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EXECUTIVE SUMMARY

Boston Edison Company
Pilgrim Nuclear Power Station
Radiological Environmental Monitoring Program
Report
January 1 through December 31, 1992

TRODUCTION

This report summarizes the results of the Boston Edison Company’s Radiological
Environmental Monitoring Program (REMP) conducted in the vicinity of Pilgrim Nuclear
Power Station (PNPS) during the period from January 1 to December 31, 1992. This
document has been prepared in accordance with the requirements of PNPS Technical
Specifications section 6.9.C.2.

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

SAMPL ING AND ANALYSIS

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

During 1992, there were 1,413 samples collected from the atmospheric, aquatic and
terrestrial environments. In addition, 428 exposure measurements were obtained using
envirenmental thermoluminescent dosimeters {TLDs) and six exposure rate measurements
were performed using a high pressure ion chamber. These 1,413 samples and 428
monitoring devices were collected by Boston Edison Company and Massachusetts Division
of Marine Fisheries personnel.

A1l samples were collected as required by the PNPS Technical Specifications with the
following exceptions: 2 out of 160 of the TLD measurements were missed, samples of
Group | and 11 fishes were not collected during the first gquarter, Group II fishes were
not collected during fourth quarter, and some problems with the composite water sampler
at the discharge canal were aiso experienced. Of the TLDs required by PNPS Technical
Specifications, two 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 Il (bottom and near-bottom
distribution) fishes were not available in the vicinity of the discharge canal between
January and March. Therefore, samples of fish from these categories were not collected
for the first quarter of the year. Group Il fishes were also unavailable for sampling
between October and December. A complete explanation of ail the missed samples during
1992 is provided in Appendix D.

There were 1.5%0 analyses performed on the environmental media samples. A1l analyses
were performed by the Yankee Atomic Electric Company Environmental Laboratory in
Westboro, Mass. All samples were analyzed as required by the PNPS Technical
Specifications.
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LAND USE CENSUS

The annual Tand use census in the vicinity of Pilgrim Station was conducted as required
by Technical Specifications between August 11 and September 30, 1992. A total of 35
gardens having an area of more than 500 square feet were identified within three miles
of PNPS. No new milk or meat animals were located during the census. Of the 35 garden
locations identified, samples were collected at or near seven of the gardens as part of
the environmental monitoring program.

RADIOLOGICAL IMPACT TO THE ENVIRONMENT

During 1992, 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 radioactive materials. No radicactivity which could be attributable to Pilgrim
Station’s operation was detectabie in any of the 1,413 <amples collected during 1992.
Off-site direct radiation measurements using environmental TLDs and a high pressure ion
chamber ranged between 46 and 95 mR/year. This range of radiation levels is consistent
with natural background radiation levels for Massachusetts as determined by the
Environmental Protection Agency (EPA).

RADIOLOGICAL IMPACT TO THE GENERAL PUBLIC

During 1992, radiation doses to the general public as a result of Pilgrim Station’s
operation continued to be well below the federal 1imits and much less than the dose due
to other man-made and naturally-occurring sources of radiation.

The calculated total body dose to the maximal.y-exposed member of the general public
from radioactive effluents and direct radiation resulting from PNPS operations for 1992
was about 2.2 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 percent of
the typical dose received from natural and man-made radiation.

CONCLUSIONS

The 1992 Radiological Environmental Monitoring Program for Pilgrim Station resulted in
the collection 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 sample analyses, and dose
calculations showed that all applicable federal criteria were met. Furthermore,
radiation levels and resulting doses were a small fraction of those which are normally
present due to natural and man-made background radiation.

Based on this information, there is 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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The Radiological Environmental Monitoring Program for 1992 performed by Boston
Edison Company for Pilgrim huclear Power Station (PNPS) is discussed in this
report. Since the cperation of a nuclear power plant results in the release of
small amounts of radioactivity and low levels of radiation, the Nuclear
Regulatory Commission {NRC) requires a program to be established to monitor
radiation and radicactivity in the environment (Reference 1). This report, which
is required to be published annually by Pilgrim Station’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 to December 31,
1992.

The Radiological Environmental Monitoring Program consists of taking radiation
measurements and collecting samples from the environment, analyzing them for
radioactivity content, and interpreti g the results. With emphasis on the
critical radiation exposure pathways t: 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 radicactivity 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 radioactivity, natural
and man-made sources of radiation, reactor operations, radiocactive effluent
controls, and radiological impact on humans is 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 Radiocactivity

A1l matter is made of atoms. An atom is the smallest part into which
matter can be broken down and still maintain all its chemical properties.
Nuclear radiation is energy, in the form of waves or particles, that is
given off by unstable, radioactive atoms.

Radioactive material exists naturally and has always been a part of our
environment. The earth’s crust, for example, contains radicactive uranium,
radium, thorium, and potassium. Some radiocactivity is a result of nuclear
weapons testing. Examples of radioactive fallout which is normally present
in environmental samples are cesium-137 and strontium-90. Some examples of
radicactive materials released from a nuclear power plant are cesium-137,
iodine-131, strontium-90, and cobalt-60.
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Radiation is measured in units of millirem, much like temperature is
measured in degrees. A millirem is a measure of the biological effect of
the energy deposited in tissue. The natural and man-made radiation dose
received in one year by the average American is 300 to 400 mrem
(References 2, 3, 4).

Radioactivity is measured in curies. A curie is that amount of radioactive
material needed to produce 37,000,000,000 nuclear disintegrations per
second. This is an extremely large amount of radiocactivity in comparison
to environmental radicactivity. That is why radioactivity in the
environment is measured in picocuries. One picocurie is equal to one
trillionth of & curie.

1.2 Sources of Radiation

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

Table 1.2-1
Radiation Sources and Corresponding Doses

NATURAL MAN-MADE
Radiation Dose Radiation Dose
Source (millirem/year) | Source (millirem/year)
Cosmic/cosmogenic 30 Medical/Dental X-rays 39
Internal 40 Nuclear Medicine 14
Terrestrial 30 Consumer Products 10
Radon/Thoron 200 Weapons Fallout About 1
Nuclear Power Plants About 1
APPROXIMATE APPROXIMATE
TOTAL 300 TOTAL 60

Cosmic radiation from the sur and outer space penetrates the earth’s atmosphere
and continuousiy bombards us with rays and charged particles. Some of this
cosmic radiation interacts with gases and particles in the atmosphere, making
them radioactive in turn. These radioactive byproducts from cosmic ray
bombardment are referred to as cosmogenic radionuclides. Isotopes such as
beryllium-7 and carbon-i4 are formed in this way. Exposure to cosmic and
cosmogenic sources of radioactivity results in about 30 mrem of radiation dose
per year.
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Additionally, natural radioactivity 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 millirem/yr). All 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 their radioactive decay products arise
from the decay of naturally occurring uranium, thorium and radium in the soil and
building 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 soil. Residents at some locations in Colorado, New
York, Pennsylvania and New Jersey have a higher annual dose as a resuit of higher
levels of radon/thoron gases in these areas.

In addition to natural radiation, we are normally exposed to radiation from a
number of man-made sources. The single largest doses from man-made sources
result from therapeutic and diagnostic applications of x-rays 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 televisions and
smoke detectors, contribute about 10 mrem/yr. Much smaller deses 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.

1.3 Nuclear Reactor Operaticns

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 General Electric Co. The nuclear
station is located on a 1600 acre site about five miles east-southeast of
Plymouth Center. Commercial operation began in December, 1972.

Pilgrim Station was shut down for maintenance October 24 - November 24,
1992. The station was fully operational during the rest of the year.
Monthly capacity factors are given in Table 1.3-1.

Nuclear-generated electricity is produced at Pilgrim Station by many of the
same techniques used for conventional oil and coal-generated electricity.
Both systems use heat to boil water to produce steam. The steam turns a
turbine which turns a generator, producing electricity. In both cases, the
steam passes through a condenser where it changes back into water and
recirculates 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
fossil fuels in a boiler, while nuclear plants make use of uranium in a
nuclear reactor.
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TABLE 1.3-1

PNPS OPERATING CAPACITY FACTOR DURING 1992

OPERATING PERCENT CAPACITY

(Based on 670 MWe)

Month Percent Capacity
January 96.6
February 89.4
March 80.4
April 53.5
May 97.8
June 97.8
July 97.4
August 97.4
September 64.]
October* 72.8
November* 13.7
December 65.2
Average 80.5

* Mid Cycle Outage No. 9 commenced on October 24, 1992,
The plant was restarted on November 24, 1992,
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The operation of a nuclear reactor results in the release of small amounts of
radioactivity and low levels of radiation. The radioactivity originates from two
major sources, radiocactive fission products and radioactive activation products.

Radioactive fission products, as illustrated in Figure 1.3-1 (Reference §),
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 occation, through defects or failures in the fuel cladding.
These fission products circulate along with the reactor coolant water and will
deposit on the internal surfaces of pipes and equipment. The radicactive fission
products on the pipes and equipment emit radiation. Examples of some fission
products are krypton-85 (Kr-85), strontium-90 (Sr-90), iodine-131 (1-131),
xenon-133 (Xe-133), and cesium-137 (Cs-137).

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 is a result of the fact that the internals of any piping system or
component are subject to minute yet constant corrosion from the reactor cuvoling
water. These minute metallic particles {for example: nickel, iron, cobalt, or
magnesium) are transported through the reactor core into the fuel region, where
neutrons may react with the nuclei 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 radiocactive
activation products on the pipes and equipment emit radiation. Examples of some
activation products are manganese-54 (Mn-54), iron-59 (Fe-59), cobalt-60 (Co-60),
and zinc-65 (In-€5).

=(n) o | m— .

Neutron
Stable Radicactive
Cobalt Nucleus Cobalt Nucleus
Figure 1.3-2

Radioactive Activation Product Formation
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At Pilgrim Nuclear Power Station there are five independent protective barriers
that confine these radioactive materials. These five barriers, which are shown
in Figure 1.3-3 (Reference 5), are: 1) fuel 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. Most of the
radioactive fission products are either physically trapped or chemically bound
between the uranium atoms, where they will remain. However, 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 gases and volatile iodines which are types of radioactive
fission products. This radicactivity can diffuse to a small extent through the
fuel cladding inte the reactor coolant water.

The third barrier consists of the reactor pressure vessel, steel piping and
equipment that con®ines the reactor cocling water. The reactor pressure vessel,
which holds the reactor fuel, is a 65 foot high by 19 foot diameter tank with
steel walls about nine inches thick. This provides containment for radioactivity
in t imary coolant and the reactor core. However, during the course of
operations and maintenance small 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 lined enclosure that is shaped like 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 steel walls of the torus are nine feet in
diameter with the donut itself having an outside diameter of about 130 feet.
Small amounts of radioactivity may be released from primary containment during
maintenance.

The fifth barrier is the secondary containment or reactor building. The reactor
building is the concrete building that surrounds the primary containment. This
barrier is an additional safety feature to contain radicactivity which may escape
from the primary containment. This reactor building is equipped with a filtered
ventilation system that is used when needed to reduce the radivactivity that
escapes from the primary containment.
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SIMPLIFIED DIAGRAM OF PILGRIM NUCLEAR POWER STATION

4 PRIMARY CONTAINMENT

3. REACTOR VESSEL
1. FUEL PELLETS

(B 1~ ™y
2. FUEL CLADDING 5 SECONDARY CONTAINMENT

TURBINE

CONDENSER

|

.t'_——ﬂ =

Figure 1.3-3
Barriers To Confine Radigactive Materials
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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 radioactive liquids and gases
that do escape the various containment systems are further controlled by the
liquid purification and ventilation filtration systems. Also, prior to a release
to the environment, 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 control of radioactive effluents at Pilgrim Station
will be discussed in more detail in the next section,

1.4 Radi tive Effluent Control

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

Radiocactivity released from the 1iquid effluent system to the environment
is limited, 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 liquid radwaste tanks;
- 1igquid waste effluent discharge header radioactivity monitor.

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
ion exchange resins where radioactive elements, diluted in the water, are
removed through chemical processes. The net effect is a drastic reduction
of the radiocactive materia)l 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 ithe primary cooling system and
other radioactive water sources is collecied in floor and eguipment drains.
These drains direct this radioactive liquid waste to large holdup tanks.
The liquid waste collected in the tanks is purified again using the liquid
radwaste treatment system, which consists c¢f a filter and ion exchange
resins.

Processing of liquid radicactive waste results in large reductions of
radicactive liguids discharged into Cape Cod Bay. Of all wastes processed
through 1iquid radwaste treatment, 90 to 95 percent of all wastes are
purified and the processed ligquid re-used in plant systems.
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If air containing elevated amounts of noble gases is routed past the
reactor building vent’'s effluent radioactivity monitor, an alarm will alert
the Control Room operators that release limits are being approached. The
Control Room operators, according to procedure, will isolate the reactor
building ventilation system and initiate the standby gas treatment system
to remove airborne particulates and gaseous halogen radiocactivity from the
reactor building exhaust. This filtration assembly consists of high-
efficiency particulate air filters and charcoal 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 monitoring
system samples radioactive particulates, iodines, and noble gases and
collects a tritium sample. The system also contains radioactivity
detectors that monitor the levels of radioactive noble gases in the stack
flow and display the result on radiation level meters and strip chart
recorders located in the Control Room. To supplement the information
continuously provided by the detectors, the particulate, iodine, tritium,
and gas samples are analyzed periodically to guantify the total amount of
radioactive gaseous effluent being released.

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

The radicactive off-gas from the condenser is then directed into a
ventilation pipe to which the off-gas radiation monitors are attached. The
radiation level meters and sirip chert recorders for this detector are also
located in the Control Room. 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 vaive 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 isolated, thereby preventing any gaseous radioactivity from
being released that may exceed the release limits.

Therefore, for both liquid and gaseous releases, radiocactive 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, sampled and analyzed prior
to release to make sure that radioactivity levels are below the release
limits. If the release 1imits 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

iplogical t on

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

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

The types and quantities of radioactive liquid and gaseous effluents
released from Pilgrim Station during 1992 were reported to the Nuclear
Regulatory Commission semiannually. The 1992 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 limits 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 radionuclides will interact with the environment
and how they can result in radiation exposure to humans. The environmental
interaction mechanisms depend upon factors such as the hydrological (water)
and meteorological (atmospheric) characteristics in the area. Information
on the water flow, wind speed, wind direction, and atmospheric mixing
characteristics are used to estimate how radioactivity will distribute and
disperse in the ocean and the atmosphere.

The most important type of information that is used to evaluate the
radiological impact on humans is data on the use of the environment.
Information on fish and shellfish consumption, boating usage, beach usage,
locations of cows and goats, locations of residences, locations of gardens,
drinking water supplies, and other usage 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 radicactivity 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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Figure 1.5-1
Radiation Exposure Pathways
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There are six major ways in which gaseous effluents impact humans:
1) external radiation from an airborne plume of radioactivity;
2) internal radiation from inhalation of airborne radioactivity;

3) direct radiation emitted from Pilgrim Station;

4) external radiation from deposition of radioactive effluents on
s0il;
5) internal radiation from consumption of vegetation containing

radioactivity absorbed from the soil due to ground deposition
of radioactive effluents; and,

6) internal radiation from consumption of milk and meat containing
radiocactivity 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 liquids; and,

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

To the extent possible, the radiological dose impact on humans is based on
direct measurements of radiation and radiocactivity in the environment (see
Appendix A). However, the operation of Pilgrim Nuclear Power Station
results in releases of only small amounts of radicactivity, 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 radioactivity above that which is naturally present in the
environment. Therefore, radiation doses are calculated using radioactivity
release data and computerized dose calculations that are based on very
conservative (over-estimated) NRC-recommended models. These computerized
dose calculations are performed by or for Boston Edison Co. personnel.
These computer codes use the guidelines and mei“odology set forth by the
NRC in Regulatory Guide 1.109 (Reference €). The dose calculations are
dJocumented and described in detail in the Pilgrim Nuclear Pewer Station’s
(ff-site Dose Calculation Manual (Reference 7) 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
federal dose limits for the public. The two federal agencies that are
charged with the responsibility of protecting the public from radiation and
radioactivity are the Nuclear Reguiatory Commission (NRC) and The
Environmental Protection Agency (EPA).

The NRC, in 10CFR 20.105 (Reference 8) limits the levels of radiation to
unrestricted areas resulting from the possession or use of radiocactive
materials such that they limit any individual to ¢ dose of:

- less than or equal to 500 mrem per year to the total body.

In addition to this dose limit, the NRC has established design objectives
for nuclear plant licensees. Conformance to these guidelines ensures that
nuclear power reactor effluents are maintained as far below the legal
limits as is reasonably achievable.

The NRC, in IOCFR 50 Appendix I (Reference 9) establishes design objectives
for the dose to a member of the general public from radioactive material in
liquid effluents released to unrestricted areas to be limited to:

. less than or equal to 3 mrem per year to the total body,
-and-
o 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:

. less than or equal to 10 mrad per year for gamma radiation,
-and-
. less than or equal to 20 mrad per year for beta radiation.

The dose to a member of the general pubiic from iodine-131, tritium, and
all particulate radionuclides with half-lives 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 B (Reference 10), 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
uranium fuel cycle shall be limited to:

. less than or equal to 25 mrem per year to the total body,
. less than or equal to 75 mrem per year to the thyroid,
-and-
. less than or equal to 25 mrem per year to any other organ.
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The summary of the 1992 radiological impact for Pilgrim Station and
comparison with the EPA dose limits and guidelines, as well as a comparison
with natural/man-made radiation levels, is presented in Section 3 of this
report.

The third stage of assessing releases to the environment is the
Radiological Environmental Monitoring Program (REMP). The description and
results of the REMP at Pilgrim Nuclear Power Station during 1992 will be
discussed in Section 2 of this report.
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2.0

2.1

1 TORING PROGR

Pre-Operational Monitoring Results

The Radiological Environmental Monitoring Program (REMP) at Boston Edison
Company’s Pilgrim Nuclear Power Station was initiated in August of 1968.
The purpose of the pre-operational environmental monitoring program
(Reference 11) was to:

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

2) evaluate procedures, equipment, and techniques.

The pre-operational program (Reference 12) continued for 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 Rgdioactivity Particulate Concentration (gross beta): 0.02 -
1.11 pCi/m”;

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

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

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

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

e Fforage 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 Station. This program (Reference 13) provides information on
radioactivity and radiation levels in the environment for the purpose of:

1) demcnstrating that doses to the general public and levels of
radioactivity in the environment are witnin established limits and
legal requirements;

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

3) checking the condition of the station’s operation, the adeguacy 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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2.2

4) assessing the dose equivalent to the general public and the behavior
of radicactivity 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 envivrons 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 (Reference 14) which specify an acceptable
monitoring program. The Boston Edison Company’s Radiological Environmental
Monitoring Program was designed to meet and exceed these guidelines.
Guidance contained in the NRC's Radiological Assessment Branch Technical
Position on Environmental Monitoring (Reference 15) has been used to
improve the program. In addition, the program has incorporated the
provisions of an agreement made with the Massachusetts Wildlife Federation
(Reference 16). The program was suppiemented 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, hydroiogy, and land use characteristics of the
Plymouth area. The sampling locations are divided into two ciasses,
indicator and control. Indicator locations are those which are expected to
show effects from PNPS operations, if any exist. The.e locations were
primarily selected on the basis of where the highest predicted
environmental 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 influence of Pilgrim Station.
They provide a basis on which to evaluate fluctuations at indicator
locations relative to natural background radiation and natural
radicactivity and fallout from prior nuclear weapons tests.

The environmental sampling media collected in the vicinity of Pilgrim
Station during 1992 included air particulate filters, charcoal cartridges,
seawater, shellfish, Irish moss, American lobster, fishes, sediment, milk,
cranberries, vegetation, and forage. The medium, station number,
description, distance, and direction for ‘ndicator and control samples are
listed in Table 2.2-1. These sampling locations are also disglayed on the
maps shown in Figures 2.2-1, 2, 3, 4, and 5.

The radiation monitoring locations for the environmental TLDs are shown in
Figures 2.2-1, 2, and 3. The frequency of collection 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 reporting levels, the NRC must be notified
within 30 days. Ffor radicactivity which is detected that is attributable
to Pilgrim Station’'s operation, calculations are performed to determine the
cumulative dose contribution for the current year. Depending upon the
circumstances, a special study may also be completed (see Appendix A for
1992 special studies). Most importantly, if radiocactivity 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 amount of radioactivity to as far below the legal limits as is
reasonably achievable.

The radiological environmental sampling locations are reviewed annually,
and modified if necessary. A garden and milk animal censvs 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 1992 Garden and Milk Animal Census
are reported in Appendix C.

The accuracy of the data obtained through Boston Edison Company’s
Radiological Environmental Menitoring Program 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
radiological monitoring program through:

. Regular audits of the sampling and monitoring program;

. An annual audit of the amalytical laboratory by the sponsor
companies;

. Participation in the United States Environmental Protection Agency
cross-check program;

« Use of blind duplicates for comparing separate analyses of the same
sample;

. Spiked sample analyses by the analytical Taboratory;

. Boston Edison Company’'s TLD QA Program and YAEL’s TLD QA Program.

QA audits and inspections of the Racdiological Environmental Monitoring
Program are performed by the NRC, American Nuclear Insurers, and by Boston
tdison Company’s Quality Assurance Department.

The blind 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 1992 results of this
QA program are summarized in Appendix £. These results indicate that the
analyses and measurements which were performed during 1992 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 1992. Data for each environmental
medium are included in a separate section. A discussion of the sampling
program and results is followed by a table which summarizes the year’s data
for each type of medium. The tables were generated by the Yankee Atomic
tlectric Company’s ERMAP computer program (Reference 17). The unit of
measurement for each medium is listed at the top of each table. The left
hand column contains the radionuclides which are being reported, total
number of analyses of that radionuclide, and the number of measurements
which exceed ten times the yearly average for the control station(s). The
latter are classified as "non-routine"” measurements. The next column lists
the Lower Limit of Detection (LLD) for those radionuclides which have
detection capability requirements as specified in the PNPS Technical
Specifications.

Those sampling stations which are within the range of influence of Pilgrim
Station and which could conceivably be affected by its operation are called
"indicator" stations. Distant stations. which are beyond plant influence,
are called "control” stations. Direct radiation monitoring stations are
broken down into 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:

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

. The standard error of the mean:

- The lowest and highest concentrations;

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

tach single radioactivity measurement datum is based on a single
mezsurement 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 radioactive 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 radiocactivity if the measured value (e.qg.,
concentration) exceeds three times its associated standard deviation. For
example, a milk sample with a strontium-90 concentration of 3.5 #+ 0.8
pCi/liter would be considered "positive" (detectable Sr-90), whereas
another sample with a concentration of 2.1 + 0.9 pCi/liter would be
considered "negative”, indicating no detectable strontium-90. The latter
sample may actually contain strontium-90, but the Tevels counted during its
analysis were not significantly different than background levels. The
strontium-90 may be detectable at lower levels if the sample were counted
for a ionger period of time or analyzed in a different manner.
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As an example of how to interpret data presented in the results tables,
refer to the first entry on the table for air particulate filters (page
44). Gross beia (GR-B) analyses were performed on 583 routine samples (11
stations/wk * 53 weeks. None of the samples exceeded ten times the average
concentration at the control location. The lower limit of detection (LLD)
required by Technical Specificaticns is 0.01 pCi/m”.

for samples coliected from the ten indicator stations, 530 out of 530
samples indicated detectable activity at the three-sigma (standard
deviation) level. The mean concentration of gross beta activity in these
530 indicator station samples was 0.018 + 0.000 (1.8 + 0.0 E-2) pCi/mZ.
Individual values ranged from 0.0036 to 0.044 (3.6 - 44.0 E-3) pCi/m3.

The indicator station which yielded the highest mean concentration was
station number 00 (Warehouse), which yielded a mean concentration of
0.020 + 0.001 pCi/m”, based._on 53 observations. Individual values ranged
from 0.0071 to 0.0402 pCi/m®. A1l 53 out of 53 samples showed detectable
activity at the three-sigma level.

At the control location, all 53 out of 53 samples yielded detectable gross
beta activity, for an average concentration of 0.020 + 0.001 pCi/m”.
Indiv}dua1 samples at the control location ranged from 0.0055 to 0.0488
pCi/m”.

Referring to the third entry in the table, analyses for potassium-40 (K-40)
were performed 44 times (quarterly composites for ]1 stations * &
quarters). No samples exceeded ten times the mean control station
concentration. There is no LLD value listed for K-40 in the PNPS Technical
Specifications.

At the indicator statiops, individual concentrations of K-40 ranged from
-0.0027 to 0.0084 pCi/m”, for a mean concentration of 0.0019 + 0.0004
pCi/m”. However, none of the forty samples analyzed showed detectable
amounts of potassium-40 at the three-sigma level. It is important to note
that the mean value presented is calculated from forty observations, all of
which yielded no detectable activity. Although the mean value appears to
irdicate some potassium-40 present in the samples, neither the individual
observations nor the collective mean were significantly different from
background levels.

The station which yielded the highest mean concentration of K-40 was
station 06. Again, the mean value of 0.0035 + 0.0012 pCi/m3 is based on
four observations, none of which yielded any detectable activity.
Therefore, no potassium-40 was detected in any of the samples collected
from the sampling stations.
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Direct Radiation Measurements

The primary technique for measuring direct radiation exposure in the
vicinity of Pilgrim Station involves posting environmenta)l
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 TLD monitoring yields
average exposure rate measurement over a relatively iong time period. The
PNPS environmental TLD monitoring program is based on a guarterly (three
month) posting period, and a total of 109 locations are monitored using
this technique. Forty of these locations are listed as required monitoring
locations in the PNPS Technical Specifications. In addition, 28 of the 109
TLDs are located on-site, within the PNPS protected/restricted area.

Out of the 436 TLDs (109 locations * 4§ guarters) posted during 1992, 428
were retrieved and processed. Those TLDs missing from their monitoring
locations were lost to storm damage and vandalism, and their adsence 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 individua)
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. A1l of the listed exposure values
represent continuous occupancy (2190 hr/gtr or 8760 hr/yr).

Annual exposure rates at off-site locations ranged from 46 to 415 mR/yr.
The average exposure rate at control locations greater than 15 km from
Pilgrim Station (i.e., Zone 4) was 61.1 + 5.9 mR/yr. In other words, 99%
of all measurements of background exposure would be expected to be between
43 and 79 mR/yr. A number of the on-site TLDs indicated direct radiation
exposure above background levels due to their proximity to radiation
sources within the PNPS protected/restricted area.

A small number of TLDs (locations OA, TC, BLW, BLE, PB, and PO1) in close
proximity to the station indicated direct radiation exposure resulting 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 Timited periods of time |
would receive & maximum dose of 1.6 mrem/yr above their average background |
doses of 61 mren/yr. The exposure rates measured at areas beyond Boston |
Edison control did not indicate any direct radiation exposure from Pilgrim |
Station operations. For example, the annual exposure rate at the nearest |
off-site residence {location HB, 0.5 mi SE) was 62.7 + 3.2 mR/yr, which |
compares quite well with the average control location exposure of 61.] |
mR/yr.
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A second technigue for measuring direct radiation exposure utilizes a
sensitive high-pressure ion chamber to make "real time" exposure rate
measurements. This technigue allows for instantaneous assessments, with
the instrument providing a direct readout of exposure rates. Such
monitoring with a high-pressure ion chamber can be used to perform rapid,
short-term measurements at locations where it may be impractical to post
iong-term TLD monitors.

Annual measurements are taken with a high-pressure ion chamber at five
locations on beaches in the Plymouth area, and at the control location in
Duxbury Results of these measurements (Reference 18) are listed in
Table 2.4-4. These values, as well as historical measurements, are
depicted graphically in Figure 2.4-1. There are no apparent trends in
exposure levels at these locations. The only monitoring location which
showed any marked change over previous years' measurements was the control
location at Duxbury Beach. Storms during the later part of 1991 had
scoured the beach area, exposing a large amount of larger gravel and
cobble, which contains higher levels of naturally-occurring uranium and
thorium. These higher levels of natural radioactivity accounted for the
slight increase in exposure rates at this location.

In conclusion, measurements of direct radiation exposure arocund Pilgrim
Station do not indicate any significant increase in exposure levels.
Although some increases in direct radiation exposure level were apparent on
Boston Edison property very close to Pilgrim Station, there were no
measurabie increases at areas beyond Boston Edison’s control.

Air Particulate Fijter Radioactivity Analyses

Airborne particulate radioactivity is sampled by drawing a stream of air
through a glass fiber filter which has a very high efficiency for
collecting airborne particies. These samplers are operated continuously,
and the resulting filters are coliected weekly for analysis. Weekly filter
samples are analyzed for gross beta radioactivity, and the filters are then
composited on a quarterly basis for each location for gamma spectroscopy
analysis. Boston Edison uses this technique to monitor 10 locations in the
Plymouth area, along with the control location in East Weymouth.

Out of 583 filters (11 locations * 53 weeks), all 583 samples were
collected and analyzed during 1992. There were a few instances where power
was lost or pumps failed during the course of the sampling period at some
of the air sampling stations, resuiting in lower than normal sample
volumes. Despite these problems, all samples were collected and the
required LLDs were met on all samples. These discrepancies are noted in
Appendix D.

The results of the analyses performed on these 583 filter samples are
summarized in Table 2.5-1. Trend plots for the gross beta radioactivity
levels at the near station, property line, and off-site airborne monitoring
locations are shown in Figures 2.5-1, 2.5-2 and 2.5-3, respectively. Gross
beta radioactivity was detected in 563 of the filter samples collected,
including all 53 control location samples. This gross beta activity arises
from naturally-occurring radionuclides such as radon decay daughter |
products. Beryllium-7 was the only gamma emitting nuclide detected, and it

was observed in all 44 of the quarterly composites analyzed. No

radionuclides attributable to Pilgrim Station operations were detected in

any of the air particulate samples collected.

Page 30



2.6

2.7

Charcoal Cartridge Radigactivity Analyses

Rirborne radiocactive iodine is sampled by drawing a stream of air through a
charcoal cartridge after it 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 analysis. Weekly cartridge samples are analyzed for
radioactive iodine. The same eleven locations monitored for airborne
particulate radioactivity are also sampied for airborne radioiodine.

Qut of 583 cartridges (11 locations * 53 weeks), all 583 samples were
collected and analyzed during 1992. Although some samples had lTow volumes
due to power loss or pump failure, all required LLDs were met. These
discrepancies are noted in Appendix D.

The results of the analyses performed on these 583 charcoal cartridges are
summarized in Table 2.6-1. No airborne radioactive iodine was detected in
any of the charcoal cartridges collected.

Milk Radipactivity Analyses

Samples of unprocessed milk are collected from the Plymeuth County Farm and
from the control location in Whitman. The Annual Land Use Census conducted
within three miles of Pilgrim Station did not identify any additional milk
animals reguiring 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 and strontium 89 and
90.

A1l 38 samples scheduled for collection during the year were obtained and
analyzed. No problems were encountered in sampling miik during 1992.

The results of the analyses performed on the 38 milk samples are summarized
in Table 2.7-1. Naturally-occurring potassium-40 was detected in all 38
samples. No radicactive iodine was detected in any of the samples.
Strontium-90 was detected in 13 of the 19 samples from Plymouth County
Farm, and in 9 of the 19 samples collected from the control location in
Whitman. Cesium-137 was also detected in three of the samples collected
from Plymouth County Farm. Concentrations of Sr-80 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, 3.5 pCi/liter, was observed in a sample
collected from the indicator location at Plymouth County Farm. The highest
concentration of Sr-90 in samples collected from Whitman Farm was 3.1
pCi/liter. The Sr-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. Wher the average
preoperational Sr-90 concentration of 9 pCi/liter is corrected for
radiocactive decay which occurred between 1972 and 1892, the expected
concentration would be 6 pCi/liter. The concentrations of 3 to 4 pCi/liter
observed in 1992 samples are well below the expected Sr-90 concentrations
resulting from weapons testing. It is clear that the Sr-90 observed did
not arise from Pilgrim Station operations.
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2.9

The highest concentration of (Cs-137 detected in samples from Plymouth
County Farm was 5.5 pCi/liter. Cesium-137 is also a product of nuclear |
weapons testing, and was routinely detected in the preoperational |
monitoring program at levels of 9 to 32 pli/liter. When the average
preoperational (s-137 concentration of 18 pCi/liter is corrected for |
radioactive decay, the expected concentration in 1992 samples would be 11 |
pCi/liter. C(learly, 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 Pilgrim Station operations.

forage Radioactivity Analyses

Samples of animal forage (hay) are collected from the Plymouth County Farm
and from the control 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.

A1l samples of forage were collected and analyzed as required during 1992.
Results of the gamma analyses of forage samples are summarized in Table
2.8-1. The only radionuclides detected in any of the samples were
naturally-occurring beryliium-7 and potassium-40. No radionuclides
attributable to Pilgrim Station cperations were detected in any of the
samples.

Vegetable/Vegetation Radigactivity 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 were also collected from three
locations corresponding to the highest atmospheric deposition factors from
the two PNPS release points. Samples of vegetables are collected annually
and analyzed by gamma spectroscopy.

A1l samples of vegetables/vegetation were collected and analyzed as
required during 1992. Results of the gamma analyses of these samples are
summarized in Table 2.9-1. Naturally-occurring beryllium-7, potassium-40,
and thorium-232 were identified in nearly all of the samples collected.
Cesium-137 was also detected in three of the samples collected.

The highest level of cesium-137 (139 pCi/kg) was detected in a sample of
naturally-growing vegetation, a mixture of grass, herbaceous plants, and
leaves from bushes and trees, which was collected 350 meters southwest of
the PNPS Reactor Building. As was the case for all samples of naturally-
growing vegetation, these samples were collected and analyzed "as is",
without processing the material to remove soil and dust on the surface of
the plants. As documented in the 1991 PNPS REMP Report, Cs-137 was
detected in nearly all of the soil surveys conducted during 1991,
indicating that Cs-137 is widespread in soil throughout New England. 1In
addition to Cs-137, the vegetation samples in question also contained
detectable thorium-232 decay-chain nuclides, indicating appreciable levels
of soil and dust were incorporated with the vegetation comprising the
sample. It should be noted that the three samples collected at the control
location (Bridgewater Farm), which showed no detectable Cs-137 or Th-232,
were relatively "clean" samples of vegetables, ready for human consumption.
These samples did not contain large amounts of soil or dust which most
Tikely would have yielded detectable levels of both (s-137 and Th-232.
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Cesium-137 is a product of nuclear weapons testing, and was routinely
detected in the preoperational monitoring program at levels of 150 to 290
pCi/kg. When corrected for radivactive decay, the expected concentration
in samples of naturally-growing vegetation collected during 1992 would be
between 95 and 183 pCi/kg. Clearly, the (s-137 concentrations observed in
the three samples collected are indicative of radioactivity arising from
weapons fallout, and not Pilgrim Station Operations.

Cranberry Radicactivity Analyses

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

All three samples of cranberries were collected and analyzed as required
during 1992. Results of the gamma analyses of cranberry samples are
summarized in Table 2.10-1. The only radionuclide detected in any of the
samples was naturally-occurring potassium-40. No radionuclides
attributable to Pilgrim Station operations were detected in any of the
samples.

Soi]l Radioactivity Analyses

A survey of radicactivity in soil 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 iocations,
samples of topseil are collected for gamma spectroscopy analysis in the
laboratory. Soil cores are also collected if possible for gamma analyses
as a function of depth. In addition, in-field measurements are made at
each location with a portable gamma spectroscopy unit and a high pressure
ion chamber. The portable gamma spectrometer is used to identify
radionuclides present across a large area beneath the detector, whereas the
high pressure ion chamber is used to detect exposure levels arising from
naturally-occurring and deposited radionuclides in the soil. The soil
survey was performed as required during 1991 and was not performed in 1992.
The next routine soil survey is scheduied to be performed in 1994.

Surface Water Radioactivity Analyses

Samples of surface water are routinely collected from the Discharge Canal,
Bartlett Pond in Manomet and from the control location at 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. Sampies of surface water are
composited every four weeks and analyzed by gamma spectroscopy and low-
level iodine analysis. These monthly composites are further composited on
a quarterly basis and tritium analysis is performed on this quarterly
sample.
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A total of 39 samples (3 locations * 13 sampling periods) of surface water
were collected and analyzed as regquired during 1982. There were a few
instances of problems with obtaining composite samples from the Discharge
Canal. Sampling was interrupted for two days in January, when extremely
cold temperatures caused an ice plug in the sampling line. This problem
was resolved by heat tracing the sample Tine. The sampler was unable to
collect samples during extreme Tow tide conditions that coincided with
reduced flow through the Discharge Canal when pumps were shutdown during
the mid-cycle outage in November. This preblem was corrected by
lengthening the sample intake line. Tidal surges from the storm in
December damaged the intake line, resulting in the loss of three days of
sampling capability. The damaged sample 1ine was repaired as soon as
possible. 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 radionuclides attributable to Pilgrim Station
operations were detected in any of the samples.

2.13 Fish Radigactivity Analiyses

Samples of fish are routinely coliected 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 biclogical requirements and mode of 1ife. These major
categories and the representative species are as follows:

Group I - Bottom Oriented: Winter Flounder, Yellowtail Flounder

Group I1 - Near-Bottom Distribution: Tautog, Cunner, Pollock,
Atlantic Cod, Hake

Group 111 - Anadromous: Alewife, Smelt, Striped Bass
Group IV - Coastal Migratory: Bluefish, Herring, Menhaden, Mackerel

Two subsamples of each category of fish are typically coliected during each
collection period. Group I and 1] 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 11l and 1V fishes are sampled annually from the
Discharge Canal outfall and control location. A1l samples of fish are
analyzed by gamma spectroscopy.

Twenty-five samples of fish were collected during 1992. Both Group 1 and
Group Il species of fish were unavailable in the vicinity of the Discharge
Canal during the first guarter of the year and Group 11 species were
unavailable during the fourth guarter. This unavailability is believed to
be due to low water temperatures and rough seas. These discrepancies are
noted in Appendix D.

Results of the gamma analyses of fish samples 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
attributable to Pilgrim Station operations were detected in any of the
samples.
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2.14

215

Shellfish Radicactivity Analyses

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

M1 48 samples of shellfish meat and shells scheduled for collection during
1992 were obtained and analyzed. Results of the gamma analyses of these
samples are summarized in Table 2.14-1. Naturally-occurring beryllium-7,
potassium-40, and thorium-232 were detected in a number of the samples. No
radionuclides attributable to Pilgrim Station operations were detected in
any of the samples.

Irish Moss Radicactivity 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). Al]l samples are
collected on a quarterly basiz, and processed in the laboratory for gamma
spectroscopy analysis.

A1l 16 samples of Irish moss scheduled for collection during 1992 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. No radionuclides
attributable to Pilgrim Station operations were detected in any of the
samples.

Lobster Radipactivity Analyses

Samples of lobsters are routinely collected from the outfall area of the
Discharge Canal and from the control location in Duxbury. Samples are
collected monthly from the Discharge Canal outfall from June through
September and annually from the control location. A1l lobster samples are
analyzed by gamma spectroscopy.

All five samples of lobsters were collected and analyzed as required during
1992. Results of the gamma analyses of lobster samples are summarized in
Table 2.16-1. The only radionuclide detected in any of the samples was
naturally-occurring potassium-40. No radionuclides attributable to Pilgrim
Station operations were detected in any of the samples.
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2.17

Sediment Radioactivity Analyses

Samples of sediment are routinely collected from the outfall area of the
Discharge Canal and from three other locations in the Plymouth area
(Manomet Point, Plymouth Harbor and Plymouth Beach), and from control
locations in Duxbury and Marshfield. Samples are collected twice per year
and are analyzed by gamma spectroscopy. Sediment cores are subdivided into
depth increments for analysis of radionuclide distribution by depth.

During the first half of the year, samples are divided into 2 cm
increments, whereas samples for the second half of the year are divided
into 5 cm increments. In addition to the gamma analyses, plutonium
analyses are performed on the surface layer samples collected during the
first half of the year from the Discharge Canal outfall, Plymouth Harbor,
Manomet Point and Duxbury. Plutonium analyses are also performed on a mid-
depth section from the Discharge Canal sample and Duxbury sample.

A1l 61 samples of sediment were collected and analyzed as required during
1992. Results of the gamma analyses of sediment samples ave summarized in
Table 2.17-1. Results of the plutonium analyses are presented in Table
2.17-2. Naturally-occurring beryllium-7, potassium-40 and thorium-232 were
detected in a number of the sampies. Cesium-137 was detected in 10 of 39
indicator station samples and in 11 of 17 control station samples.
Plutonium-239/240 was detected in all four indicator station samples and in
both of the control station samples.

Cesium-137 levels in indicator samples ranged from non-detectable to a
maximum concentration of 46 pCi/kg. Concentrations in samples collected
from the control locations beyond the influence of Pilgrim Station also
ranged from non-detectable to a maximum concentration of 76 pCi/kg. The
comparability of the results from indicator and control stations indicates
that the source of this activity is not Pilgrim Station. The levels
detected are also comparable to concentrations observed in the past few
years and are indicative of Cs-137 resulting from nuclear weapons testing.

Plutonium-239/240 levels in indicator samples ranged from non-detectable to
a maximum concentration of 5.6 pCi/kg. Concentrations in samples collected
from the control locations beyond the influence of Pilgrim Station ranged
from 5.8 pCi/kg to a maximum concentration of 12.4 pCi/kg. The fact that
the results from indicator locations are lower than those from the control
stations indicates that the source of this activity is not Pilgrim Station.
The levels detected are also comparable to concentrations observed in the
past few years and are indicative of plutonium deposited in the environment
from nuclear weapons testing.

In conclusion, the only radionuclides detected in sediment samples
collected in the vicinity of Pilgrim Station during 1992 were naturally-
occurring radionuclides and those resulting from nuclear weapons testing.
No radionuclides atiributable to Pilgrim Station operations were detected
in any of the samples.
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Table 2.2-1

Routine Radiological Environmental Sampiing Locations

Pilgrim Nuclear Power Station. Plymcuth, MA

Media No

Air Particulate 00
Filters/ 01
Charcoal Cartridges 03
Soil 06
07

08

09

10

15

17

21

Milk 11
21

Forage 11
12

43

Vegetation 11
27

Cranberries 13
i4

23

Surface Water 11
17

23

Fishes 11
29

30

92

98

Shellfish 11
12

13

15

23

24

Code

WS
ER
wh
PL
PB
OA
£B
CR
PC
MS
EW

CF
Wk

CF
Wk
WH

CF
BF

MR
BR
PS

DIS
BP
PP

DIS

PC

JR

MV
CC-Bay

DIS
Ply-H
Dux-Bay
Mp

pp

GH

Description

Warehouse

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

fast Breakwater
Cleft Rock
Plymouth Center
Manomet Substation

East Weymouth Control

Plymouth County Farm
Whitman fFarm Control

Plymouth County Farm
Whitman Farm Control
Whipple Farm

Plymouth County Farm

Bridgewater Farm Ctrl

Manomet Pt. Bog
Bartiett Rd. Bog
Pine St. Bog Control

Discharge Canal
Bartlett Pond
Powder Point Control

Discharge Canal
Priest Cove Control
Jones River Control

Vineyard Sound Controil

Cape Cod Bay Control

Discharge Canal
Plymouth Harbor
Duxbury Bay Control
Manomet Point

Powder Point Control
Green Harbor Control
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Table 2.2-1 (continued)

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

Media No Code Description Dist. Dir.
Irish Moss i1 DIS Discharge Canal 0.2 mi N
15 MP Manomet Point 2.2 mi SE
22 £l E1lisville 8 mi SSE
34 BR Brant Rock Control 10 mi NNW
Lobster 11 DIS Discharge Cana) 0.2 mi N
12 Ply-H Plymouth Harbor 4 mi WNW
13 Dux-Bay Duxbury Bay Control 7 mi NNW
Sediment 11 DIS Discharge Canal 0.2 mi N
12 Ply-H Plymouth Harbor 3 mi W
13 Dux-Bay Duxbury Bay 8 mi NNW
14 PLB Plymouth Beach 2 mi %
15 MP Manomet Point 3 mi ESE
24 GH Green Harbor Control 10 mi NNW
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Table 2.4-1

Off-Site Environmental TLD Results

1992 Mean**
TLD Station Location® 1992 Exposure Rate - mR/quarter (Value *+ STD.DEV) Annual
........................................ A B 0 0 S A A P S T e R e e Exposure
IC Description Distance Dir. First Second Third Fourth mR/yr
BLW BOAT LAUNCH NEST 0.% km E 39.1 % 1.2 415+ 1.3 6.7+ 19 Missing 163.0 + 9.3
OA  OVERLOOK AREA 0.15km ¥ 107.0+ 4.3 117.3+ 9.7 120.9+ 5.2 70,0+ 3.7 415.2 + 97.4
TC 185 BUILDING 0.1 km W 48.1+ 2.1 521+ 2.7 S51.7+ 2.1 3.4+ 1.2 18.3 + 3B.4
BLE BOAT LAUNCH EAST 0.17 km & 3.8+ 1.6 383+ 1.5 38,1+ 1.2 Missing 151.1 ¢+ 7.7
P8 PEDESTRIAN BRIDGE 0.2 km N 2.8 % 1.1 33.2+ 1.0 33.72 1. 30,1+ 1.0 129.86 + 8.0
PO1 SHOREFRONT SECURTY (0.22 ke WNNW 2B.6 + 1.8 306+ 1.5 30.9+ 1.1 246+ 0.8 114.7 2+ 13.2
CT  CNTR PARKING LOTY 0.34 km SSE 22,8+ 0.8 220+ 1.0 23,2+ 0.7 195+ 0.9 875 7.8
PA  SHFNT PARKING AREA 0.36 km WNNW 20,3+ 0.7 20.7+ 1.0 20.7+ 0.8 186+ 1.1 B80.2+ 5.8
A STATION A D40 Kkm ¥ 194+ 0.6 19.7+ 0.6 19.7+ 1.1 7.2+ 0.6 760+ 6.0
B STATION B 0.40 km SS5W 19.7+ 0.5 231+ 0.5 208+ D.6 19.6+ 0.6 833+ 7.0
STATION 043 km WNW 181+ 0.4 1B.4+ 0.9 186+ 0.6 M5+ 0.6 7252 3.6
L STATION & D.66 km ESE 17.3: 0.6 16.7+ 0.4 17.3+ 0.9 16.8+ 0.6 6B.12+ 3.3
PMT  PNPS MET TOWER D.64 km WM 7.2+ 0.6 7.4+ 0.6 7.3+ 05 168+ 0.7 6B.6s 3.1
EB  EAST BREAKWATER 0.47 km ESE 19.9+ 0.9 196+ 0.4 201+ 0.7 187+ 0.7 783+ 4.1
! STATION | D.48B km MW 17.8+ 0.8 184+ 0.7 8.2+ 0.6 17.1% 0.9 T.b3x 42
STATION H 0.51 km SW Missing 21.7+ 0.6 22.0+ 1.2 19.6:+ 0.6 BL3=+ 6.7
STATION C 0.532 km SE 1662 0.6 Missing 173+ 0.9 162+ 0.6 66.8+ 4.2
PL  PROPERTY LINE 053 km WNW 17.6+ 0.5 17.3+ 05 18.0+ 0.6 17.4* 0.7 T70.32% 3.0
D STATION D 0.55 km WNNW 21.7 ¢+ 0.8 29.T+ 0.7 215+ 0.6 21.8=* 0.7 857+ 3.3
HB  HALL'S BOG 0.60 km SSE 15.6+ 0.5 15.4+ 05 15.7+ 0.9 160+ 0.6 62.73: 3.2
G STATION G 0.62 km W 174 0.6 .6+ 0.6 173+ 0.6 168+ 0.9 68.22 3.5
GH  GREENWOOD HOUSE 0.69 km SE 18.5+ 0.5 185+ 0.7 183+ 05 B.T7+ 0.7 713 2.9
W ROCKY MILL ROAD 0.82 km WNW 206+ 0.7 19.7+ 0.8 203+ 0.9 196+ 0.9 B0.2+ 4.2
ER E ROCKY HILL ROAD 0.9 km SE 15.6+ 0.7 1W.B+ 0.4 15.4+ 05 150+ 0.4 60.B+ 2.8
M1 MICROWAVE TOWER 0.92 km SSW 17.0+ 0.8 167+ 0.4 17.3+ 0.8 17.1+ 0.7 6B.0+ 3.3
CR  CLEFT ROCK 1.23 km SSW 15,9+ 0.5 15.2+ 0.5 15.4+ 0.6 156+ 0.5 &62.2+ 2.6
BD  BAYSHORE DRIVE 1.32 km WNW 16.7+ 0.7 17.3+ 0.4 16.7% D0.B 17.6+ 0.7 68.2+ 3.6
MR MANDMET ROAD 1.3 km § 5.0+ 0.5 15.1+ 0.8 15.2* 0.7 Missing 60.4 + 3.3
DR DIRT ROAD 1.45 km SW 15.1% 0.4 14.7+ 0.4 1.8+ 05 W.Bs 0.7 59.52 2.6
EM  EMERSON ROAD 1.5 km SSE 15.5+ 0.4 15.8+ 0.5 154+ 0.8 15.5+ 0.4 62.12% 2.7
AR  EDISON ACCESS ROAD 1.54 km SSE 15.2+ 0.8 %.8+ 0.8 1.0+ 05 15.23% 0.6 #60.22+ 3.3
EP EMERSON & PRISCIL 1.56 km SE 6.4+ 1.4 15.0+ 0.4 1574+ 0.7 155+ 0.5 62.63% 4.5
BS  BAYSHORE 1.73xm W 176+ 0.7 17.3+ 0.4 1762 0.7 17,7+ 05 70.2s+ 2.8
E  STATION £ 1.86km § 150+ D.4 5.1+ 0.4 151+ D.6 1%.9+ 0.5 60.12+ 23
46 JOHN GAULEY 1.96 km W 6.0+ 0.5 15.9+ 0.6 1.1+ 0.6 W0+ 0.7 6,02 2.8
J STATION J 2.02 km S 6.7+ 0.8 1.0+ 0.4 1.0+ 0.8 16.02 0.6 666+ 3.3
RC  PLYMOUTH YMCA Z2.06 km WSW Missing 5.7+ 0.4 5.6+« 0.6 156+ 0.5 625+ 2.6
WH  WHITEHORSE ROAD 2.13 km SSE 5.7+ 0.9 15.0+ 0.7 15.2+% 0.6 15.4+ 0.8 61.3% 3.6
K STATION K 2.% km SSE 153+ 0.5 1.8+ 0.6 5.3+ 0.7 152+ 0.4 6072+ 2.7
TT  TAYLOR & THOMAS 2.25 km SE 6.4+ 0.3 1.3+ 05 15+ 0.6 1562 0.6 618+ 4.2
YV YANKEE VILLAGE 2.27T km  MWSW 7.4+ 0.9 160+ 0.5 .5+ 0.5 1.1+ 0.6 66.1+ 3.9

* Distance and direction are measured fro the centerline of the reactor to the monitoring location.
** Mean annual value is based on arithmetic mean of the observed guarteriy velues multiplied by & quarters/yr.
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' Table 2.4-1 (continued)
l Off-Site Environmental TLD Results
1992 Mean**
' TLD Station Locat ion® 1992 Exposure Rate - mR/qguarter (Value + STD.DEV) Annual
AAAAA S b R N A A A e N S SR R S R R e Exposure
il Description Distance Dir. First Second Third Fourth Ry yr
' GN  GOODWIN PROPERTY 2.43km S¥ 12,0+ 0.5 1.0+ 0.3 12,60+ 0.5 1MN.¥s 0.6 469+ 3.0
R [GHT OF WAY .83 km S 138+ 0.4 130+ 0.4 135+ 0.6 13.2+ 0.5 53532 2.4
TP TAYLOR & PEARL 2.9 m SE 153+ 0.7 W.1s+ 0.7 5.0+ 0.5 W.T2 0.5 5902+ 3.5
. VR VALLEY ROAD 3.26 km SSw 139+ 0.6 2.8+ 0.3 13.7+ 0.4 134+ 0.6 53.7+ 3.0
T WARREN & CLIFFORD 3.30 km W .9+ 0.6 WO+ 0.4 Wb+ D6 1H.B: D7 5832 40
ME  MANOMET ELEM 3.30km SE 13.9+ D4 13.2s+ 0.5 13.7+ 0.8 13.7+ 0.7 S46+ 3.2
I BB 3A & BARTLETT RD 5.37 km 5S¢ 15.3+ 0.5 15,1+ 0.4 155+ 0.5 1.8+ 0.5 80.8+ 2.5
: MP  MANDMET POINT 3.57km SE 17.2+ 0.8 16.1% 0.9 1553 0.4 16.1% 0.7 6494 44
MS  MANOMET SUBST 3.59km SSE 183+ 0.5 W6+ 05 W2+ 0.7 W1+ 0.5 T2+ 29
. BwW  BEACHWOOD ROAD 3.9 km SE 6.5+ 0.4 W9+ D6 M2+ 0.5 13+ 0.6 619 3.8
PT  PINES ESTATE .47 km  SSW .4+ D4 1342 6.4 W4+ DS 138 0.4 560+ 29
EA  EARL ROAD 460 km SSE 13.5+ 0.4 128 0.5 132+ 0.6 129« D4 524+ 2.8
SP S PLYMDUTH SUBST L.861 km W 163+ 0.6 15.1+« 06 155+ 0.8 1582 0.9 62.6+ 3.9
l RP  ROUTE 3 OVERPASS 479 km S¥ 158+ 0.5 1.5+ 0.3 W6+ 05 1.3+ 0.6 9.1+ 3.6
RM  RUSSELL MILLS RD 4.82 km WSW L4 s Do Missing 6.2+« 0.5 15.8+ 0.7 6172+ 4.6
WD  HILLDALE ROAD 515 km W 5.4+ 0.5 15.1s 0.6 155+ 0.5 15.3+ 0.4 613+ 2.5
' ME  MANOMET BEACH 5.42 km SSE 6.2+ 0.6 153+ 0.6 7.4+ 2.7 1542+ 0.6 663+ 7.8
BR  BEAVERDAM ROAD 555 km § 139+ 0.4 125+ 0.5 13.5+ 0.4 3.3+ 0.4 5322+ 3.1
PC  PLYMOUTH CENTER 6.65 km W 120+ 0.4 1.7+ 05 1.2+ 0.4 1MN.T72 0.7 4&5.6= 3.2
LD  LONG POND & DREW .95 km WSW 160+ 0.5 13.2+ 0.4 %.2+ 0,7 %W.7+ 0.9 S6.1+ 3.8
l HR  HYANNIS ROAD 7.36 km §SE 139+ 0.4 123+ 03 1354+ 0.7 133+ 0.7 53.1% 3.6
P COLLEGE POND 7.5V km SW 158+ 0.7 .5+ 04 NS+ 05 W9+ 0.6 59.72» 35
MH  MEMORITAL HALL T.S9 km WNW 24.2+ D.8 23.6+ 0.5 235+ 1.0 235+ 0.8 9&.7T:+ 3.9
l DW  DEEP WRTER POND 8.6 km ¥ 175+ 0.6 6.4+ 0.4 178+ 07 112 D5 68.7+ 3.5
P LONG POND ROAD .86 km S5 3.6+ 0.4 12.2+ 0.4 12.9% 0.5 135+ 0.7 52.3+ 3.6
NP NDRTH PLYMOUTH .36 km WNW 18.2+ 0.9 W5+ 0.5 7B+ 0.8 17.B* 0.6 TI3 2 3.6
. 8S  STANDISH SHORES 10.57 km W@ 173+ 2.3 3.4 0.4 1B+ 0.5 %3+ 0.5 585+ 9.3
EL  ELLISVILLE ROAD 11.53 km SSE 155+ 0.5 %5+ 0.6 %W.7+ 06 1.9+ 0.5 595+ 32
UC UP COLLEGE POND RD 11.79 km &W 135+ 0.3 125+ 0.5 13.1+ 0.5 13.0¢ 0.5 S2.1:% 2.7
SH  SACRED HEARY 12.90 km ™ B.6+ 0B W3+ 08 159+ 1.4 1522 0.6 6104+ 4.9
' KC KING CAESAR ROAD  13.07 km WNNW 15.4 + 0.4 1.1+ 0.5 %9+ 0.7 151 0.6 5.5+ 3.4
SA  SHERMAN RBIRPORT 13.% km WSW 1590+ 1.3 139+ 0.7 W2+ 0.6 W.0+ 0.4 58.0+ 5.3
BE  BOURNE ROARD 13.37 km § 3.2+ 0.8 12.02 0.3 Missing 3.2+ 0.5 5112+ 4.0
' CS CEDARVILLE SUBST 15.93 km S 6.5+ 0.6 15.7+ 0.4 15.6+ G5 1.1+ 05 6.0+ 2.8
KS  KINGSTON SUBST 16.10km WNW 4.8+ 05 1369+ 0.6 .3+ 05 1.5+ 0.7 5722+ 3.2 |
LE  LANDING ROAD 6,46 km  MNW 14T+ 08 %0+ 0.5 .72 05 151+ 12 585+ 4.9 |
. W CHURCH & WEST .56 km W¥ 6.0+ 0.5 12.7+ 0.5 135+ 05 136+ 0.6 5392 3.4 |
MM MAIN & MEADOW W99 km WSW 15.2+ 0.6 146.3¢ 0.3 5.0+ 05 W7+ 05 59.2+ 2.8 1
DMF DIV MARINE F1S 20,97 km SSE 7.0+ 0.6 15.8% 0.4 Wb+ 0.7 1.7+ 0.6 661+ 3.3 |
' EW E WEYMOUTH SUBST 39.61 km WNW  17.8+ 0.4 171+ 0.4 Y662 0.7 7.7+ 0.6 69.2% 3.5 |
* Distarwe and girection are measured from the centerline of the reactor to the monitering location. ‘
** Mean annual value i3 based on arithmetic mean of the observed guarterly values multiplied by &4 guarters/yr. 1
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Table 2.4-2

On-Site Environmental TLD Results

1952 Mean**

TLD Station Locat ion® 1992 Exposure Rate - mR/qguarter (Value ¢ STD.DEV) Annue
///// . Exposure

iD Descript ion Disternce Dir. Firgt Second Third Fourth e/ yr

P21 WM ADMIN & PROC 50 m St 478+ 1B 364+ 1.1 3652 1.8 30.9% 2.0 151.6% 294
P24 OLD ADMIN 7 m W 2.0+ 3.2 A3.7+ 1.6 &9+ 2.7 3592 1.5 o175
POL  FENCE/® SCREENH 66 w N 89.2+ 3.0 9.6+ 2.3 9.3+ 2.7 85.9+ 2.3 363.0% 28.8
P20 RP WIKDOW 66 m SE 65.7+ 1.8 Te.b s+ 2.6 7.2+ 3.1 &7.B+ 1.4 267.1 s 55.7
P25 FIRSY AID TRAILL 76 m WNW 102.2 «+ 4.9 115,92 6.9 110.2 ¢+ 4.6 65.1+ 3.8 393.4 2 064
PUS  FENCE/WATER TANK Bm NNE 38.1+ 1.2 42.0¢+ 1.3 &0.5+ 2.2 35.9+ 1.3 1565 + 2.9
P06 FENCE/CULVERT B om NE &5.7+ 1.2 W6 1.5 520+ 35 &7.64+ 2.0 19146 2 15.4
P19 COMPLIANCE AREA 85 m SSE 698+ 2.4 T5.0+ 4.3 7.0+ 5.6 469+ 1.6 270.7 + 60.0
P18 J&C NEW ADMIN 90 m s 63.1+ 6.7 6B.1+ 10.0 62.1+ 3.7 47.2+ 3.8 2450.5 2 47
PO FENCE/NEW ADMIN $2m ENE 6B 1.0 523+ 2.5 553+ 6.0 43.3s+ 1.8 197.6 ¢ 26.7
P03 FENCE/L SCREENHM 100 m MW BLBs+ 5.6 B2.1% 4.3 752+ &0 B2.8s 2.0 204.9 % 61.3
PAT  FENCE/SHF M GATE 08 m W 1269+ 7.6 1347+ 6.2 133.9+ 8.6 795+ 2.3 4751 9.9
P23 OMG CORNER 120w  SSE 40.3 s+ 1.3 W B e 2.3 449+ 4.1 302+ 1.4 160.2 + 30.2
PO7  FENCE/INTAKE 121 m ENE 474+ 1.7 49.6+ 1.6 473+ 3.2 438+ 1.7 BB s 136
P0Z SHOREFRONT FENCE BE5m N 534+ 2.6 568+ 1B ST.0+ 4.0 39.0+ 1.7 206.1 s 36.3
POC  FENCE/TCF SIDE Bm £ 3.9+ 2.2 O6B.1+ 1.9 6B2.4+ 39 59T+ 27 25,1+ 18.6
P22 GA/GC CORNER 137 » SE 386.7+ 1.0 4.0 1.3 3.6+ 2.0 289+ 0.8 152+ 215
P26 TENCE/WARENOUSE %% m ESE 52.3+ 3.2 565+ 5.2 .0 2.7 9.2+ 2.3 213,12 208
P16 FENCE/SWY M GATE 172 m SW 949+ 4.2 0.8+ 5.9 7083+ 6.2 0.3+ 4.1 3843+ 7B
WS WAREWOUSE 81 SSE 30.6 % 2.0 3.5 ¢ 1.2 4b4 s 1.9 BT e 1.8 43,2 301
P11  FENCE/TCF GATE 188 n ESE 57.7+ 1.8 5562 2.9 43+ 29 H$1.59 1.9 272+ 95
PET  TCF/BOAT RAMP 195 m ESE 100.7 + 3.2 W7.4+ 3.2 613+ 1.7 &B.2+ 1.B 317.6 47169
P12 FENCE/CNTR GATE 202 m SE 33,1+ 0.9 355+ 0.7 354+ 1.3 28,0+ 1.0 132.%1 & %8
1S FENCE/ZUNLT #9 220 m 13 3.9+ 1.5 4.8+ 0.9 1.6+ 2.5 298+ 1.4 150.1+ 3.8
P10 FENCE/INTAKE TCF 22 m E &, 0+ 1.1 385+ 1.1 Bbs+ 1.3 28B.1+ 1.1 145.0 ¢ 27.4
P13 FENCE/CON & RHR Z2%m  SSE 2.9+ 0.7 316+ 1.4 3.4+ 1.0 25.0+ 1.2 159+ 125
P14 FENCE/BUTLER BLDG 227 m $ 29.3+ 0.8 30.1¢ 0.9 3503+ 1.7 28.7+ 1.0 134+ 13.6
P28 TCF/ONTR LOT 24k m ESE &2.0+ 1.6 54.0+ 3.2 45,7+ 2.% &85+ 1.3 190.1 » 22.8

* Distance end direction are moasured from the centérline of the reactor to the monitoring location.
** Mean annual value 1s based on arithmetic mean of the observed guarterly values multipliied by & guarters/yr,
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Table 2.4-3

AVERAGE TLD EXPOSURES BY DISTANCE ZONE DURING 1992

Average Exposure + Standard Deviation (mR/period)

lone 1* lone 2 Zone 3 lone 4

0 km - 3 km 3 km - 8 km 8 km - 15 km > 15 km
Period Avg StD Avg $tD Avg StD Avg StD
Qtr-1 21.6 + 15.4 15.5 + 2.6 15.6 + 2.0 15.7 + 1.5
Qtr-2 21.8 + 17.0 4.6 + 2.7 14.1 + 1.8 14.7 + 1.6
Qtr-3 220 & 472 15.2 & 2.8 15.0 + 2.0 15.2 + 1.3
Qtr-4 18.9 4 9.1 2.1 4+ 2.5 14.8 + 1.7 15.5 + 1.6
Year 84.4 60.1 60.4 + 10.3 56.4 + 7.6 61.1 + 5.9
* Zone ] extends from the restricted/protected area boundary outward to

l 3 kilometer 2 mile




l Table 2.4-4
' Beach Survey Exposure Rate Measurements
Direct Radiation Survey Results

' October 8, 1992
| | |

. ' { Exposure Rate I Beach Terrain
; Location f Micro-R/hr + 1 std. dev.
| White Horse Zeach : 6.8 + 0.1 Sandy. Few granite

l (Near Hill7op Ave) 4 boulders within thirty

| feet.

l | White Horse Beach | 8.1 «£ 0.1 Sandy with small amounts
| (In Back of Full | of gravel. |
| Sail Bar) i |

| |
! !
l { Plymouth Beach 1 6.6 + 0.1 | Sandy.
! {(Outer Beach) ‘ |
| ; |

l | Plymouth Beach | 6.1 + 0.1 | Sandy. |
| (Inner Beach) ‘ |

l | Plymouth Beach , 9.1 + 0.1 t Sandy with gravel. |
| (Behind Bert's | | Breakwater and seawall
| Restaurant) | | nearby. |

| | |

; Duxbury Beach 9.8 +4 0.1 | Sandy with coarse |
| {Control) } | gravel and exposed [
; ‘ | cobble. ;
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Table 2.5-1

Air Particulate Filter Radioactivity Analyses

ENVIRONMENTAL RADIODLOGICAL PROGRAM SUMMARY
PILGRIM NUCLEAR POMER STATION, PLYMOUTH, Ma
CSANUARY - DECEMBER 1992)

MEDIUN: Air Particulate UNITS: pli/ocubic meter
INDICATOR STATIONS STATION WITH HIGHEST MEAN CONTROL STATIONS
L ocRsee - - PERRRRERERREE RS
RAD IONUCL 1DES L MEAN MEAN
(N0, ANALYSES) REQUIRED RANGE STA.  RANGE RANGE
(WO -ROUT [NE)™ L 80. DETECTED™* NO. NO. DETECTED®® NO. DETECYED**
GR-B (583) 01 ( 1.8 2 0.0)€ -2 0 ¢ 2.0 2 0.1) -2 ( 2.0z 0.1 -2
( O { 3.6+ &&.0X -3 { T 40.2)6 -3 ( 5.5 - &B.B) -3
*(530/530)* *( 53/ 53)* *( 53/ 53)*
BE-7 ( &4) { 8312 0.2)¢ -2 W ( 9612 0.95¢ -2 ( 8.5 2 0.5 -2
t O ( S5.1- 1.0E -2 ( 7.9- 1.0 -2 «( 7.5- 9.7 -2
*( 40/ &0)* " & O “ & &y
K40 1 &) ( 1.9 12 0.6 -3 06 ( 39 2 1.2)E -3 ( > o 1.7 -3
( & { 2.7~ 8.4 -3 ( 1.3 - 6.2)¢ -3 ( 2.0~ S.2) -3
*( 07 &0 g 07 &) o o7 &
£85-134 ( &4) 01 ( 1412 0.6 -4 21 { .12 7.0)E -5 ( .12 7.00E -5
( o ( 5.0 - S.6) -4 { *1.8~ 1.3)E -4 { -1.8 - 1.5 -4
* 07 &0)* o W &)* "% o7 &)
CS-137 ( &) .0 { 8.72a 5.9 -5 M ( 2512 1.7E -4 { ~1.6 2 18.9XE -5
( £ *32 - 7.13E -4 {( -6.4 - T0.63¢ -5 {( ~6.8 - L. 33 -4
s O/ 0)* " o7 4y " o oO*
- Non-Routine refers to the mumber of seperate measurements which were greater than ten (70) tines the

sverage background for the period of the report,
. The fraction of sanple anelyses yielding detectable measurements (1.e. >3 Std. Deviptions) is indiceted
with *( >
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Table 2.6-1

Charcoal Cartridge Radioactivity Analyses

ENVIRONMENTAL RAD IOLOGICAL PROGRAM SUNMARY
PILGRIM NUCLEAR POVER STATION, PLYNOUTH, WA

CJANUARY -

NEDTUN: Charcoel Certridge

INDICATOR STATIONS

BERETRRERER SRR A RES

RAD | OMUCL 1DES ME AN
(NO. ANALYSES) REQUIRED RANGE
(WO~ ROUT INE)* Lip MO. DETECTED**
1-131  (583) 07 ( 2.412 L 15 -4
t O ( ~2.8 - 3.3 -2
* O/530)

-

Non-Routine refers to the nunber of separate measurements

everage background for the period of the report.

The fraction of sample snelyses yielding detectable measurements (1!.e.

with % .

DECEMBER 1992)

UKITS:

STATION WITH WIGHEST MEAN

B L
MEAN

STA. FANGE

NO. NO. DETECTED*™

e

07 ( 182 1.5 -3
( -2.6» 2.2)E -2
o o7 55)*

»3

which were greater

cubic meter

CONTROL STATIONS
TRERERERRRREERR .
MEAN
RANGE
NO. DETECTED®"

( 2.3 ¢ 12.B) -4
{ 2.3 2.0 -2
* o7 53

than ten (10) times the

. Devigtions) is indicated



Table 2.7-1

Milk Radioactivity Analyses

ENVIRONMENTAL RADIOLOGICAL PROGRAM SUMMARY
PILGRIN NUCLEAR PONER STATION, PLYMOUTH, WA
(JANUARY - DECEMBER 1992)

MED UM MLk UN1TS: plizeg
INDICATOR STATIONS STATION WITH NIGHEST ™MEAN CONTROL STATIONS
-e L4 whoe e R R
RAD 1ONUCL IDES MEAN MEAN ME AN
(WD. ANALYSES) REQUIRED RANGE STA.  RANGE RANGE
CNOK-ROUT TRED” Lo N0. DETECTED™* NG MO, DETECTED™* NO. DETECTED**
s8-89 ( 38 ( 5.9 2 .80 -2 " { S92 7.4 -2 ( &7 15.6)E -2
( & { 1.1 1.4 © { =1.1 - 1.4)E O ( 1.8 - 0.9 0
* o7 W) * o7 W) . o7 )
SR-90 ( 38 ( 2.1 12 0.2)E 0 1" ( 213 0.2 0 L 1.6 0.2)E ©
t O ( 9.9 - 3.6 - { 9.9+ Bi.6X -1 ( 8.2- 305 1
o 13/ 19 *( 137 1O " 9 W)
k<40 (38 ( Y42 0.0 3 M ( 142 0.00E 3 ( 132 0.0 3
({ O ( 1.2 - 1.5 3 ( 1.2- 1.5 3 ( 1.2 = 1.5 3
= 197 1) o 19/ 19 ot 197 1)
=131 ( 38) 1. ( 3.7=» 3.1)E -2 21« 1.6 ¢ 0.5 -1 ( 1.6 2 0.5) -1
t { 1.1- $.0) -1 {( 1.3~ 8.1 -1 t 1.3~ 8.1)¢ -1
= 07 W) = o/ 19 * o7 W)
Cs-134 ( 38 15. { 3.3¢ 3.2)¢ -1 1" ( -3.3¢2 3.2)E -1 { -6.012 2.7 -1
( O ¢ &% = 2.2)E © £ ~2.% # 2.2)E 0 { 2.9~ 1.7% ©
“ o7 W) o o7 ) " o/ W)
cs-137 ¢ 38) 15. ( 1.7 ¢ 0.4 © " t 1.7 2 0.4)E © ( 4932 3.2) 1
( & ( -8.8 - 5.5 -1 ( -8.8 - 54.5 -1 { 2.9~ L0 O
*f 3 19 * 3/ = 07 W
BA-140 ( 38) 15. ( 2.6 ¢ 4.8 -1 Lk ;! .43 4.8 -1 ( 3.7% &.9E -1
t O { 4.9 - &5 0 { ~4.9 -~ 4.5 © £ -S.7- 3.2 0
ot Or 1) o 07 W9 " o W
. Non-Routine refers to the rnumber of separste measurements which were greater than ten (10) times the

sverage background for the period of the report.
b The fraction of sample analyses yielding detectabie measurements (i.e. »3 $td. Deviations) is indicated
with *( o

Page 46



Table 2.8-1

Forage Radioactivity Analyses

ENVIRONMENTAL RADIOLOGICAL PROGRAM SUMMARY
PILGRIN NUCLEAR POMER STATION, PLYNMOUTH, WA
(JANUARY - DECEMBER 1992)

REDIUM: Beef Formpe UNITS: pli/kg wet
INDICATOR STATIONS STATION WITH NIGHEST MEAN CONTROL STATIONS
EE R L S e A L s L L e FREERAERRRREREER S,
RAD |ONUCLIDES ME AN HEAN MEAN
(NO. ANALYSES) REQUIRED RANGE STA.  RANGE RANGE
(MON-ROUT I NE L NO. DETECTED™ w0, N0. DETECTED™™ NO. DETVECTED™
BE-7 (B ( 1.1 2 0.2)E 3 M £ 132 0.0 3 ( 1.6 2 1.6 2
{ O ¢ 8.3~ 13.8) 2
o U 2 " v 1 o o N
40 ¢ N ( &.7s 2.6 3 2K ATs 0.1 & ( W72 0.1 4
( O { 2.1 - 7.2)E 3
N S W N " 7 1y
1-131 ¢ B ( 2.2 2 0.4 1 21 { *1.22 12.4) 1 { -1.2s 126 1
t O ( 2.6 - 1.9 1
o o7 S o7 W * o/ H*
Cs-13% ¢ B 60. { 5.1 2.3 O 21 ( 1.5 s WA C { =15 17.1¢ 0
«t O {( ~T.4 - 2.9k 0O
" o7 2»r ™ W N o o/
cS-137 ¢ 3 60, ( -2.812 S8 0 3 ( 50 §.)¢k 0 { 0.0=s 1.7 1
{ O { 8.6~ 3.00¢ ©
o W " W 9 * o Nt
ol Non-Routine refers to the number of separste measurements which were greater than ten (10) times the

sversge beckground fur the period of the report,
e The fraction of sample wvielyses ylelding cetectable measurements (1.e. >3 Std, Devistions) is indicated
with *( ™.

Page 47



Table 2.9-1

Vegetable/Vegetation Radioactivity Analyses

ENVIRONMENTAL KADIOLOCICAL PROGRAN SUMMARY
FILGRIN NUCLEAR POVER STATION, PLYMOUTH, WA
(JANUARY - DECEMBER 1992)

MEDIUM: Vegetable/Vegetat on UNITS: pli/kg wet
INDICATOR STATIONS STATION WITH NIGHEST MEAN CONTROL STATIONS
Ee e s 2 R L S ) EERRVRRR R P RO R R RN RN RO R T FERORERERAEERARE
RAD JONUCL 1DES E Ak iAW MEAN
(ND. ARALYSES) REQUIRED RANGE STA. RANGE RANGE
(NON-ROUT INE )™ LLD NO. DETECTED™ NO. NO. DEYECTED* NO. DETECYED*™*
BE-7T (W) { 235 4% 0.60E 3 "o ( 4512 1.0 3 ( 2.42 N5 ©
t 8 ( -2.4 S 2 { 32~ 7.3 3 { -1.3 - 2.5) 1
* &/ 11)° o 3 ) o W B
K40 (W) ( 362 0.5 3 31 ( 6312 0.2)E 3 { 2.612 0.4 3
( O ( 3.1 = 6.3 3 L 1.8 - 3.0 3
* 117 1) " W7 e o % 3
1-131 (%) 0."" ¢ wos: S.NE O 3% ( 372 1B 1 ( -S.02 2T.2%
t O { -2.0 - 3.7 1 ( 5.9 - 2.4 1
* o7 1) ™ W e o o I
Cs-134 ( &) 60. { 6812 2.2)E 0 30 ( S5.612 3.7 0 { T2 0.6 ©
{ O ( -1.8 - 0.6) 1 ( -7.5 - 6.3k 0
“« o7 1) " A 1 «® W N
£5-137 ¢ %) 60, ( 2.5 2 1.3 1 99 { 7.2 ¢ 4. 1E 1 ( -1.012 0.1 1
( ( -8.9 - 139.0)E © ( -2.5- 13%9.0 O t -1.%1 - 0.9 1
o ¥/ 1N o 7 I " o7 3*
TH-232 ( 1) ( 1.1 2 0.3 2 ¥ ( 28132 0.4 2 { 2.4 12 1.9 1
( & { -3.2 28.2)E 1 { -1.3 - S. 1 1
o &/ 1) " W W * 07 3
i Non-Routine refers 1o the mumber of separste measurements which were grester than ten (10) times the

average background for the period of the report.

*» The fraction of sample snelyses yielding detectable measurements (i.e. »3 Std. Devigtions) is indiceted
with *( .

***  The listed (LD of 1 pliskg for 1-131 spplies only to leafy vegetables. Summaries presented in this table
include results for sll vegetables, including root crops and non-lesfy vegetables.
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Table 2.10-1
l Cranberry Radicactivity Analyses
ENVIRONMENTAL RADIOLOGICAL PROGRAM SUMMARY
PILGRIM NUCLEAR POVER STATION, PLYMOUTH, WA
(JANUARY - DECEMBER 1992)
MEDIUM: Cranberries UEITS: pli/kg wet
. INDICATOR STATIONS STATION WITH WIGHEST MEAN CONTROL STATIONS
ER TR R Sl A EERREERRRRA AR R RN AR RE RS FPEREERERRERRRR R
RAD [ONUCL TDEE HE AN HEAN WE AN
(NO. ANALYSES) REQUIRED RANGE STA.  RANGE RANGE
' (NOK-ROUT L NE )" LD NO. DETECTED®™ NO. NO. DETECTED®* NC. DETECTED®™*
BE-7 (W ( 6.0¢2 2.TE 1 “w ( 8,732 6.1E 1 ( 2.21 7.5 1
( O £ 33~ 8.7 1
. o o o o e o7 1
k40 3 ( 7.0 ¢ C.13E 2 % 7.1 2 1.6 2 ( 7.0 1.8 2
t 0 { $.9 - 7. 2
o 2 2 " 7 N* o0 WV N
l I-131 ¢ %) ( 2.0 2 0.1 0 1% ( 2.112 13.0)6 0O { 2.2 2.4 1
( ® ( 39 » 2.0E 0
o o7 2 o o7 1 o o7 N*
cs-13%% ( 3 60. ( -7T.112 1.9 © % ( -5.2+% 7.6 O { ~2.4 1% 1.0 1
{ & { -9.0 - -5.2)¢ O
* 0o/ 2 o &7y V* ] o7 )
Cs-137 ¢ 3 &0. { 942 $.9) © B f 152 1.1k 1 ( i.0 2 0.9) 1
{ O { 3.9+ 15.3)¢ ©
o 07 2 5t W 1) ™S W Y
o Non-Routine refers to the mumber of sepearste measurements which were grester than ten (10) times the
sverape background for the period of the report.
- The fraction of sanple anslyses yielding detectable messurements (i.e. >3 Std. Deviations) is indiceted
with %( .
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Table 2.12-1

Surface Water Radioactivity Analyses

MEDIUM: Surface dWater

CIANUARY ~

ENVIRONMENTAL RADIOLOGICAL PROGRAM SUMMARY
PILGRIN NUCLEAR POVER STATION, PLYMOUTH, WA
DECEMBER 19%2)

UNITS: pCiZkg

INDICATOR STATIONS STATION WITH KIGHEST MEAN CONTROL STATIONS
RAD JOMUCL IDES ME AN NEAN NEAM
(MO, ARALYSES) REQUIRED RANGE STA. RANGE RANGE
(NON-ROUT INE)* LD NO. DETECTED®™® WO NO. DETECTED®* NO. DETECTED®*
K-40 (W) ( 1.561 0.3 2 1n 3.1 2 0.1 2 ( 2.912 0.13E
{ & { -6.3 - 33.5 1 2.7 » 3.4 2 ( 2.4 - 3.6
*{ W/ 26)* 13/ 15" o 137 15)*
WS (39 15. ( 5.1 3 WS.6 -3 23 2.2 1.8)E -1 ( 2.21 1.8)E
( O ( -2.0 - 2.1 © 7.8 - LB { ~7.8 - 11L.85E
o Oy 20 o O/ 15)* " o/ 1
co-58 (W) 1. ( 532 2.6 1 17 8.9 3.6 -2 { -9.92 24.9
{ O ( 3.1+ 2.1 0 1.6 - 2.1 © { ~%1.4 - 1.5
o 07 26)° o o/ 15)* o o7 13)
FE-59 ( 39 30. { -3.3 & 4120.4)E -4 " 3.1 4.6 -1 { ~7.12 7.6)E
« 0 ( 4.0 - 3.8 O -2.2 - 2.TE © £ <60 - 3.9
* 07 28)* * o7 13)* " 07 13
co-60 ( 39) 15. ( 5338 2.2)E -1 1n .11 2. E 1 ( -2.7T+s 3.0)€
{ ® { =29 » 2.0 O 7.8 - 19.7E -1 ( -1.9 - 1.8
" O/ 26)* * 07 13)* o o/ 1)
m-65 (3 30. { ~6.31¢% $.5)E -1 1 &8 2 7.5 -1 ( -9.92 S7.1E
¢t 0 { ~5.9 - S.)E © 4.6 - S.7 0O ( ~6.86 - 2.8
o 07 26)* *( 0/ 13)* " o7 13
-9 (IO 15. ( -3.8s 35.03 -2 23 3.72 6.3)E -1 ( 3.7%s 6.3)E
{ 0 ( -3.7 - 4.1 O 3.6 - “«.3) © ( -3.4 - .38
& O/ 26)* *( 0o/ 13)* S o/ 13
1131 (" 1. { 7.212 3.7 -2 1" 9.2 5.3)F -2 ( -2.82 32.6) -
{ 0 { 2.9 - $.3E -9.5 - S3.0)¢ -2 ¢ <18+ 2.9
* 07 26)° * 0/ 13)* *( 07 13
Cs-138 ( 3, 15. { -7.92 1.6 -\ 1" 6.1 8 1.8 -1 ( 7.4 12 2.3 -
( & 2.8 - 0.5 ¢ “1.7 - 0.4 © ( -1.8 - 1.8)¢
o o7 26 *( O/ 13)* *( 07 13
Cs-137 ( 39 18. { 2.6 2 16.6) -2 23 3.22 3.1 -1 ( 3212 3.1
{ O ( -2.0 - 1.5 © 1.5 - 2.3 © { 1.5 - 2.3
*{ 07 26) *( O7 13 07 15)*
BA-YGD ( 39 15. ( -8.72 &.B)E -1 23 4.7 2 6.0 -1 ( 472 6.0 -
( 0 ( 6.6 - 3.5 ¢ 3.6 - 3.0 © { -3.6 - 3.008
o 07 28 o 0 15 * 07 15)*
H-3 { 125 3000. ( 13:2 8.2)E 1 " 2.9 2 8.2) 1 { -5.5¢+ B.0)E
(S { -2.2 * 2.7 2 “1.4 - 2.6 2 ( 1.9 - 1.1E
o o/ & " W &) * o/ &)
. Nor-Routine refers to the number of sepsrate measurements which were grester than ten (10) times

sverspe background for the period of the report.
. The fraction of senple snalyses yielding detectable mepsurements (1.e.

with *(

|
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Table 2.13-1

Fish Radioactivity Analyses

ENVIRONMENTAL RADIOLOGICAL PROGRAM SUMMARY
PILGRIM MUCLEAR POMER STATION, PLYMOUTH, WA
(JANUARY - DECEMBER 1992)

MEDIUM: Figh URITS: pli/kg wet
IKDICATOR STATIONS STATION WITH WIGHESY MEAN CONTROL STATIONS
FRPRERRERRREREREEY eew - ee - PRERRTRSR TN
RAD IONUCL IDES ME AN NEAW mEAN
(ND. AKALYSES) REQUIRED RANGE STA. RANGE RAKGE
(RON-ROUT I NED* Lib NO. DETECYED®* wNO. NO. DETECTED®® NO. DEYECTED**
BE-7 (25 { 2812 1.8 1 98 ( 24612 1.7 1 ( 2.6 1.7 1
( O ( -7 - 1.1 2 ( -8.9 7.2 1 ( 8.9 - T.2)E 1§
o O/ 17 o o o 5 o 8
K-40 (¢ 2%5) { 3.212 0.1 3 m £ 3ks 0.1) 3 ( 3.212 0.1 3
t M { 2.8 - 4.2)E 3 (¢ 2.8 - L.2) 3 ¢ 27 - 3.6 3
o 177 1) o 177 ATy " & 8
-S54 ( 2%) 130. { 2-1» 1.9 0 "M o 2112 1.9 0 ( 3.32 2.1 0
( O { ~1.6 - 1.5 1 ¢ -1.6- 1.5) 1 { *1.0 - 0.6) 1
¢ o7 17 S O/ 17 " o B
co-58 ( 2% 130. ( 3.012 1. 0 11 ( 3.0 2 1.7 0 ( .98 3.0 0
{ © { 7.0 - 20.6) O ( -7.0 - 20.6)E © ( ~1.1- 1.4 1
* O/ 1 o o7 1) * 0/ &
FE-59 ( 25) 260. { -8.7T2 5.3 0 98 ( 3.0+ 7.3 0 ( 3012 7.3 O
t O ( 4.1~ 4.0 19 ( -2.8 - 3.3 19 ( -2.8 - 3.3) 1
*C o7 17 o o B o o/ &
co-60 ( 2%) 130. ( 5.4 1 2.5 © 8 ( -2.012 2.8 0 ( 2.0+ 2.8 0
(S ) { -2.0 - 1.5k 1 ¢ -1.5 - 1.1 1 { =-1.% - 1.13 1
. 07 1) *° O/ &° * 0/ 8)*
-85 (25 2560. { *1.5 2 0.7 1 8 ( -4.112 7.4 0 ( =6.112 T.L)E ©
{ O { 7.6 - &.2)E 1 ( -3.9 - 2.6)E 1 { -3.9- 2.6 1
* o7 1) o o B = o/ &)
cs-134 ( 25) 130. { 7.8 1.6 O 98 ( -~5.032 2.9 0O { -5.02 2.9 O
{ O { 2.0 » 0.8 1 ( -2.1- 0.6 { =2.% - 0.6 1
" O 1 s o/ B " W B
CS-137 ¢ 25) 130. ( 4812 2.0 O M ( 48132 2.4 0 ( 4.412 3.0 0
( ) ( 1.4 2.8 1 { 14 - 2.8 1 ( 6.5 - 7.7 ©
*( Oy 1 o o/ * o7 &

Non-Routine refers 1o the number of separste measurements wvhich were greater than ten (10) times the
sverage beackground fur the period of the report.

\iad The fraction of sample anelyses yielding detectable measurements (i.e. »3 Std. Deviations) is indiceted
with %
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Table 2.14-1

Shellfish Radivactivity Analyses

EXVIRONMENTAL RADIOLOGICAL PROGRAM SUMMARY
PILGRIM BUCLEAR POMER STATION, PLYMGUTH, WA
{JANUARY - DECEMBER 1992)

MEDIUN: Shellifish UNITS: pli/kg wet
INDICATOR STATIONS STATION WITH NIGHEST MEAN CONTROL STATIONS
R L L R R e e FERRRTRRRE T EAE AN
RAD IONUCLIDES "EAN WE AN ME A
(MO, AKALYSES) REQUIRED RANGE STa, RANGE KANGE
(NON-ROUT INE }* Lo NC. DETECTED™* NO. N0, DETYECYED®™™ N0, DETECYED™*
BE-7 ( «8) ( 1.0 2 0.9 1 n { 2312 0.7ME 1 { .01 13.6) 0
{ 0 ( 1.7 0.5 2 { *1.%~ S.0E 1 ( 1.6 - 1.9 2
&/ 24 “« ¥ 8" " W)
K-40 ( &8) ( 8.8: 1.0 2 % £ Was 0.1 3 ( 702 1.008 2
t O ( 1.6 - A.NE 2 ( 9.4 - 12.9% 2 { 5.4 - 162.0 1
*( 237 2 LS VA b w( 207 26)*
M-SA () 130. ( 03¢ &7 1 13 ( 2812 2.006 © ( 2.%: 1.3 0
( O { -2.2 - 8.5 0 { <13 - 2.2)E 1 { -1.3~ 2.2 1
" 07 2&)* " W e * O 260
CO-58 ( &8) 130. ( 543 V0.6 1 % 1 <1541 8.3 - { -3.52 17.6) -
t © ( -2.0 - 0.8 1 £ 2.9~ 1.2 0 { 280~ 2.5 1
" 07 24 o 07 & *( 07 20
FE-59 ( &) 260. ¢ 212 1B.7E -1 B T 1.7 0.8 O ( 1.3 2 3.0 0
t O ( ~1.9 - 2.2 19 { 1.5~ 36.0)F -1 { 5.8~ 2.0k 1
*( 07 26y " O &) " O/ 20
£O-60 ( &8) 5. { -2.1%2 0.9 0 11 ( -2.61% $.6)E -1 f “1.0 4% 1.6 0
{ O g ~15 - 0.OF 1 { 2.6 - 1. ¢ ( -2.0 - 1.9 1
* O/ 20> o 7 8 U 2
IN-65 ( &B) $. { -5.01 1.5 © 13 ¢ 2.1z 2.9 © { 2.0 1.9 0
{ O { -2.7 - 0.5 1 { ~1.5 - 5.2 1 { +1.5 - 3.2 1
*( 07 26)* S o7 W) " O 20"
Cs-134 ( 48) 5. { 1.9z 0.8)E O % £ 2462 4.6 ¢t ~3.73 1.1 0
{ O { 1.8~ 0.1 1 { 1.0 - 1.1 0 { *1.6 - 0.3) 1
*( 0/ 24)* o W & b A
CS-137 ( &8) S. i 333 1.1 © 12 ( .21 2. 0 { 5.8 3 %%20.73¢ -3
t O ( ~1.3 - 1.5 1 { -1.3- 1.5 1 { 1.9~ 1.9)€ 1
" 7 24)* " o7 2 " O/ 20
CE- Y4k ( &8) 15. { 6312 $.5E O 12 t 1232 1.1 1 ( 8,91 7.1 ©
{ O { ~3.% = 9.3¢ 1 ¢t -3.%- 9.3 1 S 8.5 1
07 2 o712 " 07 20)*
TH-232 ( &8) ( 2.5 2 0.5) 1 13 ( 6.0 2 1.0 1 ( ‘.62 0.8 1
t O { -1.9 - 020.0)€ -9 ( ~&.& - 13.0¢ 1 { =-&.4 - 3.5 1
o 7 20 " 1 W) 117 260
. Non-Routine refers to the rumber of sepsrste messurements which were grester than ten (10) times the \

sverage background for the period of the report. |

.- The fraction of sample ansiyses yielding detectable measurements (i.e. »3 Std. Deviations) is indicated J

with *{ ).
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Table 2.15-1

Irish Moss Radioactivity Analyses

ENVIRONMENTAL RADIOLOGICAL PROGRAM SUMMARY
PILGRIM NUCLEAR POVER STATION, PLYMOUTH, WA
{JANUARY - DECEMBER 1992)

MEDIUM: rish Moss UNITS: pliskg wet
INDICATOR FTATIONS STATION WITH RIGHEST MEAN CONTROL STATIONS
R R S A R A .e PEERPETRTER RS
RAD |ONUCL IDES MEAN REAN MEAN
(NO. ANALYSES) REQUIRED RANGE STA.  RANGE RANGE
(NON-ROUT TNE ) LLo NO. DETECTED®*™ NO. NO., DETECYED®* NO. DEVECTED*™
8E-7 (&) ( 1412 0.3 2 %5 ( 1.7s 0.4) 2 ( 781 2.9 1
o { 5.3 - 26.5) 1 { 1.1 - 2.7 2 ( -8.0 - 260.00¢ ©
o & 8 o ¥ e " v &
40 (&) ( S5.81 0.6 3 n ( 7.012 0.5 3 ( 6.4 12 0.8 3
{ 0 ( 38~ 7T.00 3 ( 5.6 - 7.8 3 ( 3.8- 1.9 3
* &/ B *® & " & 8
wi-5 (&) 130. ( 292 1.3 © % ( 3912 “.OE © ( 1.Ts 2.3 0
( O ¢ 1.0~ 0.1k 1 { 6.1+ 3.0 © { 6.4 - 3.0 0
* 0 8 T 07 &) " o/ 8)*
co-58 { &) 130. ( 1.3 2 2.5) O " ( 2.3: 4.5) 0 ( 2.8 21.5) 1
{ O ( ~6.5 - “.2)E 0O { 6.2 - %.2)E 0 { 9.8 - 9.8 ©
o W e 5 o O o o/ )
FE-59 ( 16) 260, ( 2.8+ .6 O 1 ( 2.92 66.2) 1 ( “1.0s 0.8 1
{ O ( -2.5 - 1.4)E 1 ( ~%1.6 - 1.4 1 £ 5.4 - 1.2)E 1
% o/ B 07 A " Oy B
co-60 ( &) 130. { -B.6z 246.B -\ % ( 2.0% 20.0)E -1 { *1.8 2 0.5 ©
( & { ~%.4 - 0.7)E 1 { 5.7 ~ 3.008 0 ( -3.8 - 0.7 ©
" o7 & " 07 &) = o/ B
IN-65 (16 260. ( -1.12 S.2) O 1" ( 102 85 0 { 6.8 2 5.1 0
( O ( 2.3 - 1.7¢ 1 ( -2.3 - 1.7 1 { 3.6 - .13 1
o O/ B o o O S o/ 8
Cs-134 ¢ 16) 130. R & B 1.8 0 % ( 192 2.3 - ( “5.35% 1.8 ©
t O { -1.2~ 0.6 1 { 4.5 - 6.1 © ¢ -1.1 - 0.3 1
o O/ 8)* ¢ 07 &) o o/ &)
Cs-137 ( & 130, ( 1.4 2 1.4 0 3% ( 6312 5.1 © { 312 2.8 0
{ ©) g <37~ 9.0 © { -5.% 18.9)E © { -5.9 - 8.9 0
" W & " W & *®§ o/ &)
T™H-232 ( 16) { 2.012 1.1 1 B ( 292 1.6 1 { 552 134 9O
{ N £ +%3 - 7.0 1 ( ~1.3 - 5.9 1 {( -3.8 - S.E 1
5 VvV 8 ] 7 &) “« o/ 2
» Non-Routine refers to the number of seperate measurements which were grester than ten (10) times the

average backgruad for the period of the report.
i The fraction of sample armlyses yielding detectable measurements (i.e. »3 Std. Devistions) is indicated
with *( )*.
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MEDIUM: Americen LODster

PR A TR S S A L Sreeer Rl
RAD |ONUCL IDES HEAN ME AN MEAN
(NO. ANALYSES) REQUIRED RANGE STA. RANGE RANGE
CNON-ROUT IRE )™ LLD NO. DETECTED®* NO. NO. DEYECTED®™® NO. DETECTED®*
BE-7 » { 552 3.3E 1 13 « -131 T.00F 1 132 T.008 1
0) { ~1.4 - C.1E 2
" 0/ & o o7 1) " o7 N*
£-460 $) ( 2.0:= 0.1 3 " £ 282 .13 3 1.9 s 0.2)¢ 3
o) ( 8- 2.2)E 3 ( 1.8 - 2.2) 3
& A * &/ &) T iy e
i -S54 5 130. ( 8.%: JL1E 1 13 ( 9032 8.0)¢ © 9.0 2 8.0 0
o) { 64~ 7L ©
o o/ O o o/ * * &7 N*
co-58 $) 130. { 1.0 2 0.2) 1 i (e 1.0 2 0.2)¢ 1 1.2 2 0.9) 1
03 ( 49 - 4.5 © 4.9 - 4.5 O
* O/ &* o 07 &) " o/ W
FE-59 ) 260. { -2.8¢ D.TE 1 13 ( -5.112 18.9)¢ © 5.2 WB.9E 0
o) ( 3.7 - -0.9E 1
o o7 &) * 07 1) s O/ N*
co-60 5 130. { ~6.612 S.1E 0 13 ( -25: 125 © 252 125 O
)] { -1.9 - 0.6 1
o o/ o o7 N *®§ & N
Lu-65 $) 260. ( =252 13.6) O 3 t 133 1.9 1 2.5 2 1.5 1
0) { 3.6 - 3.0 1
- 0/ g). .y C/ 1). t( 0/ 1)‘
Cs-134 S) 130. { 251 6.1 0 11 ( -25+%2 $.1) © ~b.6 2 7.2 ¢
0) { 1.7 - 0.8 1 ( -1.7 - 0.8) 1
o O/ &) o O/ &) o 7 1
cs-137 $) 130. ( 3.0z 2.8 © 13 ¢ 33 6.7 0 332 6.7 ©
o) { 4.0 - 8.1 ©
LI TS ® o7 1) o o N
. Non-Routirw refers to the number of seperste messurements which were greaster than ten (10) times the

sverage ba kgroud for the period of the report.
- The fracticn of samoi~ anelyses yielding detectable messurements (i.e.

with *(

'

Table 2.16-1

Lobster Radioactivity Analyses

ENVIRONMENTAL RADIGLOGICAL PROGRAM SUMMARY

PILGRIN NUCLEAR POVER STATION, PLYMOUTH, WA
DECEMBER 1992)

(JANUARY -

INDICATOR STATIONS
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MEDIUM: Sediment

RAD 1 ONUCL 1DES
(RO, AKALYSES)
(NN -ROUT INE )"

P28 ( &)
( &
PU-23% ( 6)
( O
BE-7 { 56)
( O
£-40 { 56)
( O
co-58 ( 56)
(O
co-60 ( 56)
{t O
-85 ( 56)
t O
IR-95 ( 56)
{ O
£s-134 ¢ 58)
{ &
Cs-137 ( 56)
« O
CE- 144 ( S56)
{ &
T™™-232 ( 56)
(t O

pverage background for the period cof the report.
The fraction of sanple snelyses yielding detectable messurements (i.e. »3 Std. Deviations) is

with %(

REQUIRED
LLd

$0.

S0.

50.

50.

$0.

50.

150,

.

Table 2.17-1

Sediment Radicactivity Analyses

INDICATOR STATIONS

ENVIRONMENTAL RADIOLOGICAL PROGRAM SUMMARY
PILGRIN WUCLEAR POMER STATION, PLYMOUTH, WA
(JANUARY - DECEMBER 1992)

UNITS: pCiskg dry

STATION WITH WIGHESY MEAN CONTROL STATIONS

Wi AN
HAKGE

NO. DETECTED**

{ T.612
( 4.6 -
" W
{ RT3
( 1.5 -
o &
( 1.7 2
(¢ -10.0 -~
o 3
{ 901
{ &8~
o 39/
{ 492
t <1.5 -
" W
{( 3.0
( 1.3~
o o/
( 55=&
{ %3 ~
o O/
( 3.8
{ 1.9 -
o W
( 4012
( 9.6 -
" o
{ 891
( -8.6 -
* W/
( 9.4 2
( -8.0 -
" b/
{ 34132
{ %.8-
" 3%/

~
hd
=
-

e
=
~
™m
-

0.2
S5.6)¢
39.*

~oee
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Non-Bout ine refers to the runber of sepsrate messurements which were grester than ten (10) times

NEAN MEAN
STh. RANCE RANGE
RO, NO. DETECYED*™*® NO. DETECTED®*
% ( 102 0.5 0 ( 5112 C.2)E -1
t &.B - $.3) 1
o W 1) s o
13 ¢ 9.1+ 3.3 O ( 9.1+ 3.3 0
( S5.8- 128 0 ( S.8- 124 0
L TS o 27 2
13 ¢ 1312 0.B)E 2 { 8.6 S. 2 1
( -5.8 - 80.6) 1 ( ~5.8 - B80.6)E 1
* 3/ 1) " 317
13 ¢ 13=s 0.0 & { 1.2:2 0.0)E &
¢ 1.0 - 1.6 & ( B.6- 164 3
o 1Y 1)y o177 1T
“w ( -2.7a 1.8 © ( ~b.k 2 1.3 0
{ 8.6 ~ &.2)E O { -1.3 - 0.3 1
o o7 &) o o7 1)
% (« 1.7 1.8 © ( 2.0 1.2 ©
{ -8.1~- B.0 O ( 1.4 - 0.6 1
o o7 )" o o7 M)
26 { 1.0 0.5 1 { 6.1 12 2.6 ©
{ 3.2~ .2 0O ( 1.2+ 2.9 1
o W &* " oA
13 ( 952 2.TE © { 7.612 1.9 ©
( ~6.7 - 2¢.0) 0 ( -6.7 - 22.0)E 0
. 0o/ 1) o O 1
2 ( 3612 1.9 0 ( 682 12.3) -1
( +-5.9 - 123.0)F -1 ( ~1.0-~ 1.2)E 1
% 0/ &* o o7 )
13 ( 3.3 2 0.5) 1 £ 2.5 2 0.5 1
{ 1.7 - 7.6 1 { 1.1 T O
o 1Y/ 11)* " 117 17
24 ( 1.8 & 1.8 1 4 6.0 2 7.8k ¢
{ -2.9 9.3 ( -4.9 - ®.3)E
o0 o &6 * 7 1
13 ( &7 2 0.3 2 ( 4312 0.2)E 2
( 35 - T.15¢ 2 ( 2.8 . 2
* 117 1) o 177 1T
the
indicated



Table 2.17-2
Sed.ment Plutonium Analyses
Environmental Radiological Progran. Summary

Pilgrim Nuclear Power Station, Plymouth, MA
(January - December 1992)

| f Results
Location | Core Depth (cm) | pCi/Kg {(dry) +-1 S.D.
Plutonium 23E | Plutonium 239, |
-m———l Plutonium 240

e ——————————————————————————————— e —t i b i ———_——

Rocky Point | 0-2 | NDA | 1.80 + 0.30
| Rocky Point | 12-14 | NDA | 1.97 + 0.30
Plymouth Harbor 0-2 | NDA | 5.56 + 0.71
Manomet Point 0-2 | NDA | 1.48 + 0.40
Duxbury Bay - Control 0-2 | NDA | 12.4 £ 1.7
| Duxbury Bay - Control 12-14 : NDA 5.81 + 0.60

— i s— e ——— e ————————————— A —— T S ——

* NDA indicates no detectable activity.
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Figure 2.2-1

Environmental Thermoluminescent
Dosimeter and Air Sampling Locations Within Exclusion Area
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* Distance and direction are measured from the centerline of the reactor to the
sampling/monitoring location.
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Figure 2.2-2

Environmental Thermoluminescent Dosimeter and
Air Sampliing Locations Outside Exclusion Area to About Two Miles
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* Distance and direction are measured from the centerline of the reactor to the
samp] ing/monitoring location.
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Environmental Sampling And Measurement Control Locations

Lode Bescriptio Dist.” ir.> de Descriptior Bist. - g
AR SAME {
e we ym 4 L Ww ¢ Kingston Subst 0 m whe
R ar g R mw Whw
Cedary e Sut "
reen Harbor Contr { m NNw v Church & West 10 m Nw
X8 Duxbury Bay ntre ; " NhNw M4 Main & Meadow i1 w wow
OMF * Mg SY m t
LW fast Weymputh t T Nw
MiLk
wder Point i Nk w! whitman Farm Contre 21 m Wi
. RANRTRR
"Y NN wh
woer | oy ? NN
¢ NNy
. L vl ;,7 4
ROk AW 4 gewale m 1 .

wh

My v evar ' nit m »

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

>
=
-
L
\







Y B

Figure 2.4-1

orical Beach Survey Exposure Rate Measurements

-
3 -
L3 ! %5 o
'.f’ - - > . I L < i
] . 4 oy i ; :
~ X v ol . :
v & = b A
Q oo - t}
» ; B L -
. ~
‘v'.
?
o » - o 1 ~ A
v ¢ alL HElllLop AVe €

Page 68

>



Meter

Figure 2.5-1

Airborne Gross Beta Radioactivity lLevels: Near Station
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Airborne Gross Beta Radioactivity Levels:
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Figure 2.5-3

Airborne Gross Beta Radioactivity Levels: Off-Site
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SUMMARY OF RADIOLOGICAL IMPACT ON HUMANS

The radiological impact to humans from the Pilgrim Station’s radioactive liquid
and gaseous releases has been estimated using two methods:

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

The first method utilizes data from the radioactive effluents (measured at the
point of release) together with conservative models that calculate the dispersion
and transport of radicactivity through the environment to humans (Reference 7).
The second method is based on actual measurements of radiocactivity in the
environmental samples and on dose conversion factors recommended by the Nuclear
Regulatory Commission. The measured types and quantities of radioactive liquid
and gaseous effluents released from Pilgrim Station during 1992 were reported to
the Nuclear Regulatory Commission, copies of which are provided in Appendix B.
The measured levels of radioactivity in the environmental samples that required
dose calculations are listed in Appendix A.

The maximum individual dose from liquid 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 calculated using the
following radiation exposure pathways:

1) external radiation from cloud shine and submersion in gaseous effluents;
2) inhalaticn of airborne radiocactivity;

3) external radiation from soil 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
Table 3.0-1. The dose assessment data presented was taken from the "Annual Dose
Assessment to the General Public from Radicactive Effluents" report for the
period of January 1 through December 31, 1992.
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Table 3.0-1

Radiation Doses from 1992 Pilgrim Station Operations

Maximum Individual Dose From Exposure Pathway - mrem/yr
Liquid Gaseous Direct
Receptor Effluents Effluents* Radiation** Total
Total Body 0.0002 0.56 1.62 2.2
Thyroid 0.0001 3.93 1.62 5.6
Max. Organ 0.0004 3.93 1.62 5.6

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

Direct radiaticn dose for hypothetical maximum-exposed individual at location on
Boston Edison property yielding highest direct radiation exposure value as
measured with TLDs.

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

Another useful "gauge" of radiation exposure is provided by the amount of dose a
typical individual receives each year from natural and man-made (eg. diagnostic

X-rays) sources of radiation. The typical American receives 300 to 400 mrem/yr

from such sources.

As can be seen from the doses resulting from Pilgrim Station Operations during
1992, all values are well within the federal limits specified by the NRC and EPA.
In addition, the calculated doses from PNPS operation represent only a fraction
of a percent of doses from natural and man-made radiation.

A second method of dose estimation involves calculations based on radioactivity
detected in environmental media. During 1992, there was no radioactivity
attributable to Pilgrim Station operations that was detectable in any of the
environmental samples collected and analyzed. Therefore, no special studies were
performed to assess the dose impact of such results, and all dose estimates were
based on effluent releases and direct radiation (TLD) measurements, as outlined
above.

In conclusion, the radiological impact of Pilgrim Station operations, whether
based on actual environmental measurements or calculations made from effluent
releases, would yield doses well within any federal dose limits set by the NRC or
EPA. Such doses represent only a small percentage of the typical annual dose
received from natural and man-made sources of radiation.
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APPENDIX A

SPECIAL STUDIES

Special studies are performed to assess the radiological impact
of any radioactivity detected in the various environmental
samples collected throughout the year. During 1992, no
radioactivity attributable to Pilgrim Nuclear Power Station
operations was detected in any environmental samplec. No
special studies were performed during 19%92.
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PILGRIM NUCLEAR POWER STATION
EFFLUENT AND WASTE DISPOSAL SEMIANNUAL REPORT

SUPPLEMENTAL INFORMATION 1992
January - June 1992

Facility Pilgrim Nuclear Power Station Licensee___ DPR-35

1.

Regulatory Limits

a. Fission and activation gases: 500 mrem/yr total body and 3000 mrem/yr
for skin at site boundary.
b,c. lodines, particulates with

half-lives>8 days, tritium: 1500 mrem/yr to any organ at site
boundary.
d. Liquid effluents: 0.06 mrem/month for total body and

0.20 mrem/month for any organ
(without radwaste treatment).

Maximum Permissible Concentration

a. Fission and activation gases: 10 CFR 20 Appendix B Table 11
b. lodines: 10 CFR 20 Appendix B Table 11
P Particulates, half-lives>B days: 10 CFR 20 Appendix B Table Il
d. Liquid effluents: 2E-4 uCi/ml for entrained noble gases;

10CFR20 Appendix B Table Il values for all
other radionuclides.

Average Energy: Not applicable

Measurements and Approximations of Total Radioactivity

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

c Particulates: analysis for H-3, Fe-55 (liquids only),
d Liquid eff uents: Sr-89, and Sr-90.

Batch Releases

Quarter
a. Liguid: Ast  2od
1. Number of batch releases: 16 8
2. Total time period for batch releases (minutes): 5.90E42 | 2.30E+42
3. Maximum time period for a batch release (minutes): 1.20€+42 3.50E+]1
4. Average time period for batch releases (minutes): 3.69E+1 2.88E+]
5. Minimum time period for a batch release (minutes): 2.00E+1 2.00E+]
6. Average stream flow during periods of release of
effluents into a flowing stream (liters/min): 1.17E+6 1.03E46

b. Gaseous: Not applicable
Abnormal Releases

a. Liguid: None
b. Gaseous: None
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TABLE 1A
PILGRIM NUCLEAR POWER STATION
EFFLUENT AND WASTE DISPOSAL SEMIANNUAL REPORT 1992
GASEQUS EFFLUENTS-SUMMATION OF ALL RELEASES
January - June 1992

l Quarter |Quarter |Est.Total
Unit |  Ist 2nd _|Error.%

A. Fission and Activation Gases
1. Total release Ci 1.99E+2| 3.86E+2| 22% |
2. Average release rate for period uCi/sec! 2.52E+1]| 4.89€+]
3. Percent of Technical Specification limit % * .
B. lodines
| 1. Total iodine-13]1 release Ci 1.15¢-2| 7.626-3] 20% |
l _2. Average release rate for period uCi/sec| 1.46E-3| 9.67E-4
3. Percent of Technical Specification limit % " b
C. Particulates
| 1. Particulates with half-lives>8 days Ci 4.24E-3] 2.19¢E-3 21% |
2. Average release rate fer period uCi/sec| 5.38E-4! 2.7BE-4
3. Percent of Technical Specification 1limit % * *
4. Gross alpha radioactivity Ci NDA NDA
D. Tritium
; 1. Total release rate for period Ci 3.55E+40] 2.65E+0 20% |
2. Average release rate for period uCi/sec| 4.50E-1] 3.36E-1
i 3. Percent of Technical Specification limit % s =

Notes for Table lA:

*  Percent of Technical Specification Limit Values in Sections A.3, B.3, C.3, and D.3
are based on dose assessments not performed as part of this report. These will be
provided in the annual supplemental dose assessment report to be issued prior to
April 1, 1993.

1. NDA is no detectable activity.
2. LD for gross alpha listed as NDA is 1E-11 wCi/ml.
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TABLE 1B
PILGRIM NUCLEAR POWER STATION
EFFLUENT AND WASTE DISPOSAL SEMIANNUAL REPORT 1992
GASEOUS EFFLUENTS-ELEVATED RELEASE
January - June 1992

g ] : : CO!;‘TINf)ﬁiigggf;1 BATCH MODE
Nuclides Released Unit uarter _Quarter | Quarter
| Ist 2nd N/A 2nd
1. Fission and Activation Gases
Kr-85m Ci 7.66E40 | 2.09E+1 3.31t40
Kr-87 Ci 5.28E+C | 8.64£+0 1.24E+1
Kr-88 Ci 4.19E40 | 1.62E+1 9.93£+0
Xe-133 Ci 2.156+41 | 3.10E+1 8.28t-1
Xe-135 Ci 5.28E+0 | 1.40E+1 1.16E+1
Xe-135m Ci 2.53E+] | 2.27E+] 7.45E40
Xe-138 Ci 8.60E+1 | 1.29E+2 3.56E+1
N-13 Ci NDA 1.05E+0 1.66E+0
Total for period Ci 1.55€+42 | 2.43E42 B8.28E+1
2. lodines
1-131 Ci 5.30E-3 | 6.13E-3 _NDA
1-133 Ci 2.03E-2 | 2.42E-2 NDA
|__Total for period Ci 2.56E-2 | 3.04E-2
3. Particulates
Sr-89 Ci 3.49(-4 | ]1.98E-4 NDA
Sr-90 Ci 2.15¢-6 NDA NDA
Cs-134 Ci NDA NDA NDA
Cs-137 Ci NDA 1.92E-6 NDA
Ba/la-140 Ci 9.17E-4 | 7.0BE-4 NDA
Total for period Ci 4+ 1.27E-3 | 9.08E-4
4. Tritium
| H-3 | Ci | 1.85E-1 1 1.36E-1 | | _NDA

Notes for Table 1B:

1. NDA is no detectable activity.
2. LLDs for nuclides listed as NDA are as follows:

Fission goses:  1E-4  uCi/ml

lodines: 1E-12 wCi/ml
Particulates: 1C-11 @oizmi
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TABLE 1C
PILGRIM NUCLEAR POWER STATION

EFFLUENT AND WASTE DISPOSAL SEMIANNUAL REPORT 1892

GASEOUS EFFLUENTS-GROUND LEVEL RELEA
January - June 1992

SE

CONTINUOUS MODE | BATCH MODE
Nuclides Released | _Unit Quarter | Quarter | Quarter | Quarter
1 1st 2nd N/A 2nd
1. Fission and Activation Gases
Kr-85m Ci NDA_ NOA
Kr-87 Ci NDA _ND2 NDA
Kr-88 Ci NDA _NDA NDA
Xe-133 Ci NDA 3.94E40 _NDA _
Xe-135 Ci 4 .35E+1 | 5.43E+] 1.25€40
Le-135a Ci NDA 5.86£-1 NDA
Xe-138 Ci NDA NDA NDA
Total for period Ci 4.35E+]1 | 5.89E+1 1.25E40
2. lodines
| 1-131 Ci 6.22E-3 | 1.49E-3 NDA
' 1-133 Ci 5.59E-2 | 1.128-2 NDA
! Total for period Ci 6.21E-2 | 1.27E-2
3. Particulates
Sr-89 _Ci 5.79E-4 | 6.72E-4 NDA
Sr-90 Ci 4 .31E-6 NDA NDA
Cs-134 Ci NDA NDA NDA
Cs-137 Ci _NDA NDA NDA
_Ba/la-140 Ci 2.356-3 | 6.19t-4 NDA
Ce-14] Ci 4.54F-5 NDA NDA
Total for period Ci 2.97E-3 | 1.28E-3
4. Tritium
l H-3 | Ci | 3.36E40 | 2.51E+40 | | __NDA

Notes for Table 1C:

1. NDA is no detectable activity.
2. LLDs for nuclides listed as NDA are as follows:

Fission gases: 1E-4  wCi/m)
lodines: 1E-12 wCi/ml
Particulates: 1E-11 uCi/ml
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TABLE 2A
EFFLUENT AND WASTE DISPOSAL SEMIANNUAL REPORT 1992
LIQUID EFFLUENTS-SUMMATION OF ALL RELEASES

i

C.

January - June 1992
| Quarter |Quarter Est.Tota]l
|_Unit 1st 2ng__|Error.%
A. Fission and Activation Products
I 1. Total release (not including tritium,
' noble gases, or alpha) Ci
| 2. Average diluted concentration
l dgr;ng period uCi/mi
bie MPC limit* %
B. Tritium
‘ 1. Total release Ci 6.000-3 | 3.09(-4] 9.4% |
2. Average diluted concentration
l during period uCi/ml |8.66E-9 | 1.30E-9
3. Percent of applicable MPC limit* % 2.896-4 | 4.33t-5
Dissolved and Entrained Gases
]. Total release ¢i NDA NDA 16% |
2. Average release rate for period
during period uCi/ml NDA NDA
3. Percent of applicable MPL limit* % == i

D.

E.

e

Gross Alpha Radioactivity

L.

Total release

| Ci | NDA | NDA | 34% |

Volume of Waste Released (prior
to dilution)

| liters|2.80E+4 [1.376+4 | 5.7% |

Yolume of Dilution Water Used

During Period

| liters|6.93(+8 |2.38E+8 | 10% |

Notes for Table 2A:

>

Additional percent of Technical Specification Limit Values based on resulting dose

will be provided in the annual supplemental dose assessment report to be issued

prior to April 1, 1993.

1. NDA is no detectable activity.

2. LLD for gross alpha listed as NDA is 1E-7 uCi/ml.
3. LLD for dissolved and entrained gases listed as NDA is 1E-5 uCi/ml.
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TABLE 2B
PILGRIM NUCLEAR POWER STATION
EFFLUENT AND WASTE DISPOSAL SEMIANNUAL REPORT 1992
LIQUID EFFLUENTS
January - June 1992

l CONTINUOUS MODE BATCH MODE
Nuclides Released | _Unit | Quarter | Quarter | Quarter | Quarter
|__Not Applicable ist 2nd
1. Fission and activation products
Cr-51 Ci N/A N/A 5.64(-5 NDA
Mn-54 Ci N/A N/A 7.21E-5 | 1.05E-5
Fe-55 1 N/A NA 1.76L-4 4.63E-5
fe-59 Ci N/A NA NDA_ NDA
- Ci N/A N/A 1.45€-6 NDA
Co-60 Ci N/A N/A 1.05€-3 1.56E-4
In-65 Ci N/A N/A NDA NDA
Sr-89 Ci N/A N/A 1.49E-5 9.86E-6
Sr-90 Ci N/A N/A 3.8lE-6 9.91E-6
Ir/Nb-95 Ci N/A NA 6.48E-7 NDA
Mo-99/T¢-9%m Ci N/A NA NDA NDA
Ru-103 €1 N/A N/A 1.29€-6 NDA
Ag-110m Ci N/A N/A 4.266-6 | NDA
_1-131 Ci N/A N/A NDA _NDA
£s5-134 Ci N/A N/A NDA
Cs-137 Ci N/A N/A 1.61E-4 8.48£-5
Ba/lLa-140 Ci N/A N/A NDA NDA
Ce-14] Ci N/A N/A 1.10E-6 NDA
Ce/Pr-144 Ci N/A NA 2.01E-6 NDA
| _Total for period Ci N/A N/A 1.54E-3 3.17E-4 |
2. Dissolved and entrained gases |
|
Xe-133 |_Ci N/A N/A NDA DA ‘
Xe-135 Ci N/A NA NDA __NDA
J
Total for period Ci N/A N/A NDA NNA 1

Notes for Table 2B:

1) NDA is no detectable activity.
2) LLDs for nuclides listed as NDA are as follows:

Sr-89 SE-8 wlCi/ml
1-3131 1E-6 uCi/ml
Xe-133, Xe-135 1E-5 pCi/ml
A1l others S56-7 uCi/m)
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PILGRIM NUCLEAR POWER STATION

EFFLUENT AND WASTE DISPOSAL SEMIANNUAL REPORT

SUPPLEMENTAL INFORMATION 1992
July - December 1992

Facility Pilgrim Nuclear Power Station Licensee___ DPR-3%5
1. Regulatery Limits
a. Fission and activation gases: 500 mrem/yr total body and 3000 mrem/yr
for skin at site boundary.
b,c. lodines, particulates with
half-lives>8 days, tritium: 1500 mrem/yr to any organ at site
boundary.
d. Liquid effluents: 0.06 mrem/month for total body and

0.20 mrem/month for any organ
(without radwaste treatment).

Maximum Permiscible Concentratiun

aan oe

Fission and activation gases:
lodines:

Particulates, half-lives>8 days:
Liguid effluents:

10 CFR 20 Appendix B Table 11
10 CFR 20 Appendix B Table 11
10 CFR 20 Appendix B Table 11
2E-4 uCi/ml for entrained noble gases;

10CFR20 Appendix B Table II values for all

other radionuclides.

Average Energy: Not applicable

Measurements and Approximations of Total Radioactivity

anmn ow

Fission and activation gases:
lodines:

Particulates:

Liquid effluents:

Sr-89, and Sr-90.

Batch Releases

a.

b.

L

T B PO e

iqu

id:
Number of batch releases:
Total time period for batch releases (minutesj:

Maximum time period for a batch release (minutes):

Average time period for batch releases (minutes):

Minimum time period for a batch release (minutes):

Average stream flow during periods of release of
effluents into a flowing stream (liters/min):

Gaseous: Not applicable

kbnormal Releases

a.
b.

Liquid: None
Gaseous: None

Page B6

High-purity Ge gamma spectroscopy for
all gamma emitters; radiochemistry
analysis for H-3, Fe-55 (Tiquids only),

Quarter
_rd . 8h
18 E. 2
25k+ 1.58€+3
4.50E+]1 4.80E+2
2.92E+]1 | 6.30E+]
_2.00E+1 | 1.00E+]
1.17E46 6.89E+5




TABLE 1A

PILGRIM NUCLEAR POWER STATION

EFFLUENT AND WASTE DISPOSAL SEMIANNUAL REPORT 1992
GASEOUS EFFLUENTS-SUMMATION OF ALL RELEASES

July -

December 1992

Quarter |Quarter |Est.Totall
Unit 3rd 4th lError.% |
A. Fission and Activation Gases
1. Total release Ci 3.09E+2] 2.80E+2] 22% |
2. Average release rate for period Ci/sec! 3.928+1! 3.56E+]
{_3. Percent of Technical Specification limit % * >
B. lodines
[_1. Total iodine-131 release Ci 7.52E-3] 5.55E-3 20% |
} 2. Average release rate for period uCi/sec! 9.54£-4! 7.04f-4
{ 3. Percent of Technical Specification limit % * .
C. Particulates
| 1. Particulates with half-lives>8 days Ci 4.31E-3| 3.19E-3 21% |
2. Average release rate for period uCi/sec! 5.47E-4] 4.04£-4
3. Percent of Technical Specification limit % o o
4. Gross alpha radipactivity Ci NDA NDA
D. Tritium
1. Jotal release rate for period Ci 7.65640]| 9.13E40 20% |
2. Average release rate for period uCi/sec| 9.70E-11 1.16E+0
|_3. Percent of Technical Specification limit % . =

Notes for Table 1A:

*  Percent of Technical Specification Limit Values in Sections A.3, B.3, C.3, and D.3
are based on dose assessments not performed as part of this report.
provided in the annual supplemental dose assessment report to be issued prior to

April 1, 1993.

1. NDA is no detectable activity.

2. LLD for gross alpha 1isted as NDA is 1E-11 wCi/ml.
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TABLE 1B

PILGRIM NUCLEAR POWER STATION

EFFLUENT AND WASTE DISPOSAL SEMIANNUAL REPORT 1992

GASEOUS EFFLUENTS-ELEVATED RELEASE
July - December 1992

Nuclides Released ] MMM_MM_._
uclides Release Unit r rter rier
1 3rg 4th N/A N/A
1. Fission and Activation Gases
Kr-ggm Ci g.95£+9 1.26£fi,
Kr- Ci .88E+0 | 2.63E+
Kr-88 Ci 5.20E+0 | 2.45E+]
Xe-133 Ci 3.42E+]1 | 6.45E+0
Xe-135 Ci 9.02E+0 | 3.58E+1
Xe-135m Ci 2.91E+]1 | 2.88E+]
Xe-138 Ci 1.46E42 | 9.76k4]
N-13 Ci NDA 1.05E40
Total for period Ci 2.38E+2 | 2.33E+42
2. lodines
| 1-13] Ci 5.15€-3 | 4.12E-3
l 1-133 £i 2.13€-2 | 1.85¢-2
| Total for period Ci 2.64E-7 | 2.26E-2
3. Particulates
‘ Sr-89 Ci 2.69E-4 | 5 44F-4
Sr-80 Ci 2.076-6 | 1.43E-6
| (s-134 Ci NDA NDA
Cs-137 Ci NDA 5.92t-6
' Ba/La-140 Ci 7.22E-4 | 3.07E-4
l Total for period Ci 9.93E-4 | B8.5BE-4
4, Tritium
{ H-3 | Ci | 2.0BE-1 | 2.90E-1 | |

Notes for Table 1B:

1. NDA is no detectable activity.
2. LLDs for nuclides listed as NDA are as follows:

Fission gases:
lodines:
Particulates:

1E-4  wCi/ml
1€-12 uCi/ml
1E-11 wCi/ml
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TABLE 1C
PILGRIM NUCLEAR POWER STATION
EFFLUENT AND WASTE DISPOSAL SEMIANNUAL REPORT 1992

GASEOUS EFFLUENTS-GROUND LEVEL RELEASE
July - December 1992

] I CONT INUOUS MODE BATCH MODE
Nuclides Released Unit Quarter | Quarter | Quarter | Quarter J
| 3rd 4th N/A N/A
1. Fission and Activation Gases
| Kr-85m Ci NDA NDA
Kr-87 Ci NDA _NDA
Kr-88 Ci NDA NDA
Xe-133 Ci 2.04E-1 | 3.16E+
Xe-135 Ci 5.16E+) | 4.43F+]
Xe-135m Ci 1.956+1 | NDA
Xe-138 Ci NDA NDA
Total for period Ci 7. 14E+] | 4.74F+]
2. lodines
] I1-131 Ci 2.37¢-3 | 1.43E-3
1-133 Ci 1.75€-2 | 9.91E-3
i Total for period Ci 1.99€-2 | 1.13E-2
3. Particulates
Cr-51 i NDA 5.56f-5
Mn-54 Ci _NDA 9.BAE -
_Co-60 Ci 2.90E-7 | 3.70£-5
Sr-88 Ci 1.71E-3 | 1.05¢-3
Sr-90 Ci 1.26E-5 | 5. 4]1E-6
_Ag-110m Ci NDA | 1.03E-7
Cs-134 Ci _NDA NDA
| (s-137 Ci 1.94E-7 | 9.16E-8
| Ba/la-140 Ci 1.59€-3 | 1.18£-3
Total for period Ci | 3.326-3 | 2.33E-3 !
4, Tritium
| H-3 { Ci 1 7.44E40 | B.84E+0 | 1 o

Notes for Table 1C:

1. NDA is no detectable activity.
2. LLDs for nuclides listed as NDA are as follows:

Fission gases:
lodines:
Particulates:

1E-4  uCi/ml
1E-12 wCi/ml
1E-11 uCi/mi
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TABLE 2A

EFFLUENT AND WASTE DISPOSAL SEMIANNUAL REPORT 19§62
LIQUID EFFLUENTS-SUMMATION OF ALL RELEASES
July - December 1992

A. Fission and Activation Products

Est.Total
Error.%

Quarter
4th

Quarter

3rd

Unit

1. Total release (not including tritium,

noble gases. or alpha)

2. Average diluted concentration
ri iod

¢ lsore [ vases) gz |

3. Percent of applicable MPC limit*

B. Tritium

[_1. Total release Ci 1.73£-3 | 6.60E-3] 9.4% |
| 2. Average diluted concentration

| during period uCi/ml |2.B1E-9 | 6.05E-9

|3, Percent of applicable MPC 1imit* % 19.36f-5 | 2.02i-4

C. Dissolved and Entrained Gases

| 1. Jotal release Ci NDA NDA 16% |
2. Average release rate for period
during period uCi/ml NDA NDA
3. Percent of applicable MPC limit* % =s e
D. Gross Alpha Radioactivity
| 1. Jotal release | Ci | NDA | NDA | 34% |
E. Volume of Waste Released (prior
to dilution) | liters[3.136+4 |1.26E+5 | 5.7% |

F. Volume of Dilution Water Used

_During Period

| liters|6.16E+8 |[1.09E+49 | 10% |

Notes for Table 2A:

" Additional percent of Technical Specification Limit Values based on resulting dose

vi11 be provided in the annual supplemental dose assessment report to be issued

prior to April 1, 1993.

1. NDA is no detectable activity.
2. LLD for gross alpha listed as NDA is 1E-7 wCi/mi.
3. LLD for dissolved and entrained gases listed as NDA is 1E-5 wCi/ml.
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1.

TABLE 2B
PILGRIM NUCLEAR POWER STATION
EFFLUENT AND WASTE DISPOSAL SEMIANNUAL REPORT 1992
LIQUID EFFLUENTS

July - December 1992

J CONT INUDUS MODE BATCH MODE
Nuclides Released 1__Unit Quarter | Quarter Quarter | Quarter
Not Applicable 3rd 4th
Fission and activation products

Cr-51 Li N/A N/A NDA NDA
Mn-54 Ci N/A N/A 2.91E-6 1.45t-4
Fe-55 _Ci N/A NA §4.98E-5 5.11E-5
Fe-59 Ci N/A N/A NDA NDA
Co-58 Ci N/A N/A NDA 8.97¢-5
Co-60 Ci (/A N/A 8.97¢-5 5.10f-4
In-65 Ci N/A N/A NDA 2.01E-6
Sr-89 Ci /A N/A 7.73E-5 1.09€-4
Sr-90 Ci N/A N/A 5.35E-6 4.31E-6
Ir/Nb-95 | Ci N/A N/A _NDA _NDA
Mo-99/Tc-99m 1 Ci N/A N/A NDA NDA
Ru-103 Ci N/A N/A NDA NDA
Ag-110m Ci N/A N/A NDA NDA
1-131 Ci N/A N/A NDA B8.55€-6
(s-134 Ci N/A N/A NDA | 4.70£-9
(s-137 Ci N/A N/A 1.18E-4 1.71E-4

_Ba/la-140 Ci /A N/A 6.62E-6 5.45E-5
Ce-14] Ci N/A N/A NDA NDA
Ce/Pr-144 Ci N/A N/A NDA NDA
Total for period Ci N/A N/A 3.50E-4 1.15€-3

Dissolved and entrzined gases
Xe-133 Ci _N/A N/ NDA NDA
Xe-135 Ci N/A N/A NDA NDA
i

Total for period Ci 1 N/A N/A NDA NDA

|
|

Notes for Table 2B:

1)
2) LLDs for nuclides listed as NDA are as follows:

NDA is no detectable activity.

Xe-133, Xe-135
A1l others

SE-8 ulCi/ml
16-6 uCi/ml
1E-5 uCi/ml
S5E-7 uCi/ml
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APPENDIX C

LAND USE CENSUS RESULTS

The annual land use census for gardens and milk and meat animals in the vicinity of
Pilgrim Station was performed between August 11 and September 30, 1992. The census was
conducted by driving along each improved road/street in the Plymouth area within three
miles of Pilgrim Station to survey for visible gardens with an area of greater than 500
square feet. In compass sectors where no gardens were identified within three miles
(SSW and NNW sectors), the survey was extended to five miles. In addition, the Town of
P]ymo*th Animal Inspector was contacted for information regarding milk and meat
animals.

A total of 35 gardens were identified in the vicinity of Pilgrim Station. All of these
gardens had been identified during previous land use censuses.

Atmospheric deposition (D/Q values) at the locations of the identified gardens were
compared to those for the existing sampling program locations. These comparisons
enabled Boston Edison Company personnel to ascertain the best locations for monitoring
for releases of airborne radionuclides. Gardens yielding higher D/Q values than those
currently in the sampling program were also sampled as part of the radiological
environmental monitoring program.

Based on assessment of the gardens identified during the 1992 land use census, samples
of garden-grown vegetables or naturally-growing vegetation (e.g. grass, leaves from
bushes or trees, etc.) were collected at or near the closest gardens in each of the
landward compass sectors. These locations, and their distance and direction relative
to the PNPS Reactor Building, are as follows:

Rocky Hill Road 0.54 mi SE
Brook Road 1.76 mi SSE
Beaverdam Road 2.14 mi S
Bay Colony Drive 1.92 mi WSW
Clay Hi1l Road 1.02 mi W

In addition to these special sampling locations identified and sampled in conjunction
with the 1992 land use census, samples were in also collected at or near the Plymouth
County Farm (3.5 mi W), Whipple Farm (1.8 mi SW), and from the control location at
Bridgewater Farm (19 mi W).

Sampies of naturally-growing vegetation were also collected from the site boundary
locations yielding the highest deposition (D/Q) factors for each of the two release
points. These locations, and their distance and direction relative to the PNPS Reactor
Building were:

Highest Main Stack D/Q: 0.9]1 mi SSW
Highest Reactor Building Vent D/Q: 0.21 mi ESE
2nd highest D/Q, both release points:0.22 mi SW

No new milk or meat animals were identified during the land use census. In addition,
the Town of Plymouth Animal Inspector stated that their office is not aware of any
animals at locations other than the Plimoth Plantation and the Plymouth County Farm.
Sampies of milk and forage have historically been collected from the Plymouth County
Farm and were part of the 1992 sampling program.

Page 92



B R i e R ot it el 2

APPENDIX D
ENVIRONMENTAL MONITORING PROGRAM DISCREPANCIES

There were a number of instances during 1992 where problems were encountered in the
collection of environmental samples or monitoring devices. Most of these problems were
minor in nature and did not have an advcrse affect on the results or the integrity of
the menitoring proyram.

During 1992, eight thermoluminescent dosimeters (TLDs) were not recovered from their
assigned locations during the quarterly retrieval process. Only two of these eight
TLDs are listed as "required" TLDs in PNPS Technical Specifications, Table 8.1-3.
During the first quarter, TLDs were missed at Station H (H) and the Plymouth YMCA (RC).
In the case of Station H, the tree to which the TLD was attached had been cut down,
while at the YMCA, the utility pole had been replaced. During the second quarter, TLDs
were not collected at Russell Mill Road (RM) and Station C (C). In both cases, the
sample holders containing the TLDs appeared to have been tampered with. During the
third guarter, TLDs were not recovered at the location on Bourne Road (BE). The sample
holder had become detached from the utility pole and could not be located. Finally,
damage from the large storm in mid-December resulted in the loss of TLDs at Manomet
Road (MR), Boat Launch East (BLE), and Boat Launch West (BLW) during the fourth quarter
of 1992.

There were a few instances where problems occurred with obtaining samples of air
particulate filters and charcoal cartridges. The majority of power failures resulted
in losses of less than 24 hours of sampling time per week. These instances did not
have an impact on meeting the lower limit of detection (LLD) for gross beta on the
particulate filters and for iodine-131 on the charcoal cartridges. There were two
instances when equipment malfunctions caused power failures that resuited in the
collection of lTow volumes of air. In late August equipment problems caused the air
samples at Plymouth Center (PC) to run only two out of 7 days. In mid-November a power
failure at the Cleft Rock (CR) sampling station caused the air sampler to run only 2
1/2 days. In both instances the necessary repairs were made when the problems were
found. Despite the lower sampling volumes, the reguired LLDs were met on these
samples.

Despite the problems encountered with the collection of air samples, all of the
required 1166 samples were collected and analyzed during 1992. None of the samnle
analyses performed indicated any questionable or anomalous results,

A few problems were encountered with the collection of composite water samples from the
Discharr~ Canal during 1992. On January 16 and 17, 1992 extremely cold weather caused
ice to form in the intake line of the composite sampler. This problem was resolved by
heat tracing the intake line. On July 20, 1992 sampling was interrupted for
approximately eight hours when the power supply to the sampling area was isolated for
maintenance. On November 3 and 4, 1992, the plant was shut down and both circulating
water pumps were shut off. Without circulating water flow, the water level in the
discharge canal at low tide was below the level of the sample probe. This situation
was corrected by extending the length of the intake line. On Friday, December 11, 1992
a storm caused the intake line to separate from the sample probe. Wave action tossed
the intake line onto dry land and the sampler was unable to sample from 2100 hours on
December 11 - December 14, 1992. The intake line was repaired at 1130 hours on Monday,
December 14, 1992. No other problems were encountered with the discharge canal
composite sampler during 1992.
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Samples of Group 1 (bottom-oriented) and Group Il (near-bottom distribution) fishes
were not collected in the vicinity of the Discharge Canal outfall during the first
quarter of 1992. Samples of Group Il fish were not collected in the vicinity of the
Discharge Canal during the fourth quarter of 1992. Concerted and repeated efforts by
personnel from the Massachusetts Division of Marine Fisheries failed to catch any of
the required species during these sampling periods.

In general, the environmental monitoring program discrepancies noted during 1992
resulted from circumstances beyond the control of Boston Edison and contractor
personnel responsible for collection of the samples. None of the discrepancies
resulted in an adverse affect on the monitoring program.
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APPENDIX E
QUALITY ASSURANCE PROGRAM RESULTS

Introduction

The accuracy of the data obtained through Beston Edison Company’s Radiological
Environmental Monitering Program (REMP) is ensured through a comprehensive
Quality Assurance Program. This appendix addresses those aspects of quality
assurance that deal with the accuracy and precision of the analytical sample
results and the environmental TLD measurement results that are obtained by Boston
Edison from the Yankee Atomic Electric Company’s Environmental Laboratory (YAEL).
Much of the information contained herein has been summarized from the YAEL “Semi-
Annual Quality Assurance Status Report: January - June 1992," and the YAEL
"Semi-Annual Quality Assurance Status Report: July - December 1992."

Laboratory Analyses

The qguality control programs that were performed during 1992 to demonstrate the
validity of laboratery analyses by YAEL include the following:

I

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

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

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

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

Results of the Quality Assurance Program a~e reported in two separate
calegories based upon YAEL acceplance oriier ia. “he first criterion
concerns accuracy, which is defined 25 the deviation of any one
result from the assumed kniean vaiue. The second criterion concerns
precision, which JZd4is with tii. ability of the measurement to be
faithfully replicated by a comparison of an individual result to the
mean of all results for a given sample set. In addition to
evaluating all individual samnles against the YAEL acceptance
criteria, if the mean result of an EPA cross-check analysis exceeds
the 3-sigma control Timit (as defined by the EPA in their known value
summary report) an investigation is conducted by YAEL personnel to
determine the reason for the deviation.

The Quality Assurance Program implemented at the analytical
laboratory indicated good precision and accuracy in reported values.
Table 1 shows the cumulative results of accuracy and precision for
laboratory analyses in 1992 for YAEL intralaboratory analyses and EPA
interlaboratory cross-check analyses. For accuracy, 59 and 86
percent of the results were within 5 and 10 percent of the known
values, respectively, with 97 percent of all results falling within
the laboratory criterion of 15 percent. For precision, 82 and 96
percent of the results were within 5 and 10 percent of the mean,
respectively, with 99.9 percent of all results meeting the laboratory
criterion of 15 percent.

The results of the EPA Interlaboratory Comparison program, when
considered apart from the remainder of the Quality Assurance program,
were satisfactory with respect to accuracy and precision in 1992. A
total of 171 analyses were performed on air particulate filters,
milk, and water. Based upon this sample analysis total, 160 analyses
{(i.e., 93.6 percent) met the EPA‘s definition of "control limit"
acceptance criteria for accuracy.
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TABLE 1
INTRALABORATORY AND EPA INTERLABORATORY RESULTS - 1992

‘ Totzl | Fraction of Measurements
Number of within deviation range
Category Measurements 0-5% 0-10% 0-15%*
YAEL INTRALABORATORY ANALYSES
Accuracy 578 63.0% 89.1% 98.3%
Precision 627 85.0% 96.5% 99 . 8%
EPA INTERLABORATORY ANALYSES
|
Accuracy 171 1 43.3% 75.4%  93.6%
Precision 171 71.9% 95.3% 100.0%

TOTAL COMBINED ANALYSES

Accuracy 749 5€..% 86.0% 97.2%
Precision 798 82.2% 96.2% §9.9%

i —————— i~

SN

This category also contains those samples having a verified zero
concentration which were analyzed and found not to contain detectable
levels of the nuclide of interest.
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A total of 51 paired sampies were submitted by the five sponsor
companies for analysis during 1992. The database used for the
duplicate analysis consisted of paired measurements of 26 gamma-
emitting ruclides, H-3, Sr-89, Sr-90, lTow-level 1-131, and gross
beta. The sample media included milk, groundwater, sea/river water,
food crops, marine algae, and mussel meat.

A dual-level crit +i1a for agreement has been established. If the
paired measurements fall within + 15 percent of their average value,
then agreement between the measurements has been met. If the value
falls outside of the + 15 percent criteria, then a two standard
deviation range (95 percent confidence level) is established for each
of the analyses. If the confidence intervals for the two analyses
overlap, agreement is obtained.

From the 51 paired samples, 1273 paired duplicate measurements were
analyzed during 1992. Out of these measurements, 1271 (99.8%) fell
within the established criteria discussed above. No trend was
evident with respect to repeated failings of measurements for the
listed radionuclides and media.

Environmental TLD Measurements

Two separate quality control programs were performer during 1992 to demonstrate
the performance of the routine environmental TLD ,rocessing by YAEL. The quality
of the dosimetric results is evaluated relative to independent third party
testing and internal performance testing. These tests were performed independent
of the processing of environmental TLDs at YAEL. In a'l of these tests,
dosimeters were irradiated to known doses and submitted to YAEL for processing as
unknowns. The quality control programs provide a statistical measure of
accuracy, precision and consistency of the processing against a reliable
standard, which in turn points out any trends or changes in performance.

YAEL began performance testing of the Panasonic environmental TLDs in July 1987.
The testing included internal performance testing and testing by an independent
third party. Boston Edison conducted guarterly tests on the environmental TLDs
via an independent third party during 1992.

1. Intralaboratory and Independent Third Party Results

A + 30 percent accuracy acceptance standard under field conditions is
recommended by ANSI 545-1975, "American National Standard Performance,
Testing and Procedural Specifications for Thermoluminescent Dosimetry
(Environmental Applications).” Acceptance criteria for accuracy and
precision to be used in 1992 was adopted by the Laboratory Quality Control
Audit Committee (LQCAC) on November 13, 1987. Recognizing the inherent
variability associated with each dosimeter type, control Timits for both
accuracy and precision of + 3 sigma plus 5 percent (for bias) were set by
the LQCAC. The actual magnitude of the 3 sigma plus 5 percent control
limits depends on the hi.‘'orical performance of each type of dosimeter,
with each response being indicative of random and systematic uncertainties,
combined with any deviation attributable to TLD operation.
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The results of the TLD quality control programs are reported in the
categories of accuracy and precision. Accuracy was calculated by comparing
each discrete reported dose to the known or delivered dose. The deviation
of individual results relative to the mean reported dose is used as a
measure of precision.

The quality control program implemented for dosimetry processing indicated
good precision and accuracy in the reported values. In 1992, there were 96
quality control tests. A1l 48 environmental TLDs tested during January -
June 1992 were within the control limits for both accuracy and precision.
The comparisons yielded a mean accuracy of -4.4 percent, with an associated
standard deviation of + 6.0 percent. The comparisons exhibited a precision
value with an overall standard deviation of 1.4 percent. The 48 TLDs
tested in July - December 1992 showed a mean accuracy of -2.2 percent with
an associated standard deviation of ¢+ 2.9 percent. TLDs measured during
the second semiannual period exhibited a precision value with a standard
deviation of 1.6 percent, well within the acceptance criteria. In total,
all 96 environmental T'Ds tested during 1992 were within the contraol limits
for accuracy (+ 20.0%) and precision (+ 12.8%).

:. Boston Edison’s TLD QA Program

Boston Edison Company personnel evaluate the accuracy of the environmental
TLDs on a quarterly basis. The following acceptance criteria have been
established: 1) the average of the percentage differences must be within #
10%: and, 2) no one result can be greater than + 15%. For the 72
environmental TLDs tested during 1992, the average difference was + 0.54%.
A1l calculated averages of the percentage differences were within the 10%
acceptance criterion, and no individual results exceeded the 15% criterion.

Conclusions

Laboratory analysis results for the EPA Interlaboratory Comparison program, the
YAEL intralaboratory quality control program, and the sponsor companies blind
duplicate program met the laboratory criterion of less than 15% deviation in more
than 97% of all cases.

The environmental TLD measurements for intralaboratory and independent third
party comparisons resulted in both mean accuracy and precision within 5 percent
deviation.

Therefore, the quality assurance programs for the Boston Edison Company’s
Radiological Environmental Monitoring Program indicated that the analysis and
measurements which were performed by Yankee Atomic Environmental Laboratory
during 1992 exhibited acceptable accuracy and precision.
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