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I. Introduction and Summary

This report presents a summary of the results of measurements of direct
radiation and radioactivity in environmental media in the vicinity of the
Pilgrim Nuclear Power Station - Unit 1 (PNPS-1) and at selected control
locations for the period January 1 - December 31, 1981. The results of
this Program indicate that PNPS-1 has had a negligible and most often
inmeasurably small impact on the environment in the vicinity of the plant.
Conservatively estimated doses resulting from the measured highest station
mean concentrations are typically less than 1% of the doses resulting from
naturally occurring radionuclides and residual fallout from atmospheric
nuclear weapons testing.

Estimates of concentrations of radionuclides in vegetation and milk and
estimates of dose to man, as quoted in this report, were made using methods
similar to those described in Regulatory Guide 1.109 and 1.111.

The performance record of the PNPS-1 for the calendar year of 1981 reflects
an average capacity factor of 58.7%. Monthly capacity factors are given in
Table I-1.

A tabulation of radioactive effluents form the PNPS-1 is provided in Ap-
pendix B for the 1981 calendar year.

There were six Anomalous Measurement Reports made for the calendar year of
1981. The media involved were mussels, sediment and algae from the discharge
canal and on one occasion, cranberries from the Manomet Point Bog.

The measured concentration of Cs-137 in the Cranberry sample from Manomet
Point Bog was due to old fallout from weapons testing and a depressed
concentration of potassium in the soil. There were no other man-made radio-
nuclides detected in the sample which would be indicative of reactor
operation. A detailed study of the presence of cesium in cranberries was
performed and included as Appendix C to the Boston Edison Environmental
Radiation Monitoring Report No. 11, April, 1979. This report identified
fallout from previous nuclear weapons testing as the primary source of cesium
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in cranberries. In addition, the report indicated that cesium uptake in
cranberries can be increased when conditions of low so1! potassium occur,

as cesium is a congener of potassium. The Cs-137/K-40 ratio is consistent
with the above mentioned report and with past analyses data. Therefore, it
is very unlikely that PNPS-1 was the source of the measured concentration.

The measured concentrations of Cs-134 and Cs-137 in a sediment sample of
24-26 cm from the Discharge Canal Outfall Area are unquestionably due to
past controlled liquid releases from PNPS-1. The sample underwent confirma-
tory reanalyses in which neither Cs-134 nor Cs-137 were detected above the
LLD (Lower Limit of Detection), and neither nuclide was detected in the
other layers of the sediment. This indicates the presence of a "hot"
particle in the sediment, and does not present a hazardous situation due

to the extremely limited distribution of the activity and the absence of
any ingestion pathway or direct radiation hazard.

The measured concentrations of Co-60 in the Discharge Canal samples of mussels
and algae (Irish Moss) are unguestionably due to liquid effluents from PNPS-1.
However, the maximum dose due to consumption of either mussels or algae with
the peak concentrations would result in less than 0.01 mrem to the total body
and 0.08 mrem to any organ. Clearly, this dose is not significant when
compared to the natural background dose rate of 80 to 100 mrem/year as it is
much less than 1% of background.

Essentially, all samples required by the PNPS-1 Technical Specifications were
collected on schedule. The only exceptions were the unavailablility of two
milk sample locations, and two air sampling locations plus occasional failures
of the air samplers. The TLD station for one of the two air sampling sites
was discontinued (Plymouth Center) due to inaccessibility of the established
location. These incidents affected only about 7% of the total number of
samples scheduled for collection.

Both Plimoth Plantation and the Plymouth County Farm were unavailable as

milk sampling locations during 1981. Plimoth Plantation informed Boston
Edison in January 1981 that milk producing animals would no longer be
available as they disposed of their cow. This situation has not changed

for 1982. The Plymouth County Farm has not been available as a milk sampling
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station since 1979 as they had sold all of their cows. Recently, the

Plymouth County Farm has indicated that they may be able to again par-
ticipate in the Program in December, 1982.

The two air sampling stations which became unavailable during 1981 were
the Plymouth Center and Cleft Rock sites. The Cleft Rock air sampling
station was lost during the second quarter of 1981 (between 4/6/81 -
4/14/81) when vandals destroyed the equipment and protective facilities.
The communications tower at the site was also heavily damaged. This
particular site is Boston Edison property. At this time, a lease was
being negotiated between Boston Edison and a cable television company.
The air sampling station could not be reinitiated until the lease was
finalized. The lease was finalized around the first of the year, 1982.
At this writing, Boston Edison is in the process of establishing opera-
bility at the Cleft Rock (actually Pine Hills) air sampling station site.
The air sampling station should be fully operational by April 15, 1982.

The Plymouth Center air sampling station (01d Fire House on Main Street)
was lost during the third quarter of 1981 (between 7/28/81 - 8/4/81) when

a private individual bought the 01d Fire House. The individual refused

to participate in the Program. A search for a suitable public building

in the Plymouth Center area was then initiated. A suitable public building
was located on February 1, 1982 - Plymouth Town Hall. A this writing,
Boston Edison is in the process of establishing operability at the Plymouth
Center air sampling station site. The air sampling station should be fully
operational by April 15, 1982.



TABLE I-1

PNPS-1
CAPACITY FACTORS

1981
(Based on 670 MWe)

Month Percent Capacity
January 85.7
February 67.0
March 65.6
April 90.7
May 94.6
June 95.0
July 59.8
August 72.1
September 75.4
October 0.0
November 0.0
December 0.0
Average 58.7
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Description of the Monitoring Program

The Radiological Monitoring Program conducted in accordance with the PNPS-1
Technical Specification is included as Appendix D. The program is essen-
tially identical to that conducted during 1980 and incorporates supplemental
provisions as specified in the Settlement Agreement between the Massachusetts
Wildlife Federation and Boston Edison Company, June 9, 19772. The exceptions

to the program are as follows:

1) There is no TLD station at Saquish Neck since the Mass Wildlife Fed-
eration has not yet provided a means for placement and retrival of
the TLD as prescribed by the agreement noted above.

2) There is no longer a milk producing cow at the Plymouth County Farm,
nor at the Plimoth Plantation. The Plymouth County Farm location has
been unavailable since 1979 and the Plimoth Plantation location has
been unavailable since 1981. The nearest cow is located approximately
12 miles from PNPS in the W sector. This location is a private resi-
dence. Samples have been collected from this location since October,
1980.

3) There is no longer a Karbott Farm. Vegetable samples are now col-
lected at the two nearest gardens near the W and ESE site boundaries.

The 1981 site Census conducted according to Technical Specification re-
quirements determined that there are several vegetable gardens near the
site boundary in the W-WNW and SE-ESE sectors (see Appendix E). In the
ESE sector, the nearest garden is at the J.B. Work residence (0.6 miles
ESE). A sample of lettuce was collected on 9/17/81. In the west direc-
tion the location of the nearest observed garden of approximately 500
square feet was at the residence of Mary Lloyd Evans (0.7 miles W). A
sample of Chinese Cabbage was collected from this location on 9/15/81.

A sample of rubbarb was collected from the Winchester residence (0.7
miles W). The rubbarb collected on 9/15/81 was insufficient to meet
sensitivity requirements, and the garden did not contain enough rubbarb
for a larger sample. The location of one of the nearest animals which
produces milk for human consumption is the King residence ( 12 miles W).
Samples of milk have been collected from this location since October, 1980.
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The 1981 Census indicates that 5 goats are located at the Lloyd residence
on Long Pond Road, however the owner was unable to be contacted to deter-
~ine the status of the goats. The owner was contacted during the 1980
Census, and indicated that the goats were not producing milk at that time,
but had in the past. When the animals do give milk, it is very little
since they are miniature goats (not full size) and she uses the milk for
personal consumption only. During the 1981 year, every effort was made

to identify and locate milk-producing animals in the near vicinity (5 miles)
of PNPS-1. Only one milk sample was obtained early in 1981 (1/27/81) from
the residence of Mr. S. Whipple (2 miles WSW). Samples were discontinued
from this location when the cows were sold. A milk-producing cow was
located at the residence of Mr. F. Shaw ( 8 miles SSE) in June. Only one
sample was collected from this location (July 7, 1981) before Mr. Shaw scld
his cow.

In perspective, cows and goat locations within a 5 mile radius of PNPS-1
are rare and transitory at best. It is extremely unlikely that the cow-
milk pathway could be responsible for even small doses to any member of
the general public.
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111. Results of Analyses

This section summarizes the results of the analyses of envirunmental media
samples in compliance with the monitoring program described in Appendix C.
The section is divided into sub-sections, each of which describes a parti-
cular media or potential exposure pathway.

The results of analyses conducted on environmental media are maintained in
a computerized data file which constitutes a data base used for statistical
analyses by a computer code entitled ERMAP3.

ERMAP calculates a set of statistical parameters for each radionuclide
who-e concentration is reported in a given envircnmental medium. This set
of statistical parameters includes separate analyses for (1) the indicator
stations, (2) the control stations, and (3) the station having the highest
annual mean concentration. For each of these three groups of data, ERMAP
calculates:

1) the mean value of all measured concentrations;

2) the square root of the mean square deviation (this is an estimate of
the sample variance);

3) the lowest and highest calculated concentrations;

4) the number of positive measurements divided by the total number of
measurements;

Entries listed under the heading LLD* are the mean of all LLD values, where
each LLD equals 4.67 times the standard error of the associated background

measurement.

* ower Limit of Detection

3-1



The results of ERMAP are provided in each subsection for the appropriate
media. In addition, plots of measured concentration as a function of
sampling time are included for certain isotopes in certain media inan
effort to simplify interpretation of the results.

Sample station identification numbers used by the ERMAP program are provided
in Table III-A-1.
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TABLE III-A-1

Sample Station Identification Codes

Station Code

Media Number Station Location
Air Particulate 00 Warehouse (0.03 mi-SSE)
and 01 Rocky Hi11 Road (0.8 mi-SE)
Iodine Filters 03 Rocky Hill Road (0.3 mi-WNW)
06 Property Line (0.34 mi-NW)
07 Pedestrian Bridge (0.14 mi-N)
08 Overlook Area (0.03 mi-W)
09 East Breakwater (0.35 mi-ESE)
10 Cleft Rock (0.9 mi-S)
15 Plymouth Center (4.5 mi-W-WNW)
17 Manomet Substation (2.5 mi-SSE)
21 East Weymouth (control-23 mi-NW)
Waterborne 11 Discharge Canal
17 Bartlett Pond (1.7 mi-SE)
23 Power Point (control 7.8 mi-NNW)
Shellfish 11 Discharge Canal Qutfall
12 Plymouth Harbor
13 Duxbury Bay
15 Manomet Point
24 Marshfield (Control)
Algae (Irish Moss) 11 Discharge Canal Qutfall
15 Manomet Point
22 E1lisville (Control)
Lobster (Arthropods) 11 Vicinity of Discharge Canal Offshore
15/99 Offshore (Control)
25 Scituate (Control)
Fish 2 Round Hill Point-Offshore-(Control)
11 Vicinity of Discharge Canal
21 Auto Trawl Station-Offshore-(Control)
22 Offshore-(Control)
28 Cataumet ,Bourne-(Control)
29 Priest Cove-Offshore-(Control)
Sediment 11 Rocky Point
12 Plymouth Harbor
13 Duxbury Bay
14 Plymouth Beach
15 Manomet Point
24 Marshfield (Control)
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Cranberries

Vegetation

Beef Forage

TABLE II1-A-1 (Continued)

Station Code
Number

Station Location

Whipple Farm (2 mi-WSW)

Whitman Farm (Control-23 mi-NW)
King Residence (Control-12 mi-W)
Shaw Residence ( 8 mi-SSW)

Manomet Point Bog (2.5 mi-SE)
Bartlett Road Bog (2.8 mi-SSE/S)
Pine Street Bog (Contrcl-17 mi-WNW)

Plymouth County Farm (3.5 mi-W)
Work Residence (0.7 mi-ESE)

Evans Garden (0.7 mi-W)
Bridgewater Farm (Control-20 mi-W)

Plymouth County Farm (3.5 mi-W)
Plimoth Plantation (2.2 mi-W)
Whitman Farm (Control-23 mi-NW)
Brid-cvater Farm (Control-20 mi-W)




ITI.

Air Particulate Filters

Sample collection systems consisting of a cellulose particulate

filter and a charcoal filter cartridge are used to collect particulate
matter and iodine isotopes respectively. Analyses of the particulate
filters for beta radiation is performed weekly. In addition, quar-
terly composite particulate samples are analysed for gamma emitting
isotopes. Table III-A-2 presents the results of the ERMAP for air
particulate analyses. (The station identification numbers correspond
to the locations identified in Tabla III-A-1.)

For ease of interpretation of these measurements, a plot of gross beta
activity vs. time for all indicator stations is provided in Figure
IT1I-A-1 and for the control station in Figure III-A-2.

Positive measurements of specific isctopes characteristic of reactor
operation (ie, Ce-144, Ce-141, Ru-103, Ru-106, Zr-95, Nb-95, Cs-137,
Mn-54 and Co-60) were observed at jus® about all of the stations.

A11 of the positive measurements were seen in composite samples
primarily for the first, second and third quarters. As can be seen
from Figures III-A-1 and I11I-A-2, a significant increase in airborne
gross beta activity was detected for a'l sampling locations during the
first three quarters of 1981 (the gross beta activity for the control
station during 1980 was <0.1 pCi/m°). This increase in activity is
attributable to the October 17, 1980 Chinese weapons test. The
quarterly composite samples showed detectable concentrations of fall-
out fission products related to the Chinese weapons test for the
first three quarters of 1981 (Figures III-A-3 to III-A-12). Refer to
Section III.A.1, Atmospheric Fallout During 1981, for a more detailed
explanation. Even though this section concerning atmospheric fallout
makes reference to Maine Yankee specifically, it is still applicable
to PNPS-1.

The following positive measurements made were due to the effluents of
PNPS-1: Cs-137 at West Rocky Hill Road (Station 03-0.3mi-WNW) and
Co-60 at the Pedestrian Bridge (Station 07-0.14mi-N) during the first
quarter of 1981; Mn-54 at the Property Line (Station 06-0.34mi-NW)
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during the third quarter of 1981; and, Co-60 at the Warehouse (Station
00-0.03 mi-SSE) during the fourth quarter of 1981. However, even if a
person were to breathe air with the highest concentrations measured,
they would receive an annual dose of les:z than 0.0004 mrem to the
total body and 0.04 mrem to the maximum exposed organ (infant-lung).

In consideration of the natural background dose rate of 80 to 1C0 mrem/

year, there was clearly no significant environmental effect observed in
the air particulate media as a result of the operation of PNPS-1.
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FIGURE I11-A-1
GROSS BETA ACTIVITY
AIR PARTICULATES
INDICAT" = STATIONS
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FIGURE III-A-2
GROSS GETA ACTIVITY
AIR PARTICULATES
CONTROL STATION
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FIGURE III-A-3
CONCENTRATIONS OF Ce-144
AIR PARTICULATES
INDICATOR STATIONS
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FIGURE I1I11-A-4
CONCENTRATIONS OF Ce-144
AIR PARTICULATES

CONTROL STATION
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FIGURE III-A-5
CONCENTRATIONS OF Ce-141
AIR PARTICULATES
INDICATOR STATIONS

-

i.3M Ji8NY/ 1 e

=
rTTTYTTYY

JEN.

1391

WIS ot

TIVITY NUMBES

INCI(RTE %

I VRL
CTRYTIDN (f
TIRTION

s+ STRTION

R LTRTION
& CTRTION

W oTRTION
t',

1

S OTRYION

* CYRTION

TRTION 17

LTRTION O




SEILN A e sivl- 1)

X< L2 NOYIMLS
O3S 3HL 40 40NSN ML 045100 CNAIGHDN ALIALLIY LHYIGNL S30THA 2
16E 1
330 CAON LD a4l onY AW L Taln A "MaY Nt CHId NP
—---—bv-F-»————»—-»-hbnbh—-b-h-bb—iubhbbuh-b»-nbubbhﬁph—-»-—-b——-bhn-->>~b-b—n>hi-——-bbbn>> .—»—
oy -
uu -
- - T
ﬁ.vﬁe:..l..o L
— -
< . <C — = #0300 %
R=FF 4 L
— = - b
—un oW, L
— e o »
O 3 o
W O o ~
x-Ix —i0-4090 1 ©
= m xS r =
b & - - -
EA v A
W F .
O nl_.:. ue” n
L
4
L
ELo- 3021
-
a |
g ﬁ
e m
— L0~ 106G

Higdlle

B S—— o

3-15



«F 3t JTERS

W LF

PILLRIN

FIGURE III-A-7
CONCENTRATIONS OF RU-103
AIR PARTiCULATES

INDICATOR STATIONS
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FIGURE II11-A-8
CONCENTRATIONS OF RU-103

AIR PARTICULATES

CONTROL STATION
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FIGURE 111-A-9
CONCENTRATIONS OF Zr-95
AIR PARTICULATES

INDICATOR STATIONS
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FIGURE I11I-A-10
CONCENTRATIONS OF Zr-95

AIR PARTICULATES
CONTROL STATION
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FIGURE 111-A-11
CONCENTRATIONS OF Nb-95
AIR PARTICULATES
INDICATOR STATIONS
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Figure 111-0-1 Location of Offsite Monitoring Station
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I11.A.1

ATMOSPHERIC FALLOUT DURING 1981

On October 17, 1980 the People's Republic of China detonated a nuclear
device in the atmosphere at the Lop Nor test site in northwest China.
The explosion was estimated by the Department of Energy to be in the
200 kilotons to one megaton yield range. The clouds of radioactive
debris began drifting over the western part of the United States on
October 19, 1980.

During the beginning of November, 1980, increased airborne beta

activity was detected at both indicator and control locations

(Figures 111-A.1-1 and 111-A.1-2). The airborne beta activity

continued to increase into 1981, and a gamma analysis of fourth

quarter composite filters showed detectable concentrations of fission
products which are associated with the October Chinese test (Figures
[11-A.1-3 to I11-A.1-6). As expected, a significant increase in air-
borne gro-s beta activity was detected on air particulate filter

samples submitted from all sampling locations during the first three
quarters of 1981. The highest airborne gross beta activity occurred
during the spring and summer months when the intermixing of the
stratosphere and troposhere causes additional radioactive debris from
weapon testing to be introducted into the troposphere (Figure 111-A.1-7).
For the first three quarters of 1981, gamma analysis performed quarterly
on weekly composite air particulate filter samples showed detectable
concentrations of fallout fission products related to the Chinese
weapons test (Figures III-A.1-8 to 111-A.1-13).

In addition to our required Technical Specification air sampiing
locations, an additional control air sampler was set up at our
Environmental Laboratory in Westborough, Massachusetts. Air par-
ticulate samples analyzed fromthis location showed detectable similar
levels of fission products as the filter samples submitted from the
environs of Maine Yankee. (Figures I11I-A.1-14 to 111-A.1-20)

Fallout was also detected in other environmental media during 1981.
Aquatic and terrestrial vegetation samples collected from indicator
and control locations showed fission products related to fallout
form the Chinese weapons test.
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