BOSTON EDISON




PILGRIM NUCLEAR POWER STATION

Radiological Environmental
Monitoring Program
Report No. 24

January 1 through December 31, 1991










TABLE OF CONTENTS (continy d)

section

3.0 SUMMARY OF RADIGLOGICAL MPACT ON HUMANS
4.0 REFERENCES
APPENDIX A Special Studies
APPLADIX B Radioactive Effluent Releases
APPENDIX C Land Use Census
APPENDIX D Environmental Monitoring Program Discrepancies

APPENDIX E Quality Assurance Program Results

wile

Page

68

71

8-
C-1
D-1
£-1



ne ~ ~

ro

2=

2=
A

4.3
4-4

6=

A=

9=

2.10-1

~

w NN NN NN N

1«1
121
131
4.
15<1
161
7<)
A7-2

MST OF TABLES

Radiation Sources and Corresponding Doses
PNPS Operating Capacity Factor During 1991
Routine Radiological Environmenta)l Sampling Locations
Off-site Environmental TLD Results

On-site Environmental TLD Results

Average TLD Exposures By Distance Zone During 1991
Beach Survev Exposure Rate Measurements

Afr Particulate Filter Raoioactivity Analyses
Charcoal Cartridge Radiocactivity Analyses
Milk Radioactivity Analyses

corage Radioactivity Analyses
Vegetable/Vegetation Radioactivity fnaiyses
Cranberry Radiocactivity Analyses

Soil Radioactivity Analyses

Surface Water Radivactivity Analyses

Fish Radioactivity Analyses

Shellfish Radioactivity Analyses

Irish Moss Radiocactivity Analyses

Lobster Radioactivity Analyses

Sediment Radioactivity Analyses

Sediment Plutonium Analyses

Radiation Doses From 1991 Pilgrim Station Operations

11t

Fage

3
i3
35
36
37
38
39
40
41
42
a3
44
45
a6
47
48
49
50
51
69



3=
. 3-2
. 3-3
5=
2+
2=
2=3
2-4
2-<5
4=
5=
.5-2
.5-3

-2

LIST QF FIGURES

Radivactive Fission Product Formation
Radioactive Activation Froduct Formation
Barriers to Confine Radicactive Materials
Radiation Exposure Pathways
Air Sampling and TLD Locations Within PNPS Exclusion Area
Afr Sampling and TLD Locations Within Two Miles of PNPS
Air Sampiing and TLD Locations Beyond iwo Miles of PNPS
Terrestrial and Aquatic sampling Locations

ivironmental Measurement Control Sampling Locations
Historical Beach Survey Exposure Rate Meazurements
Afrborne Grass Beta Radioactivity Levels: Near Station
Airborne Gross Beta Radioactivity Levels: Property Line
Afrborne Gross Beta Radioactivity Levels: Off.Site
Levels of Strontium-90 in Mi ., Samples

Levels of Cesium-137 in Milk Samples

iV~

13
52
54
56
58
60
62
61
b4
65
66
67



EXECUTIVE SUMMARY

Pily ] i
rim Nuslear Power Station
Radiologica. mgqu&mmmmumﬂm

January 1 through December 31, 1991

ANTRODUCTION

This report summarizes the results of the Boston Edison Company's Radiological
Environmental Monitoring Program (REMP) conducted in the vicinity of Pligrim
Nuclear Power Station (PNPS) during the period from January 1 to December 31,
1991, This document has been prepared in accordance with the requirements of
PNPS Technical Specifications section 6.9.C.2.

The REMP has been establish.1 to monitor the radiation and radioactivity
released to the environment as a result of Pilgrim Station . 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 environment and on the general public.

SAMPLING AND ANALYSIS

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

During 1991, there were 1,424 samples collected from the atmospheric, aguatic
and terrestrial environments. In addition, 417 exposure measurements were
obtained using environmental thermoluminescent dosimeters (TLDs) and six
exposure rate measurements were performed using a high pressure fon chamber.
These 1,424 samples and 417 monitoring devices were collected by Boston Edison
Company and Massachusetts Division of Marine Fisheries personnel.

All samples were collected as required by the PNPS Technical Specificstions
with the following exceptions: 3 out of 160 of the TLD measurements were
missed, samples of Group I and Il fishes were not collected during the second
quarter, severa! air samples were not collected due to power losses, and some
problems with the composite wate. sampler at the discharge canal were also
experienced. Of the TLDs required by PNPS Technical Specifications, three
were 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 I and II (bottom and near-bottom
distribution) fishes were not available in the vicinity of the discharge canal
betwpen April and June. Therefore, samples of fish from these categories were
not collected for ihe second quarter of the year. A complete explanation of
all the missed samples during 1991 is provided in Appendix D.

There were 1,600 analyses performed on the environmental media samples. Al
analyses were performed by the Yankee Atomic Electric Company Environmental
Laboratory in Westboro, Mass. Al]l samples were analyzed as requived by the
PNPS Technical Specifications.



LAND USE CENSUS

The annud! land use census in the vicinity of Pilgrim Station was condicted as
required by Technical Specifications between September 11 and October !,
1991. A total of 45 gardens having an area of more than 500 square feet were
fdentified within three miles of PNPS. No new milk or meat animals were
located during the census. Of the 45 garden locations identified, seven were
sampled as part of the environmental monitoring program.

RADIOLOGICAL IMPACT TO THE ENVIRONMENT

During 1991, all samples (except charcoal cartridges) collected as part of the
REMP at Pilgrim Station continued to contain detectable amounts of
naturally-occurring and man-made radiocactive materials. Soil, shellfish
(mussels), and Irish Moss were the ~nly samp\in? media which showed
radioactivity which could be attrivutable to Pilgrim Station's operation.

None of the radioactivity analyses exceeded reporting levels specified in the
PNPS Technical Specifications. Furthermore, detectab) radioactivity which
could be attributable to Pilgrim Station's cperation w.s only a small
percentage of the naturally-occurring and other man-made amounts of
radioactivity. In addition, off-site direct radiation measurements using
environmental TLDs and a high pressure fon chamber ranged between 43 and 93
mR/year. This range of radiation levels is consistent with natural backeround
radiation levels for Massachusetts as determined by the Environmental
Protection Agency (EPA).

RADIOLOGICAL IMPACT TO THE GENERAL PUBLIC

During 1991, radiation doses to the general public as a result of Pilgrim
Station's operation continued to be well below the federal limits and much
Tess t?un the dose due to other man-mace and naturally-occurring sources of
radiation.

The calculated total body dose to the maximally-exposed member of the general
public from radicactive effluents and direct radiation resulting from PNPS
operations for 1991 was about 1.2 mrem for the year. This conservative
estimate is well below the EPA's annual dose limit to any member of the
general public and is a fraction of a parcent of the typical dote received
from natural and man-made radiation.

In addition to dose calculations based on radioactive effluents, special
studies were initiated to determine the dose contribution from radinactivity
that was detected in sofl, mussels and Irish Moss. Results of these studies
showed that radioactivity in shellfish, Irish moss and soil would result in a
dose to a maximally-exposed member of the general public of much less than one
mrem, using conservative assumptions,
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CONCLUSJONS

The 1991 Radiological Environmental Monitoring Program for Pilgrim Station
resuited in the coliection and analysis of hundreds of environmental samples
and measurements. 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, environmental zample analyses,
and dose calculations showed that all applicable federa) criteria were met.
Furthermore, ra“lation 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 15 no evidence of any significant

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

The Radiological Environmental Monitoring Program for 1991 performed by
Boston Edison Company for Pilgrim Nuclear Power Station (PNPS) s
discussed in this report. Since the operation of a nuclear power plant
results in th2 release of small amounts of radiocactivity and low levels
of radiation. the Nuclear Regulatory Commission (NRC) requires a program
to be establjshed to monitor radiation and radicactivity in the
environment.' This report, which is required to be published annually by
Pilgrim Stution's Technical Specifications section 6.9.C.2, summarizes
the results of measurements of radiation and radicactivity in the
environment in the vicinity of the Pilgrim Station and at distant
locations during the period January 1 tc December 31, 1991.

The Radiological Environmental Monitoring Program consists of taking
radiation measurements and collecting samples from the environment,
analyzing them for radiocactivity content, and interpreting the results.
With emphasis on the critical radiation exposure pathways to humans,
samples from the aguatic, atmospheric, and terrestrial environments are
collected. These samples include, but are not limited to: air, soil,
seawater, shellfish, 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 environmental 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 order to more fully understand how a nuclear power plant impacts
humans and the environment, background information on radiation and
radiocactivity, natural and man-made sources of radiation, reactor
operations, radioactive effluent controls, and radiological 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

Ali matter is made of atoms. An atom is the smaliest part into which
ratter can be broken down and still maintain all its chemica)
properties. Nuclear radiation is energy, in the form of waves or
particles, that is given off by unstable, radicactive atoms.

Radicactive materfal exists naturally and has always been a part of
our environment. The earth's crust, for example, contains
radioactive vranium, radium, thorium, and potassium. Some
radiocactivity is a result of nuclear weapons testing. Examples of
radicactive 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, fodine-131, strontium-90, and cobalt-60.
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Additionally, natural radiocactivity is in our body and in the food we
eat (about 40 millirem/yr), the ground we walk on (about 30
millirem/yr) and the air we breathe (about 200 milliren/yr). Al)
these sources contribute to a total dose of about 300 mrem per year
from all natural sources of radiation.

The majority of a person's annual dose results from exposure to radon
and thoron in the air we breath. These gases and thair radioactive
decay products arise from the decay of naturally occurring uranium,
thorium and radium in the sol) and buildin? products such as brick,
stone and concrete. Radon and thoron levels vary greatly with
location, primarily due to changes in the concentration of uranium
and thorium in the soi). Residents at some locations in Colorado, New
York, Pennsylvania and New Jersey have a higher annial dose as a
result of higher levels of radon/thoron gases in these areas.

In addition to natura! 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 and radiopharmaceuticals. The annual dose to
an individual in the U.S. from medical and dental exposure is about
50 mrem. Consumer products, such as velevisions and smoke detectors,
contribute about 10 mrem/yr. Much smaller doses result from weapons
fallout (less than 1) and nuclear power plants (less than 1

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 is a boiling water reactor
whose nuclear steam supply system was provided by Genera)l Electric
Co. The nuclear station s located on a 1600 acre site about five
miles east-southeast of Plymouth Center. Commercial operation began
in December, 1972.

Pilgrim Station was shutdown for maintenance and refueling from Apri)
29 through August 17, 1991. The station was fully operational during
the rest of the year. Monthly capacity factors are given in Table
1.3-1,

Nuclear-generated e...ctricity is 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 turbire which turns a generator, producing
electricity. In both cases, the steam passes through a condenser
where i1t changes back into water and recirrulate: back through the
system. The cooling water source for Pilgrim Station is 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 fossi) fuels in a boiler, while nuclear plants make use
of uranium in a nuclear reactor.



TABLE 1.3-1

PNPS OPERATING CAPACITY FACTOR DURING 1991

OPERATING PERCENT CAPACITY

(Based on 670 MWe)

Month Percent Capacity
January 95.4
February 88.9
March 84.6
Apri) 92.7
May* 0
June* 0
July* 0
August 28.5
September 96.4
October 94.2
November 23.7
December 98.1
Average 58.4

* Forced plant shutdown on April 29, 1991 due to unidentified leakage in
the Drywell in excess of Tech Spec 1imit: Refueling Outage No. 8
commenced on May 4, 1991. Operation was resumed on August 17, 1991.
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Inside the reactor, a nuclear reaction ralled fission takes place.
Particles, called neutrons, strike the nucleus of a uranium-235 atom,
tausing 1t to split into fragments called radioactive fission
products. The splitting of the atoms releases both heat and more
neutrons. The newly-released neutrons then collide with and split
other uranium atoms, thus making more heat and releasing even more
neutrons, and on and on until the uranium fuel is depleted or spent.
This process 1s called a chain reaction.

Nuclear Fission

Fission is the splitting
of the Uranium 238
atom by a neutron

te release heat,
radiation and more
neutrons 10 create

& chain reaction.

Fission ; ‘ ,‘
Products \G-""':' o

Fission Products

Figure 1.3-]
Radiocactive Fission Product Formation
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The operation of a nuclear reactor results in the release of small
amounts of radiocactivity and low levels of radiation. The
radicactivity originates from two major scurces, radiocactive fission
products and radiocactive activation oroducts.

Radioactive fission products, (see Figure 1.3-1)5 originate from the
fissioning of the nuclear fuel. These fission products get into the
reactor coolant from their release by minute amounts of uranium on
the outside surfaces of the fuel cladding, by diffusion through the
fuel pellets and cladding and, on occasion, through defects or
failures in the fue)l cladding. These fission products circulate
along with the reactor coolant water and will deposit on the internal
surfares of pipes and equipment. The radiocactive fission products on
the pipes and equipment emit radiation. Examples of some fission
products are cesium-137, fodine-131, strontium-90, xenon-133, and
krypton-85.

Radioactive activation products (see Figure 1.3-2), on the other
hand, originate from two sources. The first is by neutron
bombardment of the hydrogen, oxygen and other gas (helium, argon,
nitrogen) molecules in the reactor cooling water. The second 1s a
result of the fact that the internals of any piping system or
component are subject to minute yet constant corrosion from the
reactor cooling water. These minute metallic particles (for example:
nickel, iron, codalt, or magnesium) are transported through the
reactor core into the fuel region, where neutrons may react with the
nuclel of these particles, producing radioactive products. So,
activation products are nothing more than ordinary
naturally-occurring atoms that are made unstable or radioactive by
neutron bombardment. These activation products circulate along with
the reactor coolant water and will deposit on the internal surfaces
of pipes and equipment. The radioactive activation products on the
pipes and equipment emit radiation. Examples cf some activation
products are cobalt-60, cobalt-58, iron-59, manganese-54, and zinc-65.

=(n) . m— |

Neutron
Stable ‘ Radioactive
Cobalt Nucleus Cobalt Nucleus
Figure 1.3-2

Radiocactive Activa*ion kroduct Formation



At Pilgrim Nuclear Power Station there are five independent
protective barriers that confine these radiocactive materials. These
five barrier., which are shown in Figure 1.3-3,7 are: 1) fue!l
pellets; 2) fuel cladding; 3) reactor vessel and piping; 4) primary
containment (drywell and torus); and 5) secondary containment
(reactor building).

The ceramic uranium fuel pellets provide the first barrier. Mast ¢f
the radioactive fission products are either physically trapped or
chemically bound between the uranium atoms, where they will remain,
Mowever, a few fission products which are volatile or gaseous may
diffuse through the fuel pellets into small gaps between the pellets
and the fuel cladding.

The second barrier, the fuel cladding, consists of zirconium alloy
tubes that confine the fuel pellets. The small gaps between the fuel
and the cladding contain the noble cases and volatile fodines which
are types of radioactive fission products. This radiocactivity can
diffuse to a small extent through the fuel cladding into the reactor
coolant water.

Tne third barrier consists of the reactor pressure vessel, steel
piping and equipment that confines the reactor cooling water. The
reactor pressure vessel, which holds the reactor fuel, is a 65 foot
high by 19 foot diameter tank with stee! walls about nine inches
thick. This provides containment for radioactivity in the primary
coolant and the reactor core. However, during the course of
operations and maintenance smal)l amounts of radioactive fission and
activation products can escape through valve leaks or upon breaching
of the primary coolant system for maintenance.

The fourth barrier is the primary containment. This consists of the
drywell and the torus. The drywell is a steel 1ined enclosure that
is shaped Tike an inverted light bulb. The drywell's steel pressure
vessel is enclosed by an approximately five foot thick concrete

wall. The torus Is a donut-shaped pressure suppression chamber. The
stee! walls of the torus are nine feet in diameter with the donut
ftself having an outside diameter of about 130 feet. Small amounts
of radioactivity may be released from primary containment during
maintanance.

The fifth barrier is the secondary containment or reactor building.
The reactor building is the concrete bu11d1n? that csurrounds the
primary containment. This barrier is an additional safety feature to
contain radicactivity whicn may escepe from the primary containment.
This reactor building is equipped with a filtered ventilation system
that is used when needed to reduce the radiocactivity that escapes
from the primary containment.

Most of the radioactive fission and activation products are confined
by the five barriers. However, small amounts of radioactivity do
escape via mechanical failures and maintenance on valves, piping, and
equipment associated with the reactor cooling water system. The
small amounts of radiocactive liquids and gases that do escape the
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SIMPLIFIED DIAGRAM OF PILGRIM NUCLEAR POWER STATION

4 PRIMARY CONTAINMENT

. suEL peLLETs O REACTOR VESSEL
VEL FELLR 9

2 FUEL CLADDING

\ § SECONDARY CONTAINMENT

%TURB!NE

COND§N§EI§
L
/ 2 (s -
REASTOR \
. LDING DRYWELL
Figure 1.3-3

Barriers To Confine Radicactive Materials
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various containment systems are further controlled by the 1iguid
purification and ventilation filtration systems. Also, prior to a
release to the environment, control systems exist to collect and
purify the radiocactive effluents in order to reduce releases to the
environment to as low as i1s reasonably achievable. The control of
radioactive effluents at Pilgrim Station will be discussed in more
detai] in the rext section.

Radioactive Effivent Control

The small amounts of radiocactive liquids and gases that might escape
tte five barriers are purified in the 1iquid and gaseous waste
treatment systems, then monitored for radioactivity, and released
only 1f the radioactivity levels are below the federal release 1imits.

Radioactivity released from the liguid effluent system to the
environment 1s 1imited, controlled, and monitored by a variety of
systems and procedures which include:

reactor water cleanup system;

liguid radwaste treatment system,

sampling and analysis of the 1igquid radwaste tanks;
1iquid waste effluent discharge header radiocactivity
munitor,

The purpose of the reactor water cleanup system is to continuously
purify the reactor cooling water by removing radioactive atoms and
non-radioactive impurities that may become activated by neutron
bombardment. A portion of the reactor coolant water is diverted from
the primary coolant system and is purified by a high efficiency
filter that removes radioactive particles suspended in the water.
Subsequent to that, the flow is directed through ifor exchange resins
where radioactive elements, diluted in the water, are removed through
chemical processes. The net effect 15 a drastic reduction of the
radicactive material that is present in the primary coolant water and
consequently the amount of radioactive material that might escape
from the system.

Reactor cooling water that might escape the primary cooling system
and other radioactive water sources is coliected in floor and
equipment drains. These drains direct this radicactive 1iquid waste
to large holdup tanks. The 1iquid waste collected in the tanks is
purified again using the liquid radwaste treatment system, which
consists of a filtcr and fon exchange resins.

Processing of 1iquid radioactive waste results in large reductions of
radioactive ligquids discharged into Cape Cod Bay. Of all wastes
proce:sed ti-ough 1iquid radwaste trea.ment, 90 to 95 percent of all
wastes »re purified and the orocessed 1iquid re-used in plant systems.

Prior to release, the radiocactivity in the .iquid radwaste tank is
campled and analyzed to determine if the level of radisactivity is
below {he release 1imits and to quantify the total amount of
radioactive 1iguid effluent that would be released. If the levels
are below the federal release limits, the tank is drained to the
1iquid effluent discharge header.



This 1iquid waste effluent discharge header has a shielded
radioactivity monitor located on it. This detector is connected to a
radiation level meter and a strip chart recorder i~ the Control
Room. The radiation alarm is set so that the detector will alarm
befere radioactivity levels exceed the release limits. The liquid
effluent discharge header has an isolation valve. If an alarm is
received, 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 limits. An audible alarm notifies the Control
Room operator that this has occurred.

Another means for adjusting liguid effluent concentrations to be
below federa) limits 1s 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 il1lustrates 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.

Radioactive releases from the radioactive gaseous effluent system to
the ervironment are limited, controlled, and monitored by a variety
of systems and procedures which include:

reactor building ventilation system,

reactor building vent effluent radioactivity monitor;
sampling ard analysis of reactor building vent effluents;
standby gas treatment system,

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

augmented off-gas system,

off-gas radiation 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. This combined airflow is then directed to the
reactor buildi:g 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
meter and strip chart recorder for the reactor building vent effluent
radiocactivity monitor is ~,cated in the Control Room. To supplement
the information continuously provided by the detector, air samples
are taken periodically from the reactor buiiding vent and are
analyzed to quantify 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 radicactivity monitor, an alarm will
alert the Control Room operators that release 'imits 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 remove airborne particulates and
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gaseous halo?en radioactivity from the reactor building exhaust.
This filtration assembly consists of high-efficiency particulate air
filters and charcoa) absorber 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 is reasonably
achievable.

The approximately 330 foot tall 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 monftoring system samples radicactive 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 leve! 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 periodically to quantify the total amount of radiocactive
gaseous effluent being released.

The purpnse 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 line to
reduce the radicactive gases with short half-lives, a pre-filter to
remove radiocactive particulates, and several charcoal absorbers to
remove radioactive iodines and further retard the short half-life
gases.

The radioactive off-gas from the condenser is then directed into a
ventilation pipe to which the off-gas radiation moniters are
attached. The radiation level meters and strip chart -ecorders for
this detector are also located in the Control Rocm. If a radiation
alarm setpoint is exceeded, an audible alarm will sound to alert the
Control Room operators. In addition, the off-gas bypass and charcoal
absorber inlet valve will automatically re-direct the off-gas into
the charcoal absorbers if they are temporarily being bypassed. If
the radioactivity levels are not returned to below the alarm setpoint
within 13 minutes, the off-gas releases will be automatically
fsolated, thereby preventing any gaseous radioactivity from being
released that may exceed the re'ease limits.

Therefore, for both 1iquid and gaseous releases, radioactive effluent
control systems exist to collect and purify the radioactive effluents
in order to reduce releases to the environment to as low as is
reasonably achievable. The effluents are always monitored, sampleo
and analyzed prior to release to make sure that radioactivity levels
are below the release limits. If the release limits are being
approached, isolation valves in some of the waste effluent lines will
automatically shut to stop the release, or Control Room operators
will implement procedures to ensure that federal regulatory limits
are always met.
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1.5 Radiological Impact on Humans

The final effluent control is the determination of the radiologica’
dose impact to humans and comparison with the federa! dose limits to
the public. As mentioned previously, the purpose of the continuous
radiation monitoring and the perfodic sampling and analysis is to
measure the guantities of radioactivity being released to determine
if the radioactivity release limite 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 radiocactive effluents to ensure that
these doses are being maintained as far below the federal dose limits
as is reasonably achievable. This is the secona stage for assessing
releases to the environment.

The types and quantities of radioactive 1igquid and gaseous effluents
released from Pilgrim Station during 1991 were reported to the
Nuclear Regulatory Commission semiannually. The 1991 Radioactive
Effluents are provided in Appendix B and will be discussed in more
detail in Section 3 of this report. These liquid and gaseous
effluents were well below the federal release 1imits and were a small
percentage of the PNPS Technical Specifications operational
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 radiocactivity will distribute and disperse in
the ocean and the atmosphere.

The most important type of information that s 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
information are utilized to estimate the amount of radiation and
radioactivity received by the general 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 radiocactivity through the environment and its
transport to humans is portrayed in Figure 1.5-1.
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Examples of Pilgrim Station's Radiation Exposure Pathways
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Radiation Exposure Pathways
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There are six major ways in which gaseous effluents impact humans:
1) externa)l radiation from an airborne plume of racioactivity,

2) Ainternal radiation from inhalation of airborne radicactivity;
3) direct radiation emitted from Pilgrim Station;

4) external radiation from deposition of radicactive effluents on
soil;

5) finternal radiration from consumption of vegetation containing
radioactivity absorbed from the soii due to ground deposition of
radioactive effluents; and,

6) internal radiation from consumption of milk and meat containing
radioactivity deposited on forage which is eaten by cattle and
other livestock.

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

1) external radiation from liquid effluents that deposit and
accumulate on the shoreline:

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

3) internal radiation from consumption of fish and shellfish
containing radiocactivity absorbed from the liquid effluentis.

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 techniques cannot detect these tiny amounts of radicactivity
above that which is naturally present in the environment. Therefore,
radiation doses are calculated using radicactivity 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 gu1del1nes and methodology set forth by
the NRC in Regulatory Guide 1.109.° The dose calculations are
documented 'nd described in detail in the gilgrim Nuclear Power
Station's L. f-site Dose Calculation Manual’ which has been reviewed
by the NRC.

Monthly dose calculations are performed by Boston Edison Co.
personnel. Semiannual dose calculations are performed for Boston
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.
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After dose calculations are performed, the results are compared to
the federa) cose (imits for the public. The two federal agencies
that are charged with the responsibility of protecting the publiic
from radigtion and radioactivity are the Nuclear Regulatory
Commission (NRT) and The Environmental Protection Agency (EPA).
The KRC, in 10CFR 20.105.8 1imits the levels of radiation to
unrestricted areas resul. g from t.e possession or use of
radioactive materials suc. hat they limit any individual to a dose
of:
e less than or equal to 500 mrem per year to the total body.
In addition to this dose 1imit, the NRC has established design
cbjectives for nuclear plant licensees. Conformance to these
guidelines ensures that nuclear power reactor effluents are
maintained as far below the legal 1imits as 1s reasonably achievable.
The NRC, in 10CFR 50 Appendix [,% estab)ishes design objectives for
the dose to a member of the gencral public from radicactive material
in 1iquid effiuents released to unrestricted areas to be limited to:
» less than or equal to 3 mrem per year to the total body,

-and-
® less than or equal to 10 mrem per year to any organ.

The air dose due to release of noble gases in gaseous effluents is
restricted to:

e less than or equal to 10 mrad per year for gamma radiation,
-and-
e less than or equal to 20 mrad per year for beta radiation.
The dose to a member of the general public from fodine-131, tritium,
and all particulate radionuclides with half-1ives greater than 8 days
in gaseous effluents is limited to:
¢ less than or equal to 15 mrem per year to any organ.
The EPA, in 40CFR190.10 Subpart 8,‘0 sets forth the environmental
standards for the uranium fuel cycle. During normal operation, the
annual dose to any member of the public from the entire vranium fuel
cycle shall be limited to:
e Jess than or equal to 25 mrem per year to the total body,
e less than or equal to 75 miem per year to the thyroid,
-and-

o less than or equal to 25 mrem per year to any other organ.
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The summary of the 1991 radiological impact for Pilgrim Station and
comparison with the EPA dose 1imits and guidelines, as well as &
comparison with natural/man-made radiation levels, is presented in
Section 3 of this report.

The third stage of assessing releases to the en\ .ronment is the
Radiological Environmental Monitoring Program (REMP). The
description and results of the REMP at Filgrim Nuclear Power Station
during 1991 will be discussed in Section 2 of this report.
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2.0
2.1

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM
Pre-Operational Monitoring Results

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

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

2) evaluate procedures, equipment, and techniques.

The pre-operational pregram continued gor 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 Radioact1v1ty Particulate Concentration (gross heta): 0.02 -
1.11 pCi/m?;

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

e Seawater Radioactivity Concentrations (gross beta): 12 - 31 pCi/liter;
¢ Fish Radioactivity Concentrations (gross beta): 2,<00 - 11,300 pCi/kg;
e Milk Radioactive Cesium-137 Concentrations: 9.3 - 32 pCi/liter;

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

e Cranberries Radioactive Cesium-137 Concentrations: 140 - 450 pli/kg,

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

This information from the pre-operational phase is used as a basis for
evaluating changes in radiation and radioactivity levels in the vicinity
of the plant following plant operation. In April 1972, just prior to
initial reactor startup (June 12, 1972), Boston Edison Co. implemented a
comprehensive operational environmental monitoring program at Pilgrim
Nuclear Power Statifon. This program provides information on
rad‘gactivity and radiation levels in the environment for the purpose
of:

1) demonstrating that doses to the general public and levels of
radicactivity in the environment are within established 1imits 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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4) assessing the dose equivalent to the general public and the behavior
of radioactivity released during the unlikely event of an accidental
release; and

5) determining whether or not the radiological impact on the environment
and humans is significant.

The Nuclear Regulatory Commission requires that Boston Edison Company
provide monitoring of the plant environs for radioactivity that will be
released as a result of normal operations, including anticipated
operational occurrences, and from postulated accidents. The NRC has
established guidelines which specify an acceptable monitoring program.'4
The Boston Edison Company's Radiological Environmental Monitoring Prugram
was designed to meet and exceed these guidelines. Guidance contained in
the NRC's Radiological A§§essment Branch Technical Position on
Environmental Monitoring'> has been used to improve the program. In
addition, the program has incorporated the proviiéons of an agreement
made with the Massachusetts Wildlife Federation. The program was
supplemented by including improved analysis of shellfish and sediment at
substantially higher sensitivity levels to verify the adequacy of
effluent controls at Pilgrim Station.

Environmental Monitoring Locations

Sampling locations have been established by considering meteorology,
population distribution, hydrology, and land use characteristics of the
Plymouth area. The sampling locations are divided into two classes,
indicator and control. Indicator locations are those which are expected
to show effects from PNPS operations, if any exist., These locations were
primarily selected on the basis of where tne highest predicted
environmenta) concentrations would occur. While the Indicator locations
are typically within a few miles of the plant, the control stations are
generally located so as to be outside the infiuence of Pilgrim Station.
They provide a basis on which to evaluate fluctuations at indicator
lucations rolative to natural background radiation and natural
radiocactivity and fallout from prior nruclear weapons tests.

The environmental sampling media collected in the vicinity of Pilgrim
Station during 1991 incluced e!r particulate filters, charcoal
cartridges, seawater, shellfis> Irish moss, American lobster, fishes,
sediment, milk, cranberries, veyetation, and forage. The medium, station
number, description, distance, and direction for indicator and control
samples are listed in Table 2.2-1. These sampling locations are also
displayed on the maps shown in Figures 2.2-1, 2, 3, 4, and §.

The radia...n monitoring locations for the environmental TLDs are shown
in Figures 2.2-1, 2, and 3. The frequency of ccllection and types of
radioactivity analysis are described in Pilgrim Station's Technical
Specifications, Sections 7.0/8.0.

The land-based (terrestrial) samples and monitoring devices are collected
by Boston Edison personnel from the Electrical Engineering and Station
Operation Department's Environmental Laboratory. The aquatic samples are
collected by the Division of Marine Fisheries - Pilgrim Station Project
personnel. The direct radiation measurements and soil radioactivity
measurements are conducted by Yankee Atomic Electric Co. - Radiological
Engineering Group and Environmental Laboratory personnel, respectively.
The radioactivity analysis of samples and the processing of the
environmental TLDs is performed by Yankee's Environmental Laboratory
personnel,
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The frequency, types, minimum number of samples, and maximum lower limits
of detection (LLD) for the analytical measurements, are specified in the
PNPS Technical Specifications.

Upon receipt of the analysis results from Yankee Atomic Electric Co., the
Boston Edison staff reviews the results. If the radioactivity
concentrations are above the repcrting levels, the NRC must be notified
within 30 days. For radiocactivity which is detected that is attributable
to Pilgrim Station's operation, calculations are performed to determine
the cumulative dose contribution for the current year. ODepending upon
the circumstances, a specia) study may also be completed (see Appendix A
for 1991 special studies). Most importantly, if radfoactivity levels in
the environment become elevated as a result of the station's operation,
an investigation is performed and corrective actions are recommended to
reduce the amcunt of radioactivity to as far below the legal limits as is
reasonably achievable.

The radiological « wironmental sampling locations are reviewed annually,
and modified i1f necessary. A garden and milk animal census is performed
every year to identify changes in the use of the environment in the
vicinity of the station to permit modification of the monitoring and
sampling locations., The results of the 1991 Garden and Milk Anima)
Census are reported in Appendix C.

The accuracy of the data obtained through Boston Edison Company's
Radiological Environmental Monitoring Prugram is ensured through a
comprehensive Quality Assurance (QA) program. BECo's QA program has been
established to ensure confidence in the measurements and results of the
radiciogical monitoring program through:

® Regular audits of the sampling and mcnitoring program;
¢ An annual audit of the analytical laboratory by the sponsor companies;

e Participation in the United States Environmental Protection Agency
tross—check program;

e Use of blind duplicates for comparing separate analyses of the same
sampie;

@ Spiked sample analyses by the analyt‘cal laboratory,
e Boston Edisor Company's TLD QA Program and YAEL's TLD QA Program.

QA audits and inspections of the Radiologica)l Environmental Monitoring
Program are performed by the NRC, American Nuclear Insurers, and by
Boston Edison Company's Quality Assurance Department.

The biind duplicates, split samples and spiked samples are analyzed by
Boston Edison Company, Yankee Atomic Electric Company's Environmental
Laboratory, and the other four sponsor companies. The 1991 results of
this QA program are summarized in Appendi~ E. These results \adicate
that the analyses and measurements which were performed during 1991
exhibited acceptable precision and accuracy
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2.3 Interpretation of Radioactivity Analyses Results

The following pages summarize the analytical results of the environmental
samples which were collected during 1991. Data for each environmental
medium are included in a separate section. A discussion of the sampl ng
program and results is followed by a table which summarizes the year's
data for each type of medium. The tables were govsrcted by the Yank-
Atomic Electric Company's ERMAP computer program. The unit of
measurement for each medium is listed at the top of each table. Ot
hand column contains the radionuclides which are being reported, total
number of analyses of that radionuclide, ¢nd the number of measurements
which exceed ten times the yearly average for the control station(s).

The latter are classified as “non-rcutine” measurements. The next column
1ists the Lower Limit of Detection (LLD) for those radionuciides which
have detection capability reguirements as specified in the PNPS Technical
Specifications.

Those sampiing stations which are within the range of influerce of
Pilgrim Station and which could conceivably be affected by its operation
are called "“indicator" stations. Distant stations, which are beyond
plan’ influence, are called “control” st tions. Direct radiation
monitoring stations are broken down intc four separate zones to aid in
data analysis.

For each sampling medium, each radionuclide is presented with a set of
statistical parameters. This set of statistical parameters includes
separate analyses for (1) the indicator stations, (2) the station having
the highest annual mean concentration, and (3) the control stations. For
each of these three groups of data, the Yankee Atomic ERMAP computer
program calculates:

e The mean value of all concentrations including negative values and
values below LLD;

e The standard error of the mean;
o The lowest and highest concentrations,

e The number of positive measurements (activity which is three times
greater than the standard deviation) divided by the total number of
measurements.

Each single radicactivity measurement datum is based on a single
measurement and is reported as a concentration plus or minus one standard
deviation. The quoted uncertainty represents only the random uncertainty
associated with the measurement of the radiocactive decay process
(counting statistics), and not the propagation of all possible
uncertainties in the sampling and analysis process. A sample or
measurement is considered to contain detectable radioactivity if the
measured value (e.g., concentr2ticn) exceeds three times its associated
standard deviation. For exampl2, a milk sample with a strontium-90
concentration of 3.5 ¢ 0.8 pCi/1iter would be considered "positive"
(detectable Sr-90), whereas another sample with a concentration of 2.1 2
0.9 pCi/1iter would be considered "negative", indic:ting no detectable
strontium-90. The latter sample m2y actually contain strontium-90, but
the levels counted during its analysis were not significantly different
than background levels. The strontium-90 may bz detectable at lower
levels if the sample were counted for & longer period of time or analyzed
in a different manner.
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2.4 Direct Radiation Measurements

The primary technigue fur measuring direct radiation exposure in the
vicinity of Pilgrim Station involves posting environmental
thermoluminescent dosimeters (TLDs) at given monitoring locations and
retrieving the TLD after a specified time period. The TLDs are then
taken to a laboratory and processed to determine the total amount of
radiation exposure received over the period. Although TLDs can be used
to monitor radiation exposure for short time periods, environmental TLDs
are typically posted for periods of one to three months. Such (LD
monitoring ylelds average exposure rate measurement over a relatively
long time period. The PNPS environmental TLD monitoring program is based
on a quarterly (three month) posting period, and a total of 107 locations
are monitored using this technigue. Forty of these locations are listed
as required monitoriny, locations in the PNPS Technical Specifications.

In addition, 28 of the 107 TLDs are located on-site, within the PNPS
protected/restricted area.

Qut of the 428 TLDs (107 locations * 4 quarters) posted during 1991, 417
were retrieved and processed. Those TLDs missing from their monitoring
locations were lost to storm damage and vandalism, and their absence is
discussed in Appendix D. The results for environmental TLDs located
off-site, beyond the PNPS protected/restricted area fence, are presented
In Table 2.4-1. Results from on-site TLDs posted within the restricted
area presented in Table 2.4-2. In addition to TLD results for individual
locations, results from off-site TLDs were grouped according to
geographic zone to determine average exposure rates as a function of
distance. These results are summarized in Table 2.4-3. All of the
listed exposure values represent continuous occupancy (2190 hr/qtr or
8760 hr/yr).

Annual exposure rates at off-site locatior. ranged from 43 to 208 mR/yr.
The average exposure rate at control locations greater than 15 km from
Pilgrim Station (i.e., Zone 4) was 61.4 ¢ B.7 mR/yr. In other words, 99%
of all measurements of background evposure would be expected to be
between 35 and B8 mR/yr. A number of the on-cite TLDs indicated direct
radiation exposure above background levels due *~ their proximity to
radiation sources within the PNPS protected/resuricted area.

A small number of TLDs (locations OA, PB, TC and PO1) iv close proximity
to the station indicated direct radiation exposure resul‘ing from PNPS
operations. However, these TLDs are on boston Edison controlled
property, and a maximum hypothetically exposed member of the public
accessing such areas on Boston Edison property for 1imited periods of
time would receive a maximum dose of 0.7 mrem/yr above their average
background doses of 61 mrem/yr. The exposure rates measured at areas
beyond Boston Sdison contro] did not indicate any direct radiation
exposure from Pilgrim St sperations. For example, the annual
exposure rate at the ne ff-site residence (location HB, 0.5 mi SE)
was 61.7 + 4.0 mR/yr, s¢h compares quite well with the average control
location exposure of 61.4 mR/yr.
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2.6 Charcoal Cartridge Radioactivity Analvses

Sl

Afrborne radioactive fodine 1s sampled by drawing a stream of air through
a charcoal cartridge after 1t has passed through the high efficiency
glass fiber filter. As is the case with the air particulate filters,
these samplers are operated continuously, and the resulting cartridges
are collected weekly for analysic. Weekly cartridge samples are ana'yzed
for radicactive iodine. The same eleven locations monitored for airborne
particulate radivactivity are also sampled for airborne radioiodine.

Out of 572 cartridges (11 locations * 52 weeks), 566 were collect ¢ .d
analyzed during 1991. The six samples missed resu’ 4 from exter

power outages and damage to the sampling stations resulting from
Hurricane Bob in August and the large storm in late October. Thes
discrepancies are noted in Appendix D.

The results of the analyses performed on these 566 charcoa) cartridges
are summarized in Table 2.6-1. No airborne radioactive jodine was
detected in any of the charcoal cartridges collected.

Milk i

Samples of unprocessed milk are collected from the Plymouth County Farm
and “rom the control location in Whitman. The Annual Land Use Census
congucted within three miles of Pilgrim Station Jdid not identify any
additional milk animals requiring sampling. Results of this census are
summarized in Appendix C. Milk samples are collected monthly from
November through April, and once every two weeks when animals are assumed
to be on pasture during the period May through October. These milk
samples are analyzed by gamma spectroscopy, low-level analysis for
radioiodine »nd strontium 89 and 90.

All 40 samples scheduleu for collection during the year were obtained ang
analyzed. No problems were encountered in sampling milk during 1991.

The results of the anzlyses perforned on the 40 milk samples are
summarized in Table 2.7-1. Naturally-occurring potassium-40 was detected
in all 40 samples. No radicactive iodine was detected in any of the
samples. Strontium-90 was detected ir 16 of the 20 samples from Plymouth
County Farm, and ‘n 14 of the 20 samples collected from the control
location in whitmar. Cesium-137 was also datected in two of the samples
collected from Plymouth County Farm. Concentrations of Sr-90 and Cs-137
as a function of time are shown in Figures 2.7-1 and 2.7-2, respectively.

The highest concentration of Sr-90, 4.0 pCi/liter, was observed in a
sample collected from the control location in Whitman. The highest
concentration of Sr-)0 in samples collected from Plymouth County Farm was
3.6 pCi/liter. The r-90 detected in the samples resulted from
radioactivity in the environment which was deposited from nuclear weapons
testing conducted in the 1950s and 60s. Strontium-90 was routinely
detected in the preoperational sampling program conducted prior to
Pilgrim Startup in 1972, at concentrations ranging from 5 to 18
pCi/liter. When the average preoperational Sr-90 concentration of 9
pCi/liter is corrected for radioactive decay which occurred between 1972
and 1991, the expected concentration would be 6 pCi/liter. The
concentrations of 3 to 4 pCi/liter observed in 1991 camples are well
below the expected Sr-90 concentrations resulting from weapons testing.
It 1s clear that the Sr-90 observed did not arise from Pilgrim Station
operations.
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The highest concentration of Cs-137 detected in samples from Plymouth
County Farm was 5.2 pCi/1iter. Cesium-137 1s also a product of nuclear
weapons testing, and was routinely detected in the preoperaticnal
monitoring program at levels of 9 to 32 pCi/liter. When the average
preoperational C. '37 corcentration of 18 pCi/liter is corrected for
radioactive decay, the expected concentraifon in 1991 samples would be 12
pCi/1iter. Clearly, the Cs-137 concentrations observed in the two
samples collected from Plymouth County Farm are indicative of
radioactivity arising from weapons testing fallout, and not Piigrim
Station operations.

Forage Radioactivity Analyses

Samples of animal forage (hay) are collected from *he Plymouth County
Farm and from the contro! location in Whitman. Samples of corn to be
used for silage at Plymouth County Farm were also collected from the
Whipple Farm (1.8 mi. SW). Samples are collected annually and analyzed
by gamma spectroscopy.

Ail samples of forage were collected and awalyzed as required during
1991. Results of the gamma analyses of forage samples are summarized in
Table 2.8-1. The only radionuclides detezted in any of the samples were
naturaliy-occurring beryllium-7 and potassium-40. No radionuclides
atfr:butable to Pilgrim Station operations were detected in any of the
samples.

Vegetable/Vegetation Radioactivity Analyses

Samples of vegetables are routinely collected from the Plymouth County
Farm and from the control location at Bridgewater Farm. In addition,
samples of vegetables or leafy vegetation were collected at or near a
number of gardens identified during the Annual Land Use Census. Results
of this census are discussed in Appendix C. Samples of vegetables are
collected annually and analyzed by gamma spectroscopy.

All samples of vegatabies/vegetation were collected and analyzed as
required during 1951. Results of the gamma analyses of samples of
vegetables/vegetation are summarized in Table 2.9-1. The only
radionuclides detected in any of the samples were naturally-occurring
beryl1ium-7 and potassium-40. No radionucliides attributable to Pilgrim
Station operations _are detected in any of the samples.

Cranberry Radioactivity Analyses

Samples of cranberries are routinely collected from two bogs in the
Plymouth area and from the control location in Halifax. Samples of
cranberr'ss are collected annually and analyzed by gamma spectroscopy.

A1l three samples of cranberries were collected and analyzed as required
during 1991. Results of the gamma analyses of cranterry samples are
summarized ir Yable 2.10-1. The only rauionucliide detected in any of the
samples wes ratJurally-occurring potassium-40. No radionuclides
attributable to Pilgrim Station operations were detected in any of the
samples.
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2.11 Soi] Radioactivity Analyses

A survey of radioactivity in sof) is conducted once every three years at
the 10 air sampling stations in the Plymouth area and the control
location in East Weymouth. These locations serve as fixed survey
locations at which repeated measurements can be made to determine any
buildup of radiocactivity from deposition of airborne radionuclides. At
each of these locations, samples of topsoil are collected for gamma
spectroscopy analysis in the laboratory. Soil cores are also collected
if possible for gamma analy:es as a function of depth. 1n addition,
in-fieid measurements are made at each location with a portable gamma
spectroscopy unit and & high pressure ion chamber. The portable gamma
spectromater i1s used to identify racionuciides present across a large
area beneath the detector, whereas the high pressure fon chamber is used
to det 'ct exposure levels arising from naturally-occurring and deposited
radionuciides in the soil.

The soil survey was performed as required during 1991. A total of 35
samples of topsoil and depth-divided soi! cores were collected and
analyzed. The results of the laboratory analyses of these soil samples
are summarized in Table 2.11-1. Naturally-occurring beryllium-7,
potassium-40 and thorium 232 were detectz” in a number of the samples.
Cobalt-60 was detected in samples collected from three locations on
Boston Edison property. Cesium-137 was detected in 29 of the 35 samples,
including those collected from the control location.

Cobalt-60 concentrations observed in soil samples during the 1991 soil
survey ranged from non-detectable to 295 pCi/kg. Concentrations of
Cs-137 ranged from non-detectable to 2895 pCi/kg. The observed
concentrations of both Co-60 and Cs-137 were comparable to those observed
during the last soil survey performed in 1988, and do not indicate any
significant buildup of these nuclides since the last sofl survey. In
fact, concentrations in most of the samples from these locations
decreased from 1988 to 1931. Results of the in-field measurements with
the portable gamma spectroscopy unit indicated that the real
concentrations of Cs-137 are typical of those observed throughout New
England from weapons testing. In other words, none of the Cs-137
concentrations observed at any of the locations were elevated over
typical fallout levels. However, since it would be difficult to separate
Cs-137 resulting from PNPS effluent releases from that deposited by
weapons testing, the assessment of dose impacts was performed assuming
that all of the Cs-137 detected resulted from PNPS operations.

A special study was performed to determine the radiological impact to man
from the Co-60 and Cs-137 detected in the soil samples collected on
Boston Fdison property adjacent to Pilgrim Station. This study is
discussed in Cetall in Appendix A. The external radiation dose resuliting
from the maximum concentrations of Co-60 and Cs-~137 deposited on the
ground (sampling location OA, near the I&S Building) would result in a
dose rate of 0.001 mrem/hr. By comparison, the dose rate from the
naturally-occurring potassium-40, thorium-232 and uranium-238 in the soil
at this location was estimated as 0.004 mrem/hr. The maximum exposed
hypothetical individual was assumed to be at this location on Boston
Edison property for 40 hours. The resulting annual maximum total body
dose from the Co-60 and Cs-137 in the soil at this location was estimated
to be 0.04 mrem.



2.12 Surface Water Radioactivity Aralyses

Samples of surface water are routinely collected from the Discharge
Canal, Bartlett Pond in Manomet and from the control location 2% Powder
Point Bridge in Duxbury. The Discharge Canal is sampled continuously by
a composite sampler. Grab samples are collected weekly from the Bartlett
Pond and Powder Point Bridge locations. Samples of surface water are
composited evaery four weeks and analyzed by gamma spectroscopy and
low-level jodine analysis. These monthly composites are further
composited on a quarterly basis and tritium analysis is performed on this
quarterly sample.

Ak total of 39 samples (3 locations * 13 sampling periods) of surface
water were collected and analyzed as required during 1991. There were a
few instances of problems with obtaining composite samples from the
Oischarge Canal. The sampler was unable to co'iect samples during
extreme low tide conditions that coincided with reduced flow through the
Discharge Canal when pumps were shutdown during the refueling outage in
July. This problem was corrected by using a submersible pump in the
canal to pump water up to the composite sampler. There were also
problems with the sample line freezing during extremely cold weather in
December. This was corrected by adding heat tracing to the intake line.
These discrepancies are discussed in Appendix D.

Results of the analyses of water samples are summarized in Table 2.12-1.
The only radionuclide detected in any of the samples was
naturally-occurring potassium-40. No radionuc!ides attributable to
Pilgrim Station operations were detected in any of the samples.

2.13 Fish Radiocactivity Analyses

Samples of fish are routinely collected from the area at the outfall of
the Discharge Canal and from the control locations in Cape Cod Bay and
Buzzard's Bay. Fish species are grouped into four major categories
according to their biological requirements and mode of 1ife. These major
categories and the representative species are as follows:

Group I - Bottom Oriented: Winter Flounder, Yellowtail Flounder

Group Il - Near-Bottom Distribution: Tautog, Cunner, Pollock,
Atlantic Cod, Hake

Group I1II - Anadromous: Alewife, Smel:, Striped Bass
Group IV - Coastal Migratory: Bluefish, Herring, Menhaden, Mackerel

Two subsamples of each category of fish are typically collected during
gach collection period. Group I and II fishes are sampled on a quarterly
basis from the outfall area of the Discharge Canal, and on an annual
basis from a control location. Group III and IV fishes are sampled
annually from the Discharge Canal outfall and control location. All
samples of fish are analyzed by gamma spectroscopy.

Twenty-seven samples of fish wers collected during 1991. Both Group I
and Group II species of fish were unavailable in the vicinity of the
Discharge Canal during the second quarter of the year due to low water
temperatures and rough seas, and sampies of these species were not
obtained during this period. This discrepancy is noted in Appendix D.
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2.14

Results of the gamma analyses of fish sampies which were collected are
summarized in Table 2.13-1. The only radionuclide detected in any of the
samples was naturally-occurring potassium-40. No radionuclides
attr:butabIe to Pilgrim Station operations were detected in any of the
samples.

Shellfish Radioactivity Ani yses

Samples of blue mussels, soft-shell clams and quahogs are collected from
the Discharge Canal outfall and two other locations in the Plymouth area
(Manomet Point, Plymouth Harbor), and from control locations in Duxbury
and Marshfield. A1l samples are collected on & quarterly basis, and
processed in the laboratory for gamma spectroscopy analysis. In addition
to analyzing the edible portion (meat) from each of the samp'es, the
shells from samples collected from the Discharge Canal outfall and from
all control location samples are 21s0o analyzed.

A1l 48 samples of shellfish meat and shells scheduled for collection
during 1991 were obtained and analyzed. Results of the gamma analyses of
these samples are summarized in Table 2.14-1. MNaturally-occurring
beryllium-7, potassium-40 and thorium-232 were detected in a number of
the samples. Cobalt-60 was detected in four of the musse! samples
collected from the Discharge Canal outfall. No other radionuclides
attributable to Pilgrim Station operations were detected in any of the
samples.

The ccbalt-€0 detected in the mussels collected from the outfall area of
the PNPS Discharge Canal ranged in concentrations from non-detectable to
7.2 pCi/kg. The Co-60 was observed in three of the four samples of meat
and in one of the four samples of shells. The average concentration of
Co-60 in the edible portion was 6.0 pCi/kg. Tris level shows a
continuous decrease in Co-60 levels in the muss2ls in the area of the
Discharge Canz!. For comparison, the average concentrations of Co-60 in
mussels from this area were 89 pCi/kg in 1987, 37 pCi/kg in 1988, 22
pCi/kg in 1989 and 12 pCi/kg in 1990. Due to the moderate half-1ife of
Co-60 (5.3 yr), any of the nuclide deposited in the area in past years
should still be detectable. The observed decrease in these levels
through time indicates that no additional accumulation is taking place.

A special study was performed to determine the radiological impact to man
from the Co-60 detected in the mussel samples. This study is discussed
in detail n Appendix A. The maximum-exposed hypothetical individual was
assumed to eat 9 kg/yr of mussals containing Co-60 at the mean
concentration of 6 pCi/kg. This resulted in a maximum total bodv do.- o
0.0003 mrem, with a corresponding maximum organ dose of 0.002 mrem

In conclusion, the analysis of radiocactivity in samples of shellfish
collected during 1991 showed no indication of additional accumulation of
radionuclides related to Pilgrim Station operations. Further, the
radiological impact of the low levels of Co-60 observed in a limited
number of the samples poses no significant radiological impact to the
environment or general public in the area.
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2.16

Irish Moss Radioactivity Analyses

Samples of Irish moss are collected from the Discharge Canal outfall and
two other locations in the Plymouth area (Manomet Point, Ellisville), and
from a control location in Marshfield (Green Harbor). All samples are
coliected on a quarterly basis, and processed in the laboratory for gamma
spectroscopy analysis.

A1l 16 samples of Irish moss scheduled for collection during 1991 were
obtained and analyzed. Results of the gamma analyses of these samples
are summarized in Table 2.15-1. Naturally-occurring beryllium-7,
potassium-40 and thorium-232 were detected in a number of the samples.
Cobalt-60 was detezted in one of the samples collected from the Discharge
Canal outfall at a concentration of 47 pCi/kg. No other radionuclides
attr:butable to Filgrim Station operations were detected in any of the
sampies.

A special study was performed to determine the radiological! impact to man
from the Co-60 detected in the sample of Irish moss. This study is
discussed in detail in Appendix A. The maximum-exposed hypothetical
individual was assumed to eat 9 kg/yr of Irish moss products containing
Co-60 at the maximum concentration of 47 pCi/kg. This resulted in a
maximum total body dose of 0.002 mrem, with a corresponding maximum organ
dose of 0.02 mrem. In reality, the dose would be considerably lower, as
some of the Co-60 would l1ikely be lost in the processing of the Irish
moss into food products.

In conclusion, the analysis of radioactivity in samples of Irish moss
collected during 1991 showed no indication of additional accumulation of
radionuclides related to Pilgiim Station operations. Furthermore, the
radiological impact of the low levels of Co-60 observed in a limited
number of the samples poses no significant radiological impact to the
environment or ge-eral public in the area.

Lobster Radicactivity Analyses

Samples of lobsters are routinely cnllected from the outfall area of the
Discharge Canal and from the control location in Duxbury. Samples are
coliected monthly from the Discharge Canal outfall from June through
September and annually from the control location. All lobster samples
are analyzed by gamma spectroscopy.

All five samples of lobsters were collected and analyzed as required
during 1991. Results of the gam.a analyses of lotster samples are
summarized in Table 2.16-1. The only radionuclide detected in any of tne
samples was naturally-occurring potassium-40. No radionuclides
attributable to Pilgrim Station operations were detected in any of the
samples.
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Table 2.2-1
i i
Pilgrim Nuclear Power Station, Plymouth, MA
Media No Code Rescription Dist. Dir.
Air Particulate 00 WS Warehouse 0.1 M ESE
Filters/ 01 ER E. Rocky Hill Road 0.3 M SE
Charcoal Cartridges O3 WR W. Rocky Hill Road 0.2 Mi WK
Soil 06 PL Property Line 0.3 Mi W
07 PB Pedestrian Bridge 0.1 Mi NNW
08 OA Overlook Area 0.1 Mi SW
09 EB East Breakwater 0.3 M SE
10 CR Clzft Rock 0.9 Mi SW
15 PC Plymouth Center 4.1 M W
17 M Manomet Substation 2.3 Mi SSE
21 EW East Weymouth Control 24 Mi NW
Milk 1 CF Plymouth County Farm 3.4 M W
21 WF Whitman Farm Control 20 Mi WNW
Forage 11 CF Plymouth County Farm 1.4 Mi W
12 WF Whitman Farm Control 20 Mi WNW
43 WH Whipple Farm 1.8 Mi SW
Vegetation N CF Plymouth County Farm 3.4 Mi W
27 BF Bridgewater Farm Ctr! 20 Mi "
60 AF Work Residence 0.8 Mi SE
77 MG Moon Residence 2.1 Mi WK
nberri 13 MR Manomet Pt. Bog 2.5 M SE
i4 BR Bartlett Rd. Bog 2.7 Mi SSE
23 PS Pine St. Bog Control 17 Mi HNW
Surface Water N DIS Discharge Canal c.1 ™ NNW
17 8P Bartlett Pond 3 Mi SE
23 PP Powder Point Control 8 Mi NNW
Fishes N DIS Discharge Canal 0.2 Mi N
29 PC Priest Cove Control 30 N SW
30 JR Jones River Control 8 Mi NNW
92 MV Vineyard Sound Control 50 Mi SSK
98 CC-Bay Cape Cod Bay Control i5 Mi ESE
Shelifish 1 DIS Discharge Canal 0.2 Mi N
12 Ply-H Piymouth Harbor 3 Mi o
13 Dux-Bay Duxbury Bay Control 8 Mi NNKW
15 MP Manomet Point 3 Mi SE
23 PP Powder Point Control 8 Mi NNW
24 GH Green Harbor Control 9 Mi NNW
Irish Moss 11 DIS Discharge Canal 0.2 Mi N
15 mMp Manomet Point 3 Mi SE
22 EL Ellisville 8 Mi SE
34 BR Brant Rock Control 10 Mi NNK
~31=



Routine Radiological Environmental Sampling Locations
Pilarim Nuclear Power Station, Plymouth, MA

Table 2.2-1 (continued)

NO
1
12
13
1
12
13
14

15
24

Code

DIS
Ply-H
Dux-Bay

DIS
Ply-H
Dux-Bay
PLB

MP

GH

Qescription

Discharge Canal
Plymouth Harbor
Duxbury Bay Control

Discharge Canal
Plymouth Harbor
Duxbury Bay
Plymouth Beach
Manomet Point

Green Harbor Control

Dist.

O Wwroo woO o w O

o

~N

Mi
M1
Mi

Mi
Mi
Mi
Mi
Mi
Mi



Tahle 2.4-)
Off-Site Environmental TLD Results

Annual
TLD Station Location® Exposure Rate - mR/quarter (vValue ¢ STD.DEV) Mean**
................................. sewn SR Eesadetalitasstasdheid st blenikerrstuntaviinna REsUn Exposure
ID Description Distance Dir. First Second Third Fourth mR/yr

OA  OVERLOOK AREA 015 km W 56.7+ 2.7 268+ 1.8 363+ 1.8 B88.3+ 6.4 208.02110.2
TC 168 BUILDING 0.16 km 26,8+ 1.4 161+ 1.1 198+ 0.8 380+ 1.0 100.7 & 38.8
P8  PEDESTRIAN BRIDGE 0.2 km N 29.5+« 0.7 271+ 2.0 27.2¢ 1.0 33.7s 1.2 M4+ 13B
POT SHOREFRONT SECURTY 0.22 km NNW 21.7 ¢+ 1.1 18.6 ¢+ 1.3 Missing 6.7+ 1.2 89.3+173
CT  CNTR PARKING LOT 0.3 km SSE 19.2+¢ 1.5 7.0+ 1.1 19.9¢ 0.8 21,9+ 0.8 78,0+ 9.6
PMT  PNPS MET TOWER D.4hkm N 159+ 0.6 158+ 1.0 16.2+ 0.7 169+ 0.5 6.8: 3.9
PA  SHENY PARKING AREA 0.36 km NNW 17.1+ 0.5 184+ 1.2 184+ 11 20,0+ 0.7 739+ 6.4
A STATION & 0.40 km W 6.4+ 0.7 19+ 1.0 1652 0.7 185+ 0.7 6822 5.3
8  STATION 8 0.40 km SSW 18,0+ 0.6 17,6+ 1.1 180+ 0.8 19.1+ 0.8 72.7% 4.6
F o STATION F 0.43km MW 167+ 0.6 17.7+ 1.1 183+ 1.2 179+ 0.7 707+ 5.
L STATION L 0.46 km ESE 15.7+ 0.5 161+ 1.1 16.4% 0.5 17.8+ 0.5 65.9¢ 4.9
EB  EAST BREAKWATER 0.47 km ESE 17.8+ 0,9 1.3+ 1.3 19.62 0.9 Missing 4.3+ b4
1 STATION | C.4Bkm WwNW 16.2¢ 0.8 17.17 ¢ 1.3 168+ 0.7 17.62 0.5 67.72 4.7

STATION H 0.5Ykm S 19.7+¢ 0.7 W5+ 1.2 21.5¢ 0.8 2083 0.7 1.5+ 5.4

STATION C 0.52 km SE 159+ 0.6 Missing .8+ 0.5 1.1+ 0.6 851+ 30
PL  PROPERTY LINE 0.55 km MW 160+ 0.8 7.4+ 1.2 17,1 ¢ 0.7 V7.4 % 0.6 679+ 4.8
0 STATION D 0.55 km NN 21,6+ 0.9 21.7+¢ 1.5 2153 09 21,7+ 0.6 86,4 4.8
HB  HALL'S BOG 0.60 km SSE 14.6+ 0.3 15,2+ 0.9 158+ 0.7 1.0+ 0.6 61.7: 4.0
L STATION G 0.62km W 161+ 0.8 6.6+ 1.0 1846+ 0.9 169+ 0.5 660+ 3.8
GH  GREENWOOD HOUSE 0.69 kn SE 174+ 0.6 18,6+ 1.2 18.6% 0.9 17.9% 0.7 72.L 3% &b
WR W ROCKY WILL ROAD 0.82 km WNW 19.1 ¢+ 0.4 198+ 1.3 206+ 1.0 204+ 0.6 79.9¢ 4.9
ER E ROCKY MILL ROAD 0.90 km £ 4 4+ 0.6 1.7+ 0.9 151+ 05 5.0 0.6 59.3:+ 3.2
MT  MICROWAVE TOWER 0.92km 853w 5.8+ 0.4 169+ 1.1 123+ 0.9 158+ 0.6 658+ 4.8
CR  CLEFT ROCK 1,23 km SSw 15.2+ 0.5 6.1+ 1.0 159¢ 0.4 15.1% 0.5 624 3.7
BD  BAYSHORE DRIVE 1.32 km  WNW 16.8+ 0.6 17.3¢ 1.1 17.7+ 0.8 17.7T+ 0.5 &9.5: 3.9
MR MANOMET ROAD 1.38km § 4.2+ 0.5 .5+ 1.0 15,1+ 0.6 .6+ 05 59.1:+ 33
DR DIRT ROAD 1.45 km 5w . . 5.0+ 0.8 14.9# 0.4 1%.7: 0.7 50.6: 3.0
EM  EMERSON ROAD 1.56 km SSE 15.9+ 0.7 154+ 1.0 163+ 1.0 155+ 0.6 62.8: 4.3
AR EDISON ACCESS ROAD 1.54 km SSE 14,6+ 0.7 150+ 1.0 155+ 1.1 1.9+ 0.4 600 43
EP  EMERSON & PRISCIL 1.56km SE 150+ 0.7 4.9+ 09 1613+ 0.9 151+ 0.6 61,2+ 43
8BS  BAYSKORE 1.3 km W 7.2+ 0.5 178+ 1.0 17.8x 1.0 180+ 0.5 70.8: 4.1
E STATION E 1.86 km § 15.02 .6 16.72 1.2 155+ 0.6 1.3+ 0.5 59.63x 4.2
JG  JOHN GAULEY 1.96 km 15,9+ 0.8 159+ 1.0 164+ 0.7 15.7+ 0.4 63.9: 3.7
Jd STATION J 2.02km S 13.9+ 0.7 13+ 09 138+ 0.7 156+ 0.6 576 4.7
RC  PLYMOUTH “MCA 206 km WsW 158+ 0.5 1861+ 1.1 164+ 0.8 167+ 0.5 650+ 3.9
WH  WHITEWORSE ROAD 213 km SSE 14.7% 0.7 15.4+ 1.0 153+ 0.5 1.7+ 0.6 60.0+ 3.7
K STATION K 2.% km SSE 14,8+ 0.6 1.9+ 1.3 15B+ 0.7 W6+ 0.7 60,02 4.6
TT  TAYLOR & THOMAS 225 km SE 154+ 0.6 15.2+ 0.9 152+ 0.7 151+ 0.5 60,9+ 3.1
YV YANKEE VILLAGE 2.27km WSW 15.9+ 0.6 15.9+ 1.1 18132 0.6 17.1+ 0.6 6692+ 5.5
GN  GOODWIN PROPERTY 243 km SN 11,0+ 0.5 11,6+ 0.8 11,9+ 0.4 109+ 0.6 4552 3.2

* Digtance and direction are measured from the centerline of the reactor building to the monitoring location.

** Annual average value is based on arithmetic mean of the observed quarterly values multiplied by & guarters/yr.
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Table 2.4-1 (continued)
Off-Site Environmental TLD Results

Annual
TLD Station Location* Exposure Rate - mR/quarter (Value * STD.DEV) Mean**

.......................................................................................... Exposure
ID Description Distance Oir. First Second third Fourth mR/yr

RW  RIGHT OF WAY 2.83km § 130+ 0.8 130+ 0.9 1.2+ 0.6 12,62 0.8 52.9% 4.5
TP TAYLOR & PEARL 2.9 km SE 144+ 0.8 136+ 0.9 Missing 4.2+ 0.6 563+ 43
VR VALLEY ROAD 3.26 km SSW 13.1+ 0.7 13,2+ 0% 1382+ 0.6 13.0¢ 0.5 5312 3.5
WC WARREN & CLIFFORD 3.30 km W 1.4+ 0.6 %%.2+ 0.9 1%.7+ 0.7 3.7+ 0.5 57.0+ 3.6
ME  MANOMET ELEM 3.30km SE 12.9+ 0.8 13,5+ 1.1 W1+ 0.7 13.2¢ 0.6 5372 4.2
BB  3A & BARTLETT RD 337 km S$SE 15,2+ 0.6 15,1+ 1.0 5.4+ 0.7 W9+ 05 605+ 3.5
MP  MANOMEY POINT 3.57 km SE 1.8+ 0.5 153+ 1.0 152+ 0.7 1.9+ 0.5 60.22 3.4
MS  MANOMET SUBST 3.59 km SSE 17.7+ 0.6 185+ 1.2 186+ 0.9 17.2+ 0.6 71932 &7
8w  BEACHWOOD ROAD 3.91 km SE 14,7+ 0.5 15.7s 1.0 159+ 0.5 149+ 0.5 612+ 3.8
PT  PINES ESTATE 4.47 km SSW 174+ 0.4 6.3+ 1.0 1.3s 0.6 1312 046 55.2+ 3.8
EA  EARL ROAD 4,60 km SSE 0.7+ 0.4 133+ 0.8 132+ 05 125+ 0.4 3517+ 2.9
§P S PLYMOUTH SUBST 46V km W 169+ 0.7 162+ 1.0 157+ 0.6 150+ 0.5 61.8:+ 4.1
RP  ROUTE 3 CVERPASS .79 km SW 1.8+ 0.5 155+ 1.0 159+ 05 152+ 0.6 6163 3.6
RM  RUSSELL MILLS RD .82 km wsw 135+« 0.7 139+ 1.0 Missing 3.2+ 0.5 5433+ 3.9
HD  KILLDALE ROAD S15km W 5.0 0.5 160+ 1.1 155+ 0.8 149+ 0.5 6162 4.0
MB  MANOMET GEACH S5.42 km SSE W.9s 0.6 156+ 1.0 159+ 1.5 1.7+ 0.6 &1.22+ 5.2
BR  BEAVERDAM ROAD .55 km § 126+ 0.7 12.8+ 1.0 133+ 0.4 13.5+ 0.7 S2.2s 3.7
PC  PLYMOUTH CENTER 6.65km ¥ 10.6+ 0.5 1.0+ 0.8 1.1+ 0.7 104+ 0.5 43,1+ 3.3
LD LONG POND & DREW 6,96 km WSW 13,6+ 0.4 13.9+ 0.9 4.3+ 0.4 Missing 55.8 + 33
HR  HYANNIS ROAD 7.3 km SSE 12.8+ 0.8 13,1+ 0.8 134+ 0.5 Missing 52.4 + 3.8
CP  COLLEGE POND 7.5 km SW 143+ 0.5 1B+ 0.9 153+ 0.5 V.4 05 588+ 3.5
MH  MEMORIAL HALL 7.59 km WNW 23.0+ 0.9 22,7+ 1.6 23,7+ 0.8 23.3: 0.6 9.6 5.2
DW  DEEP WATER POND .64 km W Missing 7.5+ 1.0 17,7+« 0.6 159+ 0.6 68.232 5.2
LP LONG POND ROAD 8.86 km SSw 12,6+ 0.6 133+ 0.8 13.6+¢ 0.5 12.7+ 0.4 52.3: 3.4
NP NORTH PLYHOUTH .36 km WNW 16.9 ¢ 0.6 7.7+ 1.1 7.7+ 0.6 173+ 0.5 69.62 3.7
S§  STANDISH SHORES 10.37 km WNW 13.0+ 0.4 136+ 0.8 13,1+ 0.5 13.2+ 0.5 S52.8: 2.8
EL  ELLISVILLE ROAD 11,53 km SSE 1.6+ 0.7 13.9+ 0.9 .6+ 0.6 1.2+ 046 5733 3.4
UC UP COLLEGE POND RD 11.79 km SW 12.7+ 0.4 12,9+ 0.9 13,1+ 0.5 13,2+ 1.0 5194+ 35
SH  SACRED MEARTY 1290 km W 4.7+ 0.5 150+ 0.9 1542+ 0.5 1.2+ 0.4 59.42 35
KC  KING CAESAR ROAD 13.07 km NNV 1%.0+ 0.7 14,2+ 1.0 1.8+ 0.4 135 05 5652 3.7
SA  SHERMAN RIRPORY 13.36 k. wSW 13,6+ 0.5 Missing 15.1+ 1.5 1.0+ 0.7 5662 5.9
BE  BOURNE ROAD 13.37 km  § 1.8+ 0.3 126+ 0.8 13.1+ 05 12.2¢ 0.4 4&9.7¢+ 3.2
CS  CEDARVILLE SuBsT 15.93km § 153+ 0.7 1582+ 0.9 155+ 0.4 15.2¢ 0.7 61.9:+ 3.4
KS KINGSTON SUBST 16,10 km WNW 4.1+ 05 211+ 3.9 1.3+ 0.4 135+ 0.6 62.9+17.0
LR LANDING ROAD 16.44 km NNV 13.7 &+ 0.4 %1+ 0.8 1.7+ 0.5 13,9+ 06 56.0:+ 3.5
CWw  CHURCH & WESY 16,54 km N 13,1+ 0.7 133+ 0.8 138+ 05 126+ 0.4 528+ 3.6
MM MAIN & MEADOW 16.99 km WSW 14.2+ 0.6 1.8+ 1.0 15.7+ 0.5 1.1: 0.6 588+ 43
DMF DIV MARINE FISH 20.97 km SSE 18,2+ 0.8 166+ 1.1 171+ 05 163+ 05 68.1: 4.8
EW E WEYMOUTH SUBST  39.61 km NW 16,4+ 0.6 17.7+ 1.1 179+ 1.3 173+ 0.6 69.2+ 5.2

* Distance and direction are measured from the centerline of the reactor building to the monitoring location.

** Arnual average value is based on arithmetic mean of the observed quarterly values multiplied by & quarters/yr,
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Table 2.4-2
On-Site Environmental TLD Results

Annual
TLD Station Location® Exposure Rate - mR/quarter (Value ¢+ STD.DEV) Mean**

.............................. SRS PP RIS RR G S TSP I R S S TR R R S P RS e Exposure
1D  Description Distance Dir. First Second Third Fourth mR/yr
P21 ww ADMIN & PROC S0 m SE 30.0+ 1.6 37.4+ 2.0 87,4+ 63 509+ 1.9 205.7 2103.2
P24 OLD ADMIN 57 m B 324 ¢ 1.9 2744+ 2.2 285+ 0.8 385+ 1.2 126,84+ 21.4
PO& FEMCE/R SCREENM 66 m N B4.9+ 4.5 B804+ 4.8 103.2+ 2.6 146+ 3.6 383.% 3 66.4
P20 RP WINDOW 66 m SE 404+ 2.6 20.7+ 1.6 B+ 1.6 572+ 2.2 1528:061.2
P25 FIRST AID TRAIL 76 m WNW 55.1 ¢ 3.7 245+ 1.4 36,6+ 1.7 82.9: -3 199.0 #102.4
P05 FENCE/WATER TANK 8t m NNE 37.5+ 1.8 32.0+ 1.8 59.0s+ 2.1 518+ * 7 180.% 2 50.6
PO& FENCE/CULVERT B4 m NE 48.2+ 1.9 S56.2+¢+ 3.5 109.4+ 2.9 68.0+ 1.8 2087.8 +109.4
P19  COMPLIANCE AREA 8 m $SE 39.3+ 1.7 1.4+ 1,1 30,2 1.4 55.6% T O 1445 2.3
PI1B  1&C NEW ADMIN W m S 344+ 1.4 0.3+ 1.4 30.2+ 0.9 54.13 4.0 138.9+ 57.7
POB FENCE/NEW ADMIN 92m ENE 40.0+ 2.3 357+ 2.7 5452 L4 61.2+ 35 9.4t
P03 FENCE/L SCREEWH 100m NW 2.1+ 2.3 564+ 3.1 W0.9¢ 1.3 0.9+ 2.0 210.4 % 97.3
P17 FENCT/SHF M GATE 108m W 64,1+ &b 29.0% 2.1 45.53+ 2.1 9.5+ 3.5 381 +121.8
P23 CMG CORNER 120 m $SE 25.0¢% 0.9 153+ 1.2 203+ 1,0 3322 1.1 939+ 30.8
PO7 FENCE/INYAKE 12w ENE 85.6 + 2.6 4.5+ 2.9 60,1 % 4.6 ST.6 ¢ 2.3 257.6 ¢ 59.0
P02 SHOREFRONT FENCE 135 s MW 4.4+ 2.7 2653+ 1.5 310+ 1.9 460+ 2.0 137,91+ 34,8
P09 FENCE/TCF SIDE 136 m E 87.7+ 3.3 565+ 31 618+ 2.3 068.9: 3.6 ¢76.9+56.4
P22 QA/QC CORNER 37m SE 275+ 1.1 198+ 1.1 263+ 0.9 3.0+ 0.9 107.6: 3.7
PZ& FONCE/WAREMOUSE 149 m ESE 40.9+ 3.1 37.0+ 2.7 458+ 1.8 53.8+¢ 2.7 177.6 + 314
P16 FENCE/SWY M GATE 1m SW 519+ 3.0 249+ 1.0 369+ 23 T4+ 35 1W1.0+03
WS WAREMOUSE 18t m SSE 23.3+ 1.2 165+ 1.2 21,0+ 0.8 325+ 1.6 9332274
P11 FENCE/TCF GATE 188 m ESE 35.5¢ 1.3 BBB+ 5.0 683+ 2.2 TBBs 6.2 2T+ %4
P27 TCF/BOAT RAMP 195 m ESE 33.2 » 141 B4 911+ 3.2 129.6 £ 10,7 368.1 21T2.2
P12 FENCE/CNTR GATE 202 m SE Missing 9.7+ 1.2 2.4+ 1.1 34 x 1.5 100.7 2 245
P15 FENCE/UNIT #9 220 m S 2.6 0.6 176 1.1 216+ 0.9 32.7: 1.6 9633261
P13 FENCE/CON & RWR 226 m SSE 21.0+ 0.9 185+ 1.1 20T+ 1.4 5.4 1.2 8551029
P10 FENCE/INTAKE TCF 22 m E N6+ 1.7 331+ 21 462 2.6 47.2+ 1.7 1564 ¢ 331
P14 FENCE/BUTLER BLDG 227 m $ 170 0.6 17.2+ Y.1 204+ 0.9 254 1.1 B0.0 % 16.4
P28 TCF/ONTR LOT 264 N ESE 22.2+ 0.8 23,43+ 1.6 42.6+ 2.1 441+ 3.2 132.0 ¢ 48.6

* Listance and direction are measured from the centerline of the reactor building to the monitoring location.

** Annual average value is based on arithmetic mean of the observed quarterly values multiplied by 4 guarters/yr.
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Table 2.4-3

Average TLD Exposures By Distance Zone During 1991

Average Exposure + Standard Deviation (mR/period)

- - T - - ——— - - - -

lone 1* lone 2 Zone 3 lone 4

0 km - 3 km 3km~ 8 km B km - 15 km > 15 km
Period Avg StD Avg StD Avg StD AVY StD
Qtr-. 12.7 & 7.1 14.4 ¢+ 2.5 13.8 ¢+ 1.6 15.0 ¢+ 1.9
Qtr-2 16.8 &+ 3.2 14.9 ¢+ 2.6 14.5 ¢ 2. 16.2 ¢+ 3.2
Qtr-3 15.2 + 4.1 15.2 ¢+ 2.7 14.8 ¢+ 1.9 15.6 + 1.6
Qtr-4 15.6 + 12.1 14.5 2+ 2.7 14.0 ¢+ 1.6 14.6 + 1.8
Year 71.8 + 30.0 59.1 + 10.4 57.2 + 1.2 61.4 « 8.7

* Zone | extends from the restricted/protected area boundary outward to
3 kilometers (2 miles).
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Table 2.4-4

Beach Survey Exposure Rate Measurements

Direct Radiation Survey Resylts
July 24, 1991

Exposure Rate Beach Terrain
Location Micro-R/hr + 1 std. dev.| _ _ o |
wWhite Horse Beach 7.3+ 0.4 Sandy. Few granite
(Near Hilltop Ave) boulders within thirty
feet,

White Horse Beach 7.9 2 0.4 Sandy with small amounts
(In Back of Full of gravel.

Sall Bar)
Plymouth Beach 6.6 + 0.4 Sandy.

(Quter Beach)
Piymouth Beach 5.7 + 0.4 Sandy.

(Inner Beach)

Plymouth Beach 10.9 + 0.4 Sandy with gravel.
(Behind Bert's Breakwater and seawall

Restaurant) nearby.
Duxbury Beach 6.1 £+ 0.3 Sandy with coarse
(Control) gravel.

o




Table 2.5-1

Air Particulate Filter Radiocactivity Analyses

ENVIRONMENTAL RADIOLOGICAL PROGRAM SUMMARY
PILGRIM NUCLEAK POVER STATION, PLYMOUTH, MA
(JANUARY - DECEMBER 1991)

MEDIUM: AIR PARTICULATE UNITS: PCI/CU. M
INDICATOR STATIONS STATION WITH HIGHEST MEAN CONTROL STATIONS
REAREREER AR AR AR AERAARETARAEEARENERANRREES REARARTERANRREAS
RAD IONUCL IDES MEAN MEAN MEAN
{NO. ANALYSES) REQUIRED RANGE STA, RANGE RANGE
(NON-ROUT INE)* LD 0. OETECTED** NO. NO, DETECTED™* N0, DETECTED®*
GR-B  (566) 0 { 2.2 0.0)€ -2 10 (¢ REn 0.1)¢ -2 £ 4. 2 0.1)€
«( ® ( 4.3 43.0)E -3 ( 6.5 35.5)¢ -3 ( 8.3- 38.5)
*(511/514)* *( 52/ 32 " 52/ S2)*
BE-7 ( 4&) { 7.3% 0.2)E -2 3 £ 782 0.9)E -2 { %9 C.8)E
( O ( 4.4 9.5)E -2 ( 5.6 9.4)E -2 { &.3 7.9)E
*( 40/ &0) *] 4 e o & )"
K-& { &&4) ( 2.02 0.4 3 8 ( 4.0+ 1.3)E -3 ( 3.2:2 1.1)E
« 0) { 6.2 0.1 -3 9 7.3)E -3 { 4.2 51.5)€
LT ) & . " 0 &1 LT { A b
CS-134 ( 44) o1 £ <122 0.4)E -4 08 ( 4.3 4&.0)E -5 { 172 1.6)E
¢t O ( 7.6 - S)E -s ( 2.0 -~ 1. DE -5 ( -6.1 1.7)€
'( N Q,“,’ .( G/ &) .\ § .’.}.
CS-137 ( 44) o1 ( 4.6 3.3)E -5 08 ¢ 1.2 0.9)E -4 ( 3.0+ 14.8)
¢ O {( -4.9 £.5)E -6 ( -9.5 34.5)E -5 { &5~ &.5)€
*( Or &D)* * W/ A * 0/ &°

NON-ROUTIME REFERS TO THE NUMBER OF SEPARATE MEASUREMENTS WHICH WERE GREATER
THAN TEN (10) TIMES THE AVERAGE BACKGROUND FOR THE PERIQD OF THE REPORT.
** THE FRACTION OF SAMPLE ANALYSES YIELDING DETECTABLE MEASUREMENTS
(1.E >3 STD DEVIATIONS) IS INDICATED WITH "¢ ..

-38-
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Table 2.6~

Charcoal Cartridge Radioactivity Analyses

ENVIRONMENTAL RADIDLOC ROGRAM SUMMARY
PILGRIM NUCLEAR POMER STATION, PLYMOUTH, MA

{ JANUARY DECE 1991)
MED UM HWARCOAL CARTRIDGE NIT PC U. M
NDICATOR STATIONS STATION WITH HIGHEST MEAN CONTROL STATIONS
IR AR R R R R R RS R R R LA A AR R R R R R R R R R R R AR R LA AR AR AR RS
MEAN ME AN MEAN
REQUIREC RANGE STA RANGE RANGE
0 NO. DETECTED®™ NC NC TECTED*® NO. DETECTED**

131 (568) 7 ( 6 # &.T)E -4 15 1 3 { 2.0 + 1.5)F
0) { 6.4 3.7)€ -2 ( 5 3.1)¢ -2 ( r 1.8)¢

L ] C." . - L - .x LA .

-
<
-



MED UM

RADIONUCL IDES
(NC. ANALYSES)
(NOR-ROUT INE )*

SR-90

C8-134

Cs-137

BA-140

-

(

MILK

o
4Q)

n

V

&0)

b}

REQUIRED

Table 2.7-1

Milk Radioactivity Analyses

ENVIRONMENTAL RADIOLOGICAL PROGRAM SUMMARY
PILGRIM NUCLEAR POVER STATION, PLYMOUTK, MA
(JANUARY

-~

INDICATOR STATIONS

REAARRERRORERR R R

MEAN
RANGE

NC.

DETECTED**

.1)E

JTIE

& )E
&)E

3)E
O)E

JE
2)E

» DECEMBER 1991)

UKNITS:

STATION WITH HIGHEST MEAN
FORAAR AR R AR R TR AR AN

MEAN
STA.  RANGE
NO NO. DETECTED®**
11T ( 2.0 1.1)E -1
( 9.6 - Q.7)¢ -1
*( 07 20)*
21 ( 2.1+ 0.2 0
( 2.4 - «0.3)¢ -1
-( &/ 7:)l
21 (1.4 0.0)E 3
( 1.2 1.6 3
*( 207 20)*
"t 1.3s 3.7 -2
( 2.4 - 3.7 1
* 07 200"
1 ( 1.0 ¢ 0.4) O
( 4.5 - 1.4 ©
*( 0/ 20)*
" ( 2.5 = 0.3 ©
( 2.8 " 5 -1
* 27 20)*
11 13 S.1E 1
{ 8 - 5.2)E O
0 -

PCL/XG

~

NON-ROUTINE REFERS TO THE NUMBER OF STPARATE MEASUREMENTS WHICH WERE GREATER
THAN TEN (10) TIMES THE AVERAGE BACKGROUND FOR THE PERIOD OF THE REPORT,
THE FRACTION OF SAMPLE ANALYSES YIELDING DETECTABLE MEASUREMENTS

{

1.€.

>3 STD DEVIATIONS) [S INCICATED WITH *¢(

-40-

.

CONTROL STATIONS
AebaRRREN RS R RE
MEAN

RANGE

NO. DETECTED®*

3.3 » 2.0)E -
2.5 = 1.3)€
*( 07 20)*

2.1 4 0.2)E
2.4 - 40.3)E -
" 147 20)*

1.4 » 0.0)
1.2 1.6.€
*®( 20/ 20)*
T3+ B51.0)¢ -

*1.8 % 0.3)¢
-3.5 - T.7)E
* O/ 20)*

1.1 ¢ 0.3)E
2.0 = 3.3)
% 07 200

1.0 0.3)e

A 1.6)E

*( 0/ 20)*

3
2.6 + 3.2)¢ -

- T

o O



Table 2.8~
Forage Radioactivity Analyses
ENVIRONMENTAL RADIOLOGICAL PROGNAM SUMMARY

PILGRIM KUCLEAR POWER STATION, PLYMOUTH, MA
( JANUARY - DECEMBER 1991)

MEDIUM; FORAGE UNITS: PCI/KG NET
INDICATOR STATIONS STATION WITH HIGHEST MEAN CONTROL STATIONS
RERARAARNRAERARARR N ARRARFRAAERRARAERARE RS BREARARERA AR AR
RADIONUCL 1DES MEAN ME AN MEAN
(MO, ANALYSES) REQUIRED RANGE STA RANGE RANGE
{NOK-ROUTINE)* LLD NO. DETECTED** NO NO. DETECTED®® NO. DETECTED®™*
-7 ( &) {( 152 1.00 3 33 ( 1.6 1./ 3 ( 6.7¢ 2.0)E
( O { 1.1 33.00¢ 2 ¢ -1.% - 3300 2
o« 27 B)* LU VA 5 . W 1)
K40 ( &) ( 4.2+ 1.9 3 2 ( 1.23% 0.1NE 4 [ L322 0.1)E
t O { 1.2 7.8)E 3
"0 3 L - 1 1ye .( 1/ 1)*
1-131 ( &) ( 7.7 2 3.7 2 {( 69+ 9.7)E 1 ( 69+ 9.7E
( 0 £ 1.5 0.3) 2
*( 0 3 Ll ' . ol 1 0 1)*
134 ( &) 130. ( 3.8 2 8.4)E D - Y4 e 1.6 1 ( 6.9+ 17.3%
t O e % 1.2 1
® D7 )% "t o N* o W 1
Cs-137 { &) 130, (- 0% 3B 1 21 ( 4bx LTE N t &b+ 1L7OE
¢ 0) ( -5.0 - 34,2 0
.( 0/ 3\. ¢ L’:/ 1)* .y s’ 1)*
TH-232 ( &) ( 2.1% 5.8k 0 el ¢ 192 0.8)E 2 (. 1.9%» 0.8)E
(¢ 0 ( -3.8 5.0 1
*¢ 6/ - 3)* * o/ 1)* o 7

. NON-ROUTINE REFERS TO THE NUMBER OF SEPARATE MEASUREMENTS WHICH WERE GREATER
THAN TEN (10) TIMES THE AVERAGE BACKGRC FOR THE PERIOD OF THE REPORT.
% THE FRACTION OF SAMPLE AMALYSES YIELDING DETECTABLE MEASUREMENTS

C1.€E. >3 STD DEVIATIONS) IS INDICATED WITH *{ L

-f}=

o



Table 2.9-1

Vegetable/Vegetation Radioactivity Analyses

L]

ENVIRONMENTAL RADIOLOGICAL PROGRAM SUMMARY
PILGRIM NUCLEAR POWER STATION, PLYMOUTH,
( JANUARY DECEMBER 1991)

MEDI!UM: VEGETABLE/VEGETATION

INDICATOR STATIONS

LA A A A AR AR R AR RS

RAD IONUCL IDES MEAN
(NO. ANALYSES) REQUIRED RANGE
(NON-ROUTINE)* LLD NO. DETECTED**
BE-7 (¢ 17) ( S.6% 2.6 2
(7N { 8.2 291.00E 1
Ll ?/ 14"
K-&0 ( ¥ ( “ 0.3)¢ 3
«( O ( 1.2 &.5) 3
. &/ 14)*
=131 (1) 60.%%*  ( -3.2+ 22.8)E 4
¢ 0 ¢ 1.7 1.5 1
*( 0/ 14)*
€S-134 ( \7) 60. {( -6.9 = 1.9 0
( O) ( 9.7 0.%) 1
L | 0/ 14)*
C5-137 ¢ 17 50. ( 3.6+ 1.8 0
( O { ~6.7 - 19.6)E ©
® ¢ 0 (&)
™-232 ( 1) ( 1.2+ 0.8 3
( O ( .9 * 6.2) 1
¢ 0/ 14

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

THAN TEN (10) TIMES THE AVERAGE BACKGROUND FOR

** THE FRACTION OF SAMPLE ANALYSES YIELDING D
({.E. >3 STD DEVIATIONS) IS INDICATED WITH

ETErTY

cIEL

=t

STATION WITH HIGHEST MEAN

FARERARNRRAARARERARERER AN

STA.

NO,

32 4

vy

32

7 (

27 (
(

77 (

THE PERIOD OF THE REPORT,
ABLE MEASUREMENTS

e

MEAN
RANG

E

UNITS:

NO, DETECTED®*

"

1)E

"

J1)E

.9)E

®e% TRE LISTED LLD OF &0 pCi/KGC FOR 1-131 APPLIES ONLY TO LEAFY VEGETABLES.
SUMMARIES PRESENTED [N THIS TABLE INCLUDE RESULTS FOR ALL VEGETABLES,

ROOT CROPS AND NON-LEAFY VEGETABLES.

PCI/KG WET

CONTROL STATIONS
ERERARERERRAAA R
MEAN
RANGE
NO. DETECTED®*

3 ( 4.9+ 1.8)€
{ 2.0 8.1

l‘ 6/ 3)0
3 ( 2.6 * 1.0)€
( 1.1 “.&)E

" 3/ I
1 ( 5.9 » 10.3)¢
{ 2.8 0.9

& 07 3
0 { 53¢ . 1E
€ +1.3 0.1)€

“« 0/ 3)*
1 ( 1.12 0.8)¢
0 P 25.2)E

* 07 3)*
1 ( 2.2 * 2.1)E
£ 5.7 63.3)E

*® 07/ 3)*

INCLUDING

o



Table 2.10-1

Cranberry Radioactivity Analyses

ENVIRONMENTAL RADIOLOGICAL
PILGRIM NUCLEAR POWER STATION, PLYMOUTH, MA
DECEMBER 199%)

( JANUARY

MEDIUM: CRANBERRIES

INDICATOR STATIONS

RERSRRAR R AR AR AN,

RADJONUCL IDES MEAN
(NO., ANALYSES) REQUIRED RANGE
(NON-ROUTINE)* LLD NO. DETECTED®*
BE-T ( B ( 5.1+ 68,9
( 0) ( 6.6 - T.4)E
L 6/ 2\'
K40 ( 3 ( 3 0.4)E
( 0 6.1 - 6.8)E
" 2, 2[.
1-131 ¢ 3) ( 2.8+ 25.4)E
( O ( <2.2 2.8)¢
'( Ny 2'.
Cs-134 ¢ B 60, (=163 U.2)E
( O ( ~1.8 - 1.3)€
*t 07 2
Cs-137 ¢ 3 60 e 1.6)¢
{ O ( 1.4 ¢ &.7)E
s 0
TH-232 ¢ 3 ¢ 5+ 1.0)E
{ 0) { 5.9 25.0)E
-y 0

" "

=

o

PROGRAK SUMMARY

UNITS:

STAT'ON WITH HIGHEST MEAN
RERAEAARRE AR R R R RN R R

MEAN
STA, RANGE
NO,  NO. DETECTED**
12 ( 7.4+ T.00

. 'y 1@
A ’
13 (¢ 2.8+ 2.8)¢
*( 0/ 1)*
25 ( -9.3 & V140
* Tyw
{ v ]
23 { 3.0 # 1.2)E

23 { 3.4

I+
o
K

"

© o7 N*

PCI/KG WET

CONTROL STATIONS
FERERRRAY e RRRN
MEAN
RANGE
NO, DETECTED®*

» NON-ROUTINE REFERS TO THE NUMBER OF SEPARATE MEASUREMENTS WHICH WERE GREATER
THAN TEN (10) TIMES THE AVERAGE BACKGROUND FOR THE PERIOD OF THE REPORT,
B%  THE FRACTION OF SAMPLE ANALYSES YIELDING DETECTABLE MEASUREMENTS
(1.E. > STD DEVIATIONS) IS INOICATED WITKR *{

~43-
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Table 2.11-)
Soil Radioactivity Analyses
ENVIRONMENTAL RADIOLOGICAL PROCRAM SUMMARY

PILGRIM RUCLEAS POWER STATION, PLYMOUTH, MA
( JANUARY - DECEMBER 1991)

MEDIUM: SOIL UNITS: PCI/KG DRY
INDICATOR STATIONS STATION WITH KIGHEST MEAN CONTROL STATIONS
AR R AR R R AR R D] EARR R AR AR REN AN AR TR BREARRRANANR TR
RADIONUCLIDES MEAN MEAN MEAN
(NO. ANALYSES) REQUIRED RANGE STA, RANGE RANGE
(NON-ROUT INE )™ Lid NO. DETECUTED®*® NT NC. DETECTEG®* NO. DETECTED™
BE-7 ( 35) ( 1.4 % 0.6)E 2 21 { $:3 % 0.8 2 ( 6.3¢ 0.8)€
( O ( =-1.0 - 7.9)¢
®y Q/ 3.3c " 1/ 1)* t( y/' 15
K-40 ( 35) ( 1.0 ¢ 0.0 & 21 ( 1.8 = 0.1} & ( 1.8 ¢ 0.1)E
( O) ( 1 15.5 3
. 3‘./ 3;.)' Q( y/ 1)' .( 1/ 1;.
co-58 ( 3%) s0. £ <I.3 % 1.33¢ O 15 ¢ S.72 7.4)E 0 ( 1.2+ 0.8)E
( 0 £ =21 0.6 1
*( 07 34)* (o H* o TR
€o-60 ( 3% 50 { 1.8 ¢ 1.0 1 08 ( 6.9 * 525€ ¢ ¢ 2.0+ 11.0)€
(- ( 2.0~ 29.5)¢ 1 { 2.0 9.5 1)
t( S/ 3~)t LT "; Y .( G'/ 1).
N85 ( 3%) 50, AR U 47 6. 09 ( =9+ 2.4 1 -3.6 + 2B.4)E
{ O I 8.4)E 1
* 07 34 =2 0J o o 0/ 1)*
R95 ( 35) 50. { 1.1 0.3 1 10 ( 5.3 4 6) 1 ( 8.6 + 15.6)¢
( 0) { <2.7 = 4.0 1
t( C'/ 3“)0 . ¢ 'y e .( 0/ 13
Cs-134 ¢ 35 S0. ( 8.6 * 15.7)E -1 2) t H.7 » $.8)E O 4 6.7 + 9.65¢
( O) ( 143 2. 1)E 1
*( 0/ 36)* *® 0 (P i o W nY
CS-137 ¢ 35) S0. ( 4.6 ¢ 1.5 2 3 \ 17+ 0.0)E 3 { 8.6 + 1.2)E
L ¢ 1.1 - 280.03¢& 1
'Q 28» 31.}, ‘k 4 13 '( 1/ ’l)l
CE-144 ( 35) 150. ( o 1.0)E 1 03 { 1.5 # 0.6)E 2 { “.2 ¢ 6.0)E
( © (=14 = 1.3)E 2
¢ 07 36 o8/ 1 s A D L
TH-232 ( 3%) 7.2 ¢ 0.3)F 2 09 ¢ 1.0 + 0.1 3 ( 6.6 + 0.6)F
( O ( L4 - 11.4)E 2
{ 147 34)* * 7 O bl SR AR % o

*  NON-ROUTINE REFER. TC 1#k NUMBER OF SEPARATE MEASUREMENTS WHICH WERE GREATER
THAN TEN (10) TIMES THE AVERAGE BACKGROUND FOUR THE PERIOD OF THE REPORT.

** THE FRACTION = SAMF E ANALYSES YIELDING DETECTABLE MEASUREMENTS
C1.E. »3 STD _EVIATIONS) IS INDICATED WITH *¢( X,

44~
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B

MEDIUM: SURFACE WATER

RADIONUCLIDES
(NO. ANALYSES)
(NON-ROUTINE)*

MN-54

FE-59

2N-85

IR-95

cs-137

BA-140

-3

L

{

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

L))
0

39

)
0)

19)
0)

L))

0

kL))
0

12)
o)

REQUIRED
LLD

15.

3000,

Table 2.12-1
Surface Water Radioactivity Analyses
ENVIRONMENTAL RADIOLOG!CAL PROGRAM SUMMARY

PILGRIM NUCLEAR POWER STATION, PLYMOUTH, MA
(JANUARY - DECEMESR 1991)

UNITS: PCL/KG

INDICATOR STATIONS

AERERANRRR AR TN TR

STATION WITH HIGnEST MEAN

AR AR RS RS A AR R R R R R R ]

MEAN MEAN
RANGE STA. RANGE
NO. DETECTED®** NO. NO. DETECYED**

( 1532 0.3 2 "M ( 2.8+ 0 1)E

£ <11 - 35.3)¢ 1 ¢ 2.5 - 3.5
" 14/ 286)* R 5 5 L

( 302 1.86)E -1 7 - 3.2% 2.1)E

{ -1.8 1.5)€ © ( +8.3 - 14.8)E
" 0/ 26)" “ /15

( 2.9 % 18.4)E -2 ! ( 1.1 :¢ 2.7)E

£ =33 2.0)E O {18 2.0)€
*( 07 26)* *C 0/ 13)*

{ ~7.84% 3.2)E - 1" ( -T.4¢ 4.5)E -

( ~4. 2.6)E O ( -4.1 - 1.5)E
"t 0/ 26)* *t 07 15

£ =313 19E - 77 € A4 3.1)E

( -2.0 2.8)E O ( -2.0 2.4)E
* OF 26)* *( O/ 1)+

(=3 5.8)E <1 17 ( %4+ 63.6)F

( 3.8~ 3.7 0 ( -3.8 3.7k
*( 07 28)* " 07 13)*

¢ 4.9 323 <1 17 ( 9.6+ 3.9)E -

¢ -3.0 2.8)E © { =1.2 2.8)E
*( 07 26)* " 07 15

(. <3.0% 4.0)E -2 1 X ~5.8¢ 67.2)EF -

€ ~3.7 5.5 -1 ¢ 3.5 5.5)E -
L 07 28)* *( 07 13)*

{ -8.2% 1.5E -1 ww £ 5T e 2.5)E

( 2.7 0.8) O { +1.9 - 1.5)E
" 07 26)* * 07 15)*

t 5.0+ 16.6)E -2 "M ¢« 1.9: 2.2)E -

¢ 1.7 - 1.3 O A i 1.33E
*( Of 26)* * 07 13)*

{( =352 4.9)E -1 23 ( 5.6+ 6.7)E -

( «6.2 ~ £.8)E O ¢ -4.7 4.8)E
*( O/ 26 *( 0/ 13)*

( 4.9 » 7.8)E 17 ¢ +2.2: 10.3)

e R 2.00 2 £ =21 > 1.8)E
0 8 * 0/ &)

THE FRACTION OF SAMPLE AKALYSES YIELOING DETECTABLE MEASUREMENTS
(1.E. >3 STD DEVIATIONS) IS INDICATED WITH *( i

45~
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—

—

o

CONTROL STATIONS

LA AR AR EAR R SRR 2]

MEAN
RAyGE

28 0.1)E

2.6 3.4)E
"t 13/ 13)*

1.6 + 2.7
1.4 - 1.9
" QI ‘S'Q
7.9 2 2.4)E -
2k - 0.6)¢
* 07 1)

1.1 + 0.7)E
6.2 - 3.6
o 07 13)*

8.3 ¢ &.1)E -
-3.0 2.1)E
= 0/ 1)

9.0 » 4. 2)E -
~£.3 1.2)E
" 0/ ‘3)'

2.5 ¢ 3.9 -
2.3 - 2.8)¢
) 07 13)*

-3.2 ¢ 4.2)E -
“2.9 - 3.0)€ -
*C 0/ 13)*

3.7 ¢+ 2.5) -
1.9 - 1.5)€
o 0/ 13)*
4.3+ 29.9) -
€1 - 2.2
T 0/ 13)*

S.6¢# 6.7)E -

4.7 ¢ 4.8)E
* O/ 13

1.3 0.6)E
2.4 - 0.2)€
] 0/ &)~

S -

o -



MED [UM:

FISHES

RAD IONUCLIDES
(NO. ANALYSES)
{NON-ROUTINE)*

K-&0

MN-54

€o-58

FE-59

Co-80

IN-65

€s-134

CS-137

TH-232

-t

(

(

(

NON-ROUTINE REFERS TO THE NUMstw
THaN TEN ('0) TIMEE

130.

130.

130.

Table 2.13-]

Fish Radioactivity Analyses

ENVIRONMENTAL RADIOLOGICAL PROGRAM SUMMARY
PILGRIM NUCLEAR POWER STATION, PLYMOUTH, MA

(JANUARY - DECEMBER 1991)

UNITS

STATION WITH HIGHEST MEAN

AR R AR AR R R R R AR AR R R L AR d

INDICATOR STATIONS

RERARE R RN

MEAN MEAK
RANGE STA.  RANGE
NO. DETECTED®® NO. NO. DETECTED®*®
3.2 219 O 11 ( 322 21.9
+1.9 2.0 2 ( 1.3 2.0)E
*( 0/ 18)* s¢ 0/ 18)*

3.2 ¢ 0.1E 3 1 { 3.2 % 0.1)¢
2.1 3.9)8 3 { e 3.9
*( 187 18)* *( 18/ 18)*

2.6 ¢ 1.8) 0 11 ( 2.6 % BIE

7.4 20.2)E Vv L § 7.4 20.2)E
*( 0/ 18)* * 0/ 18)*
3.9 ¢ 3.006 © 98 ( 1.5 2.7
2.1 1.9 1 ( -8.4 11.8)¢
*( 07 18)* " o
7.0+ 55 1 11 ( 7.0+ 55.8)¢
4.6 5 1 { &.8 5.0)€
*( 07 18)* *t 07 &)
5.7 » 2.1 C 29 | 23 » 0.8)€
2.1 1.1 1 { - 9% 1 1.7)E
“¢ 07 18)* * 07 2)*
5.9 % 37.7E -1 1" ( 8.9+ 37.7)
2.2 2.6)E ( 2.2 - 2.6)E
" D7 18)* *( 0/ 18)*
1.9 % 0.2 ’ 1.4 =1.1-2 0.2)E
2.6 0 1 ( 2.6 - 0.1)E
*( 07 18)* * 07 18)*
L4+ 1.9 0 29 1.4 ¢ 0.1)E
“1.3 1.8 1 ( 1.3 1.6)E
*C 07 18)* 0 o/ 2

2.0 ¢ 0.7)E 1 1 ( 2.0 # 0.7)€
2.4 7ONE 1 { -2.4 7.0)E
*t 07 18)* ] o7 W)~

THE FRACTION OF SAMPLE AN: LYTFT YIELDING DETECTABLE MEASUREMENTS
(1.€. >3 STD DEVIATIONS) iS !NDICATED WITH *( L

46~

o

o0

o0

PCI/KG WEY

CONTROL STATIONS
ERARRRERR AR R
MEAN
RANGE
NO. DETECTED®*

—~

nF SEFARATE MEASUREMENTS WHICH WERE GREATER
'HE AYVTRAGE BACKI®OURT rUR THE PERJOD OF THE REPORT,

N E 1.6)E
«1.0 0.5)
* 0 9

3.0 ¢ 0.1)E

2.0 - 3.3)€
] 9 9
-1.0 » 2.5)E
“V.T » 0.9)E
* 07 9~

1.1+ 2.7)E
1.1 » 1.2)E
'( 0! 9).
2.0 # 8.5)€
-3.3 - 1.9)€
* 0/ 9
'h.A: 1.1)E
«1,0 - 0.0)¢
"t o7 )"

T3 % 0.5)€
4.2 - 1.3)¢
* 0/ %)
“f.14 0.3
8.3 * -0.2)E
*? 07 9

Tod & 3.6)E
.7 - 25.43¢
* 0y 9

5.8 ¢+ 8.3)¢

" 3.6)
® 07 9)*



MEDIUM: SHELLFISH

RAD1ONUCL IDES
(NO. ANALYSES)

BE-

K40

MN -

©
o

FE

Co-

IN

Cs-

Cs-

TH-

54

<59

60

-65

137

232

(

NON-ROUTINE REFERS TO THE NUMBER OF SEPARATE MEASUREMENTS WHICH WERE GREATER
TIMES THE AVERAGE BACKGROUND FOR THE PERIDD OF
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¢ 16)

NON-ROUTINE REFERS TO THE NUMBER OF SEPARATE MEASUREMENTS WHICH WERE CREATER
THAN TEN (10) TIMES THE AVERAGE BACKGRODUND FOR THE PERIOD OF THE REPORT.
THE FRACTION OF SAMPLE ANALYSES YIELDING CETECTABLE MEASUREMENTS

>3 STD DEVIATIONS) IS INDICATED WITH *(

¢1.€.
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13€.

130.

260.

130.

260,

130,

Table 2.15-]

Irish Moss Radioactivity Analyses
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PILGRIM NUCLEAR POWER STATION,
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Table 2.17-2

Sediment Plutonium Analyses

Ervironme ity Rad( logical Program Summary
Pilgrim Nuclear Powe* Station, Plymouth, MA
(January - ..cember 1991)

l

Loca*ion Core Depth (cm) pCi/Kg (qzziil;i_§¢Q‘
Plutonium 238 | Plutonium 239,
—— Piytonium 240
Rocky Point 02 NDA NOA
Kocky Point 12-14 KDA 1.41 & 0.32
Plymouth Harbor 0~ NDA 10.2 ¢ 2.0
Manoinet Point 0-2 NDA ¢ J4 2 0.4
Duxbury Bay - Control 0-2 NDA 19.1 ¢ 1.6
Duxbury Bay - Control 12-14 NDA 3.37 £ 0.97

*NDA indicates no detectable activity.
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Figure 2.2-2

Environmental Thermeluminescent Dosimeter and
Air Sarnling Locations Qutside Exciusion Area to About Twoe Miles

ENVIRONMENTAL TLD LOCATIOWS ENVIRONMENTAL TLD LOCATIONS AIR SAMPLE LOCATIOND
Code Description Rirg.* Rir.®  Code Description Dist.* Dir.®  Code  Descriptie- Dist.* 5.
AR Aicess Road 0.92 mi 5 3 Station K 1.4 mi SSE R Cleft Rock 0.86 mi S5
B3 3A & Bartiett Rd 2.1 wi SSE ME Manomet Elm 2.7 wmi SE s Manomet Substation 2.3 mi SSE
BD Bayshore Drive 0.81 mi WNw L Manomet Pt £.3 wmi SE ER East Rocty 1 Rd 0.65 m SE
8s Cayshore 1.3 m v e Manomet Road 0.98 mi S
B Secci.wood Road 2.5 mi SE L Manomet subst 2.3 m S5
CR Cleft Rock 0.86 mi S T Micro Tower 0.58 mi 55w
DR Dirt Road 0.%4 mi S T Pines Estate 2.7 m 55«
E Stat’on E 1.2 wi S RC Rec Pool i3 wm wow
(1) Ererson Rocad 1.1 =i SSE v Right of Way 1.7 wi S
EP Emer Rd & Pris 1.1 wmi SE sP S Ply. Sub 2.8 m -
ER E Rocky Hill Rd 0.65 mi SF o~ Tayior & Pearl 1.9 = SE
GH Greenwood House 0.57 =i SE T Taylor & Tom Ave 1.5 mi SE
GN Goodwin Property i.4 mi Sw VR Valley Road 1.8 mi Shw
H Station M 0.57 mi Sw Wi wWarren & Clifford 2.1 mi -
J Station J 1.3 wi 5 wi White Horse Rd 1.3 wmi SSE
36 John Gauley 1.1 = v Yy Yankee Village 1.4 wi WS

* Distance and direction are meatured from the centerline of the reactor to the sampling/monitoring lecation. Values listed are approwimate and
are being evaluated in conjunction with revision of sampling Tocation maps.












nIs
PLY-H
DX -8
DL -BAY
?18

oIS
PLB

CC-Bay

Descristign

T
Discharge Canal
Bartiett Pond
Powder Point Control

F
Dy sc&:rm Canal

Plymouth Harbor
Manomet Point
Duzbury Bay Control
Powder Point Control
Green Harbor Control

JIRISH MOSS
Discharge Canal
Manomet Point
Ellisville

Brant Roeck Control

euggzsau_xnﬂsz*z
Discharge Cana

Plymouth Harbor
Duxbury Beach Control
Duxbury Bay Control
Plymouth Beach

FISHES

Discharge Caral
Plymouth Beach

Jones River Control
Cape Cod Bay Centrol

N River-Hanover Controi
Cataumet Control
Provincetown Control
Buzzards Bay Control
Priest Cove Control
Hantucket Soumd Control
Atiantic Ocean Control
Vineyard Soend Contol

Pigt.*

€.13 mi
1.7 o
7.9 m
0.21 m
2.8 m
3.0 mi
7.8 mi
B.0 wmi
S8 m
0.21 mi
2.2 m
7.9 m
12 mi
0.21 mi
40 m
58 mi
7.1 mi
2.5 m
0.21 mi
2.5 wmi
7.8 mi
15 -
15 m
20 mi
20 mi
25 mi
30 mi
3¢ mi
39 -
4. =i

ir.

,ml
™

mER

SE

42" B1%

§43

iy

LAl ek

55w

Figure 2.2-4

Code

m
-t

CF
BF

AF

J6

cF
wr

Terrestrial and Aguatic Sampling Locations

ripti

y
Rocky Point
Plymouth Harbor
Plymouth Beach
Manomet Point
Duxbury Bay Controi
Green Harbor Contral

MILK
Plymouth County Farm
Whitman Farm Control

(RANBERRILY

Ranomet Pt. Bog
Bartlett Bd. Bog
Pine St. Bog Centrol

VEGETABLES
Plymouth County Farm
Bricgewater Farm Ctrl

F

Piymouth County Farm
wWhitman Farm Centrol
whippls Farm

Dist.* T
0.21 mi N
36 m w
2.5 wm .
2.5 m ESE
8.7 mi N
10 =i WA
1.5 wi -
20 mi i
2.4 m SE
2.7 = SSE
16 - N
34 m w

20 £ 3 w
38 m -

29 - -~
1.8 m e

Distance and direction are measured from the centerline of the reactor to the sampling/monitoring

are approximate and are being evalvated in conjunction with revision of sampling location maps

lecxtion. Values Tisted



Figure 2.2-4 (cont.)
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Figure 2.2-5

Envirommental Sampling And Measurement Control Locations

Code Description Dist.* ir.” Code “iption Digt.” Qir.*
AIR SAMPLE TL0
W East Weymouth 24 m Nw KS Kiagston Subst 10 mi N
LR Landing Road 0 wi N
NT s Cedarville Sub 10 mi S
GH Green Harbor Control 0 m NN ow Church & West 0 mi o
DUX-BAY  Duxbury Bay Control 8.7 mi N bal Main 3 Meadow 11 mi WS
DMF Div. Mar. Fish 14 =i SSE
Ew East Weymouth Sub 4 mi N
SEAWATER MILK
PP Powter Point Control 7.9 m NP wh Whitman Farm Control 20 mi N
SHELLFYSH CRANBERRIES
DUX-BAY  Duxbury-8ay Control 7.8 mi NM PS Pine St. Bog Control 16 mi -l
e Powder Point Contral B.0 mi FiN
GH Green Marbor Contrel 9.8 mi N
IRISH mﬁe VEGETABLES
BK Brant Rock Control 0 mi NN BF Bridgewater Farm Control 20 =i -
wh
RI TER
FORAGE
DUX-BAY  Duxbury Bay Control 7.1 mi N wE whitman Farm (ontrol 20 mi N
FISHE
JR Jones River Control 7.8 mi N
CC-Bay Cape Cod Bay Control 15 mi ESE
N N. River Hanover Control 15 = Nw
CA Cataumet Control 20 mi S5w
PT Provincetown Control 20 mi Nt
88 Buzzards Bay Control 25 m S5«
PC Priest Cove Control 0 wm Sw
NS Nantucket Sound Control 0 w SSE
AD Atlantic Ocean Control 0 w £
L Vineyars Sound Control 40 m 5o

* Distance and direction are measured from the certerii~e of the reactor to the sampling/monitoring lTocation. Values listed
are approximate and are being evaluated in confunction with revisior of sampling location maps.



Figure 2 2-5 (cont.)
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Figure 2.4-)

Historical Beach Survey Exposure Rate Measurements
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Figure 2.7-1

Levels of Strontium-90 in Milk Samples
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3.0 SUMMARY OF RADIOLOGICAL IMPACT ON HUMANS

The radiologizal impact to humans from the Pilgrim Station's radiocactive
11quid and gaseous releases has been estimated using two methods:

1) calculations based on measurements of plant effluent and
2) calculations based on measurements of environmental samples.

The first method utilizes data from the radicactive effluents (measured
at the point of release) together with conservative models that calculate
the d1sgers1on and transport of radioactivity through the environment to
humans . The second method is based on actual measurements of
radioactivity in the environmental samples and on dose conversion factors
recommended by the Nuclear Regulatory Commission. The measured types and
guantiy . es of radioactive 1iquid and gaseous effluents released from
Pilgrim Station during 1991 were reported to the Nuclear Regulatory
Commission, copies of which are provided in Appendiz B. The measured
levels of radioactivity in the environmental sampies that required dose
calculations are 1isted in Appendix A,

The maximum individual dose from 1iquid effluents was calculated using
the following radiation exposure pathways.

1) shoreline external radiation during fishing and recreation at the
Pilgrim Station Shorefront,

2) external radiation from the ocean during boating and swimming; and
3) ingestion of fish and shellfish,

For gaseous effluents, the maximum individual dose was ca'culated using
the following radiation exposure pathways:

1) external radiation from cloud shine and submersion in gaseous
effluents;

2) inhalation of airborne radiocactivity;

3) external radiation from soi) deposition;

4) consumption of vegetables; and

5) consumption of milk and meat.

The results from the dose calculations based on PNPS operations are
presented in .able 3.0-1. The dose assessment data presented was taken

from the "Annual Dose Assessment to the General Public from Radioacti.e
Effluents” report for the period of January 1 through December 31, 1991.
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Table 3.0-1
Racdiation Dose: from 1991 Pilgrim Station Operations

Maximum Individual Dose From Exposure Pathway - mrem/yr
Liquid Gaseous Direct
Receptor Effluents Effluents* Radiation** Total
Total Body 0.002 0.55 2. 67 1.2
Skin 0.002 .28 0.67 2.0
Thyroid 0.001 z.87 0.67 3.5
Max. Organ 0.003 2.87 0.67 3.5

-

Gaseous effluent exposure pathway includes combined dose from
particulates, iodines and tritium in addition to noble gases.

Direct radiation dose for hypothetical maximum-exposed individual at
location on Boston Edison property ylelding highest direct radiation
exposure value,

Two federal agencies establish dose limits to protect the public from
radiation and radioactivity. The Nuclear Regulatory Commission (NRC)
specifies a whole body dose limit 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 Kegulations
(10CFR20). By comparison, the Environmental 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 nrovided by the amount of

dose a typical individual receives each year from natural and man-made
(eg. diagnostic a-rays) sources of radiation. The tipical American
receives 300 to 400 mrem/yr from such sources.

As can be sevn from the doses resulting from Pilgrim Station Operations
during 1991, ali values are well within the federal limits specified by
the NRC and EPA. 1In addition. the calculated doses from PNPS operation

represent only a fraction of & percent of doses from natural and man-made

radiation.

A second method ot dose estimation involves calculations based on
radioactivity detected in environmental media., During 1991, three
special studies were performed to determine the dose impact associated
with radionuclides detected in environmental media. These calculations
are discussed in detai) in Appendi~ A of this repourt.
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Internal radiation doses associated with ingestion of Cobalt-60 detected
in blue mussels are discussed in Appendix A, Section I. The estimated
maximum total body dose assoc.ated with the hypothetical ingestion of
blue mussels taken from the area of the Pilgrim Station Discharge Canal
outfall was 0.0003 mrem/yr.

Internal radiation doses associated with ingestion of Cobalt-60 detected
in Irish moss are discussed in Appendix A, Section II. The e:timated
maximum total body dose associated with the hypothetical ingestion of
Irish moss taken from the area of the Piigrim Station Discharge Canal
outfall was 0.002 mrem/yr.

External radiation dose associated with direct radiation from Cobalt-60
and Cesium-137 deposited on the soil surface on areas of Boston Edison
Company property accessible to the general public are discussed in
Appendix A, Section III. The total body dose to the maximum exposed

individual from this direct radiation exposure was estimated as 0.03
mrem/yr.

All of the doscs calculated from environmental media results, whether
considered individually or collectively, are well within federal dose
1imits specified by the NRC and EPA. In addition, the cumulative dose
from such hypothetical exposures represents less than one percent of the
typical annual dose received from natural and man-made sources.

Therefure, the radiological impact from Pilgrim Station operation is of
insignificant consequence to public health.
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