ide pathways to man, in areas at and beyond the site
boundary The pathways which are examined in the development of these
caleulations are: 1) individua) inhalation of airdborne radionuc!ides, 2)
deposition of radionuclides onto green leafy vegetation with subsequent
consumption by man, 3) deposition onto grassy areas where milk animals
and meat producing enimals graze #ith consumption of the milk and meat by
@an, and 4) deposition on the ground with subsequent exposure of man

Amendment NO 8% JA4E
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RADIOLOGICAL ENVIRONMENTAL TECHNICAL SPECIFICATIONS

/8.5 TOTAL DOSE

This section 15 provided to meet the dose limitations of ADCFRIBO thet
have now been incorporated into 10CFR20 by 46 FR 18525, The specification
requires the preparation and submittal of 4 spectal report whenever the
cadculated doses from plant ragioactive effivents excerd twice the design
objective doses of 10CFRS0, Appendin 1. For sites containing up to 4
reactors, 1t 15 highly unlikely that the resultant dose tO & member of the
public will exceed the dose 1imits of 4OCFRIPO 1f the Individual reactors
remain within the reporting requirement level, The special report wiil
gescribe & course of action that shouid result In the Yimitation of the
annua) dose to & member of the public to within the 40CFRISO 1imits. For
the purposes ©f the spectal report, 1t may be assumed that the dose
comn!tment to the member of the public from other uranium fuel cycle
sources 15 negligible, except dose contributions from other nuclear fue!
cycle facilities at the same site or within a radius of B km must be
considered. If the dose to any member of the public 15 estimated to
exceed the 1imits of 4OCFRISD, & request for a varignce 1n a specla)
report in accordance with 40CFRISO. 11 and 10CFR20.405C 15 considered to be
8 timely request and fulfills the regquirements of AOCFRISO unti) NRD staff
action is completed. This 15 provided that the release conditions
resulting in violation of &OCFRISO have not already been corrected. The
varia ce only relates to the 1imits of 4OCFRISD, and does not apply in any
way to the other requirements for dose limitation of 10CFR20. An
tndividual 1s not considered a member of the public during any period in
which he/she 13 engaged in any operation that s part of the nuclear fuel
cycle.
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llllllll-ll'lllllll
-

—



APPENDIX E
PNPS ENVIRONMENTAL MONITORING PROGRAM DISCREPANCIES DURING 1990

In the event of major discrepancies, a Failure and Malfunction Report (FRMR)
is generated to document the nature of the discrepancy and the corrective
actions taken to prevent recurrence. During 1990, two F&MRs were filed
related to the radiological environmental monitoring program.

An F&MR was generated in October 1990 to document a degradation of the
composite water sampler at the PNPS discharge canal. In this event, the
weighted intake filter had become disconnected from the sample l1ine during the
last day of the week sampling period. The sample line was allowed to float
freely and may have intermittently samplied the discharge canal flow,
potentially not meeting the requirement for continuous composite sampling as
required in Technical Specification Table 8.1-1. The filter was replaced when
the problem was identified and steps taken to ensure proper placement of the
sampler intake.

An FAMR was also filed during 1990 related to the garden census., Four gardens
fdentified during the 1989 land use census were not offigcially added to the
sampling program, as required by Technical Specification 7.1.8.2. However,
despite these gardens not officially being part of the program, samples were
collected at or near these four locations during 1990. Of the four gardens
fdentified during the 1989 census, one was no longer grown and another had
changed ownership. Permission to sample replacement gardens 1s being sought.

There were also a few instances of minor discrepancies in the radiological
monitoring program during 1990. These discrepancies are noted below. None of
these discrepancies resulted in any appreciable impact on the environmental
sampling program.

On a few occasions, low sample flow was obtained on air samplers due to
failure of the power supply or pump. Despite the low volumes collected in
these instances, all airborne particulate and charcoal iodine samples met the
required value for lower level of detection specified in the PNPS Technical
Specifications.

Only two of the 160 environmental thermoluminescent dosimeters (TLDs) required
by Technical Specifications were not collected during 1990. The TLD at

Station J was found missing from its posted location during first quarter TLD
retrievals, as was the TLD at Sherman Alrport during fourth quarter retrieval.

One Subsample of Group I (bottom-oriented) and both subsamples of Group II
(near-bottom distribution) fishes were not collected in the vicinity of the
PNPS discharge canal outfall during the first quarter of 1990. Concerted and
repeated efforts by personnel from the Massachusetts Division of Marine
Fisheries failed to catch required fish samples from these two categories
during the January-March sampling pericd. Species from these two categories
tend to move to deeper waters during cold months and were not available in the
area for capture.

In general, the minor discrepancies noteo during 1990 resulited from
circumstances beyond the control of Boston Edison and contractor personnel
responsible for collection of samples. None of the discrepancies resulted in
an adverse affect on the monitoring program.
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APPENDIX F

QUALITY ASSURANCE FOR THE RADIOLOGICAL
ENVIRONMENTAL MONITORING PROGRAM DURING 1989

Introduction

The accuracy of the data obtained through Boston Edison Company's
Radiological Environmental Monitoring Program (REMP) is ensured through
a comprehensive Quality Assurance Program. This appendix addresses
those aspects of quality assurance that deal with the accuracy and
precision of the analytical sample results and the environmental TLD
measurement results that are obtained by Boston Edison from the Yankee
Atomic Electric Company's Environmental Laboratory (YAEL). Much of the
information contained herein has been summarized from the YAEL
"Semi-Annual Quality Assurance Status Report: January - June 1990," and
the YAEL "Semi-Annual Quality Assurance Status Report: July -

December 1990."

Laboratory Analyses

The quality control programs that were performed during 1989 to
demonstrate the validity of laboratory anailyses by YAEL include the
following:

1) YAEL participation in the Environmental Protection Agency (EPA)
Interlaboratory Comparison (cross-check) program for those types of
samples routinely analyzed by the laboratory. This provides an
independent check of accuracy and precision of the laboratory
analyses. When the results of the cross-check analysis fall outside
of the control limit, an investigation is made to determine the
cause of the problem, and corrective measures are taken, as
appropriate.

2) YAEL interlaboratory quality control program to assure the validity
and reliability of the data. This program includes quality control
of laboratory equipment, use of reference standards for calibration,
and analysis of blank and spiked samples. The records of the
quality control program are reviewed by the responsible cognizant
individual, and corrective measures are taken, as appropriate.

3) A blind duplicate program is maintained in which paired samples from
the five sponsor companies, including Boston Edison, are prepared
from homogeneous media and sent to the laboratory for analysis. The
results from this blind duplicate program are used to check for
precision in laboratory analyses.

The results of these studies are discussed below.
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YAEL Intralaboratory and EPA Interlaboratory Results

Results of the Quality Assurance Program are reported in two
separate categories based upon YAEL acceptance criteria. The first
criterion concerns accuracy, which is defined as the deviation of
any one result from the assumed known value. The second criterion
concerns precision, which deals with the ability ¢f the measurement
to be faithfully replicated by a comparison of an individual result
to the mean of all results for a given sample set. In addition to
evaluating all individual samples against the YAEL acceptance
criteria, if the mean result of an EPA cross-check analysis exceeds
the 3-sigma control 1imit (as defined by the EPA in their known
value summary report) an investigation is conducted by YAEL
personnel to determine the reason for the deviation.

The Quality Assurance Program implemented at the analytical
laboratory indicated good precision and accuracy in reported
values. Table 1 shows the cumulative results of accuracy and
precision for laboratory analyses in 1990 for YAEL intralaboratory
analyses and EPA interlaboratory cross-check analyses. For
accuracy, 68 and 88 percent of the results were within 5 and 10
percent of the known values, respectively, with 96 percent of all
results falling within the laboratory criterion of 15 percent. For
precision, 84 and 97 percent of the results were within 5 and 10
percent of the mean, respectively, with 99.7 percent of all results
meeting the laboratory criterion of 15 percent.

The results of the EPA Interlaboratory Comparison program, when
considered apart from the remainder of the Quality Assurance
program, were satisfactory with respect to accuracy and precision in
1990. A tota! of 184 analyses were performed on air particulate
filters, milk, and water. Based upon this sample analysis total,
180 analyses (1.e., 98 percent) met the EPA's definition of "control
1imit" acceptance criteria for accuracy.
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TABLE 1
INTRALABORATORY AND EPA INTERLABORATORY RESULTS - 1990

Total Number of Measurements

Number of within deviation range*
Category | Measyrements | O-5%  0-10%  Q-15%**

—YAEL INTRALABORATORY ANALYSES

Accuracy 578 440 543 565
(76.1%) (93.9%) (97.8%)

Precision 580 529 568 578
(91.2%) (97.9%) (99.7%)

EPA_INTERLABORATORY ANALYSES

Accuracy 184 79 129 163
(42.9%) (70.1%) (88.6%)

Precision 183 115 173 183
(62.8%) (94.5%) (100%)

e JOTAL COMBINED ANALYSES

Accuracy 762 519 672 728
(68.1%) (88.2%) (95.5%)

Precision 763 644 741 761
(84.4%) (97.1%) (99.7%)

Values in parentheses indicate percentage of analysis results within
the deviation range.

This category also contains those samples having a verified zero

concentration which were analyzed and found not to contain
detectable levels of the nuclide of interest.
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The results of the TLD quality control programs are reported in the
categories of accuracy and precision. Accuracy was calculated by
comparing each discrete reported dose to the known or delivered
dose. The deviation of individual results relative to the mean
reported dose in uced as a measure of precision.

The quality control program implemented for dosimetry processing
indicated good precision and accuracy in the reported values. In
1990, there were 96 quality control tests. All 48 environmental
TLDs tested during January - June 1990 were within the control
1imits for both accuracy and precision., The comparisons ylelded a
mean accuracy of - 5.5 percent, with an associated standard
deviation of & 3.5 percent. The comparisons exhibited a precision
value with an overall standard deviation of 1.9 percent. The 48
TLOs tested in July - December 1990 showed a mean accuracy of 0.4
percent with an associated standard deviation of & 4.5 percent.
LDs measured during the second semiannual period exhibited a
precision value with & standard deviation of 1.8 percent, well
within the acceptance criteria. In total, all 96 environmental TLDs
tested during 1290 were within the control limits for accuracy
(¢ 20.0%) and precision (2 12.8%).

B. Boston Edison's TLD QA Program

Boston Edison Company personnel evaluate the accuracy of the
environmental TLDs on a quarterly basis, per PNPS Station
Instructicn RP.BO10, "Environmental TLD Quality Assurance Program."
This instruction establishes acceptance criteria of: 1) the average
of the percentage differences must be within ¢ 10%; and, 2) no one
result can be greater than + 15%. For the 72 environmental TLDs
tested during 1990, the average difference was +0.36%. All
calculated averages of the percentage differences were within the
10? ac$eptance criterion, and no individual result exceeded the 15%
criterion,

Iv. Conclusions

Laboratory analysis results for the EPA Interlaboratory Comparison
program, the YAEL intralaboratory quality control program, and the
sponsor companies blind duplicate program met the laboratory criterien
of less than 15% deviation in 99.8% of all cases.

The environmenta! TLD measurements for intralaboratory and independent
third party comparisons resulted in both mean accuracy and precision
within 3 percent deviation.

Therefore, the quality assurance programs for the Boston Edison
Company's Radiological Environmental Monitoring Program indicated that
the analysis and measurements which were performed by Yankee Atomic
Environmental Laboratory during 1990 exhibited acceptable accuracy and
precision.



