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EXECUTIVE SUMMARY

Boston Edison Comoany

|- Pilarim Nuclear Power Station
Radiological Environmental Monitorina Proaram'

ReDort
p January 1.1988 through December 31. 1989
!
'

INTRODUCTION
|

, This report summarizes the results of the Boston Edison Company's Radiological j
l Environmental Monitoring Program (REMP) conducted in the vicinity of Pilgrim q

Nuclear Power Station (PNPS) during the period from January 1 to December 31, j
! 1988. This document has been prepared in accordance with the requirements of a

PNPS Technical Specifications section 6.9.C.2.

The REMP has been established to monitor the radiation and radioactivity j
,

| released to the environment as a result of Pilgrim Station operation. This 1
- program, initiated in August, 1968, includes the collection, analysis, and j

evaluation of radiological data in order to assess the impact from the |
| operation of Pilgrim Station on the environment and general public. j

|

SAMPLING AND ANALYSISt

The environmental sampling media collected in the vicinity of PNPS and at
distant locations include air particulate filters, charcoal cartridges, soil,

I seawater, shellfish, Irish moss, American lobster, fishes, sediment, milk,
cranberries, vegetation and beef forage.

During 1988, there were over 1300 samples collected from the atmospheric,
aquatic, and terrestrial environments. In addition, over 376 exposure
measurements were obtained using environmental thermoluminescent dosimeters |

(TLDs) and six exposure rate measurements were performed using a high pressure
ion chamber. These 1300 samples and 376 monitoring devices were collected by
Boston Edison Company and Massachusetts Division of Marine Fisheries personnel.

| All samples were collected as required by the PNPS Technical Specifications
! with the following exceptions: 6 out of 572 (1%) of the air particulate and i

charcoal cartridge samples, and 4 out of 376 (1%) of the TLD measurements were 1

| missed. Of the TLD required by PNPS Technical Specifications, there was one
| TLD whirb was found missing from its posted location during the quarterly
'

retM m al The missing TLD and cage was relocated to be inconspicuous and
le s e.essible, where possible.

,

There were more than 1,5D0 analyses performed on the environmental media
samples. All 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
with the following exceptions: 2 out of 566 of the analysis results for air
particulate and charcoal filters were deleted due to questionable sample
volume.

|

| -viii-
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|

GARDEN AND HILK-PRODUCING ANIMAL CENSUS

The 1988 annual Garden and Milk-Producing Animal Census was performed as
required by the PNPS Technical Specifications. Twelve new gardens and two new
milk animals were located. Of the twelve new gardens, two (0.5 miles SE and
2.2 miles S) were added to the program in accordance with Technical
Specifications. The two new milk animals were not added to the sampling ,

program since neither of the goats were used for milk. In addition, the Town j
of Plymouth's Animal Inspector indicated that she was not aware of any new
milking animals within a five mile radius of PNPS subsequent to her last
census dated March 1988.

RADIOLOGICAL IMPACT TO THE ENVIRONMENT

During 1988, 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. Shellfish (aussels), j

Irish moss (Q1pn_dfryi criscus), sediment, and soil were the only sampling media i
'

collected offsite which showed radioactivity which could be attributable to
Pilgrim Station operation.

None of the radioactivity analy31s results exceeded the reporting levels
specified in the PNPS Technical Specifications. Furthermore, the detectable
radioactivity which could be attributable to Pilgrim Station operation was .

only a small percentage of the naturally-occurring and other man-made amounts I

of radioactivity. In addition, offsite direct radiation measurements using
environmental TLDs and a high pressure ion chamber ranged between 51 and 86
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 1988, radiation doses to the general public as a result of Pilgrim ,

Station operation continued to be well below the federal limits and much less
than the dose due to other man-made and naturally-occurring sources of

;

| radiation.

The maximum estimated total body dose to the general public from radioactive
effluents released by PNPS operations during 1988 was less than 0.1 mrem.

.

This conservative estimate is well below the EPA's annual dose limit to any
member of the general public and less than 0.03 percent of natural and

i man-made radiation levels.
h -

In addition to dose calculations based on radioactive effluent releases during
1988, four special studies were initiated to determine the dose contribution
from radioactivity that was detected in mussels, Irish moss, sediment, and
soil samples. Results of these studies showed that the radioactivity
accumulated in these media from previous years' operations would result in a

l maximum dose to a member of the general public of less than five mrem, using
! extremely conservative assumptions.

'

-ix-
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CONCLUSIONS

The 1988 Radiological Environmental Monitoring Program for Pilgrim Station
included the collection and analysis of hundreds of environmental samples and

,

'

measurements. The data obtained were used to determine the impact of Pilgrim
Station operation on the environment and 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 the general public due to Pilgrim
Station operation.

i
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f 1.0 INTRODUCTION

The Radiological Environmental Monitoring Program for 1988 performed by Boston
f Edison Company for the Pilgrim Nuclear Power Station (PNPS) is discussed in
I this report. Since the operation of a nuclear power plant results in the i

Iroutine release of small amounts of radioactivity and low levels of radiation,
l the Nuclear Regulatory Commission (NRC) requires that a prpgram be established
! to monitor radiation and radioactivity in the environment.' 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 radioactivity in the environment in the vicinity of Pilgrim

,

Station and at distant locations during the period January 1, 1988 to December'

i

31, 1988. |

The Radiological Environmental Honitoring Program consists of taking radiation
measurements and collecting samples from the environment, analyzing them for

i radioactivity content, and interpreting the results. With emphasis on the
! critical radiation exposure pathways to humans, samples from the aquatic,

atmospheric, and terrestrial environments are collected. These samples
include, but are not limited to: air, soil, seawater, shellfish, lobster,

f fishes, milk, cranberries, vegetables, and forage. Thermoluminescent
' dosimeters (TLDs) are placed in the environment to measure gamma radiation i

levels. The TLDs are processed and the environmental samples are analyzed to '

| measure the very low levels of radiation and radioactivity present in the
| environment as a result of PNPS operation. These results are reviewed by

BECo's radiological staff and have been reported semi-annually 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, radioactive
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 RADIOACTIVITY

All 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 radioactive
uranium, radium, thorium and potassium. Some radioactivity is a result
of nuclear weapons testing. Examples of radioactive fallout which is

| normally present in environmental samples are cesium-137 and
I strontium-90. Some examples of radioactive materials released from a

nuclear power plant are cesium-137, iodine-131, strontium-90 and
J cobalt-60.
!

)
I

-1-:
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!
Radiation dose is measured in units of cil11rea, tuch like temperature is
ceasured in degrees. A cillirem is a =easure of the biological effect of
the quantity called dose. The natural and man-made radia

f received in one year by the average American is 420 mrem.jign dose ;
4

j.

Radioactivity is measured in curies. A curie is that amount of
I radioactive material needed to produce 37,000,000,000 nuclear
I disintegrations per second. This is an extremely large amount of

radioactivity in comparison to environmental radioactivity measurements.
That is why radioactivity in the environment is measured in picocuries.
One picocurie is equal to one trillionth of a curie. '

1.2 SOURCES OF RADIATION

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

Table 1.2-1

Sources and Doses of Radiation
|

NATURAL 2 MAN-MADE4

Radiation Dose Radiation Dose
! Source (millirem /vear) Source (millirem /vear)

Cosmic rays 40 Medical / Dental Exposure 90
Building materials 40 Heapons testing fallout 5-8
Internal 30 Releases from nat. gas,,

Ground (Soill 10 phosphate mining,
* Radon / Thoron 3 200 burning of coal, etc. 5

Consumer products Less than 1
Nuclear power plants Less than 1

APPROXIMATE APPROXIMATE
TOTAL 320 TOTAL 100<

" Radiation dose from radon / thoron was recently published by the National
Council on Radiation Protection in their Report No. 93.

Radiation from outer space and from the sun penetrates the earth's
atmosphere and continuously bombards us with cosmic radiation. This
results in the average person in the United States receiving about 40
millirem per year.

The buildings we live in also emit radiation. The average American
receives about 40 millirem per year from building materials.

|

-2-

I
!

__ _



_ - _ _

- Additionally, natural radioactivity is in the food we eat (about 30
millirem /yr), the ground de talk on (about 10 mil 11 rem /yr) and the air we
breathe (about 200 millirem /yr). All these sources contribute to a total
dose of 320 mrem per year from natural sources of radiation.

Radon and thoron levels vary greatly with location. Many newspaper
articles have recently appeared concerning elevated levels of

r

) radon / thoron at some locations in Colorado, New York, Pennsylvania and
New Jersey. Residents of these areas have a higher annual dose as a'

result of higher levels of radon / thoron gases in these areas.

In addition to natural radiation, we are normally exposed to radiation
from a number of man-made sources. The single largest doses from
man-made sources result from therapeutic and diagnostic applications of

I
x-rays and radiopharmaceuticals. The annual dose to an individual in the
U.S. from medical and dental exposure is about 90 mrem. Much smaller
doses result from weapons testing fallout (about 5-8 mrem /yr); exposures
from burning natural gas and coal (about 5 mrem /yr); consumer products
like televisions and smoke detectors (less than 1 mrem /yr); and nuclear i

power plants (less than 1 mrem /yr). Basically, the average person in the
United States receives about 100 mrem per year from man-made sources.

Summing the doses from the natural and manmade sources of radiation
yields a total dose to an average American of 420 mrem each year.

)'

l.3 NUCLEAR REACTOR OPERATIONS'

Pilgrim Station generates about 670 megawatts of electricity when 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.

I Pilgrim Station was shutdown for refueling, maintenance, safety
I enhancement and modifications during the period from January 1 to

December 30, 1988. The reactor at Pilgrim Station was critical for only
a 20 minute period on December 30, 1988. However, the average capacity i

factor for the entire year was effectively zero. 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.

-3-

|
-



m_; ._ _ ._ . _ . . _ __. _ _ _ _ . _ . . . - - - . _ . -

b

'
,

Table 1.3-1
.-

PNPS-1 Capacity Factors

1988

OPERATING PERCENT CAPACITY

(Based on 670 MWe) !

Pilgrim Nuclear Power Station was shut down* during
1988 and all monthly capacity values were zero.

1

.

,

;-

(- ,

i

r

h

The reactor was critical for approximately 20 minutes on December 30, 1988.*

-4-
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Inside the reactor, a nuclear reaction called fission takes place.
Particles, called neutrons, strike the nucleus of a uranium-235 atom,
causing it to split into fragments called radioactive fission
products. The splitting of the atoms releases both heat and more
neutrons. .The newly-released neutrons then collide with and split I

other uranium atoms, thus making more heat and releasing even more
neutrons, cnd on and on until the uranium fuel is depicted or spent. <

This process is called a chain reaction.

Radiation.

Nuclear Fission A

Fission is the splitting ' -

of the Uranium 235 )))', O
atom by a neutron

<

to release heat,
Radiation Uranium

radiation and rnore
Neutrons'

chain eact on.
|
?.

| egf . ,
.

Neutrons
Uranium

Radiation

@hUranium

O
ro ucts

N
Neutrons

Fission I roducts

.

figure 1.3-1
J Radioactive Fission Products
)

-5-
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The operation of a nuclear reactor results in the release of small
amounts of radioactivity and loe levels of radiation. The radioactivity

originates from teo major sources, radioactive fission products and
radioactive activation products.

Radioactive fission products (see Figure 1.3-1)5, originate from the
These fission products get into thefissioning of the nuclear fuel.

reactor coolant as they are released by minute amounts of uranium on the
outside surfaces of the fuel cladding, by diffusion through the fuel
pellets and cladding and, on occasion, through defects or failures in the
fuel cladding. These fission products circulate along with the reactor
coolant water and some of these particles deposit on the internal
surfaces of pipes and equipment. The radioactive fission products on the

Examples of some fission productspipes and equipment emit radiation.
are cesium-137, iodine-131, strontium-90, xenon-133 and krypton-85.

Radioactive activation products (see Figure 1.3-2), on the other hand,
The first is by neutron bombardment of theoriginate from two sources.

hydrogen, oxygen and other gas (helium, argon, nitrogen) molecules in the
The second is a result of the fact that thereactor cooling water.

internals of any piping system or component are subject to minute yet
These minute metallicconstant corrosion from the reactor cooling water.

nickel, iron, cobalt, or magnesium) areparticles (for example:
transported through the reactor core into the fuel region, where neutrons
may react with the nuclei of these particles, producing radioactive

So, activation products are nothing more than ordinaryproducts.
naturally occurring atoms that are made unstable or radioactive by

These activation products circulate along with theneutron bombardment.
reactor coolant water and some of these particles will deposit on the
internal surfaces of pipes and equipment. The radioactive activation

Examples of some
products on the pipes and equipment emit radiation. activation products are cobalt-60, cobalt-58, iron-59, manganese-54 and
zinc-65.

4| eon
- 5e-

Neutron
Stable Radioactive

Cobalt Nucleus Cobalt Nucleus~

:

Figure 1.3-2
Radioactive Activation Product

f

|
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At Pilgrio Nuclear Power Station there are five independent protective i
'barriers that confine these radioactive materials. These five barriers,

which are shown in Figure 1.3-3, 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 . 'emically
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 radioactivity can diffuse to a small
extent through the fuel cladding into the reactor coolant water.

The third barrier consists of the reactor pressure vessel, steel piping,
and equipment that confines the reactor cooling water. The reactor
pressure vessel, which holds the reactor fuel, is a 65 foot high by 19
foot diameter tank with steel walls about nine inches thick. This
provides containment for radioactivity in the primary coolant and the
reactor core. However, during the course of operation and maintenance,

| small amounts of radioactive fission and activation products are released
into the primary containment through valve leaks or upon breaching thel

primary coolant system.

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 torus tunnel is 30
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
radioactivity which may escape from the primary containment. The reactor
building is equipped with a filtered ventilation systern that is used,
when needed, to reduce the radioactivity that escapes from the primary
containment.

Most of the radioactive fission and activation products are confined by
the five barriers. However, small amounts of radioactivity are released
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.

-7-

_ - _ _ _ _ - _ - - _ - - _ - _ _ _ _ _ _ _ _ _



- _ _ _ _ _

SIMPLIFIED DIAGRAM 0F PILGRIM NUCLEAR POWER STATION
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Five Barriers That Confine Radioactive Materials
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1.4 RADIOACTIVE EFFLUENT CONTROL

Small amounts of radioactivity are released into liquid and gaseous
i

| streams from operation of Pilgrim Station. These waste streams are
! processed in the appropriate treatment systems prior to release and are

monitored in accordance to PNPS Technical Specifications. The limits set
|

forth in the technical specifications are established to conform with
release and dose limits set forth by the Nuclear Regulatory Commission.I

In order to ensure that all radioactive liquid effluents are released
according to ALARA concepts, the following systems and practices are
utilized:

- Reactor water cleanup system,

' - Radwaste treatment system
- Sampling and analyses of radwaste tanks.

The reactor water cleanup system maintains reactor water purity by means
of a filtering and demineralizing process. This system provides a means
of removing radioactive water-borne materials which are generated by the
fission and corrosion process. The removal of these impurities limits |

'the secondary sources of radiation and consequently reduces the amount of
radioactive material which might be released from the system. j

Such rele'ases of radioactive liquids are directed to the liquid radwaste
treatment system. This treatment system consists of a flatbed filter and
ion exchange demineralized to further purify this water. A small
quantity of this treated water may be selected to be released as a
radioactive liquid effluent. However, this liquid is sampled and 1

analyzed prior to release to determine the specific level of
radioactivity. As a result of this analysis, a discharge flow rate will
be determined in conjunction with the available dilution flow provided by
the sea water pumps to ensure that the federal limits for radionuclides
concentrations are not exceeded.

Radioactive releases from the radioactive gaseous effluent systems to the i

environment are limited, controlled, and monitored by a variety of
systems:

- Off-gas radiation monitoring system
- Augmented off-gas system
- Main stack ventilation system
- Main stack effluent radioactivity monitor and sampling system.
- Reactor building ventilation system
- Reactor building vent effluent radioactivity monitor and sar,. ig

system
- Standby gas treatment system. .

The off-gas radiation monitoring system actually consists of two
monitoring systems, the main steam line process radiation monitor (PRM)
and the air ejector off-gas PRM. These detectors measure gross radiation
levels in both the main steam lines and off-gases from the main
condenser. Both of these monitoring systems are provided with alarm and
trip functions which are actuated when preset radiation level limits are
exceeded. These alarms are set in accordance to limits specified in the
PNPS Technical Specifications.

-g-

|
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. _ _ _ _ _. |



The augmented off-gas system it doonstream of these monitoring systems
and provides a treatment function whereby, through delay and filtration
processes, off-gas radiation levels are drastically reduced.
Furthermore, the radioactive gaseous effluents from this treatment system
are continuously monitored. As in the previous monitoring systems, alarm
and trip functions are set in accordance with PNPS Technical
Specifications.

The main stack ventilation system is the final treatment and monitoring
system whereby radioactive gaseous effluents are assured to be "As Low As
Reasonably Achievable". This system accepts flow from systems such as
the main condenser, standby gas treatment, drywell purge, radwaste and
turbine building ventilation, and main condenser mechanical vacuum pump.
This flow is directed through high efficiency particulate (HEPA) filters
and then to the stack where it is diluted by a large volume of air prior
to exiting the 310 foot stack. The main stack monitoring system draws a
representative gaseous sample through an isokinetic probe. This sample
is directed through a particulate and iodine filter and then to two
shielded chambers where the radiation levels of the noble gases are
measured by two redundant detectors. The particulate and iodine filters
are routinely analyzed in a chemistry laboratury in accordance with PNPS
Technical Specifications.

The noble, gas detectors continuously monitor the effluent of the main
stack and are equipped with an audible alarm and a recorder which
provides a permanent record of the effluent releases. The alarm for the
main stack is set in accordance to limits specified in the PNPS Technical
Specif' cations.

Air from areas containing potential sources of radioactive contamination
such as the reactor building, radwaste building basement, and turbine
building basement are discharged through the reictor building exhaust
vent. The gaseous effluents from the reactor bcilding ventilation system
are. continuously monitored by a sampling system similar to that for the
main stack. An isokinetic sample is drawn from the vent and directed
through a particulate and iodine filter and then to two shielded chambers
where the radiation levels of the noble gases are measured. The analysis
frequencies and alarm set points are also similar to those for the main
stack.

Should elevated radiation levels exist at the reactor building vent, thel

I standby gas treatment system is automatically initiated and the reactor
building vent isolated. The standby gas treatment system (SBGT) provides
a method to remcse particulate and gaseous contaminants from the reactor
building exhaust system. The SBGT has two identical, parallel air
filtration assemblies separated by a concrete block wall. Each train has
100% capacity and draws air through a filter unit containing a set of ,

f
pre-treatment HEPA filters, two charcoal beds, and a final set of
post-treatment HEPA filters. The air drawn through this system is then
monitored and discharged to the main stack.

f

f
-10-
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Therefore, the radioactive effluent control systems, which exist for
treating and monitoring all liquid and gaseous effluents, ensure that all
effluent releases are handled in accordance with PNPS Technical
Specifications. The dose and release limits set forth in the technical
specifications are established to conform with federal limits imposed by
the Nuclear Regulatory Commission. In addition, these systems are
designed and operated to assure that all releases are as low as
reasonably achievable (ALARA).

I

i

'

.
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1.5 RADIOLOGICAL IMPACT ON HUMANS

The final effluent control is the determination of the radiological dose ;

impact on humans and comparison with the federal dose limi's to the 1

public. As mentioned previously, the purpose of the continuous radiation fmonitoring and the periodic sampling and analysis is to measure the
quantities of radioactivity being released to determine if the
radioactivity release limits are met. This is the first stage for

assessing releases to the environment.
|

The second stage is to calculate the dose impact to the general public
from Pilgrim Station radioactive effluents. 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.

The types and quantities of radioactive liquid and gaseous effluents
released from Pilgrim Station during 1988 were reported to the Nuclear
Regulatory Commission semi-annually. The 1988 Radioactive Effluents are
provided in Appendix B and will be discussed in more detail in Part IV 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 limits and operational objectives.

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

,

I atmospheric mixing characteristics is used to estimate how radioactivity
I 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, 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 radioactivity through the environment and its transport to
humans is portrayed in Figure 1.5-1.

.

!

I

-12-
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Examples of Pilgrim Station's Radiation Exposure Pathways
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* ' There'are.six major ways in which gaseous effluents iGpact humans:

1) external radiation from exposure to airborne radioactivity;

2) internal radiation from inhalation of airborne radioactivity; *

3) direct radiation emitted from the radioactivity contained in Pilgrim
Station;

4) external radiation from deposition of radioactive effluents on soil; !

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

t
'

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

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

1) external radiation from liquid effluents that deposit on the
shoreline;

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

3) internal radiation from consumption of fish and the11 fish conti.Ining.
j. radioactivity absorbed from the liquid effluents.
|

To the exte.nt possible, the radiological dose impact on humans is based
on direct measurements of radiation and radioactivity in the environment

;

(see Appendix A). The operation of Pilgrim Nuclear Power Station resultsI

I in releases of only small amounts of radioactivity. However, as a result
of dilution in the atmosphere and ocean, even the most sensitive i

I radioactivity measurements and analysis techniques often cannot detect
| these small amounts of radioactivity in the environment above that which

is naturally present. Therefore, radiation doses are routinely
calculated using radioactivity release data and computerized dose

.

NRC-recommended models.gsed on very conservative (over-estimated)calculations that are b
These computerized dose calculations are'

'

performed by Yankee Atomic Electric Co. or Boston Edison Co. personnel.
The dose calculations are documented and described in detail in the
Pilgrim Nuclear Power Station Off-site Dose Calculation Manua18 which has
been reviewed and found to be acceptable by the NRC.

.

-14-
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Dose calculations are routinely performed by Boston Edison Co. personnel
cn a weekly and monthly basis. Dose calculations are also performed for
Boston Edison Co. by Yankee Atomic Electric Co., using their "YODA"
computer program, on an annual basis. It should be emphasized that
because of the very conservative assumptions made in the computer code
calculations, the maximum calculated hypothetical dose to an individual
is considerably higher than the dose that would actually be received by a ,

real individual. !

Following calculations of the maximum hypothetical doses, 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 radiaticq and radioactivity are the Nuclear Regulatory
Commission (NRC) and the Environmental Protection Agency (EPA). ,

The NRC, in 10CFR 20.105,9 limits the levels of radiation to unrestricted
areas resulting from the possession or use of radioactive materials such
that they limit any individual to a dose of:

1ess 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 10CFR 50 Appendix I,10 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:

1ess than or equal to 3 mrem per year to the total body*

-and-

1ess 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:

1ess than or equal to 10 mrad per year for gamma radiation*

-and-

1ess than or equal to 20 mrad per year for beta radiation.*

The dose to a member of the general public from iodine-131, tritium, and
all particulate radionuclides with half-lives greater than 8 days in
gaseous effluents is limited to:;

I

! 1ess than or equal to 15 mrem per year to any organ.*

|

1
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The EPA, in 40CFR190.10 Subpart B,11 sets forth the environmental
standards for the uranium fuel cycle. During normal operation, the i

annual dose to any member of the public shall be limited to:

1ess than or equal to 25 mrem per year to the total body*

less than or equal to 75 mrem per year to the thyroide

-and- J

l
less than or equal to 25 mrem per year to any other organ. j*

It should be noted that the EPA limits are based on the dose that a real
individual might receive, as opposed to the NRC's limits which are based
on the maximum hypothetically exposed individual. Also, the EPA limits
include dose from direct radiation, whereas the NRC limits in 10CFR50,
Appendix I, are based only on doses resulting from effluent releases.

The summary of the 1988 radiological dose impact to the general public
from 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 Part 3.0 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 environmental monitoring program conducted at Pilgrim
Nuclear Power Station during 1988 will be discussed in Part 2.0 of this
report.

|

|

|

|

-16-
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I

2.0 SUMMARY OF RADIOLOGICAL IMPACT ON THE ENVIROMENT

2.1 DESCRIPTION OF THE RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

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

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

2) evaluate procedures, equipment, and techniques for sampling and
measurement.

years, from August 1968 to March 1972.{gr approximately three and a half
.

The pre-operational program continued<

J Examples of background
'

radiation and radioactivity levels measured during this time period are
as follows:

Airborne Radioactivity Particulate Concentration (gross beta): 0.25*
|

pCi/m3
-

* Direct Radiation (TLDs): 13 micro-R/hr

Seawater Radioactivity Concentrations (gross beta): 20 pCi/kg*

Fish Radioactivity Concentrations (gross beta): 3,850 pCi/kg*

| * Milk Radioactive Cesium-137 Concentrations: 17 pCi/kg

Milk Radioactive Strontium-90 Concentrations: 9 pCi/kge

! * Cranberries Radioactive Cesium-137 Concentrations: 170 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 provides information on
rad |gactivity and radiation levels in the environment for the purpose

.of:

1) demonstrating that doses to the general public and levels of
radioactivity in the environment are within 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 conditions;

3) checking the condition of the Station operation, the adequacy of

f. operation in relation to the adequacy of containment, and the
effectiveness of effluent treatment, so as to provide a mechanism of
determining unusual or unforseen conditions and, where appropriate,
to trigger additional radioactive effluent treatment systems and
special environmental monitoring studies;

-17-
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f

4) assessing the dose equivalent to the general public and the behavior j
of radioactivity released during the unlikely event of an accidental !
release; and

5) determining whether the radiological impact on the environment and
humans is significant.

The Nuclear Regulatory Commission requires that Boston Edison Company
provide monitoring of the plant environs for radioactivity that will be
released as a result of normal operations, including anticipated
operational occurrences, and postulated accidents. The NRC has

i

established guidelines which specify an acceptable monitoring program.15 )
The Boston Edison Company's Radiological Environmental Honitoring Program
was designed to meet and exceed these guidelines. Guidance contained in
the NRC's Radiological Asgessment Branch Technical Position on
Environmental Monitoringlo has been used to improve the program. In
addition, the program has incorporated the provi
made with the Massachusetts Hildlife Federation.gions of an agreement87 The program was
supplemented by including improved analysis of shellfish and sediment at
substantially higher sensitivity levels to verify the adequacy of
effluent controls at Pilgrim Station.

Sampling locations have been established by considering meteorology, |population distribution, hydrology, and land use characteristics of the '

Plymouth area. The sampling locations are divided into two classes:
indicator and con rol. Indicator locations are those which are expected
to show effects from PNPS operations, if any exist. These locations were

| primarily selected on the basis of where 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, natural
radioactivity, fallout from prior nuclear weapons tests, and fallout from
accidents such as the one at Chernobyl.

The environmental sampling media collected in the vicinity of Pilgrim
,

| Station during 1988 include air particulate filters, charcoal cartridges,
seawater, shellfish, Irish moss, American lobster, fishes, sediment,
milk, cranberries, vegetation and beef forage. The medium, station

| number, description, and distance from the reactor for indicator and
| control samples are listed in Table 2.1-1. These sampling locations are

also displayed on the maps shown in Figures 2.1-1 through 2.1-4. The
terrestrial and aquatic sampling and measurement control locations are;
shown in Figure 2.1-5.

The radiation monitoring locations for the environmental TLDs are shown
in Figures 2.1-1 through 2.1-3. The frequency of collection and types of
radioactivity analysis are described in Appendix C, Table 8.1-1.

The land-based 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 Massachusetts 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. The
radioactivity analysis of samples and the processing of the environmentalI

( TLDs is performed by Yankee's Environmental Laboratory personnel.
-18-
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i fable 2.1-1

Pilarim Nuclear Powgr Station i

191]L tamolina Locations

Medium A Cada Description D111.* h*
Air Particulate 00 HS Harehouse 0.11 mi SSE

filters / 01 ER E. Rocky Hill Road 0.65 mi SE
Charcoal Cartridaes/ 03 HR H. Rocky Hill Poad 0.48 mi HNH

1911 06 PL Property Line 0.32 mi NH {
07 PB Pedestrian Bridge 0.13 mi N 1

08 OA Overlook Area 0.09 mi H l
J09 EB East Breakwater 0.33 mi ESE

10 CR Cleft Rock 0.86 mi SSH
15 PC Plymouth Center 4.1 mi H
17 MS Manomet Substation 2.3 mi SSE
21 EH East Heymouth Control 24 mi NH 1

Seawater 11 DIS Discharge Canal 0.13 mi N

17 BP Barlett Pond 1.7 mi SE
23 PP Powder Point Control 7.9 mi NNH

Shellfish 11 DIS Discharge Canal 0.21 mi N

12 Ply-H Plymouth Harbor 2.8 mi H
15 MP Manomet Point 3.0 mi ESE

13 Dux-Bay Duxbury Bay Control 7.8 mi NNW
.

23 PP Powder Point Control 9.9 mi NNH
'

24 MS Green Harbor Control 10 mi NNH

Irish Hoss 11 DIS Discharge Canal 0.21 mi N

15 MP Manomet Point 2.2 mi ESE
22 EL Ellisville 7.9 mi SSE
34 BR Brant Rock Control 10 mi NNH

American Lobster 11 DIS Discharge Canal 0.21 mi N

89 Dux-B Duxbury Beach Control 5.8 mi NNH
.

Fishes 11 DIS Discharge Canal 0.21 mi N

14 PLB Plymouth Beach 2.5 mi H
30 JR Jones River Control 7.8 mi HNH
98 CC-Bay Cape Cod Bay Control 15 mi ESE

Sediment 11 DIS Discharge Canal 0.21 mi N

14 PLB Plymouth Beach 2.5 mi H
12 Ply-H Plymouth Harbor 3.0 mi H

15 MP Manomet Point 2.5 mi ESE

13 Dux-Bay Duxbury Bay Control 8.7 mi NNH
24 MS Green Harbor Control 10 mi NNH

tillt 11 CF Plymouth County Farm 3.5 mi H,

21 WF Nhitman Farm Control 20 mi HNH

-19-
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j'u
L Table 2.1-1 (continued) J

d

Pilarim Nuclear Power Station
1988 Samolina Locations

Medium A Cadt Description Qiit.* h*,

1'

Cranberries 13 MR Manomet Pt. Dog 2.4 mi SE
14 BR Bartlett Rd. Bog 2.7 mi SSE
23 PS Pine St. Bog Control 16 mi HNH

.Veaetation 78 HR Hall Residence 0.5 mi SE I
60 AF Alden Road Farm 0.77 mi SE I
76 JG Jenkins Residence 1.3 mi HSH

'

43 NH Nhipple House 1.8 mi SH
,

77 MG Moon Residence 2.1 mi HSH I

| 80 MF Minahan Farm 2.2 mi S

11 CF Plymouth County Farm 3.5 mi HI '

27 BF Bridgewater Farm Cont. 20 mi H
r

| Beef Foraae 11 CF Plymouth County Farm 3.4 mi H
'

12 -HF Whitman Farm Control 20 mi HNH

|

Distance and direction are measured from the centerline of the reactor to the*

I sampling / monitoring location. Values listed are approximate and are being
} evaluated in conjunction with revision of sampling location maps.

> ,

1

,
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.The frequency, type, sintrum number of sa:ples and maximum Icwer limits
of detecticn (LLD) for the analytical ceasurezents are specified in the
PNPS Technical Specifications (see Appendix C, Table 8.1-1 and Table
8.1-4).

Upon receipt of the analysis results from Yankee Atomic Electric Co., the
Boston Edison staff reviews the results. Reporting levels for
radioactivity concentrations in environmental samples are specified in
the PNPS Technical Specifications (see Appendix C, Table 7.1-1). If the
radioactivity concentrations are above the reporting levels, the NRC must

! be notified within 30 days. For radioactivity which is detected that is
I attributable to Pilgrim Station 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 the 1988 special studies). Most importantly, if
radioactivity levels in the environment become elevated as a result of i

ithe station 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 census is performed
every year to identify changes in the use of the environment in the
vicinity of the station to permit modification of the monitoring and ;

sampling locations. The results of the 1988 Garden and Milk Animal 1

Census are reported in Appendix D. Two discrepancies were identified I

during the course of the 1988 census. These are described in Appendix E I
in accordance with Section 7.1.A of PNPS Technical Specifications. 1

The accuracy of the data obtained through Boston Edison Company's |
Radiological Environmental Monitoring 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 analytical laboratory by the sponsor companiese

Participation in the United States Environmental Protection Agencye

cross-check program

Use of blind duplicates for comparing separate analyses of the samea

sample

|
>

\
*

|
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o Spiked sample analyses by the analytical laboratory

Boston Edison Company's TLD QA Program and YAEL's TLD QA Program |e
|

QA audits and inspections of the Radiological Environmental Monitoring i

Program are performed by the US NRC, American Nuclear Insurers and by )
1Boston Edison Company's Quality Assurance Department.

The blind duplicates, split samples, and spiked samples are analyzed by i

Boston Edison Company, Yankee Atomic Electric Company's Environmental l
Laboratory, and four other sponsor companies. The 1988 results of this (
QA program are summarized in Appendix F. These results indicate that the l

knalyses and measurements which were performed during 1988 exhibited j
acceptable precision and accuracy.

2.2 RESUL1S OF RADIOMETRIC ANALYSES AND MEASUREMENTS

The following pages summarize the analytical results of the environmental
samples which were collected during 1988. All samples were collected and
measurements were performed as required by PNPS Technical Specifications
(see Appendix C, Table 8.1-1) with the exception of those sampling
defiencies noted in the following environmental media sections. As of
December 15, 1988, all environmental monitoring surveillance are tracked
by the PNPS computerized Master Surveillance Tracking Program (MSTP).
Following implementation of the MSTP, it was noted that some past samples
had been collected on a calendar basis rather than being collected in
accordance with the strict definition of the surveillance frequency
specified in PNPS Technical Specifications. A description of this event
and corrective actions taken are documented in Appendix E.

Data for cach 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 Electric Company's ERMAP computer
progrrm. The unit of measurement for each medium is listed at the top of1

each table. The left hand column contains the radionuclides which are
I being reported, total number of analyses of that radionuclides, and the
I 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)|

j for those radionuclides which have detection capability requirements as
specified in the PNPS Technical Specifications (see Appendix C, Table'

8.1-4).

I 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
j plant influence, are called " control" stations. Direct radiation

monitoring stations are broken down into four geographical zones to aid
in dhta analysis.

-32-
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For each sampling cedium, each radionuclio is presented with a set of
statistical parameters. This set of statistical parameters includes
separate analyses for (1) indicator stations, (2) the station having the
highest annual mean, and (3) control stations. For each of these three 4

groups of data, the Yankee Atomic Electric Company's "ERMAP" computer
program calculates:

The mean value of all concentrations including negative values and*

values below LLD. )

e The standard error ' the mean.

The' lowest and highest concentrations.*

t

The number of positive measurements (activity which is three times*

greater than the standard deviation) divided by the total number of
measurements. ,

Each single radioactivity measurement datum is based on a single
measurement and is reported as a concentration plus or minus one standard
deviation. The quoted uncertainty represents only the random uncertainty
associated with the measurement of radioactive decay process (counting
statistics), and not the propagation of all possible uncertainties in the
sampling and snalysis process. Radioactivity is considered to be present
in a sample when the concentration exceeds three times its associated
standard devittion.

f
|

<

| -33

|
-



. _
_ _ _ _ _ - , . _ _ _ . . . - - . . . .

2.2.1 Air Particulate Filters !

A type A/E glass fiber particulate filter, a charcoal cartridge and an
air sampling vacuum pump were used to collect radioactive airborne
particulate. The eleven locations sampled during 1988 are lhted in
Table 2.1-1. Analyses of the air particulate filters for gross beta
radiation are performed weekly. In addition, quarterly composites of the

; particulate samples for each sampling location were analyzed for !
gamma-emitting nuclides.'

Thera were a total of 6 air particulate filters out of the required 572
which were not collected and analyzed during 1988. The air samples at
station 09 - East Breakwater were missed on week 5 (1/19 - 1/26), week 6
(1/26 - 2/2), and week 7 (2/2 - 2/9) and again on week 32 (7/25 - 8/1),
week 33 (8/1 - 8/10), and week 34 (8/10 - 8/16) due to a loss of power.
The loss of power was caused by a faulty electrical splice which was
repaired in August 1988. I

| During 1988, there were several instances of low sample volume due to |

power failures, pump failures and crimped sampling lines, yet despite
this, all particulate filter analyses met the maximum LLD during 1988.

,

However, the analysis results for station 00-Harehouse for week 17 (2/2 - J

2/9) and station 08 - Overlook Area for week 18 (4/19 - 4/26) were
disregarded. The validity of these results was questionable because of

j physical damage of the inlet lines which resulted in some air bypassing
the filter. The cracked intake nozzle at the Harehouse station and
leakin; hose on the Overlook Area station were replaced.

The summary of the radioactivity analysis results for air particulate
for 1988 is presented in Table 2.2.1-1. The station identification

! numbers correspond to the locations identified in Table 2.1-1. Naturally |

| occurring potassium-40 was observed at one indicator station. Naturally
occurring bery111um-7 was observed in all indicator and contrel station
air particulate filters. No radioactive isotopes which could W
attributable to Pilgrim Station operation were detected on quarterly
composite air samples.

Trend plots of the gross beta activity vs. time for the on-site, property
boundary, and offsite stations are provided in Figure 2.2.1-1, Figure
2.2.1-2, and Figure 2.2.1-3, respectively. These graphs indicate that
on-site gross beta concentrations were no different than weekly gross
beta concentrations at the distant control station, with the exception of
the air sample results for the Pedestrian Bridge station for week 9 in
February. An isotopic analysis on this filter indicated that no
radioactivity was present that could be attributable to Pilgrim Station
operation.

| Therefore, analysis of air particulate samples collected during 1988
J showed no evidence of any significant radiological impact on the
'

environment due to Pilgrim Station,

f
|
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Table 2.2.1-1
Pilgrim Nuclear Power Station

Summary of Radioactivity Analysis Results
for Air Particulate Filters - 1988

MEDIUM: AIR PARTICULATE UNITS: PCl/CU. M
!
l
i

i

INDICATOR STATIONS STATION WITH HIGHEST MEAN CONTROL STATION:,
|

.................. ......................... ................ -

RADIONUCLIDES MEAN MEAN MEAN

(NO. ANALYSES) REQUIRED RANCE STA. RANCE RANGE

(NON ROUTINE)* LLD NO. OETECTED** No. NO. DETECTED ** No. DETECTED ***

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

GR-B (564) .01 ( 2.1 * 0.0)E -2 21 ( 2.2 s 0.1)E 2 ( 2.2 s 0.1)E 2
( 0) ( 4.5 - 81.9)E 3 ( 6.0 - 47.1)E 3 ( 6.0 - 47.1)E -3

*(510/512)* *( 52/ 52)* *( 52/ 52)*
i

BE 7 ( 44) ( 4.6 2 0.1)E -2 15 ( 5.4 s 0.6)E 2 ( 4.5 s 0.4)E 2
( 0) ( 2.8 - 6.4)E 2 ( 4.3 - 6.4)E 2 ( 3.8 - 5.4)E -2

*( 40/ 40)* *( 4/ 4)* *( 4/ 4)*

K 40 ( 44) ( 4.5 1.0)E -3 00 ( 8.9 s 3.0)E 3 ( 5.42 2.6)E 3
( 0) ( 9.7 - 16.4)E 3 ( 3.5 - 142.0)E -4 ( 3.8 - 123.0)E 4

| *( 1/ 40)* *( 0/ 4)* *( 0/ 4)*

MN 54 ( 44) ( 4.3 s 5.7)E 5 10 ( 2.3 s 0.6)E -4 ( 5.5 a 8.2)E -5

( 0) ( 9.6 - 9.4)E 4 ( 1.2 - 3.9)E 4 ( -1.2 - 2.7)E -4
*( 0/ 40)* *( 0/ 4)* *( 0/ 4)*

Co 58 ( 44) ( -2.6 s 7.2)E -5 06 ( 3.2 * 3.0)E 4 ( 1.3 s 0.6)E -4
( 0) ( -1.2 - 1.2)E 3 ( 7.2 - 122.0)E 5 ( 2.7 - 25.7)E 5

*( 0/ 40)* *( 0/ 4)* *( 0/ 4)*

| FE 59 ( 44) ( 2.2 s 1.4)E -4 08 ( 6.2 2.2)E 4 ( -2.7 * 47.9)E -5
I ( 0) ( 2.3 - 1.5)E 3 ( 2.5 - 12.4)E 4 ( 7.9 - 13.7)E -4

*( 0/ 40)* *( 0/ 4)* *( 0/ 4)*

CO 60 ( 44) ( 5.2 2 74.1)E -6 01 ( 4.7 t 3.6)E 4 ( 1.82 0.5)E 4
( 0) ( 1.3 - 1.4)E -3 ( -3.5 - 13.9)E -4 ( 5.2 - 27.8)E 5

*( 0/ 40)* *( 0/ 4)* *( 0/ 4)*

2N 65 ( 44) ( 6.5 s 14.4): -5 21 ( 1.6 s 0.4)E 3 ( 1.6 s 0.4)E -3
( 0) ( 2.5 - 2.0)E 3 ( 8.2 - 22.5)E 4 ( 8.2 - 22.5)E -4

*( 0/ 40)* *( 0/ 4)# *( 0/ 4)*

2R-95 ( 44) ( 1.4 s 1.2)E 4 06 ( 5.8 s 5.6)E 4 ( 4.3 s 2.9)E -4
( 0) ( 2.2 - 2.2)E 3 ( 3.6 - 21.9)E 4 ( -1.1 - 0.3)E 3

*( 0/ 40)* *( 0/ 4)* *( 0/ 4)*

* NON ROUT!NE REFERS TO THE NUMBER OF SEPARATE MEASUREMENTS WHICH WERE GREATER

THAN TEN (10) TIMES THE AVERACE BACKCROUND FOR THE PERIOD OF THE REPORT.

** THE FRACTION OF SAMPLE ANALYSES YlELDING DETECTABLE MEASUREMENTS

(I.E. >3 STD DEVIAT!DNS) IS INDICATED WITH *( )*.
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Table 2.2.1-1 (Continued) |

Pilgrim Nuclear Power Station j

Summary of Radioactivity Analysis Results |
!for Air Particulate Filters - 1988

MEDIUM: AIR PARTICULATE UNITS: PC!/CU M

INDICATOR STATIONS STATION WITH HIGHEST MEAN CONTROL STATIONS |
.................. ......................... ................ j

A

RADIONUCLIDES MEAN MEAN MEAN.

(NO. ANALYSES) REQUIRED RANGE STA. RANCE RANGE j
~

(NON-ROUTINE)* LLD No. DETECTED ** NO. NO. DETECTED ** NO. DETECTED **

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

RU 103 ( 44) ( -1.1 * 0.9)E 4 01 ( 4.9 * 1.6)E 4 ( -4.5 s 22.2)E 5 ,

( 0) ( 1.6 - 0.9)E 3 ( 8.9 - 85.3)E -5 ( 4.1 - 5.4)E 4
*( 0/ 40)* *( 0/ 4)* *( 0/ 4)*

RU-106 ( 44) ( 3.5 s 4.6)E 4 21 ( 2.4 s 0.8)E 3 ( 2.4 s 0.8)E 3

( 0) ( 8.7 - 7.3)E 3 ( 5.4 - 44.2)E 4 ( 5.4 - 44.2)E -4
! *( 0/ 40)* *( 0/.4)* *( 0/ 4)* ,

- CS 134 ( 44) .01 ( 1.5 0.7)E -4 03 ( 1.3 s 14.7)E -5 ( 1.0 s 2.7)E 4

( 0) ( 1.5 - 0.6)E 3 ( 2.9 - 4.0)E -4 ( -7.6 - 4.4)E 4
*( 0/ 40)* *( 0/ 4)* *( 0/ 4)*

CS 137 ( 44) .01 ( 2.5 s 48.4)E 6 21 ( 2.5 s 0.5)E 4 ( 2.5 * 0.5)E 4

( 0) ( 8.8 - 6.5)E 4 ( 9.7 - 34.8)E -5 ( 9.7 - 34.8)E 5

*( 0/ 40)* *( 0/ 4)* *( 0/ 4)*

I

BA 140 ( 44) ( 5.8 s 3.6)E 4 03 ( 1.5 s 0.8)E 3 ( -2.8 s 17.9)E 4

( 0) ( 9.1 - 4.6)E 3 ( 3.4 - 39.5)E 4 ( -5.1 - 3.6)E -3

*( 0/ 40)* *( 0/ 4)* *( 0/ 4)*,

CE 141 ( 44) ( 5.1 s 10.4)E 5 01 ( 3.7 5.0)E 4 ( 5.4 t 60.8)E 5

( 0) ( 1.1 - 2.0)E 3 ( -6.1 - 17.6)E 4 ( 1.3 - 1.6)E -3
,.

*( 0/ 40)* *( 0/ 4)* *( 0/ 4)*

CE 144 ( 44) ( 3.2 * 3.5)E -4 07 ( 2.0 s 1.2)E -3 ( 9.2 * 73.7)E -5

( 0) ( 6.2 - 5.3)E 3 ( 5.7 - 52.6)E -4 ( 1.1 - 2.0)E 3
*( 0/ 40)* *( 0/ 4)* *( 0/ 4)*

TM 232 ( 44) ( 6.0 s 2.5)E -4 07 ( 2.0 s 1.0)E 3 ( 4.3 s 9.1)E 4
( 0) ( 2.3 - 4.9)E 3 ( 5.1 - 453.0)E 5 ( -1.7 - 2.7)E -3

*( 0/ 40)* *( 0/ 4)* *( 0/ 4)*

.

NON ROUTINE REFERS TO THE NUMBER OF SEPARATE MEASUREMENTS WHICH WERE CREATER/ *

THAN TEN (10) TIMES THE AVERAGE BACKCROUND FOR THE PERIOD OF THE REPORT.

THE FRACTION OF SAMPLE ANALYSES Y!ELDING DETECTABLE MEASUREMENTS**

(1.E. >3 STD DEVI ATIONS) 15 IND]CATED Wi1H *( )*,
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2.2.2 Charcoal Cartridges-

The same sample collection systems which were used to collect airborne
particulate wtre also used to collect gaseous iodine on charcoal
cartridge' 'The Nucon Level A charcoal cartridges were analyzed weekly
for gasei odine-131. The eleven locations sampled during 1988 are
indicateo n Table 2.1-1.

There were a total of 6 charcoal cartridges out of the required 572 which
were .wt collected aad analyzed during 1988. The iodine air samples at
statice 09 - East Breakwater were missed on week 5 (1/19 - 1/26), week 6
(1/26 - 2/2), and week 7 (2/2 - 2/9) and again on week 32 (7/25 - 8/1), |
week 33 (8/1 - 8/10), and week 34 (8/10 - 8/16) due to a loss of power. 1

The loss of power was caused by a faulty electrical splice which was
repaired in August 1988.

The maximum value for the LLD for iodine-131 was achieved for all
charcoal cartridges analyzed during 1988. However, as indicated
previously the analysis results for station 00-Warehouse for week 17 (2/2
- 2/9) and station 08 - Overlook Area for week 18 (4/19 - 4/26) were
disregarded. The validity of these results was questionable because of

,

physical damage of the inlet lines which resulted in some air bypassingl'
u e cartridge. The cracked intake nozzle at the Harehouse station and
leaking hose on the Overlook Area station were replaced.

1

The summary of the radioactivity analysis results for charcoal cactridges
collected during 1988 is provided in Table 2.2.2-1. The results indicate
that the mean value of the paseous iodine-131 concentrations for the
indicator stations is statistically no different than the mean value for
the distant control station; that is, none of the results showed a

I
positive measurement of iodine-131.

The graphical trends of gaseous iodine-131 measurements on charcoal
cartridges for the on-site, property boundary and off-site stations are !

| shown in Figures 2.2.2-1, 2.2.2-2, and 2.2.2-3, respectively. These
graphs indicate that the weekly iodine-131 concentrations measured at
on-site, property boundary, and off-site indicator stations were no i

i different than the weekly iodine-131 concentrations at the distant .

l control station. It should be noted that iodine-131 was not detected on i

any of the charcoal cartridges collected during 1988. j
|

[ Therefore, analysis of charcoal cartridges collected during 1988 showed
no evidence of any significant radiological impact on the environment due
to Pilgrim Station.

l
|

!

l

!
|
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l
'

Table 2.2.2-1 ;

| Pilgrim Nuclear Power Station
|

Summary of Radioactivity Analysis Results
for Charcoal Cartridges - 1988

,

MEDIUM: CHARCOAL CARTRIDGE UNITS: PCI/CU. M

i
'

INDICATOR STATIONS STATION WITH HIGHEST MEAN CONTROL STATIONS
.................. ...** ....** ............ ................

*
RADIONUCLIDES MEAN MEAN MEAN

,

(NO. ANALYSES) REQUIRED RANGE STA. RANGE RANCE

(NON ROUTINE)* LLD No. DETECTED ** No. No. DETECTED ** NO. DETECTED **
............. ........ ..................... .......................... .....................

1 131 (566) ,07 ( 1.1 a 0.4)E 3 07 ( 2.7 s 1.4)E 3 ( 2.1 a 1.7)E -3
( 0) ( 3.7 - 3.4)E -2 ( 2.3 - 2.4)E 2 ( 2.9 - 3.5)E 2

I -*( 0/514)* *( 0/ 52)* *( 0/ 52)*

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

THAN TEN (10) TIMES THE AVERAGE BACKGROUND FOR THE PERIOD OF THE REPORT.

** THE FRACTION OF SAMPLE ANALYSES YlELDING DETECTABLE MEASUREMENTS
; (1.E. >3 STD DEVIATIONS) IS INDICATED WITH *( )*.
l

i

f

|

,

1
1

f

|

|
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I 2.2.3 Soil

Soil surveys are routinely performed at eleven locations (see Table 1
1 2.1-1) once every three years. These routine surveys were performed in '

1988 during the months of April and Hay. In addition to the normal
survey locations, surveys were conducted at 12 other locations around
Pilgrim Nuclear Power Station during April, May and June of 1988. These
surveys included collection of topsoil and soil core samples for gamma
spectrum analysis and in situ measurements with a germanium detector and
a pressurized ion chamber. Results of these surveys are presented in
Appendix G of this report.

In addition to naturally-occurring levels of potassium-40, thorium-232, i

and uranium-238, detectable levels of cobalt-60 and cesium-137 were also i

observed. Cesuim-137 was detected at 20 locations at levels consistent |

with fallout from past nuclear weapons testing. At three locations, the
elevated levels c' cesium-137 were similar to those attributed to wind
blown dust, wbfa <as documented in the 1987 Radiological Environmental
Monitoring Pros % Report No. 20, issued in May 1988. Cobalt-60 was
detected at fivi er the normal survey locations and two of the additional
locations, all of which were located on Boston Edison property. These1

I levels were also consistent with the cobalt-60 levels attributed to the
wind blown dust. Cesium-134 was detected at one of the additional survey
locations. The absence of any detectable levels of cobalt-60 or

I cesium-137 activity in airborne particulate samples collected at the
' eleven normal survey locations indicates that deposition of these

nuclides in windblown dust did not occur during 1988. The activity
! observed during the 1988 soil surveys was likely due to residual activity
! remaining from the pre-1988 deposition that led to the observations

documented in the 1987 REMP Report.

Cesium-137 activities measured at the location which yielded the
detectable cesium-134 were similar to normal fallout levels and did not
indicate any elevation in cesium-137 or other radionuclides which would

,

be attributable to emissions from Pilgrim Station. The cesium-134'

concentrations observed in the single topsoil sample was 1/3 of that
observed in vegetation collected from Plymouth County Farm during 1986 as
a result of the accident at the Chernobyl Reactor during that year. The
small level of activity observed is likely residual activity remaining
from the Chernobyl accident.

Based on the positive survey results for cobalt-60, cesium-134, and
cesium-137, the maximum dose to a hypothetical individual was calculated
assuming the highest concentrations of each of the radionuclides that
were observed at off-site locations during 1988 surveys. This
calculation is presented in Part IV of Appendix A. The conservative
assumptions used in the calculations yielded a maximum total body dose of
3.9 mrem /yr, which is a small percentage of the annual dose normally
received from natural and man-made radiation.

Therefore, evaluation of soil survey data collected during 1988 showed no,

evidence of any significant radiological impact due to Pilgrim Station
operations,

f
,
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1

2.2.4. Direct Radiation Exposure

Exposure rates from external radiation sources were measured quarterly
i at about 103 locations (only 40 required by PNPS Technical !
'

ISpecifications) in the vicinity of Pilgrim Station (and at distant
locations) using thermoluminescent dosimeters (TLDs), and annually at six
nearby beach locations using a high pressure ion chamber system.'

Indicator TLDs were placed in the vicinity of Pilgrim Station as shown in
Figures 2.1-1 through 2.1-3. Control TLDs were placed in locations so as
to be outside the influence of Pilgrim Station and are shown in Figure
2.1-5.

Only one (1) out of the forty TLD measurements required by Technical
Specifications each quarter were missed during the year of 1988. The TLD
measurement that was missed is noted in Table 2.2.4-1. The TLD located
at College Pond was found missing from it's posted location during the j

first quarterly retrieval. The missing TLD and cage was relocated to be fi

inconspicuous and less accessible. I
i

2.2.4.1 Environmental Thermoluminescent Dosimeters |

I|A new thermoluminescent dosimeter program (Panasonic UD-801AS1
and UD-814AS1 combination) was implemented in 1987. |
Thermoluminescence is a process in which ionizing radiation, upon
interacting with the sensitive material of the TLD (the phospor j

or ' element'), causes some of the energy deposited in the 1
phosphor to be stored in stable electron ' traps' in the TLD
material. These TLD traps are so stable that the energy that is
deposited does not change appreciably over the course of months
or even years. This provides an excellent method of determining
the amount of radiation exposure received over a period of time.
The energy stored in the TLDs as a result of interactions with
radiation is removed and measured by a controlled heating process
in a calibrated light reading system. As the TLD is heated, the
phosphor releases the stored energy as light. The amount of
light given off is directly proportional to the radiation
exposure the TLD received. The reading process 're-zeros' the
TLD and prepares it for re-use. The TLDs in use for
environmental monitoring at Pilgrim Station are provided W
processed by Yankee Atomic Electric Co. These highly sensitive

,

TLDs are capable of accurately measuring exposures between 1 mR
| (well below normal environmental levels for the quarterly

monitoring periods) and 20n.000 mR.

Table 2.2.4.1-1 shows quarterly average exposure rates and annual
' exposure from direct gamma radiation at the TLD stations. The

off-site exposure rates ranged from approximately 5 micro-R/hr to
9 micro-R/hr whereas the annual exposures ranged from about 50 mR

.

to 80 mR. It should be noted that station No. B81-Hemorial Hall !

had an annual exposure of 99.5 mR. This station was not within |
the expected exposure range because of the location of this TLD
near stone building material. As noted previously, Pilgrim
Station was not operating for essentially the entire year.

-46- ,
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In addition to average exposures for each TLD for each quarterly 1
'period, average exposures were calculated for four geographic zones.

Figure 2.2.4.1-1 shows environn. ental radiation levels that are
consistent with past trends.

i

2.2.4.2 Beach Surveys

V Sensitive radiation detection surveys using a high pressure ion

Duxbury Beach during October of 1988.'ggh, White Horse Beach and
chamber were performed at Plymouth Be

u These measurements were
performed by personnel from Yankee Atomic Electric Company's
Radiological Engineering Group.

The purpose of this survey is to detect differences in the '

external exposure rate encountered at beaches near the plant
(Plymouth and White Horse) and at a control location (Duxbury).
The detector's calibration was checked before each measurement.
The data in Table 2.2.4.2-1 indicate that the exposure rates at
Plymouth Beach and White Horse Beach are not significantly
different from the exposure rates measured at the distant control
station in Duxbury. As noted previously Pilgrim Station was not
operating for essentially the entire year.

This survey indicates that the natural background exposure rate <

at bearSes near Pilgrim Station is 6-9 uR/hr. These results are
in cigge agreement with 'imilar measurements performed in
Maine 4', where the natural background exposure rate at shoreline
locations was found to vary between 6.6 and 14.5 uR/hr. These
exposure rates were also found to vary directly with the size and
proximity of granite outcroppings.

Granite beach stones and gravel are present at three locations.
i

|
It has been demonstrated that proximity to beach stones results
in higher exposure rates than in sandy areas (see Annual Report
No. 10).

The results of this most recent survey are in agreement with the
previous beach surveys conducted annually from 1977 through

| 1987. The graphical trend of the radiation levels at these
). beaches in Figure 2.2.4.2-1 shows very little change in the

exposure rate over this twelve year period.

f 2.2.4.3 Summary

The direct radiation (TLD) measurements and beach survey results
! for 1988 are within the range of natural background exposure
I rates in the northeastern part of the United States. Therefore,

analysis of direct radiation data collected during 1988 showed no
|

evidence of any significant radiological impact on the
|

environment or on the general public due to Pilgrim Station.

f -47-

-__---



4.<a.- wunsur vre ac-- --- , . . , , _ _ _ , , , ,, , _ __ _ _

u #

.

.
et

and had
ta D*'

Se
ee
De had San P= ese P9 .me to te We W 989 en e et et *=e W4 w e Pad 99 99 N e e Pam N te P9 M We ta a w M w issee t.m

e
.=o e .IP

e e e e
e e one. e e a e e e e e e e e e e a e e e e o a e e e e e e e e

hM M e PmeuP hM to N N W9 to e=* 43 en ha W Pe et N N Pue P9 hn te Pan
e e e .= e.n .e3m Pen Pan

Pim e Pas us te Pe. te na GD P= fue te na P"o na na na na to te P= P= Pm te 48 ta ta 48 te ran la na e
.J to 3 en em P== ti.

ee .m W
Db

ie sus "W
'

e had ef
6 ee

I,*
e

.me ]
o.am 1

e W l*W & IM jes e n en et as m m n e= m et se hn w Nw es e. .m.en, w N m as et e ei. N e en e ei e= *ee e m P9 |e e e e e e e e e e e e e oeee Neee-e e

.ee e e e e e e e e *e an o e

3.e
s ;mN == m an a m .e .e

a3 m. -e =e .e - == . = - - em e= as N - - "
we e

en.| .P l .p i sel .p i => l *1 * $ api => l .p l .Pl api =P l ael .>i =>l * l *8'l .Pl *1.bl =>l =>l *l => l api e.=1 *Pl =>l .pl e>| .p g e g .p gm W
'''sa

gg te. O eU P9 m h6 N te N P= to tA en 5% e P== =S NM Pm a w === nn M te N en w P9 P9 N e 64 e e

e e e o e e e e o e e e e e e e e e e e e e e e e e e e e e a e e e e a *#

en
.e.e e.t .a.e .e e en e Pm h4 na. .e .99 P.=uso to e.m 4.A P= ta e

.u'
.Peseg na .=e 99 W4 Pen hM F** ha P's P= h4 t e. ** ien,s

== . N se N e= ema e= ==e N .se .=e .me .me .e .e ese ame .=e == . = mo a se se e me .mo e= N ene me e se *d |e *a en F !@ 4 u
& W * 1

e. I'' """Cn
e *34

P= P= Pun |ha e e P* GD. F** ta e to St .m
-

Pe= Pa WB e e P= GW W .* P*= te w P= e hn e N P* a=|
.G. m. na. to SD e e e . e e e e e e e e ,

e e e e e e e e e e a e e e o e e e e e e A
M e, e e E3 43 e e 43 e e e e e e .se e e e e ese e sp .= e e F3 e e e e e e o e e e as a.

O e,
y eG 08 ee

.p| .p| .g.g > g p g .pg .> g ap | .g.| .bl e> | .to| e> | .>| .pl .p | e( .e.j | .p l .p| { .p | > [ .p l .e j .p| p| .e.| .>{ ap| .p g apt p| p| ap
3 ene ..e e

es- * * *

== pas em tA en pt w pu na es .e* .me >9 N e ms hn no Pas 09 P89 e P= GD P9 M to W4 w e P9 e .se et P= to em a easO =er "'

"8'M gag e e e e e e e e e a e e e a e a e e a e o e e o e e e a e e e e e e e e g6

n.a N.e.P=
>=

t.o P.=eN .e e.s na t.o P=
to to to tn .w=64 WD .89 OD ta P.= .P= an na tM .St. -e .n.

wa a sg
4A 94 e '"Q g .gr run Pee

e P . N e. - e =. .= = = .= =a == == em .= *-e= . we - == = m
g - WB

m,,C D as =
O y ,om sa

an * * *g "e'6
e-

83 es
a6=.8 M ene m se *
ed W = es u **

=4"
m ,,E.i

em

P. P - e e. P.e on a e es e an e an as - as an e. e
-e w e .e - N e es n e. . ,o,.e

,

e e.
v en so e

n , .e
e

e

e
e e e e e e o e e e e e e e e e e e e o e e o e . ,,e e a e ;

g g a ga es as .= == .e .= e me W === m e-o .= a=e .= su e .e ame ame .se .e.= ese een e ame me e as se
.su et

as *, e
"0"| '8"O "O* O '0*I ">0 "Ul 'U! 'bh "U 0 *0' 0 "U $ '9"O 'I"0 *U ! "U ! '0"O '8* * $ " ! 'P O '0'0 'N k 'A O 'U O *> 0 * S 'N I '0"! * h "UI 'U ! '8"! "# $ "I" 0 "> O D.e.e) **e

u, .= ta - e P9 e .e en =e tn to e em P. s=. en e e e P.e e. .e .eA

P9 m. e e en ts:4 0 4,s a= t-
h N eN in e.e am na na P=. e e e .e ., ,e,ee e e e e e e e e e e o e e o e e *e n. g y e e e e e e e e e

e e m.e e w N.e N .e m. e m N w w w e.a m .m e e m w w w e m.= m e w w
me , g

- wwN NNN g - = . . .= == .e == == e .e .= e= e .e - .e .= c.

N$ -

Pe *= p9e y em e .= * *
N rd N - !g u-@ o - se o **
W
m "U g ens es .,

as % Ne- y
OO Q .o.e *gg D as an ta et P. P=. P. es to as na em na na P= to en P= P= r=. na P= ta en et es es em P. se en te as an to seha

e

e== =p e e e e e e e e e e e e e e ye a e o e e e e a e e o e e o e e e e e e .gs sep O#EB ED e e ED e Ep 43 .* e dD e eD ese e e 53 .ma e de es eeg-
g''' en e e e e es e e e e e e e e .e.e -e >= .

e-
l 5- u & = l .e. i . . . .e. i . e . . - ...>. ...e..i.Wi.. .. .a m - -

o n.m
.=e == == a w a4P N N tA P= w N Pd.

01 g 34,
== e sp w P= N P=N w in ne *en a w .e.t t to to P9 -.=N,

e a.se=,'8
e e e e o e e e e e e e

e e . e e e an e e e e e e
e,.,,

C e e e e e e o

g, in. e.=.er=.==.P.=.ee= w as m te e.e m .so. J ta .en. an w kn P= e.n .so .na n.a P= an e.n. in as w na
m *

I'" so w P e en P=

.J .e . e. P . N .. -e P . .e - - == *= e.e .= - . e = = .= .= - - .= .= en e.
8 amme 3

]e=== ad mie

(O had eu a
*= es e.w ,as as e.eg. *en Ga meD ''*D uu *E ar e

' C ** e u
.

O .a *.e ""8

W had W WWW W W WW W W te.8 tAJ 6AJ ted had had tsJ ed ay **

as e=e to aus W Bn ses sus em me to sus see to W to to W to to Vt had hee ed to to ene and e ##*""

ans W to W ne 31 gue - en W W WW W ."3 pW to WD t#9 to t#9 t#9 to to IA &S teJ taateaen m en Wtto trenot a u *> e AC e e e e e o e o e e e e o e e e e o e e m. m
.e . e e.e s.e e se e se.e e se e se . .e ..e .e . ee e e e e e o e e e e **La,)

. a . e . .oe e.e e.e . e ese ese am e.e*.e e.e e.e e.s e.e e .e e se e.e e.e e.e ami. ne * * *
3 es see ..e

6 e ese N 3 5 3 5 5 5 5 5 5 5 E N 3 5 E M M N M N 5 3 5 5 5 W W 5 5 3 m aa *'*ep as *w t=
gp to e gp N Pee N pst p9 Pu gm eA N wt .= P9 Ps) er 50 to 99 N P9 w Pee to Pts .P P= N e en .se P89 P89 .mo Pat gp es

e e e e e he es
48 .se .me Pie N Ne,,J pe as P4 Pat Ped fug N me N e N P9 or ED e e Wetn W Ft e e . Wt N to P'9 P=0 P4 P4 *

e g og
e og e e e e e e e e o e e e .ma .mo e e e e ese .me .>1 e e e o e o e *

e e e et as e e 43 tia Ep EB Sp Ege e SD ED eeeeeeee se .pe4 me

M.
ed
E 3

* s.G
'8'

S3 98 e A8 . e. Wt

pe >= EM had Ad e e4 e *
>= Al ta= e.e '"4.J et W

f $3 6 e mM e e8
sus e se >= ned

.=.eM M E S W me had SS had
.S.e

5 g,
as one had had FS .

ed a= VB 33 ,,as >. ,e . Se e J W ha . 33ela .d at aus E 4 pe EB tad w as
Os Gil en had he ed es

ED.e=* he ha. Et e58 6 W ta M M W Sud had Pt t.8 ,
| had, . w e . u -

- y - w w w as => e e,,e pas >= nos gun ta Cs >= Sp IRB as >= SIS ma e es >= m >= tu er alt as na Els um as 33 >= gut . Den pm gun ey og

.Se W e e e 3.4 CD e SD e nad 83 63 SB ha e ED WB E3 E3 to E3 had has med t
*.oe .G3 .he >=to e s e= ame W as - b es 83 pas E e a= a=e w9 me ese me a=e M w tvt has 3 at Etse 59 e 31an e aus g

e me se e-a had eo e me
e >= nn. SB >= >= >= hsJ Das 8== t=* be >= .md e ad >= EB sp 83 *W W ,,

aus 48 tad >= & W. >= t.d ned M Af >= a== E3 M to
W

SE
.mJ 98 had a=e as an as 80to e., >M=g g ga e og og .eW had sis .E G 4E bA e3 6 gg

Den yt aus og C3 GE 6 SE E3 >= had M 6 BC D" >*
ap>= > 6 eE tag m.e me .,a sg >= >= >= tJ ps pas

a. es [6 had eIE p* 38 >= >= W had .e3 D"
W9 to" 3b at - as da M t-# M to to to e to vt had to e as ano tad 3 aaa

t=* E3 Me 4/9 h 44 WB a. h h 83 e ,.m .s
ef W

= 4.s n.e
[d had >=

et 53 W >= St AE m en et is au to hna s. e.e

- .J e&mMe.wW- t.o W w ..m W-he e.== E3 ut
. -. m . . = w=wN n . ==. c .. ,,e W es he

M .. .,..e .

e#9 e .ue Ptd 789 w en 48 P= m W4 e e=e N P9 w e#9 S 4
e .* P.he M or.e t.o P.==m .W9e .u. N P9 w aM te Pas e F*

e. m . dasm .se e e.n e E.IB ..=e .se . e .ao N. N. P.ee N.N. N. P.g N. N. . P.ig . 9 M.pne pt p pay peg ~.ma .e = .e . eneen e e es . . .
. e . . . . . .

- - _ - __ - - _- _ _ _



|!) :i

:

.

R
-

-
-

.

'e
s
E E

"

JG T

_ A A -R R 8359333282402 r

_ 25 4011 52 558337 8693.i.21E r -

3V E y

WR E1 7 33 4 3 74 84 8932 98 35 5 4 4 7 1 958 77 81 3 9 8 8A E/

t S m E 6E E6555655 5576 5556 7 8 48 88 1 4 235 3 7551 e
1 4 1 2 424 1 1 r

aeS
8 P
O I ~

d
e

B E t
A s

i
l

) s
. e .

Y
795991 41 7992738951 73122854 s r

E l a238 98891 9
B.
B T 1 1 8 G G G 9 1 9 0t1 991 1 1 B 8 G1 1 E1 354 4221 1 51 1 a e

E
- v y

S U +iiiiiiii 1j+iiiiiiiii 6i +iiiii +i ti 6i /
I R s

302897 959714 . r

'.
O 8 0 2 7 9 9 2 8 2 6 5 3 3.l. -

s e _53 78 98 241
_ 4 F

E 755 6533 4 5 45 5 4 75 47 35 81 55 45 3778 70 8 5 79 e t x

5 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 21 35 8593321 1 1 1
i r -.
t a

-
-

1 1 a u sL c q
8 A o
8 T 0l
9 (
1 t 4

90781 75 s
85 4 B. 7 8 2 8 4 5 0 1r 745 i y

7 8 5.E. 4.E. 5.E. 5 5- e 558

s r B 0 G9 tS St E E 0t 0 81 8 I I 8 9 O 5 1 4 1 4 4 238 4901 59 r b
t a .

_

+i +i +i, t d .

+ii iIiiii +I +iiii ii iii +i,6iiiii _t a R i . e .

e I
88 ns i wl 853851 492 42 59 9358 92 55 270951 51. 1g E

_
u e p l

5 3. B.
_/ T

e m 5 55 55 3345 4E1 4 85 4 735 1 0 52 92 4 8 95 29 5 7 69 ma p5 E

R 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 22 2245 1 5 0 3 4 1 1 1 1 1 /s i
-

9 l
1 1 1

.n s l
-n - i e e -) o r l i m
-

di e E pt

_ Oet t m a s
lua e a c e
l

81 887891 91 7551 71 78234525591 8353291 s o ent m A l liS 8i C

nr o L D 1 1 1 I 1 B9 G1 01 0 5 1 1 31 51 1 I t 5 2252E 9 21 1 1 81 e at s S h 9 v

-
t noe D +iiiiIiiii, +i +iiiii +i +i tiI i y

cw B e 4iIiiiiii 4i
L t 75 8724 41 81 91 54 27 28 05 ol l

( o t T E 372 54 5541 531 1 1 5 t p r -

1 e T 7 4 8 55 33 4 5 4 5 25 85 77 4 6 81 E 9E2 93 93 98 8 7 79 m e 9P n S

- r c A 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 21 44 1 5 03321 1 1 1 r a t 4es r
t a -1 1 1

_
1 a s cf u

E. e e a o q
I e4. l n A r n dc i R o e

-

2. N m 'u ei v5 8 5 5. T.7E 931

- 2 R 777 85459 E. E. 5 9 5 5. E. E. E. 8 7 9 2 7 2 3 1u h s r

- m o S T 8 5 5 n5 33 5 8 98S9 89 S8I 9 8 0 1 4 22 3251 1 5 0 5 0 S t i el U 9 v s

- l r P R 4ii' ss4iiii 4i 4iiiiiiiiij +i +iIiii 4i +i +i
f e hei m O S i
or s

i 58773753822951 4bg e I I
71 i 2859 871 86 541 eh e

4 4 4 3 5
al h E F

Ti T Y 5 4 5 5 33 45 4 5 24 85 35 36 8 5 58 95 7909 88 7779
nt hH

L 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2355 8E 1 242 1 1 1 1 i i t

-
P l w

1 1
r f

l R e n oa E t o
t T ni n
n R et a

Ae c c e
U a mm E e en < hj co

R E E W 5 555 5 EW E E E W t a i
r .

* I E S 5 S Su5 5 5 E WN 5 EE E U EE SES S5 e t

E D $ S5 5W S5SS 5WW5 55 E E 5SE I E I EE EEEESS55S5 m c ei
o mv . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r n hn t

tt tt t t t t t t t L t 1 f i tE i . . .

-
iiiiiiiiiiiiiiiiit i

A . m sm mm mmmm mmmm mmmm a mmf f f ff f f I f f f f f f fT iii
4 d r

4 t 5 4 0 80 t9 8 0 6 8 0 G 9 8 98 ee a
C T 1 4 5. 185.2 51 4 32 E3 8 0 54 2 E 4 5 25 r t8 889576 81O S 5 4. 1 4 32Z2 4 34 7EE 77 75 u a n

l.L I
B 2 3 4 23323 33 4 35 5 s u o

IB I al
e a d

s v e
e s

e a
r 9 bE

B RT S
B B S R E R ET EB K F FT E a n

E U U S T O T SRU E E E E E C EA R T i s

B CSBS B E A L R P UB O S RS E E A I EI TE E 8 A s e i

R R A R E T F LB E R OU E TE EE EETT R D R 9E eb-

- O EE O E AR I RCI R S S E C R R E E R ED I E OE R9 i e

I 0 BLPI RTE R AT T D O O I I RE KA SE T O &E R t e u

T 0 L U A SV EE LE EW EE E E CCEYA A C L I c r l

P 0 T I E O BO EE LL T R PE SS R G SS SST L T WFT E 5T I Y e a a

t I vEV ER RR LA U4 T t N I I AU E E EE WE 0U E 3 r v

t R B N R ET E S3 t O O R E S 8 Y I R E E LRWC I B T I WCB B$ i d
d n e

i C C O A LL LV E $L R R T E E E I E C E

T S A E D LP R A E . SLYE R E AW A E CI I B ER R E E I T E B E R B
a t

A E E AE O A E I I WI LI OI T R R E E E E EE E E E E A E EE EE d a

T D B RCC5 E R FR EI P SE KSE I E SF FF FF FF F F CF FF F F n e r
at e

a v
S e ~m a
B t 2 34 5s7S 9 t l 2 34 5E ci

I D W B5 PPAR TP RO CA PS5UtE eI O O O t t O E i il 1 l 1 I n a l
L E

O B RCC$E B PE ER PS E E 5E I E PF PP PP PPPPFP PPPF a e a
t r e
s p n

C i p e

. 5 78 90 l 2 34 5578 99 1 2 34 5E 78 9S 1 234 5578 90
D a A

O 3 33 34 e4 4 4 4 4 4 4 4 5 55$5 55 555E 5E 6E 55 EE 57 *

I 5 B8 B 5 B 3 B5 B3BB 53 8B BB 5I 55 3B 5B 8 B 35 B B 3B *

-
l | j ,f||lf|I!)I



i |I|j ,'

_
.

_

_
_
.

s
e
l E

.
E I

_
R A_

_ R R 15

_ T E y 61 4 2 1 2 1 1 4
1 1 5

E r 85 55 51 74 233684355 630
. A R / 85 9 4 5 1 7E 8 7 4 8 3 7 75 4 5 5 3 4 7 9

L 5 m 9 9 8 7 9 8 5 0 7 95 4 E E E E 6 7E 5 5 5 5 8 5 55 51 5 5 6 5 5
e

U R 8 6 8 7 5 5 5 0 5 97 r

_1
~ a

A O
U P d _

_E I e
I E t
A s

i

l

-
) s

. - e .

V 97 u r589 820 8 4 9
91 27 40 88 59 39 74 88 59 l a

.

E
_ 9 8 4 8 2 9

9 T 1 1 1 9 1 1 I 1 8 1 1 8 8 1 3 1 G 1 1 9 1 0 S 1 1 1 I 5 8 1 1 1 4 0 a e
E Y y

-
/

5 U 11ii 4iiii +iiiiiiiii 6i +I +i 4i 6i 1i +i 11 R s
. r2 3 5 _88 78 98

.

8 O E. 30 1 75 97 05 52 94 54 n e_

8 2 3 1 9 8 1 0 5 _. 8 1 F

1 E 2 9 7 9 2 1 4 5 8 4 3 25 5 6 7 5 97 4 4 3 4 8 4 4 4 3 8 3 E 5 4 4 o t
__.

9

U 2 1 1 1 2 2 1 2 1 21 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 I 1 1 1
i r

.
t a
a u

L c q
- A o _

_ s
8V l

_

_ (
t 9 4_ _

_ l 55 n

7 6 5 5 0 9 5 7 7 3 7 5 4. E. 5
4 5 E. 5

5
E. ..

9 5 75 587 75 9 i y .u r
9 _s e

r 5 5 8 8 O 1 8 G 1 8 8 5 5 3 5E 5 1 8 8 S 5 B S 0 s 9 G t 8 B 8 5 nt
r b

t i ee i

&i +I t is ti +i &i + s i
t d

_R s i . e .a R i 1i[ tiiii,6iiiiiiiii. n s a s is 1

38 05 79 8 7 5. i 3_ ) o r g E
2 9 5 8 3 0 6 8 8 3 1 2 5 7 8 5 1 1 8 5. i R e p l55 -_ di e / 1 R

m 3 8 7 94 1 3 7 8 5 4 2 5 7 655 9 5 54 3 4 1
3 3 3 8 4 5 5 5 n a p

et t R

2 1 1 1 2 2 1 2 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 /n i

ua e 9 t

n s lnt m - i e e _

i S
_ i l i m

t s E p t_ nr o G r m a s
-_

_ oe D e a c eI

cw T t s o u
A 221 r l l( o t 752 2 9 84 42 9 5 a e aCP n 8 .

- e L D 1 1 1 0 1 1 8 1 1 1 8 1 1 2 r h g v
1

t t n
. - r c E i y

s S O 1 + ii, + iiii + iiIi-_ a d ol l

-
1

e e L C 33 r t p r

4. l n 5 4 7 8 5 4 8 5 5777T E 3 m e -.

i 2 5 3 8 3 1 3 7 8 5 6 2 6 8 r a tS 0c i

2. N m A 2 2 2 1 2 2 1 2 2 21 1 1 1 d e s ru 5e t a
u h cf u -

- 2 l E s a o q

m o 1 i e
ei m A l r e d_

R b s el r r ' a ei vb g e E h s r8 2 2. t8 892 2 E.
5 8 E. 5 7.

al h R s ti e
_ Ti T U

.

P 5 T 1 1 1 0 9 3 c1 5 0 3 3 1 1 E v s
_

f e h

_ 8 S
P R 4 +i{ 4iIii+iiiis or sl

na
583 94 22 o eh eI I

3 1 4 8 4 8 9. it E F nt h
n
e Y 2 3 9 9 4 23 7 7 4 3 1 5 5 t ii t

m L 2 3 2 1 2 2 1 21 21 1 1 1 a l u

_
_c r f

Rn o e a o
Eo L t c
1 ni nr R et a

i A cc e
v U n m
n g e u

- E hj c

t B E E W W E E 5 E E E 5 5 5 E W N t n i

.

s l E S E E S E E 5 S E E E E S 5 S $ S 5 5 5 5 WS E E e t

g O V 5 5 S S S S VW V5 5 VUS SS SS U 5 S $ S5 55 5 W R U W I E et e
e m

l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r n h
O f i tiiiiiiiiiiiii

_
l t t t t t t t t L i i i i ii ii ii ii i

A . f f f f f I I f f mm m m m m mm m m m m s m m m t m m s m u m a s d d r

75 8 1 1 t e e a
4 4 3 1

1 591 882 4C 1 7 7 4 1 4 1 1
1 1 . I r t

O 5 8 8 8 0 9 8 8 O 8 1

2 2 1 4 7 8 5 4 75 8 8 u a n2.

L 1 5 9 8 2 7 5 8 S 5 s u e
D 3 2 2 2 1 4 4 I 2 4 l 1 1 1 1 1 1

8 nl
e a d
s v e

e s
e a

R D i C . r g b

A C l T T O R 0

E E O E l R E S A LL F 5 O E T sS D a n

I R R B A L E EI R T F B 5 . R . O S R i s

_ A A P L R L T P A R R A .T I D I 1 B B P W T m e i

_ R C E R B T A A O T L P O E K E L D A F D R W I T D R R . sb
E P R SA A A B i e

.A_ O I E & E R B W R E L T P R L C A O E O DR E E E L S R t e u

I R R C U R E E D P L I E A1 O R L

T O E D E O I I I L F U T 1 1 PR 1 R L R R E O . T VR E E c r l

_
P F A A O I C R R A A O 5 A D A S I A O LA E A E e a a

E I E I R R O O I 1 E E R R R . B E T I T M E P 1 L W I & D C R r v
id

8 R S I L I O t C A T R T E E O O R E E E S I O C E I

l C P V A t S 0 E 5 E K R L LT E R L E I .R E E C P R E R E D d n e

i S R C R /E O R R G 0 R I E T Y R R L A L f U R R E U I C E E a g

- A E E R O P W A R LI E I 0 O A N A A O A A A T L i O O O P E E A A I R
d a

T D F I C E U RC O F RR E3 YE I T C3 B T I E B S LL U O CR S K L
n e r
at e

a v
S e m a

ci
D F

I D l I 1 2 2 2 2 2 2 I W t 5 T P T PT 8 CR R l N E PB C5 W R E C R
n x l

L E f B 9 8 1 2 3 4 5
O P PP P P PP PP RR E3 Y E T T CB N V E E D B Li U 0 C R S K L

a o a
_

t r s

-
s p a

C i p e

. 1 23 4 5 5 7 8 9 1 2 34 5 5 7 8 9 S 1 2 3 4 5 E 7 8 9 e1 2 3 4 5
sa R

O 7 7 7 7 7 7 7 7 7 8 8 8 8 8 8 8 8 0 S 99 1 9 9 S 1 9 9 A 4 A A A A t

E 5 8 B B 5 5 B 5 B 85 8 8 3 8 8 8 5I 85 B 8 B B B 8 B B 5 B B B B s

-
_

_

|l
|



- qA i l' I

-'

_.'

.

-

+g

.

_

_
.

_
_
_

_
.

V
_ - I

-
-
_ R.

)
. E .

I
_

T M_

_ R_

2_ * A .

U O I '

T MQ (
8 o

_
A t.8 S- E9 R .I.Ns

d V N AIMA
1

-
n

O M H- EI De
0Tn

_ r
_ .o T TT E51 Is

T R I_ i t
t n AA - I_ COOE -T_ l

E .T.TTRSea e
t m

-
v TIIAeS e ER OMME1 r_ - L E R R_ r u

R W P25GU0 -1 e n_ s
_ w o a_ 4. o , ,.

,e 1234M SF 8 -
.i

a EEEE - > 92. P t 8 1

_ r D O R NNNN 5

-
2 -i PA_

La d 1
OOOOTe e a XE ZZZZrl R

EC ==== __Lc lu u ag l _

N a U DOAM _t
i

_
n E N .

_F t
m n e

m Gi e _r m AM I
.n

o Ig n RI
-

rl o REG ~
i i

- rP v- i n VL_
v E In A P ..E r
o Y-f L

_
-

R s

-_E
T

_R _

_ AU -.Q
_

-

IUo _

_
_

_
_

_
.

_

_

_
_

_
_

_

_

- - - - - -
_

,.- - _ - ~ - - - - - -
f O6 5 4 3 21 o 90 9 8 7 6 5 4 3 2

_
1

2 1 1 f 1 I 1 1 1 t
_

_
_ f*g Q%:nIO m

_
_
_
_

_
_

_ .

_

1 i1



-~= _- _. - _ - --- .. .- - _ . .

Table 2.2.4.2-1
Pilgrim Nuclear Power Station j

1
Beach Survey Exposure Rate Results - 1988- |

Radiation Survey
October 5. 1988

!

Exposure Rate Beach Terrain
Location Mean * SD (uR/hr)

,

White Horse Beach 7.2 1 0.4 Sandy with small amounts
(Near Hill P Ave) of gravel.

s

. White Horse Beach 6.4 1 0.4 Sandy with small amounts
(In Back of Full of gravel.
Sail Bar)

'-Plymouth Beach 6.2 0.4 Sandy.
(Outer Beach)

Plymouth Beach 5.6 1 0.4 Sandy.
(Inner Beach)

,

Plymouth Beach 9.5 1 0.5 Rocky. Approximately
(Behind Bert's 30 feet from seawall.
Restaurant)

Duxbury Beach 6.6 1 0.5 Sandy with coarse
gravel.

i
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2.2.5- Seawater

Samples of seawater were collected at three locations: the Discharge
Canal, Bartlett Pond and Powder Point (control). The. Discharge Canal

!

sample was collected by a continuously compositing sampler which
extracts a sample of about 20 ml of water from the Discharge Canal
every twenty minutes. Grab samples were collected weekly from each
of the other two locations. Seawater samples were analyzed monthly
for gamma isotopes with a quarterly composite analyzed for tritium.
All seawater samples were collected and analyzed as required during
1988.:

The summary of radioactivity analysis results for seawate:r samples
collected during 1988 is presented in Table 2.2.5-1. There were no i
positive measurements of nuclides characteristic of Pilgrim Station's i
operation observed at any of the three sampling locations. The only

,

positive radioactivity measurements observed were due to |
!naturally-occurring radioactivity (potassium-40).

Therefore, analysis of seawater samples collected during 1988 showed
no evidence of any significant radiological impact on the environment
due to Pilgrim Station.
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Table 2.2.5-1
Pilgrim Nuclear Power Station

Summary of Radioactivity Analysis Results
For Seawater - 1988

UNITS: PC1/KGMEDIUM: SEAWATER

INDICATOR STATIONS STATION WITH HIGHEST MEAN CONTROL STATIONS

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

RAD 10NUCL! DES MEAN MEAN MEAN

(NO. ANALYSES) REQUIRED RANGE STA. RANCE RAkCE

(NON ROUTINE)* LLD NO. DETECTED ** No. NO. DETECTED ** NO. DETECTED **
=

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

BE 7 ( 36) ( 3.3 16.3)E 1 11 ( 1.3 2 2.3)E O ( 1.7 * 3.2)E O I

( 0) ( 1.1 - 1.9)E i ( 1.0 - 1.3)E 1 ( 1.4 - 2.1)E 1

*( 0/ 24)* *( 0/ 12)* *( 0/ 12)*
t

K-40 ( 36) ( 1.5 2 0.3)E 2 11 ( 3.0 t 0.1)E 2 ( 2.8 1 0.1)E 2 !

( 0) ( 2.5 - 34.2)E 1 ( 2. 7 - 3.4)E 2 ( 2.1 - 3.8)E 2
*( 12/ 24)* *( 12/ 12)* *( 12/ 12)* |

1

MN-54 ( 36) 15. ( -1.4 2 2.4)E 1 11 ( 1.2 2.5)E -1 ( -2.8 3.0)E 1

( 0) ( 3.2 - 1.6)E O ( 1.8 - 1.6)E 0 ( 2.0 - 1.6)E 0 (

|*( 0/ 24)* *( 0/ 12)* *( 0/ 12)*
1

i

CO 58 ( 36) 15. ( 9.9 t 20.7)E -2 11 ( 4.6 a 322.7)E -3 ( -1.7 2 21.4)E 2 j

( 0) ( 2.1 - 1.9)E D ( 2.1 - 1.9)E O ( -1.4 - 0.9)E O j

*( 0/ 24)* *( 0/ 12)* *( 0/ 12)*
.

FE 59 ( 36) 30. ( 2.9 t 3.4)E 1 23 ( 3.4 2 3.8)E -1 ( 3.4 & 3.8)E -l j

( 0) ( -3.9 - 2.2)E O ( 1.1 2.8)E O ( 1.1 - 2.8)E 0 {

{*( 0/ 24)* *( 0/ 12)* *( 0/ 12)*

Co 60 ( 36) 15. ( 4.1 2 2.5)E 1 23 ( 2.1 2 3.0)E 1 ( 2.1 2 3.0)E 1

( 0) ( 3.3 - 1.7)E O ( -1.9 - 1.8)E O ( 1.9 - 1.8)E 0 j

*( 0/ 24)* *( 0/ 12)* *( 0/ 12)* /
l

ZW-65 ( 36) 30. ( 2.3 1 3.5)E 1 23 ( 2.2 * 6.9)E 1 ( 2.2 2 6.9)E 1 I

-( 0) ( 3.9 - 3.0)E O ( 4.4 - 4.3)E 0 ( 4.4 - 4.3)E 0 |

| *( 0/ 24)* *( 0/ 12)* *( 0/ 12)* f
1

l

2R 95 ( 36) 15. ( 1.3 2 3.4)E 1 23 ( 5.8 2 7.3)E 1 ( 5.8 2 7.3)E -1

( 0) ( 2.3 - 3.7)E O ( 3.3 - 5.!)E 0 ( 3.3 - 5.3)E 0

*( 0/ 24)* *( 0/ 12)* *( 0/ 12)*

RU 103 ( 36) ( 7.8 * 2.3)E .1 17 ( 7.0 t 3.8)E 1 ( 7.71 4.4)E 1

) ( 0) ( -3.2 - 1.3)E 0 ( 3.2 - 1.3)E O ( 2.8 - 1.9)E O
! *( 0/ 24)* *( 0/ 12)* *( 0/ 12)* !

j

|

NON ROUT!NE REFERS TO THE NUMBER OF SEPARATE MEASUREMENTS WHICH WERE GREATER*

THAN TEN (10) TIMES THE AVERAGE BACKGROUND FOR THE PERIOD OF THE REPORT.

THE FRACT10N OF SAMPLE ANALYSES YlELDING DETECTABLE MEASUREMENTS**

(I.E. >3 STD DEVIATIONS) IS INDICATED WITH *( )*.
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Table 2.2.5-l'(continued)

Pilgrim Nuclear Power Station

Summary of Radioactivity Analysis Results
For Seawater - 1988

MEDIUM: SEAWATER UNITS: PC!/KG

INDICATOR STATIONS STATION WITH HIGHEST MEAN CONTROL STATIONS

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

RADIONUCLIDES MEAN MEAN MEAN

(No. ANALYSES) REQUIRED RANGE STA. RANGE RANCE

(NON ROUTINE)* LLD No. DETECTED ** N0. NO. DETECTED ** No. DETECTED **.

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

RU-106 ( 36) ( -1.6 s 1.8)E 0 17. ( 2.3 s 1.4)E O ( 1.9 t 3.3)E O
( 0) ( -2.4 - 1.0)E i ( 6.6 - 9.0)E 0 ( 1.7 - 2.3)E 1

*( 0/ 24)* *( 0/ 12)* *( 0/ 12)*

1-131 ( 36) 1. ( 6.4 s 2.9)E -2 17 ( 7.9 2 3.9)E 2 ( 6.4 2 3.6)E 2
( 0) ( 1.5 - 4.0)E -1 ( 8.8 - 34.0)E 2 ( 2.1 - 1.8)E -1

*( 0/ 24)* *( 0/ 12)* *( 0/ 12)*

CS 134 ( 36) 15. ( -6.0 s 1.6)E 1 23 ( 1.2 s 2.9)E 1 ( 1.2 2 2.9)E -1
( 0) ( 2.7 - 0.6)E 0 ( 1.7 - 1.9)E O ( 1.7 - 1.9)E O

*( 0/ 24)' *( 0/ 12)* *( 0/ 12)*

CS 137 ( 36) 18. ( 3.7 2 285.5)E 3 11 ( 2.5 45.5)E -2 ( 2.3 * 2.3)E 1
( 0) ( 2.3 - 3.1)E 0 ( 2.3 - 3.1)E O ( -2.0 - 0.8)E O

*( 0/ 24)* *( 0/ 12)* *( 0/ 12)*

BA 140 ( 36) 15. ( -8.5 2 3.9)E 1 11 ( 2.6 2 6.6)E -1 ( -1,3 2 0.9)E O
( 0) ( 5.8 - 3.1)E O ( 5.8 - 3.1)E D ( -7.7 - 3.5)E O

*( 0/ 24)* *( 0/ 12)* *( 0/ 12)*
,

CE 141 ( 36) ( 5.9 2 49.5)E 2 23 ( 2.5 5.9)E 1 ( 2.5 a 5.9)E 1 ;

( 0) ( 5.6 - 3.6)E O ( 3.5 - 3.6)E D ( 3.5 - 3.6)E O
*( 0/ 24)* *( 0/ 12)* *( 0/ 12)*

1
*

CE-144 ( 36) ( -1.0 2 1.2)E O 17 ( 6.9 15.4)E -1 ( -1.4 t 1.5)E O |
( 0) ( -1.4 - 1.1)E 1 ( -9.2 - 10.9)E D ( -1,2 - 1.2)E 1

*( C./ 24)* *( 0/ 12)* *( 0/ 12)*

TM*232 ( 36) ( 4.5 s 6.9)E 1 23 ( 1.4 2 0.9)E D ( 1.4 s 0.9)E O
( 0) ( 6.2 - 10.2)E O ( -4.7 - 7.6)E O ( -4.7 - 7.6)E O

*( 0/ 24)* *( 0/ 12)* *( 0/ 12)*

H3 ( 12) 3000. ( 1.4 2 0.6)E 2 23 ( 2.4 s 0.5)E 2 ( 2.4 s 0.5)E 2
( 0) ( 1.4 - 3.4)E 2 ( 1.0 - 3.4)E 2 ( 1.0 - 3.4)E 2

*( 0/ 8)* *( 0/ 4)* *( 0/ 4)*

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

THAN TEN (10) TIMES THE AVERACE BACKGROUND FOR THE PERIOD OF THE REPORT.

** THE FRACTION OF SAMPLE ANALYSES YlELDING DETECTABli' MEASUREMENTS

(1.E. >3 STD DEVI ATIONS) IS INDICATED WITH *( )* .
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2.2;6 Shellfish

Shellfish samples, which include soft shell clams, quahogs, and blue
mussels, were collected quarterly from six locations: the Discharge
Canal outfall, Manomet Point, Plymouth Harbor, Duxbury Bay
(control), Powder Point (control) and Green Harbor (control). Shells
and bodies were analyzed quarterly for gamma-emitting isotopes. All
shellfish samples were collected and analyzed as required during 1988.

The summary of radioactivity analysis results for shellfish collected
during 1988 is presented in Table 2.2.6-1. This table shows positive
measurements of beryllium-7, cesium-127, cobalt-60, thorium-232, and
potassium-40 at the indicator stations. In addition, there were
positive measurements of bery111um-7, potassium-40, and thorium-232
at the control stations. There were slight positive measurements of
cobalt-60 in blue mussels (bodies and shells) taken from the
discharge canal outfall during 1988. There was one other positive
measurement of cobalt-60 in blue mussel bodies taken at Manomet Point
during January 1988. The observed concentrations of beryllium-7,
thorium-232 and potassium-40 are due to the natural occurrence of
these radionuclides, whereas the observed concentrations of ;

cesium-137 (above expected fallout levels) and cobalt-60 were the
'

result of Pilgrim Station's radioactive liquid releases. It should
be noted that no soft shell clams or quahogs showed any detectable
levels of radioactivity that could be attributable to the operation
of Pilgrim Station.

A special study was conducted to evaluate the dose impact of the
radioactivity in the blue mussels. Part I of Appendix A presents the
findings and results of this special study. It was shown that if a ,

person were to consume the maximum annual quantity of seafood (9
kilograms / year) with the highest concentrations of the above
radionuclides (as found in the mussels in the discharge canal), he
would receive a dose of 0.008 mrem to the total body and 0.03 mrem to
the most restrictive organ (adult, GI-LLI). This study noted that
blue mussels, due to their filtration effect, concentrate the
radioactivity in the water thereby making them a sensitive biological
indicator.

Therefore, analysis of shellfish samples collected during 1988 showed
no evidence of any significant radiological impact on the environment

i or on the general public due to Pilgrim Station.
|
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Table 2.2.6-1
Pilgrim Nuclear Power Station

Summary of Radioactivity Analysis Results
for Shellfish - 1988

i

MEDIUM: SNELLFISH UNITS: PCI/KG WET

)
)

INDICATOR STATIONS STATION WITH HIGHEST MEAN CONTROL STAfl0NS

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

RADIONUCLIDES MEAN MEAN MEAN

(No. ANALYSES) REQUIRED RANGE STA. RANGE RANGE i

(NON ROUTINE)* LLD No. DETECTE0** NO. No. DETECTED ** No. DETECTED ** |
|

*

j............. ........ ..................... .......................... .....................

|

BE 7 ( 46) ( 3.2 2 1.0)E 1 12 ( 4.5 t 1.9)E 1 ( -1.2 e 1.2)E 1

( 8) ( 4.9 - 17.7)E 1 ( 4.9 - 17.7)E 1 ( 1.6 - 0.5)E 2
*( 8/ 24)* *( 3/ 12)* *( 6/ 22)*

K-40 ( 46) ( 9.4 2 1.0)E 2 15 ( 1.3 2 0.1)E 3 ( 8.4 2 1.5)E 2

( 0) ( 7.8 - 159.0)E 1 ( 1.2 - 1.5)E 3 ( 8.3 - 254.0)E 1
*( 22/ 24)* *( 4/ 4)* *( 17/ 22)*

MN 54 ( 46) 130. ( 1.7 1 0.9)E 0 23 ( 5.9 2 6.9)E O ( 2.1 e 2.0)E O

( 0) ( -8.8 - 12.5)E O ( 9.6 - 37.3)E O ( 9.6 - 37.3)E O i

*( 0/ 24)* *( 0/ 6)* *( 0/ 22)*

Co-58 ( 46) 130. ( -3.2 13.0)E 1 23 ( 4.0 2 4.0)E O ( -2.3 2 14.0)E -1

( 0) ( 1.5 - 2.0)E 1 ( 1.2 - 1.3)E 1 ( 1.2 - 1.3)E 1

*( 0/ 24)* *( 0/ 6)* *( 0/ 22)*

FE 59 ( 46) 260. ( 2.1 2 1.6)E 0 23 ( 8.3 2 6.2)E 0 ( 1.7 2 3.8)E O

( 0) ( 1.8 - 2.2)E 1 ( 1.1 - 2.4)E 1 ( -5.9 - 2.5)E 1
*( 0/ 24)* *( 0/ 6)* *( 0/ 22)*

Co 60 ( 46) 5. ( 9.0 t 3.3)E D 11 ( 2.6 2 0.6)E 1 ( *1.2 e 1.4)E 0

( 0) ( 6.2 - 56.1)E D ( 7.6 - 56.1)E D ( -1.5 - '2.4)E 1
*( 9/ 24)* *( 8/ 8)* *( 0/ 22)*

i ZN 65 ( 46) 5. ( 1.2 2 2.1)E O 13 ( 2.4 2 8.6)E O ( -1.9 2 35.8)E -1

( 0) ( 2.7 - 2.2)E 1 ( 2.4 - 4.1)E 1 ( 3.2 - 4.1)E 1
*( 0/ 24)* *( 0/ 8)* *( 0/ 22)*

2R 95 ( 46) 5. ( B.0 t 20.9)E -1 13 ( 3.0 2 5.7)E O ( 5.8 a 26.0)E 1

( 0) ( -3.0 - 2.9)E 1 ( -2.7 - 2.8)E 1 ( -2.7 - 2.8)E 1
*( 0/ 24)* *( 0/ 8)* *( 0/ 22)*

RU-103 ( 46) ( 7.1 2 8.9)E -1 13 ( 2.4 t 2.7)E D ( 7.4 2 12.1)E 1

( 0) ( 1.1 - 1.1)E 1 ( 9.1 - 17.8)E O ( 9.1 - 17.8)E O

*( 0/ 24)* *( 0/ 8)* *( 0/ 22)*

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

THAN TEN (10) TIMES THE AVERAGE BACKCROUND FOR THE PERIOD OF THE REPORT.

THE FRACTION OF SAMPLE ANALYSES YlELDING DETECTABLE MEASUREMENTS**

(1.E. >3 STD DEVIATIONS) is INDICATED WITH *( )*.
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Table 2.2.6-1 (continued)
Pilgrim Nuclear Power Station

Summary of Radioactivity Analysis Results
for Shellfish - 1988 ;

)
)

UNITS: PCl/KG WET
MEDIUM: SHELLFISH

INDICATOR STATIONS STAT 10N WITH HIGHEST MEAN CONTROL STAfl0NS

e... ............ eee****ee................ ................

RADIONUCLIDES MEAN MEAN MEAN ;

l
*

(No, ANALYSES) REQUIRED RANGE STA. RANGE RANGE

- (NON ROUTINE)* LLD Wo. DETECTED ** NO. No. DETECTE0** No. DETECTED ** .

I

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

RU 106 ( 46) ( 4.4 s 6.8)E O 13 ( 2.0 a 3.0)E 1 ( 9.5 2 11.1)E D

( 0) ( 8.1 - 10.0)E 1 ( 6.0 - 19.2)E.1 ( -6.0 - 19.2)E 1

*( 0/ 24)* *( 0/ 8)* *( 0/ 22)*

1 131 ( 46) ( -1.5 * 3.9)E O 24 ( 1.7 * 6.5)E 1 ( 6.3 * 5.0)E O

( 0) ( 4.1 - 6.5)E 1 ( -1.6 - 3.0)E O ( 7.4 - 2.6)E 1

*( 0/ 24)* *( 0/ 8)* *( 0/ 22)*

CS 134 ( 46) 5. ( 2.0 s 1.4)E O 24 ( 2.8 s 1.4)E 1 ( 5.5 a 1.5)E O |

( 0) ( 2.0 - 1.3)E 1 ( 7.7 4 3.3)E 1 ( -2.2 - 0.6)E 1 !
'

*( 0/ 24)* *( 0/ 8)* *( 0/ 22)*

CS 137 ( 46) 5. ( 1.7 s 0.8)E D 12 ,( 3.2 s 1.5)E O ( 4.9 a 11.6)E 1

( 0) ( 2.6 - 15.5)E O ( 2.6 - 15.5)E D ( 8.3 - 16.7)E 0

*( 1/ 24)* *( 1/ 12)* *( 0/ 22)*

SA 140 ( 46) ( 8.6 18.8)E 1 12 ( 2.6 s 3.7)E D ( -5.2 s 4.1)E O

( 0) ( -1.5 + 2.8)E 1 ( 1.5 - 2.8)E 1' ( 5.7 - 3.8)E 1
r '

*( 0/ 24)* *( 0/ 12)* *( 0/ 22)*

CE-141 ( 46) ( 2.6 a 1.2)E O 23 ( 1.1 * 0.4)E 1 ( 2.9 s 2.3)E O

( 0) ( 7.7 - 21.4)E D ( 3.1 - 249.0)E -1 ( 1.9 - 2.9)E 1

*( 0/ 24)* *( 0/ 6)* *( 0/ 22)*

CE-144 ( 46) 15. ( 2.4 s 3.7)E 0 11 ( 2.5 e 9.9)E 1 ( 2.3 : 6.9)E D '

( 0) ( 4.7 - 4.0)E 1 ( 4.7 - 3.5)E D ( 9.4 - 7.4)E 1

*( 0/ 24)* *( 0/ 8)* *( 0/ 22)*

TH-232 ( 46) ( 2.6 s 0.6)E 1 23 ( 6.7 s 2.7)E 1 ( 4.5 1.2)E 1

( 0) ( 9.6 - 944.0)E 1 ( +4.3 - 13.7)E 1 ( 4.3 - 13.9)E 1

*( 7/ 24)* *( 2/ 6)* *( 8/ 22)*

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

THAN TEN (10) TIMES THE AVERACE BACKCROUND FOR THE PERIOD OF THE REPORT.

THE FRACT!DN OF SAMPLE ANALYSES YIELDING DETECTABLE MEASUREMENTS**

(1.E. >3 STD DEVIATIONS) !$ INDICATED WITH *( )*.
s
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2.2.7 Irish Moss (Chondrus criscus)

Irish moss (Chondrus criscus) samples were collected quarterly at
four (4) locations: the Discharge Canal outfall, Manomet Point, .

l

Ellisville and Brant Rock (control). Irish moss samples were
analyzed quarterly for gamma-emitting isotopes. All Irish moss
samples were collected and analyzed as required during 1988.

The summary of radioactivity analysis results for Irish moss
collected during 1988 is presented in Table 2.2.7-1. This table
shows positive measurements of bery111um-7, cobalt-60, potassium-40, '

and thorium-232. There were positive measurements of naturally
occuring beryllium-7, thorium-232 and potassium-40 at the indicator
locations, and at the control location in Brant Rock.

The observed concentrations of cobalt-60 at the Discharge Canal
outfall were the result of Pilgrim Station's liquid releases. The
prevailing surface currents along the shoreline in the Plymouth area
are in the soutt *'y direction. There were no positive measurements
of Pilgrim Station related nuclides at Manoment Point, Ellisville, or
at the control station in Brant Rock which is approximately twelve
miles away in the north northwest direction.

A special study was performed to evaluate the dose impact from
ingestion of cobalt-60 in Irish Moss. The dose calculations are
discussed in detail in Part II of Appendix A. It is important to

note that, due to processing and market dilution of the Irish moss,
the presence of the cobalt-60 concentrations do not represent a
significant potential source of dose to the general public. However,
direct human consumption of Irish moss (which to our knowledge, does
not occur) with the highest concentrations would result in a dose
rate of about 0.01 mrem /yr to the total body and approximately 0.08
mrem /yr to the most restrictive organ.

Therefore, analysis of Irish moss samples collected during 1988
showed no evidence of any significant radiological impact on the
environment or on the general public due to Pilgrim Station.

)
)

)
1
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Table 2.2.7-1 )
Pilgrim Nuclear Power Station j

i

Summary of Radioactivity Analysis Results
for Irish Hoss (Chondrus criscus) - 1988

MEDIUM: IRISH Moss UNITS: PCl/KG WET !

INDICATOR STAT!0NS STATION WITH HIGHEST MEAN CONTROL STATIONS

l.................. ......................... ................

RADIONUCLIDES MEAN MEAN HEAN
'

1

(NO. ANALYSES) REQUIRED RANGE STA. RANCE. RANCE
*

(NON-ROUTINE)* LLD No. DETECTED ** NO. No. DETECTED ** NO. DETECTED **

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

BE-7 ( 16) ( 1.4 2 0.2)E 2 22 ( 1.9 2 0.1)E 2 ( 7.4 1 3.4)E 1
( 0) ( 3.8 - 26.8)E i ( 1.8 - 2.1)E 2 ( 1.3 - 16.2)E 1

*( 8/ 12)* *(. 4/ 4)* *( 1/ 4)*

K 40 ( 16) ( 6.2 2 0.5)E 3 11 ( 7.4 1 0.9)E 3 ( 3.9 2 0.3)E 3
( 0) ( 3.9 - 9.3)E 3 ( 5.1 - 9.3)E 3 ( 3.2 - 4.5)E 3

*( 12/ 12)* *( 4/ 4)* *( 4/ 4)*

l

MN 54 ( 16) ( 1.4 2 1.6)E 0 22 ( 3.6 t 3.5)E D ( 9.4 2 7.0)E 1 l

( 0) ( 7.5 - 10.2)E D ( -3.4 - 10.2)E O ( -9.0 - 22.9)E -1

*( 0/ 12)* *( 0/ 4)* *( 0/ 4)*

CO-58 ( 16) ( 1.8 2 1.1)E O 34 ( -7.9 t 23.6)E 1 ( 7.9 s 23.6)E *1

( 0) ( 8.6 - 4.4)E 0 ( 7.3 - 3.9)E D ( 7.3 - 3.9)E O
*( 0/ 12)* *( 0/ 4)* *( 0/ 4)*

FE 59 ( 16) ( 8.4 t 33.1)E 1 22 ( 2.0 t 5 5)E O ( 5.9 * 12.2)E 0

( 0) ( 2.6 - 1.3)E 1 ( -9.9 - 12.6)E O ( 3.9 - 1.8)E 1
*( 0/ 12)* *( 0/ 4)* *( 0/ 4)*

'

Co-60 ( 16) ( 3.2 t 1.8)E 1 11 ( 8.7 2 4.5)E 1 ( 4.6 1 26.6)E -1

( 4) ( -1.1 - 219.0)E 0 ( 2.8 - 21.9)E 1 ( 6.6 - 6.4)E 0
*( 4/ 12)* *( 4/ 4)* *( 0/ 4)*

'

2N 65 ( 16) ( 1.2 a 3.6)E 0 22 ( 9.6 1 6.1)E O ( 2.1 1 76.0)E 1

( 0). ( -2.1 - 1.9)E 1 ( -8.3 - 19.0)E D ( -8.7 - 22.9)E O

*( 0/ 12)* *( 0/ 4)* *( 0/ 4)*

2R-95 ( 16) ( 2.5 1 2.4)E 0 15 ( 6.6 2 3.5)E 0 ( 1.1 2 4.8)E O

( t) ( 1.3 - 1.711 1 ( 8.7 - 169.0)E -1 ( 9.4 - 13.1)E 'O

f( 0/ 12)< *( 0/ ' 4)* *( D/ 4)*

RU 103 ( 16) ( 6.7 2 16.5)E 1 22 ( 4.4 * 2.3)E O ( 1.4 2 2.2)E D

j ( 0) ( 9.6 - 9.5)E O ( 1.2 - 9.5)E O ( 5.3 a 4.5)E O
I *( 0/ 12)* *( 0/ 4)* *( c/ 4)*

MON RCOfitE R1FERS T0 THE *2JM8tR OF SEFAP,A*E MEASUREMENTS WICH WERE CREATER*

THAW TEN (10) TIMES T#1 AVERAGE BACKCAOUND FOR THE PEk!OD OF THE REPORT.

THE FRACTION OF SAMPLE #NALYSES Y!ELDING DETECTABLE MEASUREMENTS**

(1.E. >3 STD DEV!ATIONS) IS INDICATED WITH *( )*.
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Table 2.2.7-1 (continued) 1

Pilgrim Nuclear Power Station
Summary of Radioactivity Analysis Results
for Irish Moss (Chondrus criscus) - 1988 ;

UNITS: PCI/KG WET-MEDIUM: IRISH MOSS

INDICATOR STATIONS STATION WITH HIGHEST MEAN CONTROL STATIONS ;

|.................. ......................... ................
'

RADIONUCLIDES MEAN MEAN MEAh

(NO. ANALYSES) REQUIRED RANCE STA. RAN3E RANCE"

(NON ROUTINE)* LLD No. DETECTED ** No. Wo. DETECTED ** NO. DETECTED"

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

RU-106 ( 16) ( -2.5 t 1.3)E 1 34 ( 2.7 t 14.9)E O ( 2.72 14.9)E D

( 0) ( 1.1 - 0.3)E 2 ( 2.5 - 3.7)E 1 ( -2.5 - 3.7)E 1
*( 0/ 12)* *( 0/ 4)* *( 0/ 4)*

I-131 ( 16) ( 1.8 2 0.8)E 1 11 ( 2.5 2 1.2)E 1 ( 5.C t 5.7)E O

( 0) ( 2.5 - 6.0)E 1 ( 2.8 - 53.8)E O ( -2.0 - 0.5)E 1

*( 0/ 12)* *( 0/ 4)* *( 0/ 4)*

CS 134 ( 16) ( -2.8 s 1.2)E O 22 ( -3.4 2 26.5)E -1 ( 4.5 2 2.5)E O

( 0) ( 8.8 - 5.6)E 0 ( -7.3 - 5.6)E D ( 1.0 - 0.2)E 1

*( 0/ 12)* *( 0/ 4)* *( 0/ 4)*

CS 137 ( 16) ( 4.1 2 1.6)E O 11 ( 9.6 2 1.1)E 0 ( 9.0 2 17.4)r -1

.( 0) ( 6.4 - 11.6)E 0 ( 6.9 - 11.6)E 0 ( 3.2 - 4.9)E O

*( 0/ 12)* *( 0/ 4)* *( C/ 4)*

BA-140 ( 16) ( -1.7 2 2.5)E 0 15 ( 9.4 39.5)E -1 ( 4.6 2 3.5)E 0

( 0) ( 1.8 - 1.2)E 1 ( 8.2 - 7.9)E O < -1.1 - 0.4)E 1

*( 0/ 12)* *( 0/ 4)* *( 0/ 4)*
!

CE 141 ( 16) ( -2.9 1 1.8)E O 15 ( -1.4 2 3.7)E 0 ( 3.3 2 2.9)E O

( 0) ( -1.4 - 0.6)E 1 ( 1.1 - 0.6)E 1 ( 8.2 - 4.5)E 0
*( 0/ 12)* *( 0/ 4)* *( 0/ 4)*

CE 144 ( 16) ( 5.9 2 70.7)E 1 11 ( 1.5 t 1.6)E 1 ( 9.1 2 16.4)E O

( 0) ( 3.5 - 5.4)E 1 ( 2.3 - 5.4)E 1 ( 3.0 - 5.0)E 1
*( 0/ 12)* *( 0/ 4)* *( 0/ 4)*

TH 232 ( 16) ( 2.8 : l'.9)E 1 15 ( 5-.C 1 1.9)E 1 1.6 1.1)E 1

(. 2) ( 1.6 - 9.3)E 1 ( i.6 - 9.3)E 1 ( 2.7 - 46.6)E D

*( 2/ 12)* *( 2/ 4)* *( 6/ 4)*
.

} WON ROUTINE REFERS To TkE NUMBEW OF SEPARATF NEA%UREMENTS WHICH WERE GREATER*

THAN TEN (10) TIM 4C THE AVTRAGf E,ACKGROUND FOR THE FERIOD OF THF. REPORT.

THE FRACTION OF fA PLE AW1.Li m Y!ELO!WG t'ETECTABl.E MEASUREMEN?A**

(1.F. >3 STD DEVI AT178) 1$ IND* CAlfD WITH *( )*.
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2.2.8 American Lobster (Homarus americanus)

Lobster samples were collected four times per season in the vicinity
of the discharge canal and annually at a distant point offshore.
Lobsters collected from the vicinity of the discharge canal were
analyzed quarterly for gamma-emitting isotopes. Lobsters collected
offshore were analyzed annually for gamma-emitting isotopes. All
lobster samples were collected and analyzed as required during 1988.

The summary of the radioactivity analysis results for American
lobsters collected during 1983 is presented in Table 2.2.8-1. These
results indicate that there were no positive measurements of any
radioactivity other than potassium-40 in either the indicator or the
control samples (potassium-40 is a naturally-occurring nuclide).

Therefore, analysis of lobster samples collected during 1988 showed
no evidence of any significant radiological impact on the environment
due to Pilgrim Station.

<

1
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Table 2.2.8-1
Pilgrim Nuclear Power Station

Summary of Radioactivity Analysis Results |'

for American i.obster (Homarus americanus) - 1988 )
1

UNITSt PC!/KG WET |
MEDIUM: AMERICAN LOS$TER

FNDICATOR STATI.*S STATION WITH MIGHEST MEAN CONTROL STATIONS

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

RADIONUCLIDES MEAN MEAN MEAN

(NO. ANALYSES) REQUIRED RANGE STA. RANGE RANGE

(NON ROUTINE)* LLD NO. DETECTED ** NO. No. DETECTED ** NO. DETECTED **

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

BE 7 ( 5) ( 2.7 3.9)E 1 89 ( . t 9.5)E 1 ( -1.1 2 9.5)E 1'

( 0) ( -1.0 - 0.8)E 2
*( 0/ 4)* *( 0/ 1)* *( 0/ 1)*

K-40 ( 5) ( 2.5 2 0.3)E 3 11 ( 2.5 2 0.3)E 3 ( 1.9 2 0.3)E 3

-( 0) ( 1.9 - 3.1)E 3 ( 1.9 - 3.1)E 3
*( 4/ 4)* ~ *( 4/ 4)* *( 1/ 1)*

MN 54 ( 5) 130. ( 1.5 t 5.9)E O 89 ( 6.72 12.0)E D ( 6.7 2 12.0)E O

( 0) ( -1.4 - 1.5)E 1
*( 0/ '4)* *( 0/ 1)* *( 0/ 1)*

Co-58 ( 5) 130. ( 3.4 9.0)E O 11 ( 3.4 2 9.0)E o ( 2.71 1.3)E i

( 0) ( 2.5 - 1.2)E 1 ( 2.5 - 1.2)E 1
*( 0/ 4)* *( 0/ 4)* *( 0/ 1)*

FE 59 ( 5) 260. ( 6.8 e 10,5)E 0 89 ( 1.8 2 2.5)E 1 ( 1.8 2 2.5)E 1

( 0) ( 1.6 - 3.1)E 1
*( 0/ 4)* *( 0/ 1)* *( 0/ 1)*

'

Co 60 ( 5) 130. ( 4.2 t 5.5)E 0 89 ( 2.3 2 1.7)E 1 ( 2.3 2 1.7)E 1

( 0) ( ~1.0 - 1.3)E 1
*( 0/ 4)* '*( 0/ 1)* *( 0/ 1)*

2N 65 ( 5) 260. ( 2.1 t 1.5)E 1 89 ( 2.3 2 2.7)E 1 ( 2.3 t 2.7)E 1

( 0) ( 5.6 - 1.5)E 1
l *( 0/ 4)* *( 0/ 1)* *( 0/ 1)*

l

2R 95 ( 5). ( 8.6 2 5.9)E O 89 ( 2.9 * 2.2)E 1 ( 2.91 2.2)E 1

( 0) ( -1.9 - 24.2M 0
*( 0/ 4* *( 0/ 1)* *, 9/ 1p

RU 103 ( 5) ( 6.2 2 76.0)E 1 11 ( 6.2 1 76.0)E *1 ( 0.11 1.2)E 1

( C) ( 2.2 - 1.0)E 1 ( -2.2 - 1.0)E 1
' *( 0/ 4)* *( 0/ 4)* *( 0/ 1)*

,

kON ROUTiNF REFERS TO THE NLHIER OF SEPAUTE MEASUREMENTS WHICH WERE CREAr2R*

THAM *Ik (10) TIMES THE AVERAGE BACCCf.0VND FOR THE PERIOD Cf TPE HPORT.

THE FRFJTICH CF SAMPLE ANALFAS i!ELDING DETECTABLE MEASURShENTS**

(!.E. >3 STD DEVI ATIONS) !$ INDICATED WITH *( )' .
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Table 2.2.8-1 (continued)
Pilgrim Nuclear Power Station

Summary of Radioactivity Analysis
Results for American Lobster
(Homarus americanus) - 1988

UNITS: PCl/KG WET
MEDIUM: AMERICAN LOBSTER

.

INDICATOR STATIONS STATION WITH HIGHEST MEAN CONTROL STAT!DNS

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

RADIONUCLIDES _ MEAN MEAN MEAN
,

(NC ANALYSES) REQUIRED RANGE STA. RANGE RANCE

(NON ROUTINE)* * LD No. DETECTED ** NO. No. DETECTED ** NO. DETECTED **
.

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

RU-106 ( 5) ( 2.3 s 4.0)E 1 89 ( 1.1 2 1.2)E 2 ( 1.1 s 1.2)E 2

( 0) ( 8.1 - 8.9)E 1
*( 0/ 4)* *( 0/ 1)* *( 0/ 1)*

l 131 ( 5) ( -1.1 + 1.7)E 1 11 ( -1.1 t 1.7)E 1 ( 2.5 t 5.4)E 1

( 0) ( 5.1 - 1.8)E 1 ( -5.1 - 1.8)E 1
*( 0/ 4)* *( 0/ 4)* *( 0/ 1)*

CS 134 ( 5) 130. ( 1.3 2 0.1)E 1 89 ( 1.8 s 1.3)E 1 ( 1.8 s 1.3)E 1

( 0) ( 1.6 - 1.1)E 1
*( 0/ 1)* *( 0/ 1)**( 0/ 4)*

-

CS-137 ( 5) 130. ( 1.0 2 0.7)E 1 11 ( 1.0 2 0.7)E 1 ( 1.1 * 11.6)E O

( 0) ( -9.1 - 23.5)E 0 ( -9.1 - 23.5)E O

*( 0/ 4)* *( 0/ 4)* *( 0/ 1)*

BA 140 ( 5) ( -1.4 s 1.6)E 1 89 ( 3.5 2 30.5)E O ( 3.5 t 30.5)E D

( 0) ( -4.8 - 2.4)E 1
*( 0/ 1)**( 0/ 4)* *( 0/ 1)* ,

CE 141 ( 5) ( 3.5 2 6.4)E O 11 ( 3.5 6.4)E D ( -1.4 s 2.0)E 1

( 0) ( 5.4 - 22.2)E 0 ( -5.4 - 22.2)E O

*( 0/ 4)* *( 0/ 4)* *( 0/ 1)*
|

CE 144 ( 5) ( 3.2 2 4.6)E 1 11 ( 3.2 2 4.6)E 1 ( 2.7 5.9)E 1

( 0) ( -4.4 - 15.6)E 1 ( 4.4 - 15.6)E 1
f
1 *( 0/ 4)* *( 0/ 4)* *( 0/ 1)*

TM 232 ( 5) ( 1.9 1 0.8]E 1 11 ( 1.9 s 0.8)E 1 ( -1.3 e 5.3)E 1
i

. ( 0) ( 3.4 - 29.9)E O ( 3.4 - 29.9)E 0
*( 0/ 4)* *( 0/ 4)* *( 0/ 1)*

NON ROUTINE REFERS TO THE NUM8ER OF SEPARATE MEASUREMENTS WHICH WERE GREATER
' *

THAN TEk (10) TIMES THE AVERAGE $ACKGROUND FOR THE PER100 0F ThC REPORT.

f THE FitACTION OF SAAPLE AFALYSES YlELDING DETECTABLE HEASUREMENTE**

J .(I.E. >3 STL DEVI ATICdSi IS 1*J01CATED WITH *( )*.

}
>
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2.2.9 Fishes

Fish samples of bottom-oriented (Group I)* and near-bottom (Group
II)** species were collected quarterly (when available) in the I

vicinity of the Discharge Canal. In addition, samples of anadromous
(Group III)*** and coastal migratory (Group IV)**** species were
collected (when in season) in this same area. Lastly, a sample from
each group was collected at a distant location offshore. Fish
samples collected from the vicinity of the discharge canal were
analyzed quarterly for gamma-emitting isotopes and fish samples
collected offshore were analyzed annualiy. During 1988, Group I and
II samples were unavailable in the first quarter, and Group I samples
were unavailable during the fourth quarter due to the species not
being found in the general area of the Discharge Canal. Fish samples
from all other groups of fishes were collected and analyzed as
required during 1988.

The summary of the radioactivity analysis results for fishes
collected during 1988 is presented in Table 2.2.9-1. There were
positive measurements of potassium-40 from all samples collected at
indicator and control stations. The potassium-40 is
naturally-occurring. Analysis results for two fish samples obtained
from the outfall of the discharge canal indicated the presence of
cesium-137. The low levels of cesium-137 observed are indicative of
fallout due to previous atmospheric nuclear weapons testing.

Therefore, analysis of fish samples collected during 1988 showed no
evidence of any significant radiological impact on the environment
due to Pilgrim Station.

* Group I - Bottom Oriented: Hinter flounder and Yellowtail flounder.

** Group II - Near Bottom Distribution: Tautog, Cunner, Atlantic cod,
Pollock, and Hakes.

*** Group III - Anadromous: Alewife, Rainbow smelt, and Striped bass.

**** Group IV - Coastal Higratory: Bluefish, Atlantic herring,
Atlantic menhaden, and Atlantic mackerel.
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Table 2.2.9-1 'j

Pilgrim Nuclear Power Station 1
(
"

Summary of Radioactivity Analysis Results
for Fishes - 1988

UNITS: PCl/KG WET
MEDIUM: FISHES

INDICATOR STATIONS STATION WITH HIGHEST MEAN CONTROL STATIONS

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

RAD 10NUCL! DES MEAN MEAN MEAN

(No. ANALYSES) REQUIRED RANGE STA. RANGE RANGE

(NON ROUTINE)* LLD NO. DETECTED ** No. No. DETECTED ** NO. DETECTE0**
*

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

BE 7 ( 28) ( -1.1 2 1.5)E 1 30 ( 1.71 1.1)E 2 ( 3.4 1 5.3)E 1

( 0) ( 1.8 - 1.2)E 2 ( 2.0 - 1./)E 2
*( 0/ 21)* *( 0/ 1)* *( 0/ 7)*

K-40 ( 28) ( 3.2 a 0.1)E 3 14 ( 3.8 * 0.3)E 3 ( 3.2 2 0.2)E 3

( 0) ( 2.3 - 3.8)E 3 ( 2.5 - 3.7)E 3

*( 21/ 21)* *( 1/ 1)* *( 7/ 7)*

MN 54 ( 28) 130. ( 1.1 2 1.8)E O 98 ( 7.0 1 3.0)E 0 ( 6.3 1 2.6)E O

( 0) ( 2.3 - 1.5)E 1 ( 3.7 - 14.0)E O ( 3.7 - 14.0)E O

*( 0/ 21)* *( 0/ 6)* *( 0/ 7)*

Co-58 ( 28) 130. ( 8.1 2 17.5)E 1 98 ( 4.9 1 3.7)E 0 ( 2.4 2 4.0)E O

( 0) ( -1.4 - 2.3)E 1 ( -9.1 - 15.9)E O ( -1.2 - 1.6)E 1

*( 0/ 21)* *( 0/ 6)* *( 0/ 7)*

FE-59 ( 28) 260. ( 2.9 2 4.2)E O 11 ( -2.9 $ 4.4)E O ( -2.2 2 0.8)E 1

( 0) ( -4.0 - 3.4)E 1 ( 4.0 - 3.4)E 1 ( 5.5 - 0.4)E 1

*( 0/ 21)* *( 0/ 20)* *( 0/ 7)*

CO-60 ( 28) 130. ( -3.8 2 2.0)E D 14 ( 8.2 2 14.9)E 0_ t 1.1 2 1.9)E O

( 0) ( 2.0 - 2.1)E 1 ( 8.5 - 7.5)E O

*( 0/ 21)* *( 0/ 1)* *( 0/ 7)*

|
2W-65 '( 28', 260. ( 6.6 2 4.2)E 0 14 ( 4.2 * 2.1)E 1 ( 4.9 2 68.2)E 1

( 0) ( 2.0 - 4.2)E 1' ( 3.8 - 1.7)E 1

) *( 0/ 21)* *( 0/ 1)* *( 0/ 7)*

f
'

.

ZR 95 ( 28) ( 3.6 a 25.5)E 1 30 ( 2.7 1 2.1)E 1 ( 1.1 0.6)E 1

( 0) ( 1.9 - 2.5)E 1 ( 9.0 - 27.6)E O
|

*( 0/ 21)* *( 0/ 1)* *( 0/ 7)*

,

RU-103 ( 28) ( 2.8 s 2.1)E D 14 ( 6.0 * 10.4)E C ( 5.3 1 4.7)E O

( 0) ( -1.7 - 1.8)E 1 ( 2.7 - 0.8)E 1
h
1 *( 0/ 21)* *( 0/ 1)* *( 0/ 7)*

NON ROUT!NE REFERS 70 THE NUMBr* OF SEPARATE MEASUREMENTS 'J!CH WERE GREATER*

THAN TEN (10) TIMES THE AVIRAGE BAcrGROUND FOR THE PERf on or tHE REPORT.

THE FRACTION OF SAMPLE ANALYSES YlELDlWG DETECTABLE MEASUREMENTS**

(1.E. >3 STD DEV!ATIONS) !$ IWDICATED WITH *( )*.
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1able 2.2.9-1 (continued)
Pilgrim Nuclear Power Station

Summary of Radioactivity Analysis Results
for Fishes - 1988

MEDIUM: FISHES UNITS: PCl/KG WET

INDICATOR STATIONS STATION WITH HIGHEST MEAN CONTROL STATIONS

.................. ..................... .. ..**............ i

RAD 10NUCL! DES MEAN MEAN MEAN
..

(No. ANALTSES) REQUIRED RANGE STA. RANGE RANGE

(NON* ROUTINE)* LLD NO. DETECTED ** NO. NO. DETECTED ** NO. DETECTED ** j

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

RU 106 ( 28) ( -1.2 2 1.5)E 1 14 ( 5.6 8.7)E 1 ( 1.3 x 2.3)E 1
( 0) ( -1.5 - 1.0)E 2 ( -6.9 - 11.5)E 1 ;

*( 0/ 21)* *( 0/ 1)* *( 0/ 7)* i

1 131 ( 28) ( 3.5 K 5)E 1 30 ( 8.8 2 88.7)E 0 ( .10.0 s 19.4)E 0
( 0) ( 4.4 - 10,5)E 1 ( 9.1 - 7.4)E 1 |

*( 0/ 21)* *( 0/ 1)* *( 0/ 7)*

CS 134 ( 28) 130. ( -6.4 2 1.6)E O 98 ( 4.02 3.9)E D ( -5.5 2 3.7)E O

(' 0) ( 1.9 - 0.2)E 1 ( *1.5 - 0.7)E 1 ( 1.5 - 0.7)E 1 |

*( 0/ 21)* *( 0/ 6)* *( 0/ 7)*

CS 137 ( 28) 130. ( 5.4 2 '3.7)E 0 14 ( 1.22 1,03E 1 ( 5.9 t 1.9)E 0
( 2) ( 2.4 - 4.9)E 1 ( -1.3 10.7)E D

*( 2/ 21)* *( 0/ 1)* *( 0/ 7)*
F

BA-140 ( 28) ( -6.5 s 3.9)E O 98 ( ~4.6 97.4)E 1 ( -3.9 8.9)E O

( 0) ( 5.1 - 3.1)E 1 ( 3.7 - 3.5)E 1 ( 3.7 - 3.5)E 1
| *( 0/ 21)* *( 0/ 6)* f *( 0/ 7)*

CE 141 ( 28) ( 4.3 2 2.7)E D 14 ( 1.4 2 1.5)E 1 ( 1.9 2 7.7)E O
( 0) ( 1.8 - 3.2)E 1 ( 4.0 2.0)E 1

*( 0/ 21)* *( 0/ 1)* *( 0/ 7)*

CE-144 ( 28) ( 1.1 s 0.9)E 1 14 ( 6.9 2 4.6)F 1 ( 1.7 2 1.1)E 1
( 0) ( 7.7 - 6.9)E 1 ( 2.5 - 6.0)E 1

'

*{ D/ 21)* '( 0/ 1)* *( ?/ 7)*

; T4 232 ( 28) ( ?.4 s 0.S)E 1 14 ( 6.0 a 4.1)E 1 ( 2.7 s 1.4)E 1
( 'J ) ( 5.2 - 8.8)E 1 ( 3.5 - 6.2)E i

*

*( 0/ 2*v)* *( 0/ 1)* *( 0/ 7)*

N0h ROUT 1hE REFERS TO THE NUMER CF SEPARATE MEANRFFENis WHICH WERE Gr, EATER*

THAN TEN (10) T!hl.S 'THE AVERAGE 8)*KGRCAJWD FOR THE PER100 CF THE REPORT.
THE FRACTION OF SAMPLE ANALYSES TIELDING VEW; TABLE W.ASUREMENTS**

Ii. (f.E. >3 STD DEVIATIONS) 15 th0!CATED WITH *( )*.

.
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2.2.10 Sediment

Sediment samples were collected semi-annually at five indicator
|
!

stations including: the Discharge Canal outfall, Plymouth Harbor,
!

Duxbury Bay, Plymouth Beach and Manomet Point, and at a control
station in Green Harhor. There is a detailed procedure for
sub-dividing individual sediment cores in which samples are sectioned
into 2-cm increments during the first half of the year (this applies
to all locations except Plymouth Beach), and samples are sectioned
into 5-cm increments during the second half of the year. The surface
and alternate sections were analyzed for gamma-emitting nuclides
semi-annually. In addition, the surface section from each core and a
mid-depth section from Rocky Point and Plymouth Harbor were analyzed
annually for Pu-238, Pu-239, and Pu-240. All sediment samples were
collected and analyzed as required during 1988.

The summary of radioactivity analysis results for sediment collected
during 1988 is presented in Table 2.2.10-1. This table shows that
positive measurements of potassium-40 and thorium-232 were observed
at all indicator and control stations. Positive measurements of
bery11ium-7 were detected on a sediment sample from an indicator
station and two control stations samples. The beryllium-7,
potassium-40, and thorium-232 are all naturally-occurring
radionuclides. Cobalt-60 was detected in one sediment sample taken
from the outfall of the Pilgrim Station discharge canal. The

cobalt-60 is attributable to Pilgrim Station radioactive liquid
releases. Positive measurements of cesium-137 were detected on 24
sediment samples taken from indicator and control stations. The'
levels of cesium-137 observed were similar to those expected from
fallout from nuclear weapons testing.

The analysis of potential dose attributable to the positive cobalt-60
sample result is presented in a special study in Part III of Appendix
A. The maximum external r:diation dose calculated for an individual
spending 67 hr/yr8 in the vicinity of the Discharge Canal is 0.0003
mrem.

The results of plutonium analyses for the 1988 samples are presented
in Table 2.2.10-2. When the 1988 analysis results were compared to
results from previous years' analyses, there was no apparent trend to
indicate that Pilgrim Station is contributing measurably to levels of
Pu-238, 239, or 240 in the environment.

Therefore, analysis of sediment samples collected during 1988 showed
.

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

|
1
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Table 2.2.10-1
Pilgrim Nuclear Power Station

Summary of Radioactivity Analysis Results
for Sediment - 1988

UNITS: PC1/KG DRY j
MEDIUM: SEDIMENT !

l

INDICATOR STATIONS STATION WITH H]GHEST MEAN CONTROL STATIONS

******** ........ ee ***ee................e ******e.........

RADIONUCLIDES MEAN MEAN MEAN

(NO. ANALYSES) REQUIRED RANGE STA. RANGE RAN ".E

(NON ROUTINE)* LLD NO. DETECTED ** NO. NO. DETECTED ** NO. DETECTED **
=

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

BE 7 ( 61) ( 2.7 2 1.3)E 1 13 ( 8.2 2 4.6)E 1 ( 4.6 2 2.5)E 1

( 0) ( 1.2 - 4.6)E 2 ( 5.8 - 45.6)E 1 ( 5.8 - 45.6)E 1

*( 1/ 39)* *( 2/ 11)* *( 2/ 22)*

K 40 ( 61) ( 9.1 1 0.2)E 3 14 ( 1.1 2 0.0)E 4 ( 9.3 2 0.2)E 3

( 0) ( 6.9 - 11.3)E 3 ( 9.7 - 11.3)E 3 ( 7.7 - 11.1)E 3

*( 39/ 39)* *( 6/ 6)* *( 22/ 22)*

MN-54 ( 61) ( 3.2 2 0.7)E D 14 ( 4.7 2 17.0)E 1 ( 2.2 2 0.8)E O

( 0) ( 1.3 - 0.8)E 1 ( -7.2 - 4.1)E 0 ( 8.3 - 7.3)E O

*( 0/ 39)* *( 0/ 6)* *( 0/ 22)*

Co-58 ( 61) 50. ( -3.0 2 0.7)E O 15 ( 1.1 1 1.6)E O ( 4.5 1.0)E O

( 0) ( -1.1 - 0.8)E 1 ( -1.0 - 0.8)E 1 ( -1.3 - 0.2)E 1

*( 0/ 39)* *( 0/ 11)* *( 0/ 22)*

FE 59 -( 61) ( -1.3 2 2.1)E D 12 ( 4.8 2 2.9)E O ( 4.5 2 3.1)E O

( 0) ( 3.8 - 2.2)E 1 ( 1.2 - 2.2)E 1 ( 2.8 - 2.8)E 1

*( 0/ 39)* *( 0/ 11)* *( 0/ 22)*

Co 60 ( 61) 50. ( 2.3 t 0.8)E 0 11 ( 7.3 2 1.4)E O t -1.3 2 1.0)E O

( 1) ( 8.1 - 13.0)E 0 ( 2.1 - 13.0)E O ( -10.0 - 7.5)E O

*( 1/ 39)* *( 1/ 11)* *( 0/ 22)*
1
1
| ZN 65 ( 61) 50. ( 1.0 2 1.9)E 0 13 ( 4.4 1 4.4)E O ( -10.0 2 28.4)E 1

( 0) ( 2.0 - 2.5)E i ( 1.5 - 3.0)E 1 ( 2.3 - 3.0)E 1

! *( 0/ 39)* *( 0/ 11)* *( 0/ 22)*

ZR 95 ( 61) 50. ( 3.0 2 1.512 0 24 ( 5.9 1 2.6)E O ( 4.7 2 1.6)E 0

( 0) ( 2.0 - 2.1)E 1 ( 4.9 - 22.9)E O ( 9.6 - 22.9)r 0
i

*( 0/ 39)* *( 0/ 11)* 9 D/ 22)*
f

RJ-103 ( 61) ( 1.0 2 0.7)E O 15 ( 4.9 2 115.0)E 2 ( 9.7 2 17.3)E 1

( 0) ( 1.3 - 0.6)E 1 ( 8.0 - 4.3)E 0 ( 1.1 - 1.0)E 1
,' *( 0/ 39)* *( 0/ 11)* *( C/ 22)*

kON ROUTINE REFERS TO THE NUMBLR OF SEPAF. ATE MEASUREMENTS VHICH WERE GkEA'ER*

THAH 1EN (10) TIMES THE AVERACE SACKC20UND FOR THE PERIOD Or Ttt REPORT.

THE FRACTION OF SAMPLE ANALYSES T!ELDING DETECTABLE MEASUREMENTS**

(1.E. >3 STD DEV!ATIONS) IS INDICATED VITH *( )*.
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Table 2.2.10-1-(continued)
Pilgrim Nuclear Power Station

Summary of Radioactivity Analysis Results
for Sediment - 1988

\
J
l

UNITS: PC1/KG DRY j
-MEDIUM: SED! MENT

INDICATOR STATIONS STATION WITH HIGHEST MEAN CONTROL STATIONS
i

.................. ..............e.......... .****..*** .....
|

RADIONUCLIDES MEAN MEAN MEAN |

(No. ANALYSES) REQUIRED RANGE STA. RANGE RANCE~

(NON ROUTINE)* LLD No. DETECTED ** NO. NO. DETECTED ** NO. DETECTED **

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

RU 106 ( 61) ( -1.0 2 0.7)E 1 14 ( 9.9 2 189.8)E -1 ( -1.2 2 0.7)E 1

( 0) ( -1.2 - 0.9)E 2 ( -4.3 - 8.7)E 1 ( -8.6 - 6.5)E 1 .

' !
*( 0/ 39)* *( 0/ 6)* *( 0/ 22)*

f-131 ( 61) ( '4.7 2 6.0)E 0 14 ( 3.5 1 2.1)E 1 ( 1.4 2 0.6)E 1

( 0) ( 1.2 - 1.4)E 2 ( -5.8 - 138.0)E 0 ( 3.4-- 7.7)E 1

*( 0/ 39)* *( 0/ 6)* *( 0/ 22)*

CS-134 ( 61) 50. ( 9.6 2 6.8)F 1 13 ( 4.1 t 1.3)E O ( 2.3 2 1.0)E O

( 0) ( -7.2 - 10.5)E 0 ( -3.0 - 10.4)E 0 ( 7.8 - 10.4)E O

*( 0/ 39)* *( 0/ 11)* *( 0/ 22)*

CS-137 ( 61) 50. ( 1.1 2 0.3)E 1 12 ( 3.0 0.6)E 1 ( 1.1 2 0.2)E 1

( 0) ( -7.4 - 52.3)E O ( 3.8 - 52.5)E O ( -1.8 - 29.5)E D

*( 11/ 39)* *( 9/ 11)* *( 13/ 22)*

BA-140 ( 61) ( 5.1 2 .3.2)E O 24 ( 1.2 2 2.5)E 1 ( 1.9 t 126.2)E -1

( 0) ( 4.0 - 5.0)E 1 ( 3.8 - 25.7)E 1 ( -5.3 - 25.7)E 1

*( 0/ 39)* *( 0/ 11)* *( 0/ 22)*,

CE 141 ( 61) ( 6.7 t 1.4)E 0 11 ( 1.1 * 0.2)E 1 ( 7.0 t 1.4)E O

( 0) ( -2.0 - 2.5)E 1 ( -1.7 - 18.8)E O ( 5.6 - 21.8)E 0

*( 0/ 39)* *( 0/ 11)* *( 0/ 22)*

CE 144 ( 61) 150. ( 1.5 s 0.5)E 1 14 ( 2.9 s 13.3)E O ( 9.3 * 6.1)E O

( 0) ( 7.0 - 6.7)E 1 ( 3.8 - 5.4)E 1 ( -6.2 - 3.7)E 1

*( 0/ 39)* *( 0/ 6)* *( 0/ 22)*

|- TH 2R ( 61) ( 3.2 1 3.1)E 3 11 ( 3.7 2 0.'" E 2 ( 3.1 2 0.1)E 2

L ( 0.) ( 1.8 - 5.3)E 2 ( 2.9 - 3.3)E 2 1 2.0 - 4.1)E 2

*( 39/ 39)* *( 11/ 11)* *( 22/'22)*

NON-R3JTINE REFERS TO THE NUMBER OF SEPARATE MEASUREMENTS WHICH WERE GREATER*

THAN TEN (t0) TIMF.S THE AVERACE SACKrRCUWD TOR THE PERIOD OF THE REPORT.
g

THE ikCTION OF '.AMFLE AkALYSE3 Y!ELDING DETECTA.BLE MEASUREMENTSl **

(1<E. >3 STD DFVIATICNS% IS INDICATED WifM *( )*.

|
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Table 2.2.10-2
Pilgrim Nuclear Power Station

Radioactivity AnalysisLResults for Plutonium in Sediment-1988

.

Concentration * SD (pCi/kg dry)
Location . Core Depth.(cm)

Plutonium 238 Plutonium 239
and 240

Rocky. Point 0-2 0.06 1 0.19 3.39 1 0.39.

Rocky Point 12-14 -0.56 0.25 2.51 1 0.33

Plymouth Harbor 0-2 0.26 1 0.25 9.85 0.62 '

'

Plymouth Harbor- 12-14 0.22 1 0.21 11.66 1 0.76

Plymouth Beach 0-2 0.38 1 0.40 1.09 0.27

L Manomet Point 0-2 0.97 0.54 2.52 1 0.50

L Duxbury Bay 0-2 0.16 0.40 8.47 1 0.80

Green Harbor-Control 0-2 0.09 1 0.36 0.91 0.20

.,

7:

1.
.

L:

'

,

'
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2.2.11 Milk-

Milk samples were collected at two locations- during 1988: the |
Plymouth County Farm and the Whitman Farm control station. Thus, the 1

only dependable indicator station (for' milk) within 5' miles of PNPS-1 ]
during 1988 was the Plymouth Country Farm. When available, samples
were collected semi-monthly when animals were on pasture (generally
May through October) and monthly at other times. Milk samples were
analyzed for iodine-131, strontium-89 and 90, and gamma-emitting
isotopes semi-monthly during grazing season and monthly otherwise. ;

All milk samples were collected and analyzed as required during 1988. J

The summary of the radioactivity analysis results for the milk |

collected during 1988 is presented in Table 2.2.11-1. The results of
radioactivity analyses for cesium-137, strontium-90.and iodine-131
are presented graphically in Figures 2.2.11-1 through 2.2.11-3,
respectively.

Positive measurements of potassium-40, cesium-137, and strontium-90
were detected at both sampling locations. No iodine-131 was detected
in milk during 1988.. The presence of potassium-40 is due to
naturally-occurring radioactivity. The cesium-137 and strontium-90
is considered to be attributable to fallout from previous atmospheric
nuclear weapons testing, since cesium-134 and strontium-89 were not
present. In addition, the pre-operational environmental monitoring
program indicate the presence of strontium-90 and cesium-137 in milk
at levels of 9 pCi/kg and 17 pCi/kg, respectively. As can be seen in
Figures 2.2.11-1 and 2.2.11-2, the levels of cesium-137 and
strontium-90 detected in milk samples collected during 1988 were
lower than the pre-operational levels.

Therefore, analysis of milk samples collected during 1988 showed no
evidence of any significant radiological impact on the environment
due to Pilgrim Station.

|

t

L

L
L

..
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. Table 2.2.11-1
Pilgrim Nuclear Power Station )

{

Summary of Radioactivity Analysis Results |
for Milk - 1988

MEDIUM: MILK UNITS: PCI/KG !

INDICATOR STAT 10NS STATION WITH HIGHEST MEAN CONTROL STATIONS

e................. ee. ****eeeeeeeee**ee**e. .. ***eeeeeeeee.

RAD 10NUCLIDES MEAN MEAN MEAN

(No. ANALYSES) REQUIRED RANGE STA. RANGE RANGE

(NON ROUTINE)* LLD NO. DETECTED ** No. No. DETECTED ** No. DETECTED **.

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

| SR 89 ( 36) ( -2.5 a 3.3)E 1 21 ( 4.4 2 225.1)E 3 ( 4.4 a 225.1)E 3 ,

( 0) ( 3.5 - 1.4)E 0 ( -2.5 - 1.9)E O ( 2.5 - 1.9)E O

*( 0/ 18)* *( 0/ 18)* *( 0/ 18)*

SR 90 ( 36) ( 3.0 t 0.4)E 0 11 ( 3.01 0.4)E 0 ( 2.5 t 0.3)E D

( 0) ( 6.7 - 58.2)E 1 ( 6.7 - 58.2)E 1 ( 1.5 - 43.7)E 1

*( 14/ 18)* *( 14/ 18)* *( 13/ 18)*

BE 7 ( 36) ( 1.9 2 1.4)E O 11 ( 1.9 2 1.4)E O ( 2.3 * 24.4)E -1

( 0) ( -8.4 - 12.4)E D ( 8.4 - 12.4)E O ( 2.0 - 1.9)E 1

*( 0/ 18)* *( 0/ 18)* *( 0/ 18)*

K 40 ( 36) ( 1.4 1 0.0)E 3 11 ( 1.4 1 0.0)E 3 ( 1.4 2 0.0)E 3

f ( 0) ( 1.3 - 1.5)E 3 ( 1.3 - 1.5)E 3 ( 1.2 - 1.5)E 3
l *( 18/ 18)* *( 18/ 18)* *( 18/ 18)*

| MN 54 ( 36) ( 3.5 2 2.3)E -1 21 ( -9.2 23.8)E 2 ( -9.2 1 23.8)E 2

) ( 0) ( -2.3 - 1.0)E O ( -1.4 - 2.3)E O ( 1.4 - 2.3)E O
*( 0/ 18)* *( 0/ 18)* *( 0/ 18)*

Co-58 ( 36) ( 9.5 2 262.9)E -3 11 ( 9.5 1 262.9)E 3 ( 6.1 1 2.7)E 1

( 0) ( 1.8 - 2.1)E 0 ( 1.8 - 2.1)E 0 ( 2.4 - 2.1)E O

*( 0/ 18)* *( 0/ 18)* *( 0/ 18)*

FE 59 ( 36) ( 4.2 1 3.7)E O 11 ( 4.2 1 3.7)E O ( 2.9 7.4)E 1

( 0) ( -5.8 - 66.2)E 0 ( 5.8 - 66.2)E O ( 5.9 - 5.5)E O

*( 0/ 18)* *( 0/ 18)* *( 0/ 18)*

' '

Co-60 ( 36) ( 3.1 2 34.4)E >2 21 ( 3.2 2 317.1)E -3 ( 3.2 2 317.1)E 3
( 0) ( 2.8 - 2.9)E 0 ( -2.6 - 2.6)E O ( -2.6 - 2.6)E O

*( 0/ 18)* *( 0/ 18)* *( 0/ 18)*

20 63 ! M) ( 1.3 1 0.6)t 0 21 ( 3.4 2 5.7)E 1 ( 3.4 * 5,7)E -1

( 0) ( 5.1 3.3)E D ( -5.2 - 3.7)C 0 ( -5.2 - 3.7)E O

*( $/ 13)* *( 0/ In)* *( 0/ 18)*

NON ROUllW6 MIFFRS TO thE NUM3ER CF SEPARATE MEASUREMENTS WHICH WERE G1 EATER*
,

THAN TEN (10) 11MES THE AVER /.GE BACKGROUNO FOR THE PERlrlD OF THE REPORT.

** THE FRM.TICN OF SA#LE AdALY$IS TIELDING DETECTAB'.E MEASUREi4ENTS

(1.2. >3 ST0 DEVIATIONS) IS INDICATED WITH *( )*,

-74-

- _ _ _ _ _ - _ _ - _ _ _ _ _ _ - _



- - - . . _ . _ _ . . - _ - _ _ _ _ _ . -__

,

|.- |

Table 2.2.11-1 (continued)
|

Pilgrim Nuclear Power Station

Summary of Radioactivity Analysis Results
for Milk - 1988

UNITS: PC1/KG INDICATOR STATIONS STATION WITH HIGHEST MEAN CONTROL STATIONS

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

RADIONUCLIDES MEAN MEAN MEAN

(No. ANALYSES) REQUIRED RANGE STA. RANGE RANGE

(NON-ROUTINE)* LLD No. DETECTED ** NO. NO. DETECTED ** NO. DETECTED **

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

!

2R 95 ( 36) ( -7.4 * 4.6)E 1 21 ( 3.0 t 51.9)E -2 ( 3.0 t 51.9)E 2
.

.( 0) ( -4.1 - 2.5)E O ( -5.7 - 5.1)E 0 ( 5.7 - 5.1)E 0
*( 0/.18)* *( 0/ 18)* *( 0/ 18)*-

RU-103 ( 36) ( -1.2 2 0.3)E 0 21 ( -1.0 s 0.3)E O ( -1.0 * 0.3)E O

( 0) ( 2.8 - 1.3)E O ( -3.2 - 1.5)E 0 ( 3.2 - 1.5)E 0
*( 0/ 18)* *( 0/ 18)* *( 0/ 18)*

RU 106 ( 36) ( 1.82 2.6)E O 11 ( 1.8 2 2.6)E O ( -2.9 * 3.3)E D
( 0) ( 2.4 - 2.3)E 1 ( 2.4 - 2.3)E 1 ( 2.2 - 3.4)E 1

*( 0/ 18)* *( 0/ 18)* *( 0/ 18)* ;

1. ( 6.8 2 4.1)E 2 11 ( 6.8 i 4.1)E 2 ( 6.0 2 2.9)E -2l 131 ( 36) i

( 0) ( 1.8 - 5.1)E 1 ( -1.8 - 5.1)E -1 ( 8.9 - 44.0)E -2

*( 0/ 18)* *( 0/ 18)* *( 0/ iS)*

CS 134 ( 36) 15. ( -4.9 2 2.9)E -1 11 ( 4.9 2 2.9)E -1 ( 9.8 s 2.3)E -1

( 0) ( 3.0 - 1.4)E 0 ( 3.0 - 1.4)E O ( 2.7 - 0.8)E O
*( 0/ 18)* *( 0/ 18)* *( 0/ 18)*

CS 137 ( 36) 15. ( 1.7 2 0.3)E 0 11 ( 1.72 0.3)E O ( 1.3 2 0.4)E O

( 0) ( -4.5 - 32.6)E -1 ( -4.5 - 32.6)E -1 ( 2.0 - 4.5)E O
*( 2/ 18)**( 1/ 18)* *( 1/ 18)* *

!

BA 140 ( 36) 15. ( 3.7 2 4.8)E -1 11 ( 3.72 4.8)E 1 ( -6.7 2 5.3)E 1

( 0) ( 4.7 - 3.2)E 0 ( 4.7 - 3.2)E O ( 3.4 - 3.2)E 0
*( 0/ 18)* *( 0/ 18)* *( 0/ 18)*

CE-141 ( 36) ( 1.0 1 0.4)E 0 11 ( 1.0 t 0.4)E O ( 3.4 2 5.2)E 1

( 0) ( 2.7 - 4.2)E O ( -2.7 - 4.2)E 0 ( 5.0 - 3.3)E 0
*( 0/ 18)* *( 0/ 18)* *( 0/ 18)*

CE 144 ( 36)- ( 1.5 t 1.3)E O 11 ( 1.5 2 1.3)E O ( 1.5 s 1.4)E O

( 0) ( 9.7 - 11.0)E D ( -9.7 - 11.0)E O ( 1.3 - 1.4)E 1
*( 0/ 18)* *( 0/ 18)* *( 0/ 18)=

TM 232 ( 36) ( 2.2 s 0.7)E O 11 ( 2.2 1 0.7)E C ( 1.6 2 1.0)C 0
( 0) ( 5.7 - 4.9)E O ( 5. f - 6.H E 0 ( 6.6 - 10.7)E 0

*( Of 15)* *( 0/ 18)* *( 0/ (8)*

* NCH POUTINE REFFR3 To THE x>aER or Mr ARATF MEASJRIMENTS WICh WERE GREATER

THAN TEN (10) T.IFES THE AVERACE SAtrGROUND FOR TFE FEfICD OF THE REPORT.
** THE FRACTION OF SA>>LT ANALYSE 5 YJELDINi DrTECTAT:I MTASURENENTS

(I.E. >3 STD DEV! ATIONS) 13 INDICATED WITH *( )*. j
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2.2.12 Cranberries

Cranberries were collected from three locations during 1988 at the
time of harvest: Hanomet Point Bog, Bartlett Road Bog, and Pine
Street Bog (control station). Cranberries were analyzed at harvest
time for gamma-emitting isotopes in edible portions. All cranberry
samples were col'ected and analyzed as required during 1988.

The summary of the radioactivity analysis results for cranberries
collected during 1988 is presented. in Table 2.2.12-l.
Naturally-occurring potassium-40 was observed in all three cranberry ,

samples. The only man-made radionuclides detected was cesium-137, |

which appeared in one sample. However, the detected concentration of
cesium-137 is less than the average pre-operational concentrations of ,

'

170 pCi/kg. A comprehensive study of cesium uptake in cranberries
was performed by Yankee Atomic Electric Co. during 1978,22 and the
results of this study are published in the 1978 Environmental
Radiation Monitoring Program Report No.11. This report identified
fallout from previous atmospheric nuclear weapons testing as the
primary source of cesium in cranberries. I". addition, this report

indicates that cesium uptake in cranberries can be enhanced when
conditions of low soil potassium occur, as cesium is a chemical
congener of potassium.

Therefore, analysis of cranberry samples collected during 1988 show
no evidence of any significant radiological impact on the environment
due to Pilgrim Station.
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Table 2.2.12-1
Pilgrim Nuclear Power Station

Summary of Radioactivity Analysis Results
for Cranberries - 1988

MEDIUM: CRANBERRIES
UNITS: PCf/KG WET

'

INDICATOR STATIONS STATION WITH HIGHEST MEAN CONTROL STATIONS

.......... e** ... e e***eeeeee.**eee******* *e .... ** ....

RADIONUCLIDES MEAN MEAN MEAN

(NO. ANALTSES) REQUIRED RANGE STA. RANGE RANCE

(NON ROUTINE)* LLD NO. DETECTED ** NO. NO. DETECTED ** NO. DETECTED ***

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

1

BE 7 ( 3) ( 4.2 2 0.3)E 1 23 ( 2.4 2 8.3)E 1 ( 2.4 2 8.3)E 1

( 0) ( 4.5 - -4.0)E 1
*( 0/ 2)* *( 0/ 1)* *( 0/ 1)*

K-40 ( 3) ( 8.3 2 1.4)E 2 13 ( 9.7 1.1)E 2 ( 6.7 s 2.0)E 2#

( 0) ( 6.9 - 9.7)E 2
*( 2/ 2)* *( 1/ 1)* *( 1/ 1)*

MN 54 ( 3) ( -6.3 2 37.3)E *1 23 ( 9.0 2 8.6)E 0 ( 9.6 2 8.6)E O

( 0) ( -4.4 - 3.1)E O
*( 0/ 2)* *( 0/ 1)* *( 0/ 1)*

CO-58 ( 3) ( 2.2 s 3.4)E O 13 ( 1.1 1 5.2)E O ( 5.5 9.6)E O

( 0) ( -5.6 - 1.1)E O
*( 0/ 2)* *( 0/ 1)* *( 0/ 1)*

FE 59 ( 3) ( 2.3 s 0.6)E 1 23 ( 1.7 s 2.0)E 1 ( 1.7 s 2.0)E 1

( 0) ( 2.9 - -1.8)E 1
*( 0/ 2)* *( 0/ 1)* *( 0/ 1)*

CO 60 ( 3) ( 5.3 s 10.2)E D 13 ( 4.9 2 7.3)E O '( -9.1 s 13.2)E D

( 0) ( 1.5 - 0.5)E 1
*( 0/ 2)* *( 0/ 1)* *( 0/ 1)*

'

2N 65 ( 3) ( 4.5 2 1.8)E 0 23 ( 3.7 s 1.7)E 1 ( 3.7 s 1.7)E 1

( 0) ( 6.3 - -2.8)E O

f *( 0/ 2)* *( 0/ 1)* *( 0/ 1)*

I

ZR 93 ( 3) ( 8.4 s 27.0)E o 14 ( 3.5 s 2.4)E i ( 2.0 2 1.9)! 1
1 ( 0) ( -1.9 - 3.5)E 1

f *( 0/ 2)* *( 0/ 1)* *( 0/ 1)*

RU 103 ( 3) ( 4.4 8.4)E 0 13 ( 4.0 1 4.8)E O ( 0.0 s 9.6)E 0

( 0) ( 1.3 - 0.4)E 1
*( 0/ 2)* *( 0/ 1)* *( 0/ 1)*

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

THAN TEN (10) TIMES THE AVERAGE BACKGF:0UND FOR THE PERIOD OF THE REPORT.

THE FRACTION OF SAMPLE ANALYSES TIELDING DETECTABLE MFAGLIRE'CNTS**

(1.E. >3 STD DEVIATIONS) IS INDICATED WITH *( )*.
-80-'

.. ..
.

_ _ _ - _ _ _ _ _ _ - _ _ _ _ _



_

. _ . . - - - . . .. . .

__

Table 2.2.12-1 (continued)
Pilgrim Nuclear Power Station

' - Summary of Radioactivity Analysis Results
for Cranberries - 1988

,

MEDIUM: CRANBERRIES UNITS: PCI/KG WET

INDICATOR STATIONS STATION WITH HIGHEST MEAN CONTROL STATIONS

.......******..... .****.............****... ................

RADIONUCLIDES MEAN MEAN HEAN
.

(NO. ANALYSES) REQUIRED RANGE STA. RANGE RANGE

(NON ROUTINE)* LLD NO. DETECTED ** NO. NO. DETECTED ** Wo. DETECTEC'*

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

RU 106 ( 3) ( 7.9 t 11.3)E 1 14 ( 1.9 2 1.0)E 2 ( -5.5 6.5)E 1
( 0) ( -3.4 - 19.2)E 1

__

*( 0/ 2)* *( 0/ 1)* *( 0/ 1)*

1 131 ( 3) ( 3.7 1 3.8)E 1 23 ( 5.6 2 3.7)E 1 ( 5.6 2 3.7)E 1
( 0) ( -7.5 - 0.2)E 1

*( 0/ 2)* *( 0/ 1)* *( 0/ 1)*

..

CS-134 ( 3) 60. ( 3.9 2 13.0)E O 13 ( 9.0 t 5.4)E D ( -7.9 * 8.6)E O

( 0) ( -1.7 - 0.9)E 1
*( 0/ 2)* *( 0/ 1)* *( 0/ 1)*

_

CS 137 ( 3) 60. ( 8.3 2 19.8)E D 13 ( 2.8 2 0.6)E 1 ( 1.4 2 0.8)E 1
( 0) ( -1.1 - 2.8)E 1

*( 1/ 2)* *( 1/ 1)* *( 0/ 1)*

BA 140 ( 3) ( 5.8 * 1.9)E 0 14 ( 7.7 25.7)E D ( -1.7 1 2.0)E 1
( 0) ( 3.8 - 7.7)E 0

*( 0/ 1)**( 0/ 2)* *( 0/ 1)* *

CE-141 ( 3) ( -1.7 1 2.6)E 1 13 ( 9.1 2 6.7)E 0 ( 1.6 1 1.5)E 1
( 0) ( -4.4 - 0.9)E 1

*( 0/ 2)* *( 0/ 1)* *( 0/ 1)*

CE 144 ( 3) ( 4.4 2 3.9)E 1 13 ( -5.5 2 24.6)E 0 ( 5.82 4.7)E 1
( 0) ( 8.3 - 0.6)E 1

*( 0/ 2)* *( 0/ 1)* *( 0/ 1)*

TH 232 ( 3) ( 9.7 2 37.5)E O 13 ( 4.72 2.1)E 1 ( 9.6 2 42.8)E 0
( 0) ( 2.8 - 4.7)E 1

*( 0/ 2)* *( 0/ 1)* *( 0/ 1)*

-

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

-. THAN TEN (10) TIMES THE AVERAGE BACKCROUND FOR THE PERIOD OF THE REPORT.

** THE FRACTION OF SAMPLE ANALYSES YlELDING DETECTABLE MEASUREMENTS

(1.E. >3 STD DEVIATIONS) !$ INDICATED WITH *( )*.
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2.2.13 Vegetation

Samples of tuberous and green leafy vegetables were collected at the
time of harvest at six (6) locations: Whipple Farm, Alden Road Farm,p
Plymouth County Farm, Jenkins garden, Moon residence and Bridgewateri

farm (control station). Vegetation samples were analyzed at the time'

of harvest for gamma-emitting isotopes in edible portions. All
l vegetation samples were collected and analyzed as required during
! 1988.

The summary of the radioactivity analysis results for vegetation
collected in 1988 is presented in Table 2.2.13-1. Positive
measurements of bery111um-7, potassium-40 and cesium-137 were
observed in some samples. The beryllium-7 and potassium-40 are
naturally-occurring, whereas the cesium-137 is a result of fallout
from previous atmospheric nuclear weapons testing.

| Therefore, analysis of vegetation samples collected during 1988 show
I no evidence of any significant radiological impact on the environment

due to Pilgrim Station.

|

|

|

s

s

|

|
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, Table 2.2.13-1 .

!
Pilgrim Nuclear Power Station

Summary of Radioactivity Analysis Results
for Vegetation - 1988

UNITS PCl/KG WET j
MEDIUM: VEGETATION

|

l

INDICATOR STATIONS STATION WITH HIGHEST MEAN CONTROL STATIONS

.........**....... ...***......***** ....... ................

RADIONUCLIDES MEAN MEAN MEAN

(No. ANALTSES) REQUIRED RANGE STA. RANGE RANGE

(NON ROUTINE)* LLD- NO. DETECTED ** NO. NO. DETECTED ** NO. DETECTED **
-

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

BE.7 ( 18) ( 4.8 s 2.0)E 1 97 ( 1.8 s 0.5)E 2 ( -5.4 * 6.0)E 1

( 1) ( 6.8 - 17.9)E 1 ( 1.5 - 0.6)E 2

*( 1/.15)* *( 1/ 1)* *( 0/ 3)*

K 40 ( 18) ( 2.5 s 0.3)E 3 77 ( 3.7 + 0.4)E 3 ( 2.0 * 0.5)E 3

( 0) ( 4.3 - 41.0)E 2 ( 9.8 - 26.3)E 2

*( 15/ 15)* *( 1/ 1)* *( 3/ 3)*

MN 54 ( 18) ( -2.7 s 2.4)E O 27 ( 8.0 s 3.3)E 0 ( 8.0 2 3.3)E 0

( 0) ( 2.2 - 1.3)E 1 ( 2.3 - 13.7)E O ( 2.3 - 13.7)E 0

*( 0/ 15)* *( 0/ 3)* *( 0/ 3)*

CO 58 ( 18) ( 2.5 a 1.9)E 0 96 ( 1.9 2 1.1)E 1 ( 5.7 3.6)E 0

( 0) ( 1.4 - 1.9)E 1 ( 1.3 - 0.1)E 1

*( 0/ 15)* *( 0/ 1)* *( 0/ 3)*

FE 59' ( 18) ( 5.9 t 4.5)E O 76 ( 1.0 s 1.3)E i ( -1.1 s 0.3)E 1

( 0) ( 3.4 - 2.5)E 1 ( -2.5 - 22.6)E O ( 1.7 - 0.6)E 1

*( 0/ 15)* *( 0/ 2)* *( 0/ 3)*

Co-60 ( 18) ( 4.0 s 2.5)E 0 96 ( 2.0 2 2.0)E 1 ( 9.8 * 4.7)E O

( 0) ( 1.7 - 2.0)E 1 ( 9.6 - 168.0)E -1

*( 0/ 15)* *( 0/ 1)* *( 0/ 3)*
1

ZW 65 ( 18) ( 5.3 2 4.3)E 0 98 ( 1.1 2 1.5)E 1 ( -7.1 2 7.4)E O
'

( 0) ( 4.8 - 2.5)E 1 ( 4.2 - 25.5)E O ( 2.1 - 0.4)E 1

| *( 0/ 15)* *( 0/ 2)* *( 0/ 3)*

2R 95 ( 18) ( 4.5 t 4.4)E 0 76 ( 9.4 * 0.7)E 0 ( 3.4 15.4)E O

( 0) ( -3.5 - 2.4)E 1 ( 8.8 - 10.1)E O ( 3.4 - 1.2)E 1
*( 0/ 15)* *( 0/ 2)* *( 0/ 3)*

|

RU-103 ( 18) ( 1.2 t 2.7)E 0 77 ( 1.3 1 1.1)E 1 ( 1.8 2 4.1)E 0

f ( 0) ( 2.5 - 1.3)E 1 ( 1.0 - 0.3)E 1

| *( 0/ 15)* *( */ 1)* *( 0/ 3)*

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

THAN TEN (10) TIMES THE AVERAGE BACKGROUND FOR THE PERIOD OF THE REPORT.

THE FRACTION OF SAMPLE ANALYSES TIELDING DETECTABLE MEASUREMENTS**

(1.E. >3 STD DEVIATIONS) IS INDICATED WITH *( )*.
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Table 2.2.13-1 (continued)
Pilgrim Nuclear Power Station

Summary of Radioactivity Analysis Results
for Vegetation - 1988

MEDIUM: VECETATION UNITS: PCl/KG WET

1

1
l

|

INDICATOR STATIONS STATION WITH HIGHEST MEAN CONTROL STATIONS

\ . .................. ......................... ................

RADIONUCLIDES MEAN HEAN MEAN*

(No. ANALYSES) REQUIRED RANGE STA. RANCE RANGE

(NON RCXJTINE)* LLD No. DETECTED ** No. No. DETECTED ** No. DETECTED **

RU-106 ( 18) ( -4.9 2 2.7)E 1 60 ( 2.0 2 1.2)E 1 ( 3.3 * 9.5)E i
( 0) ( -2.5 - 1.8)E 2 ( 8.4 - 32.1)E O ( 1.9 - 1.4)E 2

*( 0/ 15)* *( 0/ 2)* *( 0/ 3)*

!*131 ( 18) ( 6.7 * 4.6)E 0 77 ( 2.9 2 2.1)E 1 ( -1.9 2 3.6)E 0 ,

( 0) ( 4.0 - 2.9)E 1 ( -8.9 - 2.8)E 0
*( 0/ 15)* *( 0/ 1)* *( 0/ 3)*

CS 134 ( 18) 60. ( -8.4 2 3.4)E 0 77 ( 1.2 2 1.5)E 1 ( -6.9 2 3.2)E O

( 0) ( -2.8 - 1.2)E 1 ( 1.0 - 0.0)E 1
*( 0/ 15)* *( 0/ 1)* *: 0/ 3)*

CS-137 ( 18) 60. ( 2.4 t 1.5)E 1 60 ( 1.1 2 1.1)E 2 ( 1.8 2.0)E 0
( 2) ( -6.8 - 224.0)E O ( 0.0 - 2.2)E 2 ( -1.9 - 4.7)E O

*( 2/ 15)* *( 1/ 2)* *( 0/ 3)*

BA 140 ( 18) ( -4.4 2 5.2)E O 43 ( 3.0 t 1.5)E 1 ( 1.0 2 10.1)E O

( 0) ( 4.0 - 3.0)E 1 ( 1.6 - 1.9)E 1
'

*( 0/ 15)* *( 0/ 1)* *( 0/ 3)*

CE 141 ( 18) ( 1.4 2 3.4)E O 77 ( 2.2 2 1.6)E 1 ( 2.8 * 1.8)E D
( 0) ( 2.5 - 2.2)E 1 ( 0.0 - 6.2)E O

*( 0/ 15)* *( 0/ 1)* *( 0/ 3)*

CE 144 ( 18) ( 1.2 2 1.4)E 1 96 ( 6.4 2 5.1)E 1 ( 3.0 * 2.0)E 1
( 0) ( 9.5 - 8.7)E 1 ( -1.9 - 67.7)E O

*( 0/ 15)* *( 0/ 1)* *( 0/ 3)*

TM 232 ( 18) ( 1.8 t 1.0)E 1 11 ( 5.7 2 2.6)E 1 ( 2.7 1 1.8)E 1
( 0) ( 3.7 - 10.8)E 1 ( 2.2 - 10.8)E 1 ( 5.6 - 0.6)E 1

*( 0/ 15)* *( 0/ 3)* *( 0/ 3)*

NON-ROUTINE REFERS TO THE NUMBER OF SEPA' TATE MEASUREMENTS WHICH WERE GREATER*

THAN TEN (10) TIMES THE AVERAGE BACKCROUND FOR THE PERIOD OF THE REPORT.

THE FRACTION OF SAMPLE ANALYSES YlELDING DETECTABLk MEASUREMENTS**

(f.E. >3 STD DEVIAfl0NS) l$ INDICATED WITN *( )*,
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2.2.14 Fcrage

Beef forage was collected from two (2) locations annually: Plymouth
! County Farm and Whitman Farm (control station). Forage samples were

analyzed annually for gamma-emitting isotopes. All forage samples
were collected and analyzed as required during 1988.

The sumary of radioactivity analysis results for the forage
collected during 1988 is presented in Table 2.2.14-1. Positive'

measurements of bery111um-7 and potassium-40 were detected at both
stations. These radionuclides are both naturally-occurring.
Cesium-137 was detected in the forage sample collected at the
Plymouth County Farm. The cesuim-137 is a result of fallout from j

| previous atmospheric weapons testing. |

\
Therefore, analysis of forage samples collected during 1988 show no t

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

|

t
>

l

:

>
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Table 2.2.14-1
| Pilgr.im Nuclear Power Station

Summary of Radioactivity Analysis Results
for Forage - 1988

MEDIUM: FORAGE UNITS: PCI/KG WET
i

INDICATOR STATIONS STATION WITH HIGHEST MEAN CONTROL STATIONS

.................. .................**...... ................

RADIONUCLIDES MEAN MEAN MEAN

(NO. ANALYSES) REQUIRED RANCE STA. RANCE RANGE

(NON-ROUTINE)* LLD No. DETECTED ** NO. NO. DETECTED ** NO. DCTECTED***

............. ........ ..................... . . . . . . . . . . . . . . . . . . . . . . . . . . - .....................

BE-7 (- 2) ( 1.8 2 0.2)E 3 11 ( 1.8 2 0.2)E 3 ( 1.4 a 0.3)E 3
( 0)

*( 1/' 1)* *( 1/ 1)* *( 1/ 1)*

K 40 ( - 2) ( 5.8 s 0.5)E 3 21 ( i.1 * 0.1)E 4 ( 1.1 2 0.1)E 4
( 0)

*( 1/ 1)* *( 1/ 1)* *( 1/ 1)*

MN 54 ( 2) 130. ( 1.1 1.9)E 1. 11 ( 1.1 s 1.9)E 1 ( 5.9 * 24.6)E O

C 0)
|

|
*( 0/ 1)* *( 0/ 1)* *( 0/ 1)*

Co 58 ( 2) 130. ( 1.8 23.1)E 0 11 ( 1.8 e 23.1)E O ( 6.5 s 2.8)E 1

| C 0)
*( 0/ 1)* *( 0/ 1)* *( 0/ 1)*

FE 59 ( 2) 260. ( 3.4 2 4.6)E 1 11 ( -3.4 2 4.6)E 1 ( 8.6 2 5.9)E 1

( 0)
*( 0/ 1)* *( 0/ 1)* *( 0/ 1)*

Co-60 ( 2) 130. ( -1.7 s 2.8)E 1 21 ( -1.4 s 3.7)E 1 '( 1.4 s 3.7)E 1
( 0)

*( 0/ 1)* *( 0/ 1)* *( / 1)*

ZN 65 ( 2) 260. ( 1.6 3.9)E 1 11 ( 1.6 * 3.9)E 1 ( 1.2 a 5.8)E 1

( 0)

! *( 0/ 1)* *( 0/ 1)* *( 0/ 1)*

|

2R 95 ( 2) ( 1.2 * 4.0)E 1 11 ( 1.2 2 4.0)E 1 ( 7.8 2 5.1)E 1
( 0)

*( 0/ 1)* *( 0/ 1)* *( 0/ 1)*

RU 103 ( 2) ( 1.1 * 2.2)E 1 21 ( 3.8 s 2.8)E 1 ( 3.8 2 2.8)E 1

( 0)

*( 0/ 1)* *( 0/ 1)* *( 0/ 1)*

I

NON ROUTINE REFER 3 TO THE NUMBER OF SEPARATE MEASUREMENTS WHICH WERE GREATER
'

*

THAN TEW (10) 't!MES THE AVERAGE BACKGROUND FOR THE PERIOD OF THE REPORT.

THE FRACTION OF SAMPLE ANALYSES YlELDING DETECTABLE MEASUREMENTS**

(f.E. >3 STD DEVIATIONS) IS INDICATED WITH *( )*.
-86-
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Table 2.2.14-1 (continued)
Pilgrim Nuclear Power Station

Summary of Radioactivity Analysis Results
for Forage - 1988 ;

.

J
4

UNITS: PCI/KG WET
MEDIUM: FORAGE

|

INDICATOR STAfl0NS STAfl0N WITH H! CHEST MEAN CONTROL STATIONS
i
i .................. ................. ....... ................

RADIONUCLIDES MEAN MEAN MEAN*

(NO. ANALYSES) REQUIRED RANGE STA. RANGE RANGE

(NON ROUTINE)* LLD No. DETECTED ** NO. NO. DETECTED" No. DETECTED **

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

[-
RU-106 ( 2) ( 1.2 2 1.6)E 2 11 ( 1.2 2 1.6)E 2 ( -3.0 s 2.0)E 2 ]

!
J ( 0)

*( 0/ 1)* *( 0/ 1)* *( 0/ 1)* {

1 131 ( 2) ( -8.2 s 9.6)E 1 21 ( 1.6 s 1.7)E 2 ( 1.6 s 1.7)E 2 |
'

( 0)
*( 0/ 1)* *( 0/ 1)* *( 0/ 1)*

t

.

J CS 134 ( 2) 130. ( 2.2 s 17.5)E 0 11 ( 2.2 17.5)E D ( 5.3 s 24.5)E O

( 0)
-

*( 0/ 1)* *( 0/ 1)* *( 0/ 1)*

|

' CS 137 ( 2) 130. ( 6.2 1.5)E 1 11 ( 6.2 s 1.5)E 1 ( 6.8 s 24.5)E 0

( 1)
*( 1/ 1)* *( 1/ 1)* *( 0/ 1)*

BA 140 ( 2) ( -1.1 s 0.5)E 2 21 ( 1.5 1.0)E 2, ( 1.5 s 1.0)E 2

( 0)
*( 0/ 1)* *( 0/ 1)* *( 0/ 1)*

|

CE 141 ( 2) ( 5.9 s 3.2)E .1 11 ( 5.9 s 3.2)E 1 ( 4.0 s 4.0)E 1

( 0)
*( 0/ 1)* *( 0/ 1)* *( 0/ 1)*

CE 144 ( 2) ( -1,6 0.9)E 2 21 ( 5.5 s 10.2)E 1 ( 5.5 s 10.2)E 1

( 0)
*( 0/ 1)* *( 0/ 1)* *( 0/ 1)*

TH 232 ( 2) ( 7.9 s 8.6)E 1 11 ( 7.9 s 8.6)E 1 ( 3.3 s 9.1)E 1

( 0)
*( 0/ 1)* *( 0/ 1)* *( 0/ 1)*

NON ROUTlWE REFERS TO THE NUMBER OF SEPARATE MEASUT.EMENTS WHICH WERE CREATER*

THAN TEN (10) TIMES THE AVERAGE BACKGROUND FOR THE PERIOD OF THE REPORT.

THE 1RACll0N OF SAMPLE ANALTSES YlELDING DETECTABLE MEASUREMENTS**

(I.E. >3 STD DEVIATIONS) 15 INDICATED WITH *( )*.

-87-

- _ _ _ - _ _ _ _ _ - _ _ _



__ - -- . ..

3.0 SUMMARY OF RADIOLOGICAL IMPACT ON HUMANS

3.1 DESCRIPTION OF THE RADIOLOGICAL IMPACT ON HUMANS

The radiological impact to human from the Pilgrim Station 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 disgersion and transport of radioactivity through the environ:nent to
humans.' The second method is based on actual measurements of
radioactivity in the environmental samples and on dose conversion factors
recommended by the Nuclear Regulatory Commission. The measured types and
quantities of radioactive liquid and gaseous effluents released from
Pilgrim Station during 1988 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 described in the special studies in Appendix A.

The maximuw individual dose from liquid effluents was calculated using
the following radiation exposure pathways (see Figure 1.5-1):

1) shoreline direct radiation during fishing and picnicing at the
Pilgrim Station shorefront;

2) direct radiation from the ocean during boating and swimming; and

3) ingestion of fish and shellfish.

For gr.seous effluents, the maximum individual dose was calculated using
the 411owing radiation exposure pathways:

i) direct radiation from submersion in gaseous effluents (not applicable
diring 1988);

2) inhalation of airborne radioach vity;

3) direct radiation from Pilgrim Station;

4) direct radiation from soil deposition:

5) consumption of vegetables; and

|
6) consumption of milk and meat.

3.2 RESULTS OF DOSE ASSESSMENTS

!. The results from the dose assessments based on radioactive effluents are
I compared with the federal radiation limits and natural / man-made radiation

levels in Table 3.2-1. The dose assessment data was taken from the
Annual Dose Assessment to the General Public from Radioactiga Effluents|

| ReportfortheperiodJanuary1,throughDecember31,19BB.N

f -88-
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Table 3.2-1
Pilgria Nuclear Pcwer Station

Comparison of-1988 Maximum Estimated Doses from PNPS Effluents to
Federal Dose Limits and Natural / Man-Made Radiation Levels

i

1988 1988 1988
Liquid Gaseous Total EPA NRC Natural /

Body . Dose Dose Dose * Limi t- Limit Man-made

Part (mrem) (mrem) (mrem) (mrem) (mrem) (mrem)

Total Body <0.003 <0.094 <0.097 25 500 420

Skin <0.002 <0.110 <0.112 - - -

Thyroid <0.002 <0.094 <0.096 75 - - ..

|Organ <0.004 <0.iO5 <0.109 25 - -

" Dose due to direct radiation from Pilgrim Station was not 'neluded in
total dose, as the value for near-plant measurements'was not
statistically different than that for control locations.24 ,

Two federal agencies establish dose limits to protect the public from
radiation and rad'oactivity. Tiie Nuclear Regulatory Commi:41on (NRC)
specifies k whole body dose limit of 500 mrem /yr to be received by the
maximum exposed member of the general public. This limit is set forth in
Section 105, Part 20. Title 10, of the U.S. Code of Federal Regulations
(10CFR20). By comparison, the Environmental Protection Agency (EPA)
limits 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 420 mrem /yr from such sources. -

As can be seen from the doses resulting from releases of radioactive
effluents during 1988, all values are well within the federal limits
specified by the NRC and EPA. In addition, the calculated doses from
effluents represent only a fraction of a percent of doses from natural
and man-made radiation..

A second method of dose estimation involves calculations based on
radioactivity detected in environmental media. During 1988, four special
studies were performed to determine the dose impact associated with
radionuclides detected in blue mussels, Irish moss, sediment, and soil.
These calculations are discussed in detail in Appendix A of this report.

-89-
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Internal radiation doses associated with ingestion of radioactivity in
blue mussels and Irish moss'are discussed in Part I and Part II of
Appendix A, respectively. The estimated maximum total body dose
associated with the hypothetical ingestion of blue mussels taken from the
Pilgrim Station Discharge Canal was 0.008 mrem /yr.25 A similar
calculation performed for ingestion of Irish mggs, yielded a maximum j

ihypothetical total body dose of 0.009 mrem /yr.'o
,

External radiation doses associated with radioactivity detected in
sediment and soil are discussed in Part III and Part IV of Appendix A,
respectively. The maximum total body dose associated with recreation
along the discharge canal from exposure to contaminated sediment was
0.0004 mrem /yr.d Finally, the maximum total body dose calculated from i

hypothetical exposure to radionuclides deposited on the soil surface was
3.9 mrem /yr.20

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

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

,
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APPENDIX A

SPECIAL DOSE IMPACT STUDIES i

Part I: Blue Hussels

I. Introduction

As a part of the routine radiological environmental sampling program at
PNPS, blue mussels are sampled and analyzed on a quarterly basis.
During 1988, as in previous years, samples from the outfall of the PNPS
discharge canal exhibited measurable quantities of cobalt-60. A special
study similar to that performed in 1987, was conducted wherein mussels
were taken from the inlet, middle and outlet of the discharge canal.
This special study documents the radiological analysis results as well
as the dose calculations to evaluate the radiological impact to a
hypothetical member of the general public.

II. Backaround

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

The, uptake rate can be described by the bioaccumulation factor which
indicates how many times higher the concentration in the mussel will be
than the radioactivity concentration in the watar. The biological
accumulation factors documented in the literature for cobalt-60,

units.l"g4, cesium-137andmanganese-54rangefromcesium-1 300-50,000
This filtration or concentration effect by shellfish makes

them a good indicator of radionuclides effects on the aquatic food chain
because it is possible to detect radionuclides in the edible portions,
even though the concentrations released into the discharge canal are
well within the Nuclear Regulatory Commission's 10CFR205 permissible
concentrations.

Since the present population of mussels did not release from the canal
during the past two summers due to the station outage, and because of
the lack of full dilution flow, they have been soaking and feeding in'

f water that has relatively high radioactive concentrations (but less than
NRC maximum permissible concentrations) for over two years. A
reassessment of the radiological impact was determined to be prudent.

)
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The following sectiens of' this docurent will describe:
'

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

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

3) how these levels compare with existing regulatory limits and
proposed guides or guidelines.

=III. Mussel Radioactivity Measurements and Estimated Maximum Internal Dose
From Incestion

On June 29, 1988 Boston' Edison's Company Senior Radiological
Environmental Engineer and personnel from the Massachusetts Division of ,

'

Marine Fisheries collected blue mussel samples from the Pilgrim Station
discharge canal., Representative samples were collected at the inlet,
middle and outlet of the discharge canal. The mussel bodies were !

removed from the shells to obtain approximately a half a kilogram sample
from each location. The bodies and shells were analyzed by the Yankee ;

'

Atomic Electric Co. Environmental Laboratory on July 15 - 22, 1988 (see
Exhibit I-A). All samples were couDied on a lithium drifted germanium
detector using standard procedures. W The radioactivity concentrations ;

'

reported in picocuries per kilogram (wet weight) are shown below:

Radioactivity Concentration of Blue Mussels Collected at the Inlet
Middle and Outlet of the Pilarim Station Discharae Canal

Activity Concentration Bodies Activity Concentration Shells

(oCi/ka) (DCi/ka)
Isotopes Inlet Middle Outlet Inlet Middle Outlet

Co-60 65.0 * 2.9 92.1 * 2.6 59.3 * 2.4 88.5 * 3.0 72.1 * 3.9 72.1 * 3.7

Cs-137 5.3 * 1.3 6.2 * 1.2 < MDC < MDC < MDC < MDC

< MDC indicates that the measured concentration was less than the minimum

|
detectable concentration.

I Comparison of these concentrations to the concentrations for the mussels
collected from the outfall of the discharge canal from March 1986 to

f October 1988 indicates that the present cobalt-60 concentrations for the
I mussels in the discharge canal are comparable to those observed in

mussels collected from the discharge canal outfall over the past years.

f
1
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Based on the maximum' observed concentration in the mussel bodies (i.e.,
aiddle of canal) an estimate of the maximum internal dose from the

'

ingestion of these mussels was calculated. This.was based on the i

conservative assumption that the general public would ingest mussels
that were raked from the discharge canal. The calculations were
performedinaccordanceyjththePilgrimNuclearPowerStationOff-site
Dose Calculation Manual.' The results shown in the following table
indicate-that the internal' dose from the' ingestion of mussel bodies
harvested from the Pilgrim Nuclear Power Station discharge canal would
be much less than 1 mrem /yr.

Estimated Maximum Internal Dose from Inaestion of
| Blue Mussels taken from Pilarim Station Discharae Q Ml4 |

| Organ Adult Teenager Child
(mrem /vr) (mrem /vr) (mrem /vr),

~

Total
Body 0.008 0.005 0.005

| Maximum
I Oraan (GI) 0.03 0.02 0.008

IV. Comnarison of Estimated Dose to Federal Dose Limits and Normal Radiation
Levels

Two federal agencies establish dose limits to protect the public from
|

radiation and radioactivity. The Nuclear Regulatory Commission (NRC)'

specifies a whole body dose limit of 500 mrem /yr to be received by the
maximum exposed member of the general public. This limit is set forth
in Section 105, Part 20, Title 10, of the U.S. Code of Federal
Regulations (10CFR20). By comparison, the Environmental Protection
Agency (EPA) limits 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 420 arem/yr from such sources.

When the maximum estimated total body dose of 0.008 mrem /yr was compared
to the federal dose limits, such an exposure is well within established

|

I guidelines. In addition, the maximum dose calculated was a fraction of
a percent of the radiation levels typically received each year by'

members of the general public.

V. Conclusions ,

In conclusion, the total radiological impact associated with slightly
contaminated mussels present in the Pilgrim Nuclear Power Station
discharge canal outfall is insignificant. This conclusion is based on .

the fact that' the dose resulting from ingestion of these mussels would |

E. be much less than 1 mrem /yr to the exposed individual, which is well
below federal radiation limits to the general public set forth by the
Environmental Protection Agency and the Nuclear Regulatory Commission. |

In addition, the maximum estimated dose was much less than one percent 1

of the natural / man-made radiation levels received annually by the
average American.
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Exhibit I-A

|

'

l
TV1/\ll_ EEL)

nec o nEVD AN
C' A1uS UPCATCO

Yankee Atomic Electric Company :,c_43sstec_. ,

Aus 02 s--. Envi,onme,,a, La,,,a,o,,;.,

"** #"* ** * '# ""

ENVIRON ENTALLAB. Report Dates 07/28/88
Boston Edison Company Analysis Date: 07/15/88.

Customers
Attention Ms. Christine E. Bowman Receipt Date: 07/08/88 1

'

Mr. Edward Cumming Reference Date: 06/28/88

.

Mussel bod y .__ .

Station No: 93 Inlet of Discharge Canal
G73582Lab Sample 5:

Sample Amount 0,311 Kg Sample Code PMU 93B2788
Elapsed Time: 18.9271 days Analyses Reg G

Comment: Activity i

g MDC
Conc. taDecay f Pico Curie / K11ocrem 1

Nuclide CoPrection
.

x Np-239 3.76E-03 18E-01(-33 2 61)E-02
Co-144 9.55E-01 (-42 e 46)E-01 14E 00Co-57 9.53E-01

Ce-141 6.68E-01 (-29 e 15)E-01 45E-01

8.92E-03
-

-

x Mo-99 (-16 11)E-01 34E-01
Se-75 8.9?E-01
Cr-51 6.22E-01 (-12 t 10)E 00 31E 00

12E 00
1.96E-01 (-48 1 41)E-01

I-131 ( 269 2 94)E-01 27E 00
Be-1 ( 17 t 12)E-01 33E-017.81E-01
Ru-103 7.17E-01 ----

----
3.08E-07 10E 00x I-133 (-51 2 30)E-01 ,

Be-140 3.59E-01 48E-01'

Cs-134 9.83E-01 (-20 2 13)E-01 32E 00(-8 e 10)E 00
"+ Cs-137 9.99E-01 ( 53 e 13)E-01 42E-01Ru-106 9.65E-01

51E-01
Ag-110M 9.49E-01 (-3 2 16)E-01 72E-01
Ir-95 8.17E-01 (-5 s 23)E-01 41E-01
Co-58 8.31E-01 (-20 e 13)E-01
Mn-54 9.59E-01 ( 21 s 12)E-01 37E-01

AcTh228 10.0E-01 ( 54 * 55)E-01 21E 00
i 13E 02
f' Te!-132 1.77E-02 (-47 * 41)E 01 97E-01

Fe-59 7.48E-01 (-22 e 30)E-01 99E-01
2n-65 9.48E-01 ( 41 e 29)E-01 64E-01

'
"+ Co-60 9.93E-01 ( 650 e 29)E-01
*+ K-40 10.0E-01 ( 1755 2 39)E 00 61E 00

10E 00
Sb-124 8.04E-01 (-43 2 30)E-01

f Approved by
) Notems 3 standard deviations* ' Activity greater than

Peak is found+- .01Decey correction is less than jjggjjg-x Activity exceeds reporting level9
Laure$hoE. L.

A-5
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Exhibit I-A (cont.) |

!

dF C C'O ;< E v'D A NO

s * *vs u co
tv1/\ll eel.)-

CATC:

AUG 0 9 G4.1 Yankee Atomic Electric Company mnnALS:
' ' ~~vEn v i r onn.en t a l Laboratory

YAEC:
ENVIRONMENTAL LAB.

Initial Analysis Regert
..

Customer: Boston Edison Company Report Dates C8/05/68
An eJysis Derma _0 7 / ? ' (S 'Attention: Ms. Christine E. Eowman
Receipt Date: 07/08/88Mr. Eoward Cumming Reference Date: 06/28/88

.

Mussel body

Station No: 93 Middle of Discharge Canal

Lab Sample c: G73584Sample Amounts 0.350- Kg

Elapsed Time: 18.7361 days Semple Code: PMJ 93C2788
Analyses Reg G

Comment: Activity ,

f ,

MDCDecay Conc. = a

Nuclide Correction f Pico Curie / Kilocram 1

x Np-239 3.9BE-03
Co-57 9.53E-01 (-86 t 69)E-02 21E-01 .

Co-144 9.55E-01 ( 135 x 59)E-01 19E 00

Ce-141 6.71E-01 ( 19 e 13)E-01 52E-01

x Mo-99 9.36E-03
Se-75 P 98E-01 (-31 e 13)E-01 38E-01

Cr-51 6.2SE-01 (-3 e 11)E 00 34E 00

1-131 1.99E-01 ( 49 e 44)E-01 13E 00

"+ 6e-7 7.83E-01 ( 367 = 83)E-01 21E 00

Ru-103 7.19E-01 ( 23 : 13)E-01 36E-01
*

x I-133 3.58E-07
Ba-140 3.63E-01 (-42 e 29)E-01 11E 00

Cs-134 9.63E-01 (-9 e 12)E-01 40E-01

( Ru-106 9.65E-01 (-194 2 81)E-01 75E 00

I
*+ Cs-137 9.99E-01 ( 62 e 12)E-01 35E-01

Ag-110M 9.50E-01 (-20 e 15)E-01 49E-01
'

Ir-95 8.19E-01. (-10 s 22)E-01 70E-01

Co-58 8.32E-01 (-7 1 12)E-01 38E-01

Mn-54 9.59E-01 ( 12 * 13)E-01 43E-01
+ AcTh228 10.0E-01 ( 99 * 47)E-01 17E 00

Tel-132 1.84E-02 (-36 2 38)E 01 12E 02
Fe-59 7.50E-01 (71 28)E-01 88E-01

In-65 9.48E-01 ( 38 e 28)E-01 94E-01
f *+ Co-60 9.93E-01 ( 921 2 26)E-01 59E-01
J *+ K-40 10.0E-01 ( 1674 2 31)E 00 46E 00

Sb-124 8.06E-01 (-25 e 24)E-01 81E-01

) Approved by
Notes:

Activity greater than 3 standard deviations*

Peak is f ound*

Decay correction is less than .01x

Reporting level ratios 0.000
-

A-6
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Exhibit I-A (cont.)

' " " " "MAILED , t * /.* U S U r ATCf
Yatkee Atomic Electric Com,nany . . ~ .

AUG 02 551 Environmental Laboratory }
~ ~j*

j
YAEC Initial Analysis Report

J
ENVIRONMENTAL LAS.

Customer: Boston Edison Company keport Date: 07/28/88 )
Attention: Ms. Christine E. Bowman Analysis Date: 07/15/88 ]

Mr. Edward Cumming Receipt Cate: 07/08/88 i.

|Reference Date: 06/28/88

Mussel body

Station No: 93 Outlet of Discharge Canal

Sample Amounts 0.330 Xg Lab Sample 2: G73580

Elapsed Times 19.0342 days Sample Coder PMU 93A2788
Analyses Rea: GComment:

Activity ,
,

MDCDecay Conc. ea
Nuclide Correction f Pico Curie / Kilogram I

.

x No-239 3.65E-03
Co-57 9.52E-01 ( 12 2 68)E-02 22E-01

Ce-144 9.55E-01 (-104 e 51)E-01 17E 00

Ce-141 6.66E-01 (8e 17)E-01 56E-01

5 Mo-99 8.6SE-03
Se-75 8.96E-01 (4 e 12)E-01 41E-01

Cr-51 6.21E-01 ( 9s 11)E 00 36E 00

I-131 1.94E-01 ( 46 2 45)E-01 15E 00

Ba-7 7.80E-01 ( 34 12)E 00 39E 00

Ru-103 7.15E-01 (-14 2 15)E-01 52E-01

x I-133 2.83E-07
Be-140 3.51E-01 ( 38 2 35)E-01 13E 00

Cs-134 9.83E-01 (-7 e 13)E-01 44E-01,

Ru-106 9.65E-01 (-1 e it)E 00 38E 00

Cs-137 9.99E-01 (-5 = 12)E-01 42E-01

Ag-110M 9.4SE-01 (-15 e 17)E-01 61E-01

f Ir-95 8.16E-01 ( 60 e 23)E-01 79E-01

Co-58 8.30E-01 (-16 s 13)E-01 47E-01
| Mn-54 9.59E-01 ( 20 2 12)E-01 41E-01

+ AcTh228 10.0E-01 (-44 * 46)E-01 18E 00

Tel-132 1.73E-02 (-8 2 48)E 01 17E 02

Fe-59 7.46E-01 ( 30 2 34)E-01 12E 00

In-65 9.47E-01 ( 9a 31)h-01 11E 00
=+ Co-60 9.93E-01 ( 543 e 24)E-01 67E-01
"+ K-40 10.0E-01 ( 1691 2 34)E 00 75E 00

Sb-124 0.03E-01 ( 10 e 35)E-01 13E 00
;

)

Approved by
f Notes:

) 7. Activity greater than 3 standard deviations
Peak is found*.

x Decay correction is less than .01
8 Activity exceeds reporting level [3fgjjgf g-

E.L.'Lavrdkzo

A-7

- _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - _ _ _ _ _



_ a_ m___u n. .. . . - m ..u _ _ _ _ _ .. - . _ _ _ . _ . . . .

Exhibit I-A (cont.) i
J

I
s

. w.

MAILbu PEU# "E"# #N
Yankee Atomic Electric Company- j

?',;;75 '',j[EAUG 02 E*B environmental Laboratory.

' '
|lN lALE:

YAEC initial Analvsis poport ~ ~~~~~ ~ ~~ V i

ENVIRONMENTAL LAB. Report Date: 07/28/88 ,

'

Customer: Boston Edison company Analysis Date: 07/22/88
Attention: Vs. Christine E. 8owman Receipt Date: 07/08/88.

Mr. Edward Cumming Refe^cnce Date: 06/28/88

__

|

Mussel shell
!

Station No: 93 Inlet of Discharge Canal
Lab Sample si G73581

Sample Amount s 0.947 Kg Sample Code: PMUs93E2788
Elapsed Times 24.8214 days Analyses Roon G

Comment: - Activity ,

, MDC
Cenc. *eDecay I PiCo Curie / Kilooram 1

Nuclide Correction
. ----

x Np-239. 6.61E-04
Co-57 9.38E-01 (-77 * 69)E-02 21E-01

Co-144 9.41E-01 (-7 e 50)E-01 19E 00

Co-141 5.89E-01 (-28 e 19)E-01 58E-01

x. Mo-99 2.05E-03
,' S o - 7 5 8.67E-01 (-a a 12)E-01 37E-01

Cr-51 5.37E-01 (-16 2 12)E 00 36E 00

I-131 1.18E-01 ( 95 2 69)E-01 20E 00

*+ Be-7 7.24E-01 ( 88 2 11)E 00 27E 00

Ru-103 6.46E-01 ( 9* 13)E-01 36E-01

x I-133 2.89E-09
Ba-140 2.61E-01 ( 22 * 37)E-01 13E 00

Cs-134 9.77E-01 (-15 * 13)E-01 46E-01
, ,

31E 00
Rv-106 9.54E-01 ( 50 * 99)E-01 '

Cs-137 9.98E-01 ( 18 * 11)E-01 34E-01

Ag-110M 9.34E-01 (4 * 15)E-01 48E-01

Ir-95 7.67E-01 ( 8* 22)E-01 69E-01
I

Co-58 7.84E-01 (-10 e 13)E-01 41E-01
|

Mn-54 ,.46E-01 ( 35 2 12)E-01 34E-01

+ AcTh228 10.0E-01 ( 139 * 47)E-01 16E 00

x Te!-132 5.02E-03
Fe-59 6.83E-01 ( 44 2 29)E-01 88E-01

In-65 9.32E-01 ( 35 1 27)E-01 90E-01

*+ Co-60 9.91E-01 ( 885 * 30)E-01 61E-01

*+ K-40 10.0E-01 ( 405 t 24)E 00 59E 00

Sb-124 7.51E-01 (5* 26)E-01 85E-01

Approved by
N ot es :

i AActivity greater than 3 standard deviations
Peak is f ounda

Decay correction is less than .01 df||b lisMMC-x
g

0.000 fReporting level ratio E. L. Laurenzo

A-8
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Exhibit I-A (cont.)

l
L

MAILEU nEC.onC,3 ~,
Yankee Atomic Electric Company c1 ATus y,ggygg

AUG 02 ED
Environmental Laboratory gg7c,,fgf&,

_,g ''N'N' 5:
-

initial Analvsis ReoereYAEC
EtMRONMENTAL LAB. Report Date: 07/28/88

Customer: Boston Edison Company- Analysis Date: 07/20/88
Attention:'Ms. Christine E. Bowman Receipt Date: 07/08/88.. Mr. Edward Cumming Reference Date: 06/28/88

Mussel shell

Station No: S3 Middle of Discharge Canal

Lab Sample #: G73583
Sample Amounts 0.740 Kg Sample Code: PMUs93C2188
Elapsed Timer 22.6685 days Analyses Reas G

Comment: Activity g
g MDCConc, 2 oDecay I pico Curie / Kilocram 1

Nuclide Correction
.

x .Np-239 1.25E-03
Co-57 9.44E-01 (-A 2 10)E-01 34E-01

Co-144 9.46E-01 ( 12 2 79)E-01 26E 00

Co-141 6.17E-01 (-46 2 27)E-01 91E-01

x. Mo-99 3.51E-03
'3e-75 8.78E-01 (-5 t 18)E-01 60E-01

Cr-51 5.67E-01 ( 13 17)E 00 57E 00

1-131 1.42E-01 ( 38 e 85)E-01 28E 00

** Be-7 7.44E-01 ( 56 * id)E 00 37E 00

Ru-103 6.71E-01 (-5 e 18)E-01 61E-01

x I-133 1.59E-08
Ba-140 2.93E-01 (-25 t 50)E-01 18E 00.

Cs-134 9.79E-01 (-27 2 19)E-01 67E-01
52E G0

Ru-106 9.58E-01 (-2 2 15)E 00 e

Cs-137 9.99E-01 ( 38 2 17)E-01 55E-01

Ag-110M 9.39E-01 (-B t 24)E-01 85E-01

IP-95 7.85E-01 (-37 2 34)E-01 12E 00

co-58 8.01E-01 (-9 2 18)E-01 65E-01

Mn-54 9.51E-01 ( A7 2 17)E-01 55E-01

AcTh228 10.0E-01 ( 59 2 70)E-01 26E 00

x Te!-132 7.95E-03 14C 00
Fe-59 7.06E-01 (-32 2 40)E-01
In-65 9.38E-01 (-53 2 35)E-01 13E 00

*+ Co-60 9.92E-01 ( 783 e 39)E-01 89E-01

a+ K-40 10.0E-01 ( 218 2 30)E 00 96E 00

Sb-124 7.70E-01 ( 62 37)E-01 13E 00

Approved by
Notes:Activity greater than 3 standard deviations

Peak is found
x Decay correction is less than .01 /R/W

Reporting level ratio: 0.000 - g

E. L. Laurenzo
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Exhibit I-A (cont.)'

TV1/All_E-LJ NCOD RCVO AND
!

)jcuous UFCATCO
Yan'ee Atomic Electric company

AUG 02 E50 CATC df dk E - |
n

Environmental Laboratory-

"T' A'5: I

YAEC I"4*4*1 #"*1Y'4' R'" "*

EMARONMENTAL L/ ~

Customer Boston Edison Company Report Date: 07/28/88

Attention: Ms. Christine E. Bowman Analysis Date: 07/21/88
Mr. Edward Cumming Re=eipt Date: 07/08/88,

Reference Date: 06/28/88

Mussel shell

Station No: 93 Outlet of Discharge Canal

Sample Amount 0.S58 Kg Lab Sample us G73579

Elapsed Times 23.55A9 days Sample Code: PMUs93A2788
Analyses Reg GComment: Activity g

g
MOC

Decay Conc. ea

Nuclide Correction f Pico Curie / Kilecram 1
i

x Np-239 9.61E-04
Co-57 9.42E-01 (-200 2 86)E-02 26E-01

Ce-144 9.44E-01 ( 6 72)E-01 24E 00

Ce-141 6.05E-01 ( 02 24)E-01 69E-01

x Mo-99 2.81E-03
'' 'Se-75 8.73E-01 (-31 e 15)E-01 47E-01

Cc-51 5.54E-01 (-0 e 15)E 00 44E 00

I-131 1.31E-01 (-73 z 80)E-01 242 00

Be-7 7.36E-01 ( 28 e 13)E 00 35E 00

Ru-103 6.61E-01 (-19 e 15)E-01 47E-01

x 1-133 7.88E-09
Ba-140 2.79E-01 ( 52 42)E-01 15E 00

Cs-134 9.79E-01 ( 18 s 16)E-01 55E-01
36E 00

Rv-106 9.57E-01 ( 9e 12)E 00 <

Cs-137 9.99E-01 (-8 s 13)E-01 42E-01

Ag-110M 9.37E-01 ( 6e 19)E-01 59E-01

Zr-95 7.78E-01 ( 34 2 27)E-01 81E-01

Co-58 7.94E-01 (-6 * 15)E-01 48E-01

Mn-54 9.49E-01 ( 23 e 16)E-01 51E-01

*+ AcTh228 10.0E-01 ( 270 * B5)E-01 30E 00

x Te!-132 6.58E-03

f Fe-59 6.96E-01 ( 63 34)E-01 98E-01,

In-65 9.35E-01 ( 24 2 32)E-01 11E 00

"+ Co-60 9.92E-01 ( 721 e 37)E-01 86E-01

*+ K-40 10.0E-01 ( 282 2 28)E 00 75E 00

! Sb-124 7.62E-01 (-13 2 35)E-01 12E 00

Approved by
Notes:

i , Activity greater than 3 standard deviations
*. Peak is found

Decay correction is less than .01x
A0&NRW

Reporting level ratio 0.000 j
E. L. Laurenzo

__.
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{;APPENDIX A

SPECIAL DOSE IMPACT STUDIES |

Part II: Irish Moss

I. Introduction
|

1As part of the routine environmental sampling program at PNPS, Irish moss
(algae) is sampled and analyzed on a quarterly basis. During 1988, as in
previous years, samples from the outfall of the PNPS discharge canal exhibited
measurable quantities of cobalt-60. This special study documents the dose
calculations that have been performed to evaluate the radiological impact to a
hypothetical member of the general public.

II. Backaround

Irish moss (Chondrus criscus) is a marine red algae (seaweed) that is common
to temperate waters. Irish moss is a commercially valuable resource in
western Cape Cod Bay, especially in the vicinity of PNPS. Irish moss h
harvested for over a century from the waters from Scituate to Plymouth.qs been'

This seaweed grows naturally attached to rocks, boulders, iedges, and shells I

for support, and is distributed a few feet from shore to about a mile ;

water level.yatest concentrations are usually within 20 feet below mean lowseaward. Gr I

|

Irish moss is harvested by independent fishermen (called mossers) who use
|

specially-designed long-handled rakes that scrape the moss off the rocky
surfaces on which it grows. Typically, harvesting of Irish moss in thet

Plymouth area is carried out from the end of May to September, only 7,
8,000 pounds of Irish moss was harvested in the Plymouth area in 1988.g00 to

Once harvested, the Irish moss is eventually processed into a fine white
powder called carrageenan, a starch-like extract used as an additive in foods
and other commercial products. Carrageenan serves as a food stabilizer,
th'.ckener, and gelling agent. Products containing carrageenan include:
pudding, jello, cocoa mix, chocolate milk and syrup, ice cream, non-dairy

. coffee creamer, salad dressing, milk of magnesia, air deodorizers, shampoo,
- toothpaste, and hand lotion.'

III. Radioactivity Measurements

The following table summarizes the positive results that were obtained from
Irish moss samples taken in 1988. Measurable quantities of cobalt-60 were

I observed, but no other radioactive isotopes were measured that could be
| attributed to PNPS (see Exhibit II-A).

Although there is no specific regulatory guidance relating to the permissible
concentrations of radioisotopes in Irish moss, it will be shown that, even
with conservative assumptions, projected doses to any member of the general
public from consumption of Irish moss is a small fraction of the annual dose
limit.

A-11
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1988 Irish Moss Samoles Showina Detectable Levels Of Cobalt-60

Concentration * SD (pCi/kg wet)
Station Date

Description - Collected Cobalt-60 !

Discharge 3/02/88 219 * 12
Canal Outfall

Discharge 5/11/88 65 * 10
Canal Outfall

Discharge 7/26/88 38.2 * 8.0
Canal Outfall

Discharge 10/17/88 27.8 * 7.0 .

Canal Outfall

IV. Dose Calculations |
|

NRC Regulatory Guide 1.1093 provides the methodology for projecting doses to |

the public from ingestion of aquatic foods. As discussed previously, Irish
moss is not eaten directly, but is processed and used as a food additive. A
reliable value for a usage factor (i.e., the amount of Irish moss ultimately
consumed per year) could not be found in the literature, as Irish moss is

-utilized in so many different products. As an extremely conservative
alternative, the usage-factors for "other seafood" were used (R. G. 1.109,
Table E-5).

In addition to assuming a conservative value for the usage factor, it is also
assumed that-the peak concentrations of cobalt-60 (observed in the sample
collected on 3/2/88) existed in all Irish moss that was consumed by the
hypothetical maximum exposed individual.

The results, summarized in the table below, indicate that the internal dose
from the ingestion of Irish moss harvested in the vicinity of the Pilgrim
Nuclear Power Station would be less than 1 mrem / year. This amount of internal

,
dose is not likely to cause_ any health effects, and is well below the dose

( that is normally received by naturally-occurring radionuclides (e.g.,
' potassium-40) that are present in most foods.

I
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Estimated Maximum Internal Dose from the Incestions of Irish Moss
Harvested in the Vicinity of the Pilarim Nuclear Power Station

Organ Adult Teenager Child
attem/yr) (mrem /yr) (arem/yr) ;

. Total
Body: 0.009 0.008 0.01

Maximum
Organ (GI) 0.08 0.05 0.02

V. Comoarison of Estimated Dose to Federal Dose Limits and Normal Radiation
Levels

Two federal agencies establish dose limits to protect the public from
radiation and radioactivity. The Nuclear Regulatory Commission (NRC)
specifies a whole body dose limit of 500 mrem /yr to be received by the !
maximum exposed member of the general public. This limit is set forth in !

Section 105, Part 20 Title 10, of the U.S. Code of Federal Regulations 1

.(10CFR20). By comparison, the Environmental Protection Agency (EPA)
limits 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 420 mrem /yr from such sources.

When the maximum estimated total body dose of 0.01 mrem /yr was compared to !
the federal dose limits, such an exposure is well within established

'

guidelines. In addition, the maximum dose calculated was only about one
percent of the radiation levels typically received each year by members of
the general public.

VI. Conclusions

In conclusion, the total radiological impact of slightly contaminated
Irish moss in the vicinity of Pilgrim Nuclear Power Station is

.

. insignificant. This conclusion is based on the fact that the dose
| resulting from ingestion of the Irish moss would be less than 1 mrem /yr to

the exposed individual, which is well below the regulatory limits set
forth by the Nuclear Regulatory Commission and EPA. Furtner, the
additional dose represents only a fraction of a percent of typical
background radiation doses received each year by an individual.

7

/
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MAILEU YANYIE ATOMIC ELECTRIC COMPANY pgCD r EV D AND
E"Vl* "*E"TAL '** ^^T "Y C'''' ''., u r u. c e

'0':
'^ ~~
~

*
Initial Analysis Report
"~~ " ~""" " ~~~~~~~~~" ~

~~ '~
lEfNHDt ; / MAD.

| Customer Boston Edison Company Report Date: 04/28/88 f
Attentions MS. CHRISTINE E. BOWMa,4 Analysis Date: 4 /21/88

MR. EDWARD CUKMING Date Received: 3 /28/8E:
Reference Date: 3 /22/88

Irish Moss ,

.............-----..........--

Sample Amount: 1.04 Kg. Lab Sample No.: G71624
Sample Submission Code: PALI 11 1388

Elapsed Time : 30.19 days Other Analysis Requested: None

Station No.: 11 Rocky Point-Discharge Canal Outfall
DECAY ACTIVITY

NUCLIDE CONC. +- 1 SICMA MDC
CORRECTION [ Pico Curie / Kilogram )

------....-- ....--............................----..--....................

| xNp-289 1.36E-04 ---- ----

9.26E-01 (-8 +- 31 ) E-1 100 E-1! Co-57 *

Ce-144 9.29E-01 ( 4 +- 22 ) EO 73 E O

Ce-141 5.25E-01 (-91 +- 93 ) E-1 310 E-1
---- ----xMo-99 5.38E-04

Se-75 8.40E-01 (-63 +- 51 ) E-1 170 E-1
,.

'. Cr-51 4.70E-01 (-47 +- 50 ) E o 170 E O

I -131 7.41E-02 (-3 +- 42 ) E 0 140 E O

|
Be-7 6.75E-01 ( 68 +- 44 ) E0 150 E O

|
Ru-103 5.88E-01 (-96 +- 56 ) E-1 190 E-1

xI -133 4.12E-11 --------

Ba-140 1.95E-01 ( 12 +- 10 ) E 0 35 E O

Cs-134 9.73E-01 (-21 +- 36 ) E-1 120 E-1'

| Ru-106 9.45E-01 ( 23 +- 34 ) EO 110 E O

| Cs-137 9.98E-01 ( 116 +- 4 6 ) E-1 150 E-1
.Ag-110M 9.20E-01 (-38 +- 85 ) E-1 280 E-1

Zr-95 7.25E-01 (-4 +- 10 ) EO 35 E O

Co-58 7.44E-01 (-9 +- 60 ) E-1 200 E-1

Mn-54 9.35E-01 ( 32 +- 52 ) E-1 170 E-1
AcTh228 1.00E 00 (-16 +- 19 ) E 0 71 E O

----
xTel-132 1.60E-03 ----

Fe-59 6.29E-01 ( 5 +- 17 ) EO 57 E O
Zn-65 9.18E-01 ( 15 +- 13 ) Eo 43 E O

*+ Co-60 9.89E-01 ( 219 +- 12 ) EO 24 EO -

*+ K -40 1.00E 00 ( 693 +- 19 ) E1 13 E 1

Sb-124 7.06E-01 (-4 5 +- 88 ) E-1 290 E-1
,

| Notes:
Activity greater than 3* standard deviation*)-

- + Peak is found Approved by
* x- Decay correction less than .01 .

,

|
..

~ 11.tr> C Cr- 96){.-- '
I -

D.E.McCur .

-
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|
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APPENDIX A

SPECIAL DOSE IMPACT STUDIES

Part III: Sediment

I. Ln_troduction j

As a part of the routine radiological environmental sampling program at
PNPS, sediment samples are collected along the coast on a semi-annual
basis. .During 1988, cobalt-60 was detected in a sediment sample
collected at the outfall of the Pilgrim Station discharge canal. This
special study documents the radiological analysis results as well as
dose calculations to evaluate the radiological impact to a hypothetical
member of the general public.

II. Backaround

Sediment in the vicinity of the discharge canal receives deposition of
radioactivity from Pilgrim Station liquid effluents. The jetty along
the discharge canal is a popular fishing ground used by the general
public. The estimated maximum dose from external radiation from
shoreline deposits along the discharge canal of Pilgrim Station will be
determi'ned.

III. Sediment Radioactivity Measurements and Estimated Maximum External Dose
from Shoreline Deoosits

On May 11, 1988, the Massachusetts Division of Marine Fisheries
personnel collected sediment samples from the outfall of the Pilgrim .'

Station discharge canal. The 30cm long cores were segmented into 2cm
slices and analyzed by the Yankee Atomic Electric Company Environmental
Laboratory on June 16,1988 (See Exhibit III-A). The radioactivity
concentration for cobalt-60 for the 12-14 cm segment was
11.2 2.6 pC/kg. It should be noted that cobalt-60 levels in the 0-2cm,
4-6cm and 8-10cm segments were below the minimum detectable
concentration.

Dose calculations were performed in accordance with ghe Pilgrim Nuclear
} Power Station Offsite Dose Calculation Manual (00CM)l. The observed

cobalt-60 concentration was assumed to be uniformly distributed alongI

the edge of the discharge canal to a depth of 15cm. The usage factors
for recreational activities along the discharge canal from the PNPS

|

| ODCM are: adult 12 hr/yr, teen 67 hr/yr, and child 14 hr/yr. The
results shown in the following table indicate that the external dose
from shoreline deposits of cobalt-60 at the Pilgrim Station discharge ,

I canal are insignificant.
)

Eitimated Maximum External Dose From 2Shoreline Deposits Alona Pilarim Station Discharae Canal

Adult Teen Child
Oraan (mrem /vr) (mrem /vr) (mrem /vr)
Total
Body 0.00005 0.0003 0.00006
Skin 0.00006 0.0004 0.00007

A-16
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IV. Comoarison of Estimated Dose to Federal Dese Limits and Normal
Radiation Levels

Two federal agencies establish dose limits to protect the public from
radiation and radioactivity. The Nuclear Regulatory Commission (NRC)
specifies a whole body dose limit of 500 mrem /yr to be' received by the
maximum exposed member of the general public. This limit is set forth
in Section 105, Part 20. Title 10 of the U.S. Code of Federal ;

Regulations (10CFR20). By comparison, the Environmental Protection ]
Agency (EPA) limits 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 420 mrem /yr from such sources.

When the maximum estimated total body dose of 0.0003 mrem /yr was
compared to the federal dose limits, such an exposure is well within

J

established guidelines. In addition, the maximum dose calculated was
negligible compared to the radiation levels typically received each

,

year by members of the general public.

f V. Conclusions

In conclusion, the total radiological impact of slighly contaminated
sediment in the vicinity of Pilgrim Nuclear Power Station discharge

.

canal is insignificant. This conclusion is based on the fact that the
dose resulting from external radiation from the sediment along the
discharge canal would be less than 1 mrem /yr to the exposed individual,
which is well below the regulatory limits set forth by the Nuclear
Regulatory Commission and EPA. Further, the additional dose represents
a fraction of a percent of typical background radiation doses received

| by an individual each year.
)

i
|

!
i

'

1
i

1
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Boston Edison Company, Pilgrim Nuclear Power Station, Offsite
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1..
Dose Calculation Manual, Revision 2. September 1988.
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EXHIBIT III-A

I

MCC'DfCV')AND
3 YAliKEE ATOMIC ELECTRIC COMPANY '

f*"'''"**'f
I

.
ElWIR0!!! EliTAL LABORATORY

.%I20, j f.;;, 4-/f-LF ,
Initial Analysis Report | u...m. .tp ,_ _,

.. .

t A.,.. .......................

r nyHpt.* P L t. J S.
Customer : Boston Edison Company Report Date: 06/20/68
Attention: MS. CHRISTItiE E. BOWMAN Analysis Dater ( /16/88

1:R. EDt?ARD CUMMI!1G Date Received: 5 /20/88
Reference Date: 5 /11/88

Sediment, 4th section
..............................

Sample Amount: 0.58 Fg. Lab Sample 13o.: G72661
Sample Submission Codes PSE411 2088

Elapsed Time : 37.44 days Other Analysis Requested: P

Comment: 12-14CM

Station lio.: 11 Rocky Point-Discharge Canal outfall
DECAY ACTIVITY

UUCLIDE Col 1C. +- 1 SIGMA MDC

i CORRECTI0li [ Pico Curie / Kilogram )
...........................................................................

----

xNp-239 1. DOE-05 ----

Co-57 9.09E-01 (-18 +- 19 ) E-1 63 E-1

Ce-144 9.13E-01 (-19 +- 14 ) EO 40 E O

Ce-141 4.50E-01 ( 121 +- 66 ) E-1 220 E-1
----

x!10-99 8.83E-05 ----

Se-75 8.06E-01 (-7 +- 30 ) E-1 100 E-1
Cr-51 3.92E-01 (-52 +- 37 ) EO 120 E O
I -131 3.96E-02 ( 1 +- 4 5 ) E 0 150 E O
Be-7 6.14E-01 (-5 +- 24 )EO 79 E D
Ru-103 5.1BE-01 (-1B +- 34 ) E-1 110 E-1

----

XI -133 1.32E-13 ----

Ba-140 1.32E-01 ( 2 6 +- 12 ) EO 37 E O

Cs-134 9.66E-01 (-15 +- 23 ) E-1 77 E-1

Ru-106 9.32E-01 (-14 +- 21 ) EO 70 E D
Cs-137 9.9EE-01 ( 21 +- 24 ) E-1 79 E-1

Ag-110M 9.02E-01 (-7 +- 34 ) E-1 110 I-1

EI-95 6. 71E-01 (-13 +- 57 ) E-1 190 E-1
Co-58 6.93E-01 (-11 +- 3 0 ) E-1 99 E-1
Mn-54 9.20E-01 (-54 +- 23 ) E-1 80 E-1

*+ ACTh228 1.0DE 00 ( 352 +- 12 ) EO 31 E O
----

XTeI-132 3.41E-04 ----

Fe-59 5.62E-01 (-2 +- 77 ) E-1 260 E-1
Zn-65 8.99E-01 (-66 +- 69 ) E-1 230 E-1

*+ Co-60 9.87E-01 ( 112 +- 26 ) E-1 91 E-1

*+ K -40 1.0DE 00 ( 8512 +- 86 ) E O 130 E D

Sb-124 6.50E-01 ( 94 +- 54 ) E-1 180 E-1
Notes:

Activity greater than 3* standard deviation Approved by* *

+ Peak is found *

Decay correction.less than .01x q-<

$2$$de.(2?hlY?0.

E. L. Lauren::o.

.
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APPENDIX A

SPECIAL DOSE IMPACT STUDIES

Part IV: Soil l

I. Introduction

Topsoil and soil core samples and in situ radioactivity measurements
are routinely collected at eleven locations around Pilgrim Station i

every three years. In addition to the routine surveys performed in !

1988, a number of additional off-site locations were surveyed as
followup measurements to special surveys conducted in 1987. During the
1988 surveys, cobalt-60 (Co-60), cesium-134 (Cs-134), and cesium-137
(Cs-137).were detected in soil in the vicinity of Pilgrim Scation. !

This special study describes the radiological analyses results and .
corresponding radiological impact.

II. Backaround Information

annual Radiological Environmental Monitoring
As reported in the 198'l soil containing radioactive material wasProgram (REMP) report.
transported outside of the Pilgrim Station protected area by wind
action. The most probable transport mechanisms were determined to be:

1. Hind-blown dust generated during excavation work associated with
the blackout diesel and hydrogen injection facility, Appendix R
trenchwork, and security perimeter modifications.

2. Hind-blown dust generated during unloading of soil and asphalt
from radwaste shipping boxes.

3. Hind-blown dust and siltation from the soil stored near the upper
contractor parking lot.

Special soil surveys were conducted in 1987 in response to elevated
levels of radioactivity on air particulate filters collected from
on-site sampling stations. These soil surveys indicated detectable
levels of cesium-137 (Cs-137) and cobalt-60 (Co-60) at seven on-site
locations. Although all stations surveyed in 1987 yielded detectable
levels of Cs-137, most concentrations were comparable to levels
attributable to fallout from nuclear weapons testing. Any elevated
levels of Cs-137 or detectable Co-60 concentrations observed in 1987

|

) surveys were attributed to deposition of wind-blown dust.

.

6
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III. Soil Radioactivity Measurements and Estimated Maximum External Dose
From Ground Decosition

Cesium-137 was detected at all eleven routinc survey locations and
twelve special survey locations measured in 1988.2.4 Results of these
surveys can be found in Appendix G of this report. Four of these
surveys, all on Boston Edison Company property, yielded Cs-137
concentrations greater than expected fallout levels. Cobalt-60 was
also detected at six of the locations surveyed, all of which were on i

Boston Edison Company property. None of the locations beyond Boston |

Edison Company property which were surveyed yielded detectable Co-60 or
elevated Cs-137 concentrations in 1988.

None of the air particulate samples yielded detectable activities of
Cs-137 or Co-60 during 1988, indicating that suspension and deposition
of wind-blown dust was not occurring as in previous ye s. In
addition, 1988 soil survey results were similar to those obtained in
the 1987 measurements. These two factors indicate that the Co-60 and
elevated Cs-137 levels observed in 1988 were likely to be residual
activity remaining from previous years' deposition. Since there are no
major removal mechanisms (i.e. erosion) of topsoil at the survey
locations, radionuclides activites would not be expected to change
appreciably between the surveys conducted in October of 1987 and
April-May of 1988.

The highest concentrations of both Co-60 and Cs-137 were measured at
the East Rocky Hill Road airborne sampling station, approximately 0.3
miles southeast of Pilgrim Station. This location yielded a
concentration of 2340 pCi/kg and a corresponding Co-60 concentration of
49 pCi/kg in topsoil scraped from the upper inch of the soil profile.
These levels were comparable to those measured at this location in
1987. Results of soil core analyses and jn situ radioactivity
measurements at this location yielded concentration estimates that were
considerably lower than those of the 1" topsoil sample.

A single topsoil sample collected at an off-site location in Hanomet
yielded detectable levels of cesium-134 (Cs-134). However, no Cs-134
was detected in either the soil core samples or the in situ
measurements collected at this location. Alto, no other radionuclides
(e.g. Co-60) were detected at the survey location and levels of Cs-137
were similar to fallout levels.

|

The probable source of the Cs-134 is the Chernobyl Reactor incident.
Cosium-134 was detected in vegetation samples collected at Plymouth

.

founty Farm in 1986 following the accident at the Chernobyl reactor.I The levels of 48 pCi/kg observed in pasture vegetation samples in 19861

were three times higher than the topsoil concentration of 15 pCi/kg ,

observed in Hanomet in 1988. The Cs-134 activity detected in the
single topsoil sample could be residual activity remaining from the

Any deposition of Cs-134 resulting from operationChernobyl incident.
of Pilgrim Station would be expected to be accompanied by additional
radionuclides such as Co-60, which were not detected.

A-21
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Releases of radionuclides in airborne effluents (see Appendix 8) from ,

|Pilgrim Station during 1988 were minimal due to the plant being shut '

down during the year. Although the detectable levels of Co-60, Cs-134,
and Cs-137 do not appear to be attributable to effluent releases from
Pilgrim Station operations during 1988, the associated radiological
impact to a member of the general public was assessed. The external
radiation dose resulting from the maximum observed concentrations of
these radionuclides deposited on the ground surface was determined.

Although the Cs-134 was detected at a location different than that i

which yielded the maximum Co-60 and Cs-137 levels, the observed
concer.trations were asssumed to be present at the same location. A
hypothetical individual was assumed to be exposed to the external
irradiation, or " ground shine", resulting from the surface-deposited
radionuclides. The exposure was assumed to occur for the entire year
and no shielding / attenuation of radiation was assumed to be provided by
building materials. In addition, the Cs-137 concentration was not
corrected for the amount expected to be present from nuclear weapons
testing. Doses were calculated according to methods outlined in the

4Pilgrim Station Off-site Dose Calculation Manua1. The resulting dose
are presented in the table below.

Estimated Maximum Dose From External Irradiation
From Surface Decosited Radioactivity;

Resultina External Dose (mrem /vr)
Organ Co-60 Cs-134 Cs-137 Total

Total Body 0.3 0.1 3.5 3.9

Skin 0.3 0.1 4.1 4.5

IV. Comparison of Estimated Dost to Federal Dese Limits and Normal'

Radiation Levels

|
Two federal agencies establish dose limits to protect the public from

) radiation and radioactivity. The Nuclear Regulatory Commission (NRC)
specifies a whole body dose limit of 500 mrem /yr to be received by the

This limit is set forthmaximum exposed member of the. general public.
|

|
in Section 105, Part 20, Title 10, of the U.S. Code of Federal

' Regulations (10CFR20). By comparison, the Environmental Protection
Agency (EPA) limits the annual whole body dose to 25 mrem /yr, which is ,

f
specified in Section 10, Part 190, Title 40, of the Code of Federal
Regulations (40CFR190).

A-22
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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 420 mrem /yr from such sources.

When the maximum estimated total body dose of 3.9 mrem /yr was compared
to the federal dose limits, such an. exposure was well within
established guidelines. In addition, the maximum dose calculated was
only about one percent of the radiation levels typically received each
year by members of the general public.

V. Conclusions

Detectable levels of cobalt-60 and cesium-137 were measured in soil at
a number of the locations surveyed during 1988. All of these locations
were on Boston Edison Company property and the activity levels observed I

:appeared to be residual activity remaining from deposition of '

wind-blown dust from previous years. Operations of Pilgrim Station
during 1988 did not appear to contribute additional activity.
Cesium-134 was observed at low levels in a single topsoil sample
collected at an off-site location. However, other measurements at the
same location did not detect Cs-134 or other radionuclides attributable
to Pilgrim Station operations, indicating the Cs-134 may be residual
activit,y remaining from the Chernobyl incident in 1986.

Conservative calculations of doses resulting from such nuclides
deposited on the soil surface were performed. The radiological impact
associated with the observed levels of cobalt-60, cesium-134, and
cesita-137.which could be attribted to Pilgrim Station was relatively
minor. The resulting maximum dose of 3.9 mrem /yr was well below
federally established limits and represents only a small portion of an
individual's annual radiation exposure from both natural and man-made
sources.

|
|
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EFFLUENT AND WASTE DISPOSAL SEMIANNUAL REPORT

Supplemental Informati?n

January - June 1988

Facility Pilgrim Nuclear Power Station Ucenwe DPR.35

1. Regulatory Umits
,

F ssion and setivatnin sne, 6500 mrem /yr total body and 3000 mrem /yrs.
for skin at Site Boundary

'"d '""b-
Particulaies.hatf.ines >h day) s1500 mrem /yr to any organ at Site Boundaryi

c.
d. bquid einvents: < 0.06 mrem / month for total body and 0.20 1mrem / month for any organ without Radwaste Treatment '

2. Masimum Permissible Conantration

Pnmde the MPCs used in deternuning allowable relene rates or concentrations.
Fissnin and activatum pses: 10 CFR 20a.

h. lodines- Appendia B
c. Particulate, half.hves >N days: Table !!
d. Liquid ciduents: H . 3 * I X 101 pCi/ml;au rest,10 CFR 20 Appendis 8. Table 11

3. Average Energv

Pnivide tiv averaire energy (U of the radmnuclide pusiure m scienes of fission and sciavalion gases.it appheable. E. I Me,
13(Qs x 1.84E4 + Qv x 1.8E5)$ 1

4. Measurernents and Approximations of Total Radioactivity

Pnmde the owileds used to nwasure or appmsimate the soial radioactivity m ernuents and lle netimds used to
deiernune radumuchde composiimn.

s. Fasion and aciivatism gases: c,y,

h. lodines:
g,,;,

c. Particulaies:
d. Uquid e01uents: Analyaia

5. Esteh Releases

Provide tiv l'ullowmg informaimn relating to batch releases of radioactive maierials in liquid and gaseous ernuents.

a. Uquid

I. Number of batch relesws: 78
2. Totat time penod for haich releases- 5825 min or- 97.08 hrs
3. Maimum iine penod for a baich release: 385 min or 6.42 hrs
4. Average tirne permd for baich releases: 74 min or 1.23 hrs
5. Mmimum iime penod im a batch reicase: 15 min or .25 hrs
6. Average stream flow dunng penods of release of tinuent into a Ikiwmg stream: 1.23E5 GPM

)
b Caseois (Not Applicable)

6. Abnormal Releases
,

s. Liquid - N/A
b. Gaseous - N/A

B-1
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TABLE 1 A |

EFFLUENT AND WASTE DISPOSAL SEMIANNUAL REPORT (198,8)

GASEOUS EFFLUENTS. SUMMATION OF ALL RELEASES
January - June 1988

1st Quarter 2ndQuarter Est. Total

Unit 1988 1988 Error, %
._

A. Fission and activation gases
|1. Total release Ci * * *

2. Average release rate for period uCi/sec * *

3. Percent of Technical Specification limit % * *

B. Iodines

1. Totaliodine.131 Ci NDA NDA ~40 |

2. Average release rate for period uCi/see NDA hTA

3. Percent of Technical Specification limit % - -

C. Particulate
1. Particulate with half. lives > 8 days Ci 3.52E-4 1.11E-5 30 |

2. Average release rate for period uCi/sec 4.47E-5 1.41E-6

3. Percent of Technical Specification limit % - -

4. Gross alpha radioactivity Ci 4 2.45E-7 NDA

D. Tritium
|

1. Total release Ci s.3sv_9 2_g3v_, t9

2. Average release rate for period uCi/sec 6.54E-3 4 . 5 8 F '4

3. Percent of Technical Specification limit % |
- -

i

* Plant Shutdown 1st & 2nd quarters 1988
LLD's for all isotopes listed as NDA in Section B are4 1 x 10-12uci/mi

| Section C are4 1 x 10-11uci/ml
)

Percent of Technical Specification limit in Sections C.3 and D.3 to be
Provided in the Dose Assessment supplement to the July-December Semi-

|

) Annual Report (see PNPS Technical Specificatiorfs Section 6.9.C.1 Amendment
Number 116),

,

}
!

|
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TABLE 1B

EFFLUENT AND WASTE DISPOSAL SEMIANNUAL REPORT (1988 ) j

GASEOUS EFFLUENTS - ELEVATED RELEASE
January - June 1988

.

CONTINUOUS MODE BATCH MODE |

| 1st uarter bndOuarter | Quarter | Quarter || Nuclides Released | Unit O

1. Fission gases

krypton 85 Ci NA NA NA NA

krypton 85m Ci NA NA MA PA

krypton 87 Ci NA NA NA NA

krypton 88 Ci NA MA NA NA

xenon 133 Ci NA NA NA NA

xenon 135 Ci NA MA NA NA

xenon 135m Ci NA * NA NA

xenon 138 Ci NA * NA NA

xenon 131m Ci pg * gg ga
"

xenon 137 Ci NA NA NA*

xenon 133m Ci NA * NA NA

Total for period Ci NA * NA NA

.

2. Iodines

iodine 131 Ci NDA NDA NA NA
,,,_

iodine 133 Ci NDA NDA NA NA

iodine-135 Ci NDA NDA NA NA

Total for period Ci NDA NDA NA NA

3. Particulate

'

1strontium 89 Ci NDA NDA NA VA

,
strontium 90 Ci NDA NDA NA NA

I cesium 134 Ci NDA NDA NA NA

cesium 137 Ci NnA MBA NA Ma

barium-lanthanum 140 Ci NDA NDA NA NA
|
I chromium 51 Ci NDA NDA NA NA

manganese 54 Ci NDA NDA NA NA
,

f cobalt 58 Ci NDA NDA NA NA

iron 59 Ci NDA NDA NA NA

cobalt 60 Ci 1.06E-6 1.01E-6 NA NA

zine 65 Ci NDA NDA NA NA

zirconium niobium 95 Ci NDA NDA NA NA

cerium 141 Ci NDA NDA NA NA

cerium 144 Ci NDA NDA NA NAr

ruthenium 103 Ci NDA NDA NA NA

ruthenium 106 Ci NDA NDA NA NA

B-3
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TABLE 1C

EFFLUENT AND WASTE DISPOSAL SEMI ANNUAL REPORT (1988)
GASEOUS EFFLUENTS GROUND LEVEL RELEASE

January - June 1988

CONTINUOUS MODE BATCH MODE

Nuclides Released Unit Ouener 2npuaner Quaner Quaner
ist

1. Fission gases

krypton 85 Ci NA NA ~ NA NA

krypton 85m Ci NA NA NA NA

krypton-87 Ci NA NA NA NA

krypton-88 Ci NA NA NA NA

xenon-133 Ci NA NA NA NA

xenon 135 , Ci NA NA NA NA

xenon 135m Ci NA NA NA NA

xenon 138 Ci NA NA NA NA

Total for period Ci NA NA NA NA

2. Iodines
iodine-131 Ci NDA NDA NA NA

iodine 133 Ci NDA NDA NA NA

lodine-135 Ci NDA NDA NA NA

Total for period Ci NDA NDA NA NA

i

3. Particulate|

strontium 89 Ci NDA MBA MA W

| strotalam 90 Ci NDA NDA NA NA

L cesium 134 Ci NDA NDA NA NA

cesium 137 Ci 4.22E-5 NDA NA NA

barium lanthanum-140 Ci NDA NDA NA NA

manganese 54 Ci NDA NDA NA NA

cobalt 58 Ci NDA NDA NA NA-

iron 59 Ci NDA NDA NA NA

cobalt-60 Ci 3.09E-4 1.01E-5 NA NA

zine-65 Ci NDA NDA NA NA

zirconium-niobium 95 Ci NDA NDA NA NA

cerium-141 Ci NDA NDA NA NA

ruthenium 103 Ci NDA NDA NA NA

ruthenium 106 Ci NDA NDA NA NA

LLD'S for all isotopes listed as "NDA" in section (2) are less than
1 x 10-12uci/mi and in section (3) are less than 1 x 10-11uci/mi

B-4
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TABLE 2A

EFFLUENT AND WASTE DISPOSAL SEMIANNUAL REPORT (1988)
LIQUID EFFLUENTS. SUMMATION OF ALL RELEASES

January - June 1988

1stousner 2ndouarter Est. Total
Unit 1988 1988 Error,% '

~

A. Fission and activation products
!1. Total release (not including tritium, Ci

1.14E-2 -9.74E-3 30
noble gases, or alpha)

2. Average diluted concentration uCi/ml'
,

during period 6.09E-6 1.16E-5

3. Percent of applicable limit %'

|[ B. Tritium
1. Total release Ci 2.08E-1 9.05E-2 30

2. Average diluted concentration yCi/ml
| .1.11E-4' 1.08E-4

during period
3. Percent of applicable limit %

C. Dissolved and entrained gases
|1. Total release Ci * * *

2. Average diluted concentration pCi/ml

during period
i

3. Percent of applicable limit % a:- g-
'

D. Gross alpha radioactivity
|| An1. Total release | Ci | NDA l

;
WM

|: |_
E. Volume of waste released (prior liters 1.80Et6 7.67E+5 20

l to dilution)
L

F. Volume of dilution' water used liters 1.87E+9 8.40E+8 20
during period

'' * Plant shutdown 1st and 2nd quarters 1988
LLD's for all isotopes listed as NDA in Section D are 4.1 x 10-7uci/mi
Percent of applicable limit in Sections A.3 and B.3 to be provided in the
Dose Assessment supplement to the July-December Semiannual Report (see PNPS
Technical Specifications Section 6.9.C.1 Amendment Number 116).

l

B-5
.

-si- ii . . . . . . . . . . _ _ _ . _ _ . _ _ _ . _ _ _ _ _ _ _ . _



_. . _ _ _ - _ _ _ _ _- _ _ - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

TABLE 2B

EFFLUENT AND WASTE DISPOSAL SEMIANNUAL REPORT (1988

LIQUID EFFLUENTS

January - June 1988 i

CONTINUOUS MODE BATCH MODE

Nuclides Released Unit Ouarter Quarter Quarter ouarterg

strontium 89 Ci NA NA NDA NDA I

strontium 90 Ci NA NA 3.45E-6 3.11E-6 i

cesium 134 Ci NA NA 1.52E-5 1.54E-4
cesium 137 Ci NA NA 1.20E-3 5.54E-3
iodine 131 Ci NA NA NDA NDA

I.

cobalt 58 Ci NA NA NDA NDA
cobalt 60 Ci NA NA 4.08E-3 1.52E-3
iron 59 Ci NA NA NDA NDA
zinc-65 Ci NA NA NDA NDA
manganese 54 Ci NA NA 1.91E-5 4.42E-6
chromium-51 Ci NA NA NDA NDA

zirconimim niobium 95 Ci NA NA NDA NDA
niolybdenum-99
tecnnetium-99m Ci NA NA NDA NDA

barium-lanthanum 140 Ci NA NA NDA NDA
cerium 141 Ci NA wa Sms NDA
Fe-45 tr A + r- 3.21E-4 1.60E-4
iodine 133 Ci NA,,3 ,,1 , _ , , .

cerium 144 Ci NA NA NA NA
silver 110m Ci NA NA NA NA

l

iron 55 Ci NA NA NA NA

, | unidentified | Ci | NA | | 5.74E-3 | 2.36E-3 |NA

I
Total for period (above) Ci |*

NA NA 1.14E-2 9.74E-3 I

)
xenon 133 Ci NA NA NDA Sm A

xenon 135 Ci NA NA
_

NDA NDA

LLD's for all isotopes listed as NDA are as follows: j

Sr-89 4 5 x 10-8uci/ml Fe-59 e 5 x 10-7 uci/ml ZrNb-95 < 5 x 10-7 uci/ml
I-131 < 1 x 10-6uci/ml Zn-65 < 5 x 10-7 uci/mi Mo99 Tc99m45 x 10-7 uci/mi
Co-58 < 5 x 10-7uci/ml Cr-51 < 5 x 10-7 uci/mi BaLa 140 < 5 x.10-7 uci/ml

Ce 141 < 5 x 10-7 uci/ml
B-6
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BOSTON EDISON COMPANY-

EFFLUENT AND WASTE DISPOSAL SEMIANNUAL REPORT |

' Supplemental Information

July - December 1988 ]
i Facihts Palpim Nuclear Power Stanna Ucense DPR.35 |

1

!

1, Regulator > Umits

a. Fissnin and setnanon gnes 6 500 mrem /yr total body ands 3000 mrem /yr for
skin at Site Boundary

ulaies.halfines >x d,,, ) 61500 mrem /yr to any organ at Site Boundary .{P.

d. Louid enluenir ) 4.0.06 mrem / month for total body and40.20 1

b
2. Masimum Permissible Concenirstion

i

Piovide the MK's used in deternuning all.imable relene cases oi concentrations.
a. F asain and activanon gases: 10 CFR 20

b. lodmes: Appendia B

r. Particulaies. half hves >A dJyV
H-3 = 3X10 Jetils 11$.aci/ml; entrained gases =2X10 44 1/ml;d bquid einuents
and all other nuclides MPC ,from 10 CFR 20, Appendix B,

1 Averste Enersy Table II.

Psovide ilw average energy lEl ut ilw radamu.clide nuume m scienes oi ihu.mi and aci6vanon pasen.nl apphenble. E. I Me,

' Not Applicable
4. Menurements and Approximations of Total Radionetivity

| Pomde the owilmids used to menor os appmumane she total radnuenvi 3 in etnuents and the nwtlumis uad to
deiernune radamuchde compnsnion.

a. Fasam and activation pases: c,i,,i

h. lodmes: and scintillation detection3,,,,;,

i c. Parneulaies:
Analnisd. Uquid einuenis:

$. Batch Releases

Piovide ilw following infornuimo relaung to batch relenen ut radmuetive maierials in hquid and gaseous eInuents.

a. UquiJ

L Number nf batch relenes- 97
:. Toiai nme penod for haici, reienes- 4545 min or 75.75 hrs
.t . Maumum nnw penod for a baich reicase. 125 min or 2.08 hrs
A. Average time period Mr batch releases. 47 min or 0.78 hrs
5. Minimum time pen.u' foi a batch seicase- 10 min or 0.17 hrs

Average stream f)om dunng penods ul release of efilueni mio a ikiwing stream: 1.55E5 GPMb.

b. Caseous (Not Applica ble)

|
'

6. Abnormal Releases

a. Liquid - N/A
b. Gaseous - N/A

B-7
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Pilgrim Nuclear Power Station

TABLE 1 A

EFFLUENT AND WASTE DISPOSAL SEMI ANNUAL REPORT (1988)
GASEOUS EFFLUENTS SUMMATION OF ALL RELEASES

i

Quarter Quarter Est. Total
rd th Error, %Unit 3 4

:
A. Fission and activation rases ,J1. Total release Ci -* * *

2. Average release rate for period uCi/sec * * 1

~!
3. Percent of Technical Specification limit % * *

* 4

B. lodines

1. Totaliodine 131 Ci NDA NDA '40 |

2. Average release rate for period yCi/sec NDA NDA

3. Percent of Technical Specification limit % --- ---

'

C. Particulate
1. Particulate with half lives > 8 days Ci NDA 7.28 E-6 30 |

2. Average release rate for period pCi/see NDA 9.25 E-7
|3. Percent of Technical Specification limit % ------

'

4. Gross alpha radioactivity Ci NDA NDA..

O. Tritium -

L 1. Total release Ci 3.78E-2 3.48 E-2 42 |'

2. Average release rate for period uCi/see 4.80E-3 4.42 E-3
3. Percent of Technical Specification limit % --- ---

* Plant not operating 3rd and most of 4th quarter, 1988.

.NDA - No detectable activity at or above the lower limit of detection (LLD).
< 1X10'I uCi/ml.LLD's for all isotopes listed in section B are

~

section C are < 1X10 uCi/ml.

Percent of Technical Specification limit in Section C.3 and D.3 to be provided

f
in the Dose Assessment supplement to the July-December Semi-Annual
Report to be issued prior to April 1,1989.

L
L

! B-8
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'PILCRIM NUCLEAR POWER STATION
TABLE 1B ~

EFFLUENT AND WASTE DISPOSAL SEMIANNUAL REPORT (1988 )
GASEOUS EFFLUENTS - ELEVATED RELEASE

i

CONTINUOUS MODE S ATCH MOOE

| Nuctedes Released | Unit |3rd Ouann |4,pousner | 3rd39aner |4th Ouanu -|

|

'

1. Finion gues

* * N /A N/Akrypton 85 Ci.
N/A N/A ,

krypton 85m Ci * *

N/A N/A
krypton 67 Ci e *

* N/A N/A >

krypton 88 Ci *
^

* * N/A N /A
xenon 433 Ci

xenon 435 Ci * * N/A N/A

xenon 135m ' Ci * * N /A N/A
* N/A N/A

xenon 138 . Cl *
* N/A N/A

xenon 431m Ci e
* N/A N/A

xenon 137 Ci *'

xenon 433m Ci * * N /A N/A
* N/A N/A

Total for period Ci *

'

*

2. lodines - Planti not operating 3rd quarter and most of 4th quarter of 1988,

f NDA N/A N/A'

iodine 431 Ci NDA
N/A N/A

iodine 433 Ci NDA NBA

iodine 435 Ci NDA WDA N/A N/A

N/A N/A
Total ior period Cl NDA l NBA

3. Particulate
,

N/A N/A
s*contium 89 Ci | NDA | NDA

N/A N/A
strontium 90 Ci NDA I WM

N/A N/A
cesium 434 Ci l NDA | NDA

N/A N/A| NBAcesium 437 Ci ! NDA

barium lanthanum 440 Ci i NDA | NDA N/A~ N/A

chromium 51 Ci NDA I NDA N/A N/A

manganese 54 Ci NDA | NDA N/A N/A

cobalt 56 Ci NDA | NDA N/A N/A

iron 59 Ci i NDA I WDA N/A N/A

cobalt 60 Ci l NDA | NDA N/A N/A
j. . Ci NDA i NDA N/A N/A

sine 65
) N/A N/A

zirconium niobium 95 Ci NDA NDA
N/A N/A

cerium 441 | Ci NDA NBA'

N/A N/A
cerium 444 Ci NDA NDA

ruthenium 403 Ci | NDA | NDA N/A N/A

ruthenium 106 Ci | NDA I NDA ( N/A I N/A
.

LLD's for 211 isotopes listed as NDA in Section (2) are < IX10-12 uCi/mi.-

Section (3) are < 1X10-II u C1/ml.

B-9 g

. . . . , , . .. . .

. .. .. . . _ . . _ .



- -.n.- - - . --

.

|

I

1

PILGRIM NUCLEAR POWER STATION
TABLE 1C

EFFLUENT AND WASTE DISPOSAL SEMIANNUAL REPORT (1988)
GASEOUS EFFLUENTS GROUND LEVEL RELEASE

CONTINUOUS MODE BATCH MODE
,

Ouaner Ousner
Nuclides Released Unit 3rd Quarter 4tpuaner. trh 3,h

!

1. Fission gases

krypton 85 Ci * * - N/A N/A j

krypton 85m Ci * * N/A N/A
N/A N/A |krypton 87 Ci * *

krypton 88 Ci * * N/A N/A |

xenon 133 Ci * * N/A N/A

xenon 135 Ci * * N/A N/A

xenon 13'5m Ci -* * N/A N/A-

. xenon 138 Ci * * N/A N/A

Total for period Ci * *- N/A N/A

' * Plant not' operating 3rd quarter and most of 4th quarter of 1988.
2. Iodinesp

i iodine 131 Ci NDA NDA N/A N/A

iodine-133 Ci NDA NDA N/A N/A

N/A N/A
iodine-135 Ci NDA NDA

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

3. Particulate
strontium-89 Ci NDA NDA N/A N/A

strontium 90 Ci NDA NDA N/A N /A
'

cesium 134 Ci hTA NDA N/A N/A
/A N/A

cesium 137 Ci NDA 7.28E-6 _.,

barium lanthanum 140 Ci NDA NDA N/A N/A

mangane.<e 54 Ci NDA NDA N/A N/A

cobalt 58 Ci NDA NDA N/A- N/A

iron 59 Ci NDA NDA N/A N/A
|

cobalt 60 Ci NDA NDA N/A N /A'

'zine 65 Ci NDA NDA N/A N/A
c.

zirconium niobium 95 Ci NDA NDA N/A N/A

cerium 141 Ci NDA NDA N/A N/A

ruthenium 103 Ci NDA NDA N/A N/A

- ruthenium 106 Ci NDA NDA N /A N /A

LLD's for all isotopes listed as NDA in Section (2) are < 1X10-12 uCi/ml.

and in Section (3) are < IX10-Il u C1/ml.

B-10
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P1LGRIM NUCLEAR POWER STATION
TABLE 2A

EFFLUENT AND WASTE DISPOSAL SEMIANNUAL REPORT (1988)
LIQUID EFFLUENTS . SUMMATION OF ALL RELEASES

.

Quarter Quarter Est. T otal
Error . %Unit 3rd 4th

A. Fission and activation products
1. Total release (not including tritium, Ci

.1.27E-2 1.81E-3 30
noble gases, or alphal

2. Average diluted concentration uCi/ml
7.46E-9 1.86E-9

- during period
3. Percent of applicable limit Fe ___ ___

B. Tritium
1. Total release Ci 1.72E-1 1.02E-1 30

2. Average diluted concentration pCi/ml
-~

* *

during period
3. Percent of applicable limit 9c --- ---

C. Dissolved and entrained gases
|I *'

1. Total release | Ci * *

2. Average diluted concentration pCi/ml
, ,

during penod
,

3. Percent of applicable limit fe * *

D. Gross alpha radioactivity

| 1. Total release | Ci | NDA l NDA | 40 |

'
E. Volume of waste released (prior liters 1.43E6 7.71ES 20

to dilution)

F. Volume of dilution water used liters 1.70E9 9.70E8 20

during period

* Plant not operating 3rd quarter and most of 4th quarter 1988.
NDA - no detectable activity at or above the lower limit of d tection (LLD).;

~9|

LLD's for all isotopes listed as NDA in Section D are ( 1X10 uCi/ml.

Percent of applicable limit in Sections A.3 and B.3 to be provided in the
| Dose Assessment supplement to the July-December Semiannual Report to be issued
)

prior to April 1, 1989.

B-11
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PILGRIM NUCLEAR P0k'ER STATION

TABLE 2B
3

EFFLUENT AND WASTE DISPOSAL SEMIANNUAL REPORT (1988) {
|

LtOUID EFFLUENTS

.

CONTINUOUS MODE BATCH MODE
.

Nuchdes Released Unit Oua5er Quaft r Charfer Ou!ker

strontium 89 Ci N/A N/A NDA NDA

strontium 90 Ci N/A N/A 4.27E-6 3.64E-6
cesium 134 Ci N/A N/A 2.09E-4 1.76E-7
cesium 137 Ci N/A N/A 8.90E-3 2.59E-4
iodine-131 Ci N/A N/A NDA NDA

cobalt 58 Ci N/A N/A NDA NDA

cobalt 60 Ci N/A N/A 2.18E-3 1.04E-3
iron 59 Ci N/A N/A NDA NDA

Zinc-65 Ci N/A N/A NDA NDA

manganese 54 Ci N/A N/A 9.36E-5 2.02E-5

chromium 51 Ci N/A N/A NDA NDA

zirconimtire niobium-95 Ci N/A N/A NDA NDA

m'olybdentm-9 f.-
N/A N/A NDA NDA

tecnnetium-99m C-

barium lanthanum 140 Ci N/A N/A NDA NDA

cerium 141 Ci N/A N/A NDA NDA

| I |

cerium.144 Ci N/A N/A NDA NDA

iron 55 Ci N/A N/A 1.29E-3 | 4.89E-4
,

| unidentified | Ci | N/A | N /A | )

Total for period (above) Ci N/A N/A 1.27E-2 1.81E-3

xenon.133 Ci N/A N/A NDA NDA

Ci N/A N/A NDA NDAxenon 135 |
_

L}D's for all isotopes listed as NDA are as follows:

Fe-59<5x10j#
uCi/ml ZrNb-95 4 5 x 10- uCi/mlBuC1/mi

Sr-89<5x10juC1/mi Zn-65 < 5 x 10- uCi/mi Mo99/Tc99m < 5 x 10- uC1/mlI-131 < 1 x 10-
Co-58 < 5 x 10 vCi/ml Cr-51 < 5 x 10- uC1/ml Bata-140 < 5 x 10- uCi/ml
Xe-133< 1 x 10-3uci/mi Xe-135 < 1 x 10-5uC1/ml Cc-141

4 5 x 10 } uCi/ml< 5 x 10--
uC1/miCe-144

B-12
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APPENDIX C

RADIOLOGICAL ENVIRONMENTAL TECHNICAL SPECIFICATIONS
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0PERATIONAL OBJECTIVES SURVEILLANCE REQUIREMENTS
~

7.0 RADIOLOGICAL ENVIRONMENTAL 8.0 RADIOLOGICAL ENVIRONMENTAL
MONITORING PROGRAM MON] TOR]NG PROGRAM

i

7.1 Monitorino Program 8.1 Monitoring Procram

'

ADDticability: Specification:

At.all times. A. ENVIRONMENTAL MONITORING

jge'cification: The radiological environmental
monitoring samples shall be

A. ENVIRONMENTAL MONITORING collected pursuant to Table 8.1-1
from the specific locations given

An environmental monitor.ing program in the table and figure (s) in the
shall be conducted to evaluate the Offsite Dose Calculation Manual
effects of' station operation on the (ODCM) and shall be analyzed
environs and to verify the pursuant to the requirements of
effectiveness ~of the source Table 8.1-1 and the detection
controls on radioactive materials. capabilities required by Table

8.1-4.
The radiological environmental .

monitoring program shall be 1. Cumulative dose contributions
conducted as specified in Table for the current calendar year

from radion'clides detected8.1-1. u
in environmental samples

Action: shall be cetermined.in
.

.

accordance with the,
1. With the radiological methodology and parameters in

environmental monitoring program the ODCM. These results will
not being conducted as specified be reported in the Annual
in Table 8.1-1, prepare and Radiological Environmental
submit to the Commission, in the Monitoring Report.
Annual Radiological
Environmental Monitoring Report
required by Specification
6.9.C.2, a description of the
reasons for not conducting the
program as required and the
plans for preventing a
recurrence.

2. With the level of radioactivity
as the' result of plant effluents
in an environmental sampling
medium at a specified location

i exceeding the reporting levels
of Table 7.1-1 when averaged

i over any calendar quarter, ,_

| prepare and submit to the
Commission.within 30 days, a''

special report that identifies
the cause(s) for exceeding the
limit (s) and defines the
corrective actions to be taken

Amendment No. 89

.

C-1"
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OPERATIONAL OBJECTIVES SURVEILLANCE REQUIREMENTS

7.1.A ENVIRONMENTAL MONITORING .

(Continued) -

to reduce radioactive effluents
so that the potential annual
dose to a member of the public .

iis less than the calendar year'.

limits of Specifications 7.2
7.3, and 7.4 When more than
one of the radionuclides in
Table 7.1-1 are detected in the
sampling medium, this report
shall be submitted if:

concentration (1) + concentration (2) +
reporting level (1) reporting leval (1)

-> 1.0 |...

When radionuclides other than
those in Table 7.1-1 are
detected and are the result of
plant effluents, this report
shall be submitted if the
potential annual dose to a
member of the public is equal
to or greater than the calendar
year limits of Specifications
7.2, 7.3, and 7.4. This report
is not required if the measured <,

1evel.of radioactivity was not
the result of plant effluents;
however, in such an event..the
condition shall be. reported and

- described in the Annual
Radiological Environmental

,

Monitoring Report.

3. With milk or fresh leafy
vegetable samples unavailable
from one or more of the sample

i

j locations required by Table
8.1-1, identify locations for
obtaining replacement samples
and add them to the
Radiological Environmental
Monitoring Program within 30
days. The specific locationst

f from which samples were
' unavailable may then be deleted

from the monitoring program.

Amendment No. 89
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. OPERATIONAL ~ OBJECTIVES SURVEILLANCE REQUIREMENTS )
-

7.1.A ENVIRONMENTAL MONITORING-
-(Continued)

Pursuant to Specification
6.9.C.2. Identify the cause of
the unavailability of samples- |

and identify the new - -
.

location (s) obtaining !

replacement samples in.the next |
!

Annual Environmental Radiation-
Monitoring Report and also 4

include in the report the table 1

for..the ODCM reflecting the new
. location (s).

B. LAND USE CENSUS B. LAND USE CENSUS

A land use census shall be The land use census shall be
conducted and shall identify, conducted during the growing
within a distance of 8 km (5 season, at least once per 12
miles), the location in each of months using that information that
the 16 meteorological sectors of will provide the best results,
the nearest milk animal, the such as by a door-to-door survey,
nearest residence and the nearest aerial survey, or by consulting
garden of greater'than 50 m* local agriculture authorities.
(500 ft') producing broad leaf The results of the land use census
vegetation. (For elevated shall be included in the Annual
releases as defined in Regulatory' Radiological Environmental
Guide l.111, Revision 1, July Monitoring Report.
1977, the land use census shall
also identify, within a distance Broad leaf vegetation sampling of
of 5 km (3 miles). the locations at least three different kinds of

_

L in each of the 16 meteorological vegetation may be performed at the
'

sectors of all milk animals and site boundary in each of the two
all gardens of greater than 50 different direction sectors with
F producing broad leaf the highest predicted D/Qs, in

| vegetation. lieu of the garden census.
Specifications for broad leaf

Action vegetation sampling in Table 8.1-1
|; shall be followed, including,

) 1. Nlth a land use census analysis of control samples.
Identifying a location (s) that .

yields a calculated dose or
dose commitment greater than
the values currently being
calculated in Specification
8.4.A. identify the new
location (s) in the next Annual
Environmental Radiological
Monitoring Report.

Amendment No. E,9
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OPERATIONAL OBJECTIVES SURVEILLANCE REQUIREMENTS
!

7.1.8 LAND USE CENSUS (Continued) -

2. With a land use census
identifying a location (s) that
yields a calculated dose or

|

dose commitment (via the same |
exposure pathway) 20 percent

jgreater than at a location from '

which samples are currently
being obtained in accordance
with Specification 7.1, add the
new location (s) to the
Radiological Environmental
Monitoring Program within 30
days. The sampling
location (s), excluding the
control station location,
having the lowest calculated
dose or dose commitment (s), via
the same exposure pathway, may
be deleted from this monitoring
program after October 31 of the
year in which this land use
census was conducted. Identify
the new location (s) in the next
Annual Environmental*

Radiological Monitoring Report
and also include in the report
a revised figure (s) and table
for the ODCM reflecting the new
location (s).

7.2 Dose - Liouids
'

8.2 Dose - Lioulds

Applicability: Specification:

At all times. A. Dose Calculations - Cumulative
dose contributions from liquid

Specification: effluents shall be determined in
accordance with the ODCM for each

A. The dose or dose commitment to a calendar month during which
member of the public from releases occurred.
radioactive materials in liquid
effluents released at and beyond
the site boundary shall be limited:

1. During any calendar quarter to
1 1.5 mrem to the total body
and to I 5 mrem to any organ,
and

2. During any calendar year to 1 3
mrem to the total body and to 1
10 mrem to any organ.

Amendment No. 89
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OPERATIONAL OBSECTIVES SURVEILLANCE RE0V!REMENTS

7.2 Dose - Lioulds (Continued)
.

Action

Nith the calculated dose from the
release of radioactive materials in

|. liquid effluents exceeding any of jthe above limits, prepare and submit
to the Commission within 30 days, a
special report that identifies the

cause(s), corrective actions taken,
and corrective actions to be taken.

7.3 Dose - Noble Gases 8.3 Dose - Noble Gases

Applicability: Specification:

At all times. A. Dose Calculations - Cumulative
cose contributions for the total

Specification: time period shall be determined-

in accordance with the ODCM for
A. The air dose in areas at and beyond each calendar month during which

the site boundary due to noble gases releases occurred.
released in gaseous effluents shall
be limited to the following:

1. During any calendar quarter, to
1 5 mrad for gamma radiation and
i 10 mrad for beta radiation; and

2. During any calendar year, to 1
10 mrad for gamma radiation and
120 mrad for beta radiation.

Action

Nith the calculated air dose from
radioactive noble gases in gaseous
effluents exceeding any of the above
limits, prepare and submit to the
Commission within 30 days, a special
report which identifies the
cause(s), the corrective actions
taken, and corrective actions to be
taken.

Amendment No. 89
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OPERATIONAL OBJECTIVES $ SURVEILLANCE RE001REMENTS

7.4 ' Dose - Iodine-131'. Iodine-133. 8.4 Dose - Iodine-131. Iodine-133,
Radioactive Material in Radioactive Material in-Particulate Form, and Tritium Particulate Form. and Tritium

ADD 11cability:- Specification: "

At all times A. Dose Calculations - Cumulative
dose contributions for.the totalSpecification: time period shall be determined
for todine-131. todine-133.A. The dose to a member of the public radioactive material infrom todine-13), iodine-133, particulate form with half-lives*

radioactive materials in greater than 8 days, and tritium
particulate form with half-lives in accordance with the ODCM forgreater'than.8 days, and tritium each calendar month during which
in gaseous effluents released to releases occurred.
areas at and beyond the site
boundary'shall be limited to the
following:

1. During any calendar quarter to
1 7.5 mrem to any organ, and

2. During any calendar. year to
's 15 mrem to any organ.;.

Action

With the calculated dose from the
release of iodine-131, iodine-133,
radioactive' materials in
particulate form, and tritium in'

gaseous effluents exceeding any of
the above limits; prepare and -

submit to the Commission within 30
days, a special report which
identifies the cause(s),
corrective actions taken, and the

| corrective actions to be taken.

.7.5 Total Dose 8.5 Total Dose,

[ AnD11cability: Specification:
'

At all times. A. Dose Calculations - Cumulative
L dose contributions from 11guld

' Specification: and gaseous effluents shall be
determined in accordance with

A. The dose or dose commitment to any Specifications 7.2;A, 7.3.A.'and
member of the public from Pilgrim 7.4.A; and in accordance with the
Station sources is limited to 1 25 ODCM.
arem to the total body or any
organ (except the thyroid, which

Amendment No. 89
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OPERATIONAL OBJECTIVES SURVEILLANCE REQUIREMENTS

7c5 Total Dose (Continued) .

'is limited to 5 75 mrem) over a
period of any calendar year. *

Action

'With the calculated dose from the
release of radioactive materials
in liquid or gaseous effluents
exceeding twice the limits of
Specifications 7.2.A. 7.3.A. or
7.4.A; prepare and submit a
special report to the Commission
and limit the subsequent releases
such that the dose or, dose
commitment to any member of the
public from all uranium fuel cycle
sources is limited to < 25 arem to
the total body or any organ
(except thyroid, which is limited
to 5.75 mrem) over any calendar
year. This special report shall
include.an analysis which
demonstrates that radiation
exposures to all M mbers of the

public from all uranium fuel cycle
sources (including all effluent
pathways and direct radiation)'are
less than the.40 CFR, Part 190;

' - standard. Otherwise, obtain a-

variance from the Commission to
permit releases which exceed the

,

1 40 CFR, Part 190 standard.

i

L

|
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c-7

__-



)
t

seew 8
.

-

-
l

b c.
ag
tk '0 '0 '0 .

e/ 1 1 1 _
gi

.

_

ec x x x _
Vp _

_
( 1 1 2

_

_

S .

_

E
_

L
_

_

P _M
A

.S .

) '
0L 1

A k/ 1
_T l 1 3 0 0

C 6 7 xN i

E Mp
M ( 3
N
O
R
I -V
N
E

)
N t
I e

w * * *
S 0 0 0 '0 '0 '0 '0
N , 1 1 1 1 1 1 1

O hg
I sk x x x x x x x
T s i /

A l F1 3 1 3 1 2 1 2
R e C1
T v p
N e (

1
E ls
C7 N g

E O n
L C i

tB Y rA T oT_I p
V e
I R e
T t)
C a 'MA l

0 u/
I c1
D iC

. t pA
R r(

9a
0 0R Ps

O e 0 1 2
F es

na
S rG
L o
E br
V ro
E i

L A

G
N
I

_
T

_ R
_ O

P
E
R

- rL 0 '0 '0 '0 '0 'O '0 '0) *

'fe/ 1 1 1 1 1 1 1

tl 2 0 0
aC x x x x x x x 3 5 x 9

Mp 8
( 2 1 4 1 3 3 4 2

_

-
.

o
N
t

s n

-
et

s 4 7 0 m
y 4 9 8 0 5 5 1 3 3 4 d

nl 5 5 5 6 6 9 3 1 1 1

a 3 - - - - - - 1 - - - e
n - n e o o n r - s s a m
A N M F C C Z Z I C C B A

-

-

-



1j 1
;' jtj ,!!I i

r
o

r f yye 1 ,3
tt ) 3 l y-
if n 1 r l N*'yva o - e h y
i i 1 t a t rl 9
t e t r v nor -

y cr r a r of e C
c ao a 'c o u u m t *c

o m 'en oi f q s er -

es i g l p t a
'c i u 'cut drn o y e e ,

sqqs aoa yt l r r i i

ey r h bo k u u po p
rl sc ( s e s s ops o
Fa ar I e o o t mi t

n t ur e w p p oos o
_

dA eoe t a x x scy s _

_m e e en bht I l I _i

sm z da __
af l

o sti oa y a a ann a _

_

e sif pg l m m maa m _.
p o m a m m m m _

y r o n a a a a
T G C A G G G G

M
A y
R lG kO eR e e
P r h w t

e t aG v i n mN o wo i )
I y - i e x s
R c g et t olO n n r c i e e ra
T e i t e s l l pv
I o p p prdu l 1 l
N nq p pl p m m aeO ae m mo m a a t
N r a ac o s s t n

gF s s c aiL n k r b b (
A i n se se s a a h
T ue ut y uer r ytph ow os

lN l y ol g g l n
1 E mt u ui r l up roM ac ne nn e l nmy y em1 N i a t a ial l t -nSe i

.O l t o t c r u t sk k r3
8R l n n a n n c c a

_I o o o u n o e e u
EV
LN C C C Q A C N N Q
BE
A
TL

A
C
I

G
O
L
O
I eD ) s n
A r oeR do tc

n e e e e nH l s
L ar e e e e a * l g
A e l ) a nt o S) S) S) SDN ( ht a ) i f ist ( 2 ( 2 ( 2O sic - - - - ci n dl m t tK
I nDa s1 s1 s1 s1 ah a nmt u n
T eW C o n8 o yi r *n . nnoe n .. .
A inR o8 o8 o8 o8 B/ P 7. i aoo d
R i i i i a e o7 eBPt o i

E aim t e t e t e t e hi g t1 P - g h e
P ct o al al al al tl r t - N r yt t l

O ocr cb cb cb cb ui a eE rN areurf

_

Lef oa oa oa oa oth h l SeN h umooh
.

r LT LT LT LT msc c t( d( cbombs.

.

_ i yi a s r w sx nyrr
D 1 1 1 0 l re i a o iual aa
( 1 1 1 4 PPB D B P DDHPHM

-
9

_ 8
_ y _
_
_ ae * s
-

-

tT s

lwp
%

es .h y sa o
a e e a s N
Pe t n EH us)

-
N hmge t'

l a y i

ep E l l d R e s ol n
i ,h b erm N u r o ' Oc C

l T Ba I f saa mua R c e
i t o C Rf T l mul dsS O

o B t r i E E r A l a qi n
mpr R r a d R T u U el a

- x o I a u a I AS Q h crv
E A P Q R D N( A S( oa A

-
.

"

i



1

.

.

-

s -

e 0
l e 1
p -l

m b coa i

/
is d

_d e _'y ns n al _
- _rl n _c on o 8

's ,a o _n o - _

es _

'c t 'c n 'c 'c .

i
s ' .

ui
qs i coi r i i. ey po pi p i s i

py prl op ot o ol oFa t t r t'. _t a tn oe oo o on odA sl sp sn ib I I sa ss
M af I I n -ei

e oA o ad al a an alme mb m mi mtR e
G p mi m md mr

.

.

O y a ad a ao ao .R T G Ge G Gl Gp -P
-

-
- G -

- N s
I p
R u

* O ro
T ar
I l Gr eN u o p rO crf u a) M n io o

d y o tf n r e

'
sseL c s r o , g

uA n a l ia) spea'Vh gaw tnT e e nmr siN du s l eI c
iie etE nq n nbs a

nM ae r o ea de rnh v
oN r e s hl nn uat r

d o aCO gF p a wiiar y n h. ( R n e ( a o l yein s s v ,I f l
,

I
l h e fo e ya' I al1 V h wr o- N pi m r l II y umt t ue rsI l ni

.E ac t p ee sl n odsl m
1 nst y e
8L Se tidpa a moahl r e rcnuu iA l iipt tl u c aeaon m mr nEC
LI o o n up rn e eeno tBG C F O QsIGa S
AO Spom A
TL

O
I

D
A
R e e ,) g g

mL e r r rA c a a aN n h h F e g )O ar c c o 9it o s s r yb B 6m *
l

I
T st i i o h t a* * ) B )A sic d d b ct nl ) )R nDa tir an uil mi n m . 8. g mlE oe f f t ayei oamrm.inR o o nH aBod Cv a d2 oiP

t o * * i o 6.R - B7O B Pi a5.F1aim yt e yt e oh h e h
P S 1

ct o t nr t nr Pt yttl t n3n - t - tEtW
2 2t/ .-ocr iio iio uruef ue - aH eEeSSNL ef noh noh youomh ohNmN mSl S Wr ips ips k mb mos mw( t( o( t( e(i c f c f cyx ynr yD n r nii f i f ol ul aa l h a a i( V O V O RPDPMM P W M B P

_

y _ 9
ae 8
wp
h y
tT )

.

a l o
P e a s N.

i

s el

ep Nr i ttrm r Ot r nn I sua e e T e e m
r e

sS t m S r b do s h i E r k n n~
pr b s d Ge l

- xo o a ei e NTE L F S
i r mI ( M C A

I
|l | !



! ! ) !

.

.

-1
1

_

-
Ce

_
l _

b _

_i
_

d _

_e .

_
_y n _

_c o _

n
.

_

es ' 'cui c
qs i i

ey p p
rl o o
F a t t

M n o o
A dA ss s
R n n II

G ar o
O o ai a
R e mt m
P p r my ao a

T _ Gp GG _

N
I

R
O
T
I

N y
O c

) M n t

d e s
d u eeL

vA nq v
nT ae r

N r aI

tE gF h
nM n

n fioN o olCO
( R pi y

mt e lI

1 V ac m l

- N S e i a
l t u1 .E l n

8L o t n
A C A A

EC
LI
BG
AD
TE

O
I

D m m)A
R e r r

c a a
L n F F
A ar m

t o y r yN
st t* a t" *O si c n) F* n) )I

T nDa ul ) ul mi
A oe omrl omrmnR C em C aiR t o 5. t 5. F 1E
P aim h a0 h 2
O ct o t3w2 t 3 n -ocr ue - u - aHL ef o N gH oHmMr m( d( m( t (yi yi i

D l r l h( P B P W

s
ne
ely _ eb 9ae ra 8wp gt

h y e
tT dg .

a ne e o
P e av g N

l aep sy r t
rm uF o n
ua oa F e
sS r e mo el r dpr b e n
s o u e e

E T B m
A

i



_ _ _ _ _ _ _ _ _ _ _ - _ - - _ _ _ _ - _ _ _ _ _-_ ____ -_- ___-___________-__ _ -__ - __ _ __

_

!

| TABLE 8.1-1 (Continued)
NOTES

| If gross beta radioactivity is greater than 10 times the control value,
.

'

!. gamma isotopic will be performed on the sampla. l

8 Gamma isotopic means the identification and quantification of|

} gamma-emitting radionuclides that may be attributable to the effluents )from the facility.
|

* If integrated gamma activity (less K-40) is greater than 10 times the
i control value (less K-40), strontium-90 analysis will be performed on the

sample.

* Indicates control location.
*

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

.

I. Bottom Oriented II. Near Bottom III. Anadromous IV. Coastal
| Distribution Migratory

Ninter flounder Tautog Alewife BluaftshYellowtail founder Cunner Rainbow smelt Atlantic herring
Atlantic cod Striped bass Atlantic menhaden
Pollock Atlantic mackerel
Hakes

|

| * Mussel samples from four locations (immediate vicinity of discharge
outfall, Manomet-Point, Plymouth or Kingston Harbor, and Green Harbor in
Marshfield) will be analyzed quarterly as follows:

:

One kilogram wet weight of mussel bodies, including fluid within
| shells will be collected. Bodies will be reduced in volume by
( drying at about 100*C. Sample will be compacted and analyzed by

Ge(L1) gamma spectrometry or alternate technique, if necessary, to
,

i

achieve a sensitivity of 5 pCi/kg for Cs-134, Cs-137 Co-60, 2n-65,,

I and Zr-95: and 15 pC1/kg for Ce-144. Sensitivity values are to be
determined in accordance with a 95% confidence level on k. and a
50% confidence level on k. (See HASL-300 for definitions).

The mussel shell sample from one location will be analyzed each quarter.
One additional mussel shell samd e will be analyzed semiannually,
Unscrubbed shells to be analyze 0 will be dried, processed, and analyzeoi

| similarly to the mussel bodies.

| Amendment No. 89
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TABLE 8.1-1 (Continued)
NOTES

Because of the small volume reduction in pre-processing of shells, '

sensitivities attained will be less than that for mussel bodies. :The
' equipment and counting times to be employed for analyses of shells will
be the- same or comparable to that employed for mussel bodies 50 that the'

reduction in sensitivities (relative to.those for mussel bodi s) will betstrictly limited to the effects of poorer geometry related to lower
L sample volume reduction. Shell samples not scheduled for analysis will -

be reserved (unscrubbed) for possible later analysis.

If radioceslum (Cs-134 and Cs-137) activity exceeds 200 pC1/kg (wet) in
mussel bodies, these samples will be analyzed by radiochemical
separation, electrodeposition, and alpha' spectrometry for radioisotopes
of plutonium, with a sensitivity of 0.4 pC1/kg.

'

Sediment samples from four locations (Manomet Point, Rocky Point,
Plymouth Harbor, and head of Duxbury Bay) will be analyzed once per year' (preferably early sumer) as follows:

Cores will be taken to depths of 30-tm, minimum depth, waerever
sediment conditions permit, by a hand-coring samp1tng device. If
sediment conditions do not permit 30-tm deep cores, the deepest,

,

'

cores achievable with a hand-coring device will be taken. In any
| case, core depths will not be less than 14-tm. Core samples will be

sectioned into 2-cm increments; surface and alternate increments
will be analyzed, all others will be reserved. Sediment sample

| volumes (determined by core diameter and/or number of individual
i cores taken from any single location) and the counting technique

will be sufficient to achieve sensitivities of 50 pC1/kg dry
sediment for Cs-134, Cs-137, Co-60, Zn-65, and Zr-95 and 150 pC1/kg

L for Ce-144 In any case, individual core diameters will not be less-
'

ithan 2 inches. '

The top 2-cm section from each core will be analyzed for Pu isotopes
(Pu-238, Pu-239, and Pu-240) using radiochemical separations,
electrodeposition, and alpha spectrometry with target sensitivity of

s25 pC1/kg dry sediment. Two additional core slices per year
(mid-depth slice from two core samples) will be similarly analyzed.

8
These locations may be altered in accordance with results of surveys
discussed in Specification 8.1.8.

* Minimum sensitivities for gama exposure measurements are as fo'llows:

f Gama exposure - lu R/hr average exposure rate.
Gama exposure survey - luR/hr expomre rate.

.
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TABLE B.1-2
AIR PARTICULATE, GA5EOUS RADIO 1001NE, AND Soft SURVEILLANCE STATIONS

Sampling Location. Distance and
(Sample Designation) Direction from Reactor

Offsite Stations )
J

East Weymouth (EW) (Control Station) 21 miles NW )
Plymouth Center (PC) 4.0 miles N-WhW

Manomet Substation (MS) 2.5 miles SE
,

Cleft Rock' Area (CR) 0.9 miles S

Onsite Stations
.

Rocky Hill Road (ER) 0.8 miles SE

Rocky Hill Road (WR) 0.3 miles W WNW

Overlook Area (OA) 0.03 miles N

Property Line (PL) 0.34 miles NW

Pedestrian Bridge (PB) 0.14 miles N

East Breakwater (EB) 0.35 miles ESE

Warehouse (NS) 0.03 miles SSE

.

|

|
f

Amendment No. 89

C-14

_ _ - _ _ _ _ - _ _ _ _ _ - _ _ - _ _ __



_ = _ , . _ _ _ _ . , _ _ _ _ - - -

TABLE 8.1-3
EXTERNAL GAMMA EXPOSURE SURVEILLANCE STATION 5'

Distance and i

Dosimeter Location (Designation) Direction from Station

.ONSITE STATIONS

Property Line (D) 0.17 miles NNW

Property Line (F) 0.12 miles NW

Property Line (I) 0.14 miles N

Property Line (G) 0.20 miles WSW

Rocky Hill Road (A) 0.12 miles SW

Prope.rty Line (H) 0.21 miles SSW

Public Darking Area (PA) 0.07 miles N-NNE

Pedestrian Bridge (PB) 0.1 miles NE

Overlook Area (OA) 0.03 miles W

East Breakwater (EB) 0.26 miles CSE,

Property Line (C) 3.3 miles ESE-SE

Property Line (HB) 0.34 miles SE

Rocky H111 Road (B) 0.26 miles SSE

Microwave Tower (MT) 0.38 miles S

Emerson Road (EM) 0.68 miles SE-SSE

White Horse Road (WH) 0.89 miles SE-SSE

Property Line (E) 0.75 miles SSE-S

| Rocky Hill Road (WR) 0.3 miles W-WNW

Property Line (J) 1.36 miles SSE-S
l
i Property Line (K) 1.42 miles SSE-S

Rocky Hill Road (ER) 0.8 miles SE

Property Line (L) 0.40 miles E

'
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TABLE 8.1-3 (Continued)
EXTERNAL GAMMA EXPOSURE SURVEILLAliCE STATION 5'

Distance and (Dosimeter Location (Designation) Direction from Station '

ONSITE STATIONS (Continued)

Warehouse (NS) 0.1 miles SE 1

J

Property Line (PL) 0.3 miles W
<

OFFSITE STATIONS

Duxbury (SS) 6.25 miles SSN-SW

Kingston (KS) 10 miles NNW

North Plymouth (NP) 5.5 miles WNW

Plymouth Center (PC) 4.0 miles W-WNW

South Plymouth (SP) 3 miles WSW

Bayshore Drive (BD) 0.7 miles N-WNW

Cleft Rock Area (CR) 0.9 miles 5

Manomet (MP) 2.25 miles ESE-S

Manomet (ME) 2.5 miles SE

Manomet fMS) 2.5 miles SSE

,Manomet (MB) 3.5 miles SE-SSE

College Pond (CP) 6.5 miles SSW-SW

Sagamore (CS) 10 miles SSE-S*
1
.

Plymouth Airport (SA) 8 miles WSW|_

East Weymouth (EW)* 21 miles NW
l

Saguish Neck (SN)* 4.6 miles NNW
'

'

Thermal Luminescent Dostmeters (TLDs)* Control Station*
TLDs for this loration d11 be provided to a third party and will be
analyzed for gamma exposure whenever returned to Boston Edison Company.
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7/8.0 RADIOLOGICAL ENVIRONMENTAL MONITORING PRDGRAM '

7/8.1 Monitoring Program

7/8.1.A ENVIRONMENTAL MONITORING
'

An environmental radiological monitoring program is conducted to verify |

the adequacy'of in-plant controls on the release of radioactive
materials. The program is designed to detect radioactivity concentrations
to ensure that radiation doses to individuals do not exceed the levels setforth in 10 CFR 50 Appendix I.

4

A supplemental monitoring program for sediments and mussels has been
incorporated into the basic program (see Notes 6 and 7 to Table 8.1-1) as
a result of an agreement with the Massachusetts Wildlife Federation. This
supplemental program is designed to provide information on radioactivity
levels at substantially higher sensitivity levels in selected samples to
verify the adequacy (or, alternatively, to provide a basis for later
modifications) of the long-term marine sampling schedules. As part of the
supplemental program, analysis of mussels for isotopes of plutonium will
be performed if radiocesium activity should exceed 200 pC1/kg in theedible portions.

The 200 pCi/kg radiocesium " action level" is based on calculations which
show that if radiocesium from plant releases reached this level, plutonium
could possibly appear at levels of potential interest.' The
calculations also show that the dose delivered from these levels of
plutonium would not be a significant portion of the total dose
attributable to 11guld effluents.

The program was also designed to be consistent, wherever app 11 cable, with
NUREG 0473. -

Groundwater flow at the plant site is into Cape Cod Bay; therefore,
terrestrial monitoring of groundwater is not included in this program.

.

Detection capabilities for environmental sample analyses are tabulated in
terms of the lower limits of detection (LLD). The LLD in Table 8.1.4 is
considered optimum for routine environmental measurements in industrial
laboratories. It should be recognized that the LLD is defined as an a
Driori (before the fact) limit representing the capability of a
measurement system and not as an a costeriori (after the fact) limit for a
particular measurement.

Detailed discussion of the LLD, and other detection limits can be found in
NASL Procedures Manual, NASL-300 (revised annually), curie, L.A.; " Limits
for Qualitative D?tection and Quantitative Determination - Application to
Radiochemistry", ' pal. Chem. 40, 586-93 (1968); and Hartwell, J. K.,
" Detection Limits'for Radioanalytical Counting Techniques," Atlantic
Richfield Hanford Company Report ARH-SA-215 (June 1975).

'

In measurable quantities having a potential dose (human food chain)
significance comparable to other nuclides if present at their detectionlimits.
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BASES

-

7/8.1.B LAND USE CENSUS

This section is provided to ensure that changes in the use of areas at
and beyond the site boundary are identified and that modifications to the
radiological environmental monitoring program are made if required by the ,

'

results of this census. The best information from the door-to-door
. survey, from aerial survey, or from consulting with local agricultural .

authorities shall be used. This census satisfies the requirements of
10CFR50, Appendix 1. Section IV.B.3. Restricting the census to gardens
of greater than 50 m' provides assurance that significant exposure
pathways via leafy vegetables will be identified and monitored, since a
garden of this size is the minimum required to produce the quantity (26
kg/ year) of leafy vegetables assumed in Regulatory Guide 1.109 for
consumption by a child. To determine this minimum garden size, the
following assumptions were made: 1) 207. of the garden was used for
growing broad leaf vegetation (i.e., similar to lettuce and cabbage), and
2) a vegetation yield of 2 kg/m'.

7/B.2 DOSE - LIQUID

This section is provided to implement the requirements of Sections ?I.A,
III.A. and IV.A of 10CFR50 Appendix I, to assure that the releases of
radioactive material in liqui effluents will be kept "as low as is
reasonably achievable." Because Pilgrim is not a site where plant
operations can conceivably affect drinking water, none of these
requirements are intended to assure compliance with 40 CFR 141. The dose
calculations in the 00CM implement the requirements of 10CFR50, Appendix
I, Section III.A to ensure that the actual exposure of a member of the
public through appropriate pathways is unlikely to be substantially
underestimated. The equations specified in the ODCM for calculating the
doses due.to the actual . release rates of radioactive materials in liquid
effluents will be consistent with the methodology provided in Regulatory
Gu'ide 1.109, " Calculation of Annual Doses to Man from Routine Releases of
Reactor Effluents for the Purpose of Evaluating Compliance with 10CFR
Part 50, Appendix I," Revision 1, October 1977 and Regulatory Guide
1.113. " Estimating Aquatic Dispersion of Effluents from Accidental and
Routine Reactor Releases for the Purpose of Implementing Appendix I,"

April 1977. NUREG-0133 provides methods for dose calculations consistent
with Regulatory Guides 1.109 and 1.113.

|
|
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BASES -

7/8.3 DOSE - NOBLE GASES -

This section is provided to implement the requirements of 10CFR50,
Appendix I, Sections II.B. III.A and IV.A to ensure that the releases of
radioactive material in gaseous effluents will be kept "as for as is i

reasonably achievable." .The surveillance requirements implement the - l

requirements of 10CFR50 Appendix I, Section III.A to ensure that the |

* actual exposure of a member of the pubile thrceugh the appropriate
pathways is unlikely to be substantially underestimated. The dose
calculations esublished in tne 00CM for calculating the doses due to the
actual release rates of radioactive noble gases in gaseous effluents are
consistent with the methodology provided in Regulatory Guide 1.109 and
Regulatory Guide 1.111. " Methods for Estimating Atmospheric Transport and
Dispersion of Gaseous Effluents-in Routine Releases from
Light-Water-Cooled Reactors," Revition 1. July 19'7. The ODCM equations
provided for determining the air doses at and b%ysna the site boundary
will be based upon the historical average atmospheric conditions.
NUREG-0133 provides methods for dose calculations con istent with
Regulatory Guides 1.109 and 1.111.

7/8.4 DOSE - 10 DINE-131, 10 DINE-133, RADI0 ACTIVE MATERIAL IN PARTICULATE
FORM, AND TRITIUM

This section is provided to implement the requirements of Sections II.C.
III.A and IV.A of 10 CFR50, Appendix I, to assure that the releases of
radioactive materials in gaseous effluents will be kept "as low as is
reasonably achievable." The ODCM calculational methods specified in the
surveillance requirements implement the requirements of 10CFR50, Appendix
I, Section III.A to ensure that the actual exposure of a member of the
pubile through appropriate pathways is unlikely to be substantially
underestimated. The ODCM calculational methods approved by the NRC for
calculating the doses due to the actual release rates of th? subject
materials are required to be consistent with the methodole'sy provided in
Regulatory Guides 1.109 and 1.111. These equations also provide for
determining the actual doses based upon the historical average
atmospheric conditions. The release rate specifications for iodine-131,
radioactive material in particulate form with half-lives greater than 8
days, and radionuclides other than noble gases are dependent on the

* existing radionuclides pathways to man, in areas at and beyond the site
boundary. The pathways which are examined l'n the development of these
calculations are: 1) individual inhalation of airborne radionuclides, 2)

deposition of radionuclides onto green leafy vegetation with subsequent
consumption by man, 3)' deposition onto grassy areas where milk animals
and meat producing animals graze hith consumption of the milk and meat by
man, and 4) deposition on the ground with subsequent exposure of man.

|

:
p.
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BASES

1

7/8.5 TOTAL DOSE -

This section is provided to meet the dose limitations of 40CFR190 that
have now been incorporated into 10CFR20 by 46 FR 18525. The specification

.

requires the preparation and submittal of a special report whenever the I

calculated doses from plant radioactive effluents exceed twice the design
objective doses of 10CFR50, Appendix 1. For sites containing up to 4
reactors, it is highly unlikely that the resultant dose to a member of the
public will exceed the dose limits of 40CFR190 if the individual reactors
remain within the reporting requirement level. The special report will
describe a course of action that should result in the limitation of the
annual dose to a member of the public to within the 40CFR190 limits. For
the purposes of the special report, it may be assumed that the dose
commitment to the member of the public from other uranium fuel cycle
sources is negligible, except dose contributions from other nuclear fuel
cycle facilities at the same site or within a radius of 8 km must be
considered. If the dose to any member of the public is estimated to
exceed the limits of 40CFR190, a request for a variance in a special
report in accordance with 40CFR190.11 and 10CFR20.405C is considered to be
a timely request and fulfills the requirements of 40CFR190 until NRC staff
action is completed. This is provided that the release conditions
resulting in violation of 40CFR190 have not already been corrected. The
variance only relates to the lim.ts of 40CFR190, and does not ap; fly in any
way to the other requirements for dose limitation of 10CFR20. An
individual is not considered a member of the public during any period in
which he/she is engaged in any operation that is part of the nuclear fuel
cycle.-

|

|
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APPENDIX D

1988 GARDEN AND HILK ANIMAL CENSUS RESULTS
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'0FFICE MEMORANDUM

'

,

: Boston Edison Company RMG Control Number

From: C. E. BowmanTo: J. P. Jens -

Record Type A4.08
l' 'Date: October 27, 1988 Dept. Doc. RED 88-124 Non-Safety Related

Subiect: 1988 Garden and Milk Producing Animal Census
.

' Distribution:

tBFJTDiinne E. Robinson D. Tarrentino
T. L. Sowdon RED Files*

1

Referenceu 1) Boston Edison Compny, Station Instruction, " Garden Census",
SI-RP.8020 Rev. O.

2) Boston Edison Company, Station Instruction, " Milk Producing
Animal Census". SI-RP.8025. Rev. O.

-As required by the PNPS Technical Specifications, section 7.1.B. and 10CFR50
Appendix I, the 1988 Land Use Census was conducted by the Radiological
Engineering Division (RED). The garden and milk animal census was performed
in accordance wi'th station instruction SI-RP.8020 and SI-RP.8025, (References
1 and 2) respectively, with the exception that the street by street survey was .
conducted out to 3 miles as it was determined the procedures did noi conform :

to PNPS Technical Specifications Section 7.1.B. Revision to both procedures
have been initiated such that they will conform to PNPS Technical
Specifications.7.1.B.

The results of the garden census are indicated in Attachment A. The garden
census revealed that a previously reported garden (Malmgren residence) no
longer exists. In addition. twelve gardens greater than 500 ft2 were
identified that had not been previously reported. These gardens are located
en: Clay Hill Road (0.9 mi, H); 2 on Rocky Hill Road (0.5 mi, SE and 1.3 mi,
SE); Doten Road (1.7 mi, SW); Farmhurst Road (0.9 mi, SSE); Arlington Road
(2.0 mi, SE); Manomet Pt. Rd. (2.3 mi, SE); Holmes Ave. (2.6 mi, SE); Bartlett
Rd. (2.7 mi, SSE); 2 on Beaverdam Rd. (2.2 mi, S and 2.5 mi, 5); and Jordon
Rd. (2.5 mi, SW). Vegetation samples were collected at all previously
reported gardens and at four of the twelve new gardens. Samples were not
collected from the remaining eight gardens as the samples were unavailable.

The 1988 census identified two garoen location (0.5 miles SE and 2.2 miles S)
that yield a' calculated dose commitmot that is twenty percent greater than
the locations which were currently being sampled. At the present time, the
Nuclear Information Division is in the process of contacting these individuals
to inquire about their desire to participate in the vegetation sampling
program. If agreeable, these locations will be added to the routine sampling
program.

The results of the milk animal census are indicated in Attachment B. The
street by street survey out to three miles from PNPS was also used for
locating milk producing animal or farm barns. Two goats located 0.5 miles
southeast of PNPS were identified. The W"M aar Information Division was
requested to inquire as to whether fdWiB5 id also be willing to
participate in the milk sampling r raAELEASED

W
i('( DEC14 988
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Dept. Doc. N?. RED 88-124o '

* To: J. P. Jens Date: October 27, 1988*

Subject: 1988 Garden and Milk Producing Animal Census ;--

)
1

In addition to the street by street survey, the results of the 1987 Town of
Plymouth Animal Census conducted in February and March of 1988 was reviewed.
The Town of Plymouth's Animal Inspector was contacted on September 27, 1988 by
a representative from the Nuclear Information Division. The animal inspector
indicated that she was not aware of the addition of any new milking animal
within a 5 mile radius of PNPS subsequent to her last census dated March 1988.

In summary, the garden and milk animal census has been conducted as required.
Twelve new gardens and 2 new milk animals were located. Attachment C lists
the loce. tion of the nearest receptors. This table, which was originally
published in the Pilgrim Station Unit 1 Appendix I Evaluation, has been
updated based on the 1988 census. The information in this table will be used
cc perform dose assessments at these locations and will be reported in the
annual Dose Assessment to the General Public Report. The annual Dose
Assessment to the General Public Report is submitted to the NRC within 90 days
after January 1 per Technical Specification section 6.9.C.I.a.
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F&M ROOT CAUSE/ CORRECTIVE ACTION RESPONSE

F&M No. 88-252

*-
. 1. Event Description: Section 7.1.B of PNPS Technical Specifications

requires that "For elevated releases as defined in Regulatory Guide 1.111,
Rev.1. July 1977, the land use census shall identify, within a distance
of 5 km (3 miles) the location in each of the 16 meteorological sectors
all milk and gardens of greater than 50 m2 prodLcing broad leaf
vegetation". Contrary to this PNPS Technical Specification 8.1.3
Surveillance requirement the land use census since March 1,1986

| (Amendment 89 implementation date) have only been conducted out to a
distance of 1 mile.'

2. Root cause: The responsible group failed to make the needed procedural
- changes and necessary training prior to the effective date of PNPS

Technical Specification implementation of Amendment No. 89. Station
j Instruction SI-RP 8020 entitled " Garden Census," dated 6/11/87, states
p "Using a detailed map of the Rocky Point area within one mile of PNPS

travel along each residential portion of the street and record on the |
Garden Census Form." The one mile radius was consistent with the previous ||

|
PNPS Technical Specification (Amendment No. 23) requirement.

]
3. Corrective Action:

|

| a) Inhan:

1) The remainder of the 1988 land use census was conducted out to a
! distance of 3 miles on 10/21/88.

b) Necessary to nreclude recurrence:

1) Station Instructions SI-RP .8020 entitled " Garden Census" and
SI-RP. 8025 entitled " Milk-Producing Animal Census" have been revised
to extend the door-to-door survey of gardens and milk-producingi

I animals out to a distance of 3 miles (approved by Radiological
Section Manager on 12/15/88).

i

|
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FtM Root Cause/ Corrective Action Resoonse
FLH No. 88-339

1. Event Description (Synopsis Verification): Technical Specification
7.1.B.2 requires that a new garden be added to the radioloigcal

| environmental monitoring program within 30 days if it yields a dose
!

commitment 201. greater than gardens currently being sampled. The new

gardens were not added to the Offsite Dose Calculation Manual within 30) |
| days.

j
2. Root Cause:

a) Personnel error in that gardens were not added to the REHP within 30
days since personnel assumed that owner's permission was necessary

} prior to adding the garden to the program.
1

b) Personnel failed to submit a written request to the Nuclear
Information Division asking them to obtain owner's permission, and

|
did not' adequately follow-up on the verbal request.

,

c) Failure to adequately pursue alternative approaches to adding gardens
to the program (e.g., add location to ODCH with a footnote such as
"pending owner's permission"). |

:

! d) Failure to have a procedure that described alternative approaches to
the garden census and the mechanism to add new gardens to the program.I

3. Corrective Action:

a) Taken

F i. Obtained verbal permission from Mr. Hall (0.5 mi, SE) to obtain
I garden samples (completed 12/14/88).

ii. Obtained verbal permission from Mrs. Hinahan (2.2 mi, S) to
obtain garden samples (completed 12/20/88).

iii. The above garden locations have been added to the proposed ODCH,
| Revision 3. In addition, the alternative method of performing,

I the garden census described in PHPS Technical Specification
8.1.B has been added to the proposed ODCH, Revision 3. This
draft Revision 3 was initially presented to ORC on 12/21/88, but
subsequent to its issuance, several errors were identified. The

final review of the ODCH final revision 3 will be performed by
ORC pending the resolution of the identified errors.

iv. Hill report the new gardens that were added to the ODCH in the
,next semi-annual Radioactive Effluent and Haste Disposal Report.
(See item S.b)iii - planned for August 29, 1989).

E-2
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FLH No. 88-339

-Page Two-

I b) Necessary to ereclude recurrence:
|

|} Technical. Specification surveillance requirement 8.1.B provides .

) for an alternative method for the. garden census. .The proposed !

j Revision 3 of the ODCH has added the two: locations with the
highest predicted D/Q to the sampling p- 1 ram. The Radiological !

Section is resonsible for obtaining ORC , jproval of Rev. 3 once
the identified errors are corrected (see item 3.a.iii).

1

) 11) PNPS Station Instruction SI-RP .8020 will be revised to
| proceduralize 1) the use of an alternative approach for the

garden census surveillance, 2) the mechanism to determine if a -1

new garden requires addition to the program, and 3) the c

j mechanism to add a new garden to the Radiological Environmental
Program. (Radiological Section - second quarter 1989).

iii) An HSTP record has been created-to track the addition of changes
to the ODCH and the subsequent reporting of the ODCH revision in

-

the~ semi-annual Radioactive Effluent and Haste Disposal Report.
-(Radiological Section - completed 12/22/88).

|

-

i
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F&M Root Cause/ Correction Action Resnonse
F&M No. 89-23.

-1. Event Description (Synopsis Verification): Technical Specification |
Section 8.1 requires that the radiologir.a1 environmental monitoring !

'samples be collected pursuant to the frequencies specified in Table
8.1-1. Although the samples were collected, some samples during the
period of March'1986 - December 1988 were not collected within the
allowable grace period for the specified_ surveillance frequency. As of
January 1,.1989, all samples have been taken at the appropriate
surveillance frequency.

2. Root Cause:

Environmental samples were not collected at the required frequency since
personnel were not aware tha' the environmental sample collection needed
to conform to the strict surveillance frequency defined in definition "u"
of the PNPS Technical. Specification.

3. Corrective Action:

a) Taken:

1. Collection of radiological environmental samples is now being
controlled by the Master Surveillance Tracking Program (MSTP).
(Initiated 12/15/88)

11. Station Procedure 6.2-013 " Administration of the Radiological
Environmental Monitoring Program" has been reviewed by ORC.
This procedure describes how environmental sampling will be
conducted and controlled by MSTP. (Reviewed by ORC 12/16/88)

iii. Station Instruction RP.8095 " Assuring Proper Sampling Schedule
is Maintained" has been revised. This instruction was revised
to describe how sample collection will be scheduled and tracked
using MSTP. (Approved by the Radiological Section Manager
12/14/88)

iv. Report the failure to perform surveillance at the specified
frequencies in the 1988 Annual Radiological Environmental
Monitoring Program Report. (planned for April 28, 1989)

v. Conduct training for the sample collection personnel to inform
them of the new procedure changes (See item 3.a)ii and 3.a)iii
above) as well as the importance of collecting samples in strict
conformance to the surveillance frequencies required by the
Technical Specifications. (Radiological Section - completed
January 25 & 27, 1989)

b) Necessary to ereclude recurrence:

1. Revise SI-RP.8095 to clearly define surveillance frequencies,
intervals, and grace periods. (Radiological Section - first
qucter 1989)

E-4
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APPENDIX F

QUALITY ASSURANCE FOR THE RADIOLOGICAL
ENVIRONMENTAL MONITORING PROGRAM DURING 1988

I. Introduction

The accuracy of the data obtained through Boston Edison Company's
Radiological Environmental Monitoring Program (REMP) is ensured through
a comprehensive Quality Assurance Program. This appendix addresses ,,

L those aspects of quality assurance that deal with the accuracy and
l- 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 1988," and
the YAEL " Semi-Annual-Quality Assurance Status Report: July -

| December 1988."

II. Laboratory Analyses

|

The quality control programs that were performed during 1988 to
demonstrate the validity of laboratory analyses by YAEL include the
following:

,

1) YAEL participation in the Environmental Protection Agency (EPA)
Interlaboratory Comparison (cross-check) program for those types of,

samples routinely analyzed by ths laboratory. This provides an
independent check of accuracy and precision of the laboratory
analyses. When the results of the cross-check analysis fall outside
of the control. limit, an investigation is made to determine the
cause of the problem, and corrective measures are taken, as-
appropriate.

2) YAEL interlaboratory quality control program to assure the validity
and reliability of the data. This program includes quality control
of laboratory equi nent, use of reference standards for calibration,

L. and analysis of bhnk and spiked samples. The records of the
quality control program are reviewed by-the responsible cognizant
individual, and corrective measures are taken, as appropriate.

; 3) A blind duplicate orogram 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 dupli: Ate program are used to check for
precision in laboratory analyses.

The results of these studies are dtscussed below.

F-1 |
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l

A. YAEL Intralaboratory and EPA Interlaboratory Results

Results of the Quality Assurance Program are reported in two
separate categories based upon YAEL acceptance criteria. The first
criterion concerns accuracy, which is defined as the deviation of
any one result from the assumed known value. The second criterion
concerns precision, which deals with the ability 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 samples against the YAEL acceptance
criteria, if the mean result of an EPA cross-check analysis exceeds
the 3-sigma control limit (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 I shows the cumulative results of accuracy and
precision for laboratory analyses in 1988 for YAEL intralaboratory ~

'

analyses and EPA interlaboratory cross-check analyses, for

accuracy, 65 and 87 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, 85 and 97 percent of the results were within 5 and 10
percent of the mean, respectively, with 99.8 percent of all results

i

i meeting the laboratory criterion of 15 percent.
1

The results of the EPA Interlaboratory Comparison program, when
,

I considered apart from the remainder of the Quality Assurance
program, were' satisfactory with respect to accuracy and precision in
1988. Two hundred and nineteen analyses were performed on air
particulate filters, milk, food, urine, and water. Based upon this
sample analysis total, 206 analyses (i.e., 94 percent) met the EPA's
definition of mean value criteria.

|

|

| F-2
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TABLE 1

INTRALABORATORY AND EPA INTERLABORATORY RESULTS - 1988

Total Number of Measurements
Number of within rieviation ranae*

Cateaory Measurements 0-5% 0-10% 0-15%**

YAEL INTRALABORATORY ANALYSES
Accuracy 435 312 395 426 -

(71.7%) (90.8%) (97.9%)

Precision 414 373 406 413
(90.1%) (98.1%) (99.8%)

|
EPA INTERLABORATORY ANALYSES

Accuracy 219 113 171 206I

(51.6%) (78.1%) (94.1%) !

Precision 219 163 206 219
(74.4%) (94.1%) (100.0%)

TOTAL COMBINED ANALYSES
Accuracy 654 425 566 632

(65.0%) (86.5%) /95.6%)

Precision 633 536 612 632
(84.7%) (96.7%) (99.8%)

Values in parentheses indicate percentage of analysis results within' *

the deviation range.

This category also contains those samples having a verified zero**

concentration which were analyzed and found not to contain
detectable levels of the nuclide of interest.

l
.
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B. Blind Duolicate Proaram

A total.of 51 paired samples were submitted by the five sponsor
companies for-analysis during 1988. The database used for the
duplicate analysis consisted of paired measurements of 26
gamma-emitting nuclides, H-3,'Sr-89, Sr-90, low-level I-131, and
gross beta. The sample media included milk, groundwater, sea / river
water, food crops, marine algae, and mussel meat.

A dual level criteria for agreemeat was established: if the paired

measurements fall within i 15 percent of their average value, then ;

agreement between the measurements has been met. If the value falls I

outside of the i 15 percent, then a two standard deviation range (95
percent confidence level) is established for each of the analyses.
If the ranges overlap, agreement is obtained.

From the 51 paired samples,1317 paired duplicate measurements were
analyzad for 1988.. A-total of 1311, or 99.5 percent, of all ,

'

measurements fell within the established criteria discussed above.
No trend was evident with respect to repeated failings of
measurements for the listed radionuclides and media.

III. Environmental TLD Measurements

Two separate quality control programs were performed during 1988 to
demonstrate the performance of the routine environmental TLD processing
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 all 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.
1

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

- quarterly tests on the environmental TLDs via an independent third party
.during 1988.

A. Intralaboratory and Independent Third Party Results

A i 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 1988
was adopted by the Laboratory Quality Control Audit Committee
(LQCAC) on November 13, 1987. Recognizing the inherent variability
associated with each dosimeter type, control limits for both
accuracy and precision of i 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 historical performance of each
type of dosimeter, with each response being indicative of random and
systematic uncertainties, combined with any deviation attributable
to TLD operation.

f F-4
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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 delivend
dose. The deviation of individual results relative to the mean
reported dose in used as a measure of p.ecision.

The quality control program implemented for dosimetry processing h
indicated good precision and accuracy in the reported values. In |
1988, there were 46 quality control tests. All 34 environmental
TLDs tested during January - June 1988 were within the control
limits for both accuracy and precision ~. The comparisons yielded a
mean accuracy of 3.3 percent, with an associated standard deviation
of 7.4 percent. The comparisons exhibited a precision value with an
overall standard deviation of 2.2 percent. The 12 TLDs tested in

December 1988 showed a mean accuracy of 0.3 percent with an
July iated standard deviation of 2.6 percent. TLDs measured duringassoc
the second semi-annual period exhibited a precision value with a ;

standard deviation of 1.5 percent, well within the acceptance )

criteria.

B. Boston. Edison's TLD QA Program j

' Boston Edison Company personnel evaluate the accuracy of the
environmental TLDs on a quarterly basis, per PNPS Station

,

Instruction RP.8010, " Environmental TLD Quality Assurance Program."i <
'

This instruction establishes acceptance criteria of: 1) the average
of the percentage differences must be within i 10%; and, 2) no one
result can be greater than i 15%. For the 72 environmental TLDs .

4tested during 1988, calculated avr, rages of the percentage
differences were within the 10% scceptance criterion, and no
individual result exceeded the 15% criterion (see Exhibit F-1).

IV. Conclusions
:

| Laboratory analysis results for the EPA Interlaboratory Comparison
!- prgram, the YAEL intralaboratory quality control program, and the

apontor companies blind duplicate program met the laboratory criterion
of Ivss than 15% deviation in 99.8% of all cases.

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

Therefore, the quality assurance programs for the Boston Edison
Cor..pany's Radiological Environmental Monitoring Program indicated that
the analysis and measurements which were performed by Yankee Atomic
Environmental Laboratory during 1988 exhibited acceptable accuracy and
precision.

F-5
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OFFICE MEMORANDUM -

Boston Edison Company _ g f_

' 'To: L. E. Whittenberger From: K. Record Type A4.08

Date: April 19, 1989 Dept. Doc. RTS 89-61 Non-Safety Related

|

Subject: Results of the Environmental TLD Quality Assurance
! Program Tests for 1988

Distribution:

B. J. Dionne S. Reilly Landahl J. P. Jens
P. A. Robinson T. L. Sowdon B. A. Mcdonald

L Webster / file

Environmental TLD QA Program: Summary of 1988 Test Results

In accordance with PNPS Station Instruction SI-RP.8010, " Environmental TLD
Quality Assurance Program " the accurec:r of the TLDs used in the Radiological
Environmental Monitoring Program is evaluated on a quarterly basis. This
memo describes the QA Testing Program and addresses the results of the
quarterly tests. All quarterly results were within the acceptance criteria
established in the above procedure.

.The procedure for implementation of the TLD QA program involved submission of
20 sets of TLDs (each quarter) to Atlan-Tech Incorporated, Roswell, Georgia,
where a pre-determined radiation exposure was delivered to each set of badges
from a Cs-137 source. Each " set" consisted of one Panasonic UD-801 TLD and
cne Panasonic UD-814 TLD. In each group ~of TLDs, two sets served as controls
and were not irradiated.

Following irradiation, the TLDs were returned to Boston Edison's Braintree
office. At the end of each quarter, the badges were forwarded to the Yankee
Atomic Environmental Laboratory (YAEL) for processing along with the TLDs
that had been retrieved from around the plant. The QA TLDs were processed
with the routine end-of-quarter environmental TLDs to ensure that the QA TLDs
were processed in the same manner. The reported exposures were compared to
the delivered exposures and the percentage difference was calculated. These
calculations are documented on the Attachment 1 forms from SI-RP.8010,
" Environmental TLD QA Exposure Record" (see Attachment A). The acceptance
criteria are: 1) the average of the percentage differences must be within
*10%; and, 2) no one result can be greater than *15%. If the acceptance
criteria are not met, then the discrepancy and its resolution must be
documented on Attachment 2 of SI-RP.8010, ' Environmental TLD QA Discrepancy
Record." No discrepancy reports were required during 1988.

KJS/jmv
2099 fm

[ ret. EASED
L ;;o,191939 '
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Dept. Doc No. RTS 89-61
;

For the 1988 Environmental TLD QA program quarterly tests, all percentage
difference means were within the 10% acceptance criteria. Additionally, no j

single value exceeded the 15% criteria. The QA test results of quarterly i
environmental TLDs are listed in the table below. j

ENVIRONMENTAL TLD QUALITY ASSURANCE PROGRAM
SUMMARY OF QUARTERLY RESULTS FOR 1988

1

# Of TLD DELIVERED
SETS EXPOSURE PERCENTAGE DIFFERENCES I

'

QUARTER IRRADIATED (mR) AVERAGE HIGHEST INDIVIDUAL

First 18 100 +1.64 + 5.00

Second 18 41 +4.41 +13.5

Third 18 68 +3.34 + 7.90

Fourth 18 123 +5.95 +10.2

TOTAL 72 +3.84 +13.5--

i

If you have any questions concerning the above please contact me at PNPS
extension 8469.

!

,

,

I

|
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ATTACHMENT 1

ENVIRONMENTAL TLD OA EXPOSURE RECORD
,

d

QUARTER YEAR: .I_ / /fN

Date of Irradiation: 23 88 Source: b'
Distance of TLDs from source: /, O meters.

Configuration: h in. ct' e

Exposure Level: 0.10 0 R Irradiation Time: 4 0 0 . m e,.

kJ/88Calibrated source strength and date: % M Y he m

TLD Delivered Reported '

. Qty. TLD No. Designation Exposure Exposure 7. Diff. Comments
I mR mR/HR mR

1 45 SASS til BI soo t94 / oss +1 +1.co A g e/as; & ,6,,e
~2 186/456 78I83 too , 0.99s o I ~oare wisL'r, t IcoP,

3 651/65'1 991B3 nno 9.29 K + 1 -1,30'

4 Ast/Lsf tilBal oen 1. 01 s +1 +1.00
5 6ss/6M 89)85 see 1.o.3 z +1 +2.on
6 666/660 tflBle teo 1.co K+1 n.oo

| 7 66046/ ttI b') :on t. 0E s +1 +s.00'

8 f.6240 f tI Cst I60 /. 64 K +2. 4 W. 00
9 66? & 3 ERIb9 sco 0. 9 01+ 1 ~ 1. 0 0

10 6&Wssy 9R1810 neo 9. 20 s + 1 - 2.on
11 44.c/Mf t9IBIt noe 9. 9 9 C+ t - 0 10
12 Lt.1/6&? 9t1813 Ine 9.9154I ~e.90
13 669/b&T til813 I60 l.c1s+2 41.00
14 449//49 ftlE/8/ foo 1. et/ F +2. *4'.0d
15 &~)6/W)0 TRIGIC 100 1. 0L E 42 +2 00
16 fo7/7ta7/ ttl Alto Ino /. 03 K +2. +3.00
17 67a/612 k lBri 100 1.02K+L +2.00
18 f.73/613 tVIBIT soo K. 1. 02 K + 2. +2 00
19 VN/41V 781'016 -0- confst 4.14s-2 =

20 61G/6Xo 79/186 - e - canst -2.45-2 -,

'

AVERAGE /dd /, 02 E + 2. * /, 6 V
AveUM tev'. umW r/of,%

Da%e Reported Exposure Received: 45#fm /f8F
' Completed by: b

. Reviewed by: bm
Sr. RadifIo'gica) Engineer Rad. Eng. Cr^"; Leader

'Olvittoa M w srab /r, ### , ,/i s,///Date: Date: .:r
- f -

F-8
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ATTACHMENT 1 .

ENVIRONMENTAL TLD OA EXPOSURE RECORD REC'D PEV ' AND I
c vu u 't T: n ]
r A rt: 4;-gJ - M {2,/ / /f88QUARTER YEAR: INITIALG: ,V M |

Da2e of Irradiation: l//J/88 Source: Cs- /JV

Distance of TLDs from source: Ipo meters.

Configuration: b #- c=:e
1

Exposure Level: 0.04l R Irradiation Time: 24, 4f% |
Calibrated source strength and date: $ Vel *Rd- (a 4[3[JE

TLD Delivered Reported 4Qty. TLD No. Designation Exposure Exposure 7. Diff. Comments
mR mR

1 t2t/zat 88281 ///. 0 Ws.4 /0. F4
2 112 /1s2 221R2 44.5 11.54 All ind|widna.l
3 131/2s3 ttz R1 41. f. 1.44 dw:s+ tor, e

,._

4 1s4/1Cy 972 R4 41. O D. 03 wN),|>, t /K %

5 1s4/2s4 tt2 ns 44. t. R 23
6 frt/2st REz Rt. 41. V /. 41

1 1 H5/2.L4 192 B9- 40.1 ~ 0. 54
8 14Y/zt8 Rtz RR 42.4 .t. 90
9 249/zte eR> ng 22.2 1. 11

10 270/190 191 216 42.2. L O2
11 194/17V 982R|| 42.7 4.09
12 12i/194 t97 Riz 43.3 L.KV
13 27b/277 22zBl_s 42 9 it. f.N
ie nrb/2Nr V82BN 42 0 N.32

^

15 12s'/279 rainic 42.5 tr.07
i6 191/152 ety n/L 44. / 7.44
i1 2fj/2K2 122N/7 41. T /. 90
'18 210/27V ftLB/2 ' #E*1 2-f6
19 2V5/2rs' 812 YAo -0- Com%of 6./4 Ame-

20 284 /27/, 8827~B0 . -0- Confrv/ ~ 0. / 6 Dev:ba'en- ,

f AVERAGE 4/Z.7 + 9. W/*X, v / g /o t /c 3C
1

Date Reported Exposure Received: #2d4/v /f87
7[_, [9 j

'
Reviewed by: $_

--Completed by:
Sr.RayofogicalEngineer Rad. Eng. Group Leader

_7/.72/F6 Date: //[AfilDate: :

*% 0% A w Mg' aoQ nymf/erzswa & add
& .cjyk .Cyee.

F-9
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ATTACHMENT 1

ENVIRONMENTAL TLD OA EXPOSURE RECORD

3rd //988QUARTER YEAR:
-

Date of Irradiation: [0' /0- 88 Source: 32 Cl Cs-132
Distance of TLDs from source: [ (one) ' meters.

Configuration: Erft /^ O
Exposure Level: he O[3 R Irradiation Time: km/n. M SE,

Calibrated source strength and date: b78 MM4e. on 9-/3'38

TLD Delivered Reported g |

Qty. TLD No. Designation Exposure Exposure 7. Diff. Comments
9t?////4 mR_ mn

,

1 M/NJ RR738/ 47.0 47. / + 0. /4 A// a'm/' Mu / 1
'

v
2 O /<2 A28322 t,2. 0 49.t ~ 0. 29 4v4G
3 d /<3 RR23RR L M. 0 49.2 + l. 94 mm sMLi
4 14/k/ RRR384 42.0 49.9 42.74 2 /E4K
5 s<im e 173as- 47.0 a1.0 + 4. </4
6 A2 '/A2 R223 RA L 2. 0 49.2 + L 47
7 A t*/4 < BRR3B9 d.o 69.I + 1.17
8 F/ '/M A223BT Lit.o 49.7 + f. 9 1
9 PM/9< ARr3R9 62.0 3 0.n + 2. 91

10 31/24 _ R293Aln 42.0 3 /. 0 + W. 49
11 RP/9< 89938II A2. 0 21. n + A(.2 Y
12 92/ fib R9239t? 4K.O 3/. 9 4 z.3 /

~

13 9W/>s9 8993Bl3 62.0 30. c + 2.40 .

14 92'//g2 RRTERI4 Lzn 32.9 + 9. 9 0
15 99'l 19 7 R223R14 ?.?. O 10.3 + 1.4W
16 104 /199 Bgg 38tt, A1. 0 g /. _t + 4.99
il /// /204 R283BI,1 68.0 70.6 + 1 .9.2
18 /f3'/209 A 923R12 48.0 7f. C 4 &I9
19 132/2t3 BiritzrA0 -0- - n. 21 +
20 13M/219 8923TMn -0- + 0. to t, ,

' AVERAGE /Jr. 0 Jn. t +3. 34/ , Ab-4 ddf'

waY& 2 /0Yo
~ '

Date Reported Exposure Received: /0/29,/P7

Completed by: Em//[ Reviewed by: A,

Rad.png!/
Group LeaderSr7RadplogicalEngineer .

Date: //// </9P Date: // Ja F
i

'

626 Mig [ N' $ W|

6 s'y M J y' s .
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j

ENVIRONMENTAL TLD OA EXPOSURE RECORD
'

QUARTER YEAR: / /9F7

Da+e of Irradiation: h/9/N Source: 3 Cr G- /57
>C0 meters.Distance of TLDs from source:

Configuration: Eccc ek 4.'r

Exposure Level: 0. / M R Irradiation Time: bN,'n. M Sec. '

N8 Mk 6 YlYNCalibrated source strength and date: oe

TLD Delivered Reported 4
Qty. TLD No. Designation Exposure Exposure 1 Diff. Comments

Fol/F/4/ mR aR
1 Kell /ut ff426t I33; 13 2 4 9AT Alf M'v,Wua0' ' '''

2 ciolai! R94AD1 13 2. + 0.12 nl <:a./au &
3.rlt'/LLL 924201 11 / f L.A9 uMLhu t kfo
4 12b/498 99,1804 11a/ + 9.L9

5 51s/9LG 924RO'c 13A t k 32
6 eti/9.12 - et4Roi ity + 2. EL
7 X4ti/113 tre nn,7 11A + 16. r.

8 EKI/214 124itot /3 I + 4.2%
9 stifa1C tt4Raf 1.1 i + 4.X0

10 5El/see Etynin 12C + 1. 2 2.

11 55'4/949 924A// 11 9 + 1. 2A
12 sq</3/2 RT4A/L 13 0 + 5. 91
13__5r4'/497 tren/3 112 + M.e3
14 .cr$/gr_t eggnjy 13 3 + o, 9;n

15 set /994 RR4Ric lit + |t. 2 C
16 sgi/99k t9'lBt'L 11 4 +M.ff
17 5L6/94T4 8Et/Rif /3h + Z. t92

| 18 54//79f PFva/F \/ /24 +d.44
| \ 9 34f./99i? 224 A 7'A haafA tt 039

~

--

20 546/200 994 ETR . %N R - 0.013- -
.

' AVERAGE /11 ~ /28 *I FC, h ,4a'$'

WIW|X * /C7%

Date Reported Exposure Received: 2dJ.- ~ MP7
Completed by: M Reviewed by: b7/7-

Si . RANI mghale Rad. Eng. Group Leadr
~

J/9ff$Date: 07jfjsd M>Y Date;
-<

| * % Dav % a vdas ea6aA4/ eam f e p s a m * 4 " h 'A
A 9 n;/h a J A y waza.

1

. .
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APPENDIX G
'

! 1988 SOIL SURVEY RESULTS

i 5
|

4 '

4

|
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This appendix. includes tables of the analytical results obtained from the soil
surveys performed by Yankee Atomic Electric Company (YAEC) Environmental
Laboratory personnel in April Hay, and June of 1988. The first nineteen
tables present the results of the first series of surveys performed in April
and Hay, as documented in YAEC letter EL 346/88, dated May 25, 1988. The
subsequent five tables include the results of a followup series of surveys
conducted in June,1988, as described in YAEC letter EL 469/88, dated July 29,
1988. Full details regarding the survey procedures and results can be found
in these two YAEC letters.

|

|

l
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TABLE 1

BOSTON EDISON ROUTINE AND SPECIAL IN-SITU STATIONS
APRIL-MAY, 1988

.

Station Distance / Direction
Number Description From Plant (Miles) Comment

00 Warehouse 0.1 SE a

01 East Rocky Hill Road 0.3 WNW a,b

03 West Rocky Hill Road 0.85 E a,b,c

06 Property Line 0.34 NW a

07 Pedestrian Bridge 0.14 N b

08 Overlook 0.03 W b,d

l 09 East Breakwater 0.35 ESE a,b

10 Cleft Rock 0.9 S a

17 Manomet Substation 2.5 SE a

15 Plymouth Center 4.5 WNW -

21 East Weymouth Control 2.3 NW a

85 Main Stack 0.12 W b

| 90 Access Road & 3A 1.4 S a,b
|
'

91 Manomet Little League 1.4 SSW a,b

92 Rocky Hill Road Poles 119/120 1.2 W a,b

I93 Plymouth YMCA 0.95 W a,b

99 First Aid Trailer 0.06 W a
,

a = Topsoil sample collected
b = Soil cores obtained
c = 250 feet west of air sampler.
d = Moved to behind I & S building on lawn closer to air sampler.

_

O



_ _ _ - . - . _-

!

|

TABLE 2

WAREHOUSE PTS 00
UNITS: pCi/kg WET

Concentration lo
LSN Soil Depth Cs-137 Co-60 Co-60 HDC-

G72039 Top Soil 56 4 14717 16

In-Situa 0-10" 100 1 15 362 1 14 27

In-Situb 0-10" 30 5 112 1 4 9

a a/p = 0.206; exponential depth distribution assumed
b a/p = infinity; plancer surf ace distribution assumed

|

|

*

|
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|
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TABLE 3
()

EATT ROCKY HILL ROAD PTS 01
UNITS: pCi/kg WET

Con tent ration la

LSN Soil Depth Cs-137 Co-60 Co-60 MDC*

.G72044 7op Soil 2340 1 27 49 8 23

G72045 0-2" 1280 t 22 23 1 10 39
'

G72046 2-4" 140 10 -6 i 8 31

G72047 4-6" 6317 416 24

In-Situa 0-10" 963 28 212 8

In-Situb 0-10" 287 8 212 8

a - a/p = 0.206: exponential depth distribution assumed
b - c/p = infinity; plancer surface distribution assumed

.

G

1

.=

~
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TABLE 4

WEST ROCKY HILL ROAD PTS 03
UNITS: pCi/kg WET

Concentration la
*

LSN Soil Depth Cs-137 Co-60 Co-60 MDC

G72040 Top Soil 130 4 3 3 12

G72041 0-2" 1051 16 217 26

G72042 2-4" 111 7 -6 6 25

G72043 4-6". -1 1 11 -15 15 58

In-Situa 0-10" 155 17 1 2 9

In-Situb 0-10" 46 5 1 2 9

a - a/p = 0.206; exponential depth distribution assumed
b - a/p = infinity; princer surface distribution assumed

.

,,q,us"_
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TABLE 5

PROPERTY LINE PTS 06
UNITS: pCi/kg WET

Concent ration lo ,

LSN Soil Depth C s-137 Co-60 Co-60 MOC

G72055 Top Soil 76 1 3 312 8

In Situa 0-10" 228 i 18 -2 2 8

In-Situb 0-10" 68 5 -2 2 8

a - a/p = 0,206; exponential detta distribution assumed
b - a/p = infinity; plancer surface distribution assumed

!
.

|

,

>
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l' TABLE 6
l-

PEDESTRIAN BRIDGE PTS 07
L UNITS: pCi/kg WET

Cor entration lo,

'

LSN Soil Depth C s -l 'a . Co-60 Co-60 MDC
*

G72052' 0-2" 303 13 48 1 11 36 j
1

G72053 2-4" 65 i 6 -7 1 6 25 1
. i

'

G72054 4-6" 74 6 -6 .7 26

In-Situa 0-10" 158 13 48 i 6 20,

l
! In-Situb o_j oa 47 4 1512 7

I
|

|

a - m/p = 0.206; exponential depth distribution assumed '

b. a/p = infinity; plancer surface distribution assumed

1,
,

i
1

l

,

,
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TA8LE 7

OVERLOOK PTS 08
UNITS: pCi/kg WET

Concentration i la ,

LSN Soil Depth Cs-137 Co-60 Co-60 HOC

G72048 0-2" 93 i 8 11 1 8 29

G72049 2-4" 91 1 9 -1 1 7 28

G72050 4-6" 60 1 7 12 1 8 29

In-Situa 0-10" 83 11 31 1 4 14

In-Situb 0-10" 25 1 3 1011 5

a - a/p = 0.206; exponential depth distribution assumed '

b a/p = infinity; plancer surface distribution assumed

l

1

|

|

O
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TABLE 8

EAST BREAKWATER PTS 09
UNITS: pCi/kg WET

Concentration la
LSN Soil Depth Cs-137 Co-60 Co-60 MDC*

G72034 Top Soil 97 t 5 10 1 2 7

G72035 0-2" 82 1 6 6!6 21

G72036 2-4" 38 i 7 3 6 23 s

G72037 4-6" 5i6 -3 t 8 29

In-Situa 0-10" 43 1 11 -2 1 3 11

In-Situb 0-10" 13 i 3 -2 t 3 11

| a - a/p = 0.206; exponential depth distribution assumed
b - a/p - infinity; plancer surface distribution assumed

|
|

4 -'

|

| -
*

1

i>

:

.
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|
-

.

.

.

ausp

dup

G-9

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



_ - - _ - _ , _ _ - _ - - _ _ _

.i

..

TABLE 9

CLEFT ROCK PTS 10
UNITS: pC1/k9 WET

' Concentration i le
.

LSN Soil Depth Cs-137 Co-60 Co-60 MDC

G72297 Top Soil 317 1 9 1116 21

In-Situa 0-10" 268 1 17 512 8

In-Situb 0-10" 80 1 5 512 8

a - a/p = 0.206; exponential depth distribution assumed
b a/p = infinity; plancer surface distribution assumed

.

..
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TABLE 10

PLYMOUTH CENTER PTS 15
UNITS: pCi/kg WET |

I

Concentration i la
'

LSN Soil Depth Cs-137 Co-60 Co-60 MDC

In-Situa 0-10" 499 1 19 113 11

In-Situb 0-10" 134 1 6 113 11

)
a - a/p = 0.206; exp6nential depth distribution assumed
b a/p = infinity; plancer surface distribution assumed

i

;\-

i
'

t
i

L
~

|
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TABLE 11-

.

1
MANOMET SUBSTATION PTS 17

'

UNITS: pCi/kg WET

Concentration t la
LSN Soil Depth Cs-137 Co-60 Co-60 MDC

*

G72166 Top Soil 343 t 5 2!3 10

In-Situa 0-10" 451 1 20 1 3 10

In-Situb 0-10" 134 1 6 113 10

|

a a/p = 0.206; exponential depth distribution assumed
b - a/p = infinity; plancer surface distribution assumed

!

|

|

|

|
1
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TABLE 12

EAST WEYMOUTH CONTROL PTS 21
UNITS: pCi/kg WET

*

Concentration t lo
LSN Soil Depth Cs-137 C0-60 Co-60 MDC

G72298 Top Soil 14819 -3 i 6 22
'

In-Situa 0-10" 232 25 523 12

In-Situb 0-10" 69 8 5 3 12

a - a/p = 0.206; exponential depth distribution assumed
i

b a/p = infinity; plancer surface distribution assumed

|

'
.

e

M

M
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TABLE 13 )

MAIN STACK PTS 85 i

UNITS: pCi/kg WET '

|
;

.

Concentration la
LSN Soil Depth Cs-137 Co-60 Co-60 MDC ;

G72299 0-2" 142 1 10 6't 10 38

G72300 2-4" 89 8 -4 i 9 35

G72301 4-6" 72 10 17 t 15 55

In-Situa 0-10" 106 i 12 312 8

In-Situb 0-10" 32 1 4 312 8

_

a - a/p = 0.206; exponential depth distribution assumed
b e/p = infinity; plancer surface distribution assumed

1

.

.

eBN
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TABLE'14

EDISON ACCESS ROAD AND ROUTE 3A PTS 90
UNITS: pCi/kg WET

i

j

Concentration t lo -

LSN Soil Depth Cs-137 Co-60 Co-60 MDC i

G72064 Top Soil #1C 823 1 14 21 i 5 13 |

G72051 Top Soil #2d 470 i 6 313 11

G72065 0-2" 1204 23 47112 42 ;

G72066 2-4" 814 i 19 -11 i 10 39

G72067 4-6" 292 14 8 i 10 40 '

In-Situa o_10 m 405 i 17 34 4 9
.

In-Situb 0-10" 121 5 11 i 1 3

,

1

a =/p = 0.206; exponential depth distribution assumed
b - e/p = infinity; plancer surface distribution assumed
c - Under high voltage tower.
d - Under detector.

|
1

.

.
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TABLE 15

MANOMET LITTLE LEAGUE PTS 91
UNITS: pCi/kg WET

Concentration t lo |
*

LSN Soil Depth Cs-134 Cs-137 Co-60 Co-60 MDC

G72068 Top Soil 15 i 2 383 1 6 2i3 12

G72069 0-2" 16 1 7 241 i 11 -7 8 31

G72070 2-4" -8 t 6 87 t 7 12 7 25

G72071 4-6" -1 5 26 i 5 -115 19

In-Situa 0-10" c 136 i 18 -3 3 12
__

In-Situb 0-10" c 41 6 -3 i 3 12

3

a a/p = 0.206; exponential depth distribution assumed
__

b a/p = infinity; plancer surface distribution assumed
c - Nuclide not identified in spectrum.

--

__

_.
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. . . .
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TABLE 16- ,

:

! ROCKY HILL ROAD BETWEEN EDISON
POLES 119 AND 120 PTS 92 !

UNITS: pCi/kg WET
,

.

Concentration la,

LSN Soil Depth Cs-137 Co-60 Co-60 MOC

G72056 Top Soil 388 15 2 11 40

G72057 0-2" 597 14 -l 7 28

G72058 2-4" 477 t.15 3 9 32

G7059 4-6" 236 i 15 -4 10- 41

In-Situa 0-10" 227 16 2 2 8

In-Situb 0-10" 68 i 5 2i2 8 . f
i

l

a a/p = 0.206; exponential depth distribution assumed
L b - =/p = infinity; plancer surface distribution assumed q

!

!

!

|

4

s

.

o
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_
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TABLE 17

PLYMOUTH YMCA PTS 93 )
UNITS: pCi/kg WET

*

Concentration lo ,

LSN Soil Depth Cs-137 Co-60 Co-60 MDC j

G72060 Top Soil 56 5 214 16

G72061 0-2" 110 10 2i8 30
,

G72062 2-4" 54 i 6 8 7 26

G72063 4-6" 62 1 6 -8 i 7 27

In-Situa 01o= 109 f 14 413 9

In-Situb 0-10" 3214 4 3 9

a a/p = 0.206; exponential depth distribution assumed
I b - a/p = infinity; plancer surface distribution assumed

I

l

~

[ _

.
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TABLE 18

FIRST AID TRAILER PTS 98
UNITS: pCi/kg WET

*

Concentration lo

LSN Soil Depth Cs-137 Co-60 Co-60 MDC

G72038 Top Soil 37 i 2 22 i 3 10
'

In-Situa 0-10" 81 i 12 61 i 6 20 <

In-Situb 0-10" 24 1 4 19 i 2 6

a - a/p = 0.206; exponential depth distribution assumed i

b - a/p = infinity; plancer surface distribution assumed

1'

|

,

i
l

-.
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1

'
TABLE 1

PILGRIM STATIO*' SOIL ANALYSIS LOCATIONS

Station- Distance / Direction i

Number Samplino Location from Station

84 Intersection (Rocky. Hill Road & 0.25 S
Edison Access Road) 3

83 Edison Access Road 1.2 S

82 Boneyard I'dison Access Road) 0.8 S

91A Manomet Little League - North 1.4 SSE i

!
'

918 Manomet Little League - South 1.4 SSE

80 High Tension Line Tower - 1.6 S
SW from Rt. 3A

81 Greenwood Estates 0.5 SE

\
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Table 2

'

Pilgria Station - In-SituSoilSummaryforAlpha/ Rho = Infinity

i - j

{Station <------------- --------- Concentration (pCi/Kg) ----------->--

j Code Location Cs-137 1sig LLD Co-60 1sig LLD K-40. Isig LLO

|

l i
'

84 Rocky Hill & Edison Rd. 80.5 4.9 11 4.9 2.5 9 10650 290 313 j
,

83 Access Rd 66.1 4.5 to -0.3 2.5 9 8940 280 270
):
{ 82 'Soneyard 62.3 6.2 20 0.1 2.7 10 15600 330 390

i

| 81 Greenwood Estates 101.0 5.2 12 -1.2 2.5 10 11710 290 330 J
I l

91A Manomet LL - North 25.4 3.5 10 2.0 2.2 8 12050 290 290

SIB Nanomet LL - South 43.1 3.7 9 -0.3 2.2 8 10930 270 260

80 RL 3A - Power Line 92.4 4.5 9 2.0 2.1 8 7720 230 210

|

|
|

|

'

.

|
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Table 3

Pilgrim Station - In-SituSoilSuasaryforAlpha/ Rho =.206

l
1

)
Station < - - - - - - - - - - - - - ----- Concent ration (pCi/Kg) ------------------> ]

Code Location Cs-137 1sig - LLO Co-60 1sig LLO K-40 1sig LLO
'

,

84 Rocky Hill & Edison Rd, 271 16 39 4.9 2.5 9 10650 290 310

83 Access Rd 222 15 32 -0.3 2.5 9 8940 280 270 q

82 Boneyard 209 21 68 0.1 2.7 10 15600 330 390

81 Greenwood Estates 339 17 41 -1.2 2.5 10 11710 290 330

91A Manomet LL - North 85 12 32 2.0 2.2 8 12050 290 290

918 Nanomet LL - South 145 12 29 -0.3 2.2 8 10930 270 260
,

80 Rt 3A - Power Line 310 15 31 2.0 2.1 8 1720 230 210

.

t

|
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Table 5
1

Pilgrim Station - Observed vs Predicted Values for K-49

I

'

<-- - Observed - -> <-- Predicted ---> % Deviation
Location Cone (pci/Kg)+/-1sig Cone (pci/Kg)+/-1sig from Observed. i

,

Rocky Hill & Edison Rd. 9340 +/- 1466 10650 +/- 290 14.03

Access Rd $503 +/- 388 8940 +/- 280 5.14

Greenwood Estates 12080 +/- 1232 11710 +/- 290 -3.06

llenomet LL - North 10420 +/- 100 12050 +/- 290. 15.64

llanopet LL - South 11553 +/- 1136 10930 +/- 270 -5.39

Rt 3A - Power Line 7153 +/- 954 7720 +/- 230 7.93

%

)
>

f
)
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PNPS Technical Specifications
Section 6.9.C.2g,7

aos10NEors0N
Pilgrim Nuclear Power Station

Rocky Hill Road
Plymouth, Massachusetts 02360

,

K. L. Highfill
Station Director

BECo 89- 063
April 28,1989

U. S. Nuclear Regulatory Commission
Attn: Document Control Desk
Hashington, DC 20555 ;

i

License DPR-35 j

Docket #50-293- |

ANNUAL ENVIRONMENTAL RADIATION MONITCPJNG REPORT

Dear Sir: I

In accordance with the Pilgrim Nuclear Power Station Technical Specification j

Section 6.9.C.2, the Boston Edison Company submits the Annual Environmental
~

Radiation Monitoring Program Report for 1988 (Report #21).

/ |8
K. L Highfil F~~ /

BPL/hal

Attachment

cc: Mr. D. Mcdonald, Project Manager
, Division of Reactor Projects I/II

Office of Nuclet,r Reactor Regulation
Mail Stop: 1401
U. S. Nuclear Regulatory Commission -

1 White Flint North
11555 Rockville Pike '

Rockville, MD 20852

U. S. Nuclear Regulatory Commission
Region I
475 Allendale Road
King of Prussia, PA 19406

pZ[Senior NRC Resident Inspector
Pilgrim Nuclear Power Station

(

-


