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Soil Sample History in Vicinity of Maine Yankee Atomic Plant

Ac-228  Bi-214 K-40 Cs-137 Cs-134 Co-58 Co-60 Mn-54
Year Location* Depth pCilg pCi/g pCilg pCilg pCilg pCi/g pCilg pCilg Reference
1972 Foxbird Island 0-15em 1.2 07 14 0.84 < 0.03 < 0.025 < 0.03 <0.02 1
1972 Eaton Farm 0-15cm 0.34 0.63 14.9 0.87 < 0.015 < 0.012 < 0.015 < 0.01 1
1972 Bailey Farm 0-15em  1.24 0.81 14.6 1.67 <0.03 < 0.025 < 0.03 <0.02 1
1972 Youngs Creek 0-15cm 0.88 1.075 18.2 0.8 <0.03 < 0.025 < 0.03 < 0.02 1
1972 Knight Cemetery 0-15em  1.21 0.7 1.2 4.96 <0.03 < 0.025 < 0.03 < 0.02 1
1972 Westport Firehouse 0-15cm 1 0.92 11.8 1.1 < 0.03 < 0.025 < 0.03 < 0.02 1
1972 Chewonki Neck 0-15¢cm 1.1 1.37 13.2 3.34 <0.03 < 0.025 < 0.03 <0.02 1
1972 Cowseagan Narrows 0-15cm 0.3 0.73 13.4 2.62 < 0.03 < 0.025 < 0.03 < 0.02 1
1972 Bluff Head 0-15cm  0.66 1.1 11.3 2.03 <0.03 < 0.025 <0.03 < 0.02 1
AVERAGE 0.88 0.89 13.62 2.04
1974 Foxbird Island 0-15em 0.9 0.7 7.3 4.6 < 0.035 < 0.025 < 0.03 < 0.015 1
1974 Eaton Farm 0-15em 11 1.1 17.4 2.5 < 0.035 < 0.025 < 0.03 < 0.015 1
1974 Bailey Farm 0-15em 11 1.1 17.6 1.8 < 0.035 < 0.025 < 0.03 < 0.015 1
1974 Youngs Creek 0-t5cm 1.1 0.8 19.4 0.7 < 0.035 < 0.025 < 0.03 < 0.015 1
1974 Knight Cemetery 0-15ecm 1.7 1.3 11.3 4 < 0.035 < 0.025 < 0.03 < 0.015 1
1974 Westport Firehouse 0-15cm 0.8 0.8 11.8 3.2 < 0.035 < 0.025 < 0.03 < 0.015 1
1974 Chewonki Neck 0-15em 0.9 0.7 15.1 1.5 < 0.035 < 0.025 < 0.03 < 0.015 1
1974 Cowseagan Narrows 0-15cm 1 1 14.3 1.3 < 0.035 < 0.025 < 0.03 < 0.015 1
1974 Bluff Head 0-15em 1.2 1.6 13.3 1.2 < 0.035 < 0.025 < 0.03 < 0.015 1
AVERAGE 1.09 1.01 14.17 2.31

A See attached maps
1 EPA Technical Note ORP/EAD-76-3
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Sediment Sample History in Vicinity of Maine Yankee Atomic Plant

Ac-228 Bi-214 K-40 Cs-137 Cs-134 Co-58 Co-60 Mn-54
Date Location ' Depth pCilg pCilg pCilg pCi/g pCi/g pCilg pCilg pCilg Reference
1972 Foxbird Island 0-2cm 025 0.5 15 0.35 < 0.015 0.012 < 0.015 < 0.01 1
1972 Murphy's Corner 0-2cm 1.66 0.74 15.2 0.45 <0.03 0.025 < 0.03 < 0.02 1
1974 Foxbird Island 0-2cm 0.9 0.9 20.5 1 1 21 242 0.45 1
1974 Murphy's Corner 0-2cm 09 0.8 18 0.5 < 0.035 0.025 < 0.03 < 0.015 1
1974 Bailey Cove Area1 0-1cm 7.48 0.19 0.30 0.12 1
1974 Bailey Cove Area1 0-1cm 6.36 0.13 0.09 0.07 1
1974 Bailey Cove Area 1 0-1cm 6.54 0.11 0.18 0.09 1
1974 Bailey Cove Area1 0-1cm 5.95 0.09 0.13 1
1974 Bailey Cove Area1 0-1cm 5.69 0.12 0.08 1
1974 Bailey Cove Area1 0-1¢m 6.82 0.16 0.58 1
1974 Bailey Cove Area1  0-1cm 6.00 0.19 0.22 0.06 1
1974 Bailey Cove Area 1 0-1¢cm 6.38 0.13 0.62 0.05 1
1974 Bailey Cove Area1 0-1cm 6.23 0.17 0.42 0.09 1
1974 Bailey Cove Area1  0-1cm 5.84 0.14 0.16 0.08 1
1974 Bailey Cove Area1  0-1cm 5.17 0.08 0.18 1
1974 Bailey Cove Area1  0-1cm 4.84 0.10 0.44 1
1974 Bailey Cove Area1  0-1¢m 6.69 0.09 0.47 1
1974 Bailey Cove Area1 0-1¢cm 4.20 0.16 0.32 0.06 1
1974 Bailey Cove Area1  0-1cm 7.26 0.21 0.24 1
1974 Bailey Cove Area1  0-1cm 6.63 . 0.16 0.79 0.13 1
1974 Bailey Cove Area1  0-1cm 7.28 0.24 1.16 0.09 1
1974 Bailey Cove Area 1 0-1¢cm 6.54 0.18 0.51 0.10 1
1974 Bailey Cove Area 1 0-1cm 5,08 0.14 0.65 0.08 1
1974 Bailey Cove Area 1 0-1cm 7.62 0.64 0.84 0.09 1
1974 Bailey Cove Area 1 0-1cm 7.34 0.70 0.90 0.09 1
1974 Bailey Cove Area 1  0-1c¢cm 5.67 0.62 0.47 0.11 1
1974 Bailey Cove Area1  0-1cm 6.37 0.22 0.07 1
1974 Bailey Cove Area 1 0-1cm 7.95 0.42 1.25 0.19 1
1974 Bailey Cove Area1  0-1¢cm 7.46 0.38 0.58 0.08 1
1974 Bailey Cove Area1 0-1cm 5,63 0.39 0.63 0.08 1
1974 Bailey Cove Area 1 0-1cm 5.20 0.27 0.44 1
AVERAGE 6.30 0.24 0.49 0.09
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Sediment Sample History in Vicinity of Maine Yankee Atomic Plant (continued)

Ac-228  Bi-214 K-40 Cs-137 Cs-134 Co-58 Co-60 Mn-54
Date Location Depth pCilg pCi/g pCilg pCilg pCilg pCilg pCi/g pCilg Reference
1974 Bailey Cove Area2 0-1cm 8.23 0.77 6.06 0.53 1
1974 Bailey Cove Area2 0-1¢cm 7.97 0.57 0.26 1
1974 Bailey Cove Area2 0-1cm 4,94 0.31 1.30 0.09 1
1974 Bailey Cove Area2 0-1cm 5.48 0.21 0.89 0.08 1
1974 Bailey Cove Area2 0-1¢cm 6.46 0.33 2.51 0.15 1
1974 Bailey Cove Area2 0-1¢cm 6.38 0.22 2.05 0.14 1
1974 Bailey Cove Area2 0-1cm 6.59 0.18 1.50 0.16 1
1974 Bailey Cove Area2 0-1cm 8.44 0.32 1.32 0.1 1
1974 Bailey Cove Area2 0-1cm 5.20 0.15 0.88 0.08 1
1974 Bailey Cove Area2 0-1cm 6.22 0.34 1.44 0.09 1
1974 Bailey Cove Area2 0-1cm 6.61 0.19 0.78 0.11 1
AVERAGE 6.59 0.33 1.73 0.1
1974 Bailey Cove Area3 0-1¢cm 6.14 0.29 2.00 0.15 1
1974 Bailey Cove Area3 0-1cm 7.88 0.39 219 0.15 1
1974 Bailey Cove Area 3 0-1cm 6.99 0.15 1.21 0.09 1
1974 Bailey Cove Area 3 0-1cm 5.80 0.32 2.68 0.24 1
1974 Bailey Cove Area 3  0-1cm 7.71 0.38 1.75 0.12 1
1974 Bailey Cove Area 3 0-1¢m 6.72 0.27 1.24 0.15 1
AVERAGE 6.87 0.30 1.84 0.15
1974 Bailey Cove Area4  0-1cm 5.59 0.38 1.79 0.15 1
1974 Bailey Cove Area4 0-1cm 6.77 0.40 2.36 0.20 1
1974 Bailey Cove Area 4 0-1cm 7.40 0.14 1.91 0.16 1
1974 Bailey Cove Area4 0-1cm 6.60 0.43 1.22 0.13 1
1974 Bailey Cove Area 4 0-1cm 8.03 0.37 2.07 0.17 1
1974 Bailey Cove Area4 0-1cm 7.85 0.29 1.55 0.12 1
AVERAGE 7.04 0.33 1.82 0.16
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Sediment Sample History in Vicinity of Maine Yankee Atomic Plant (continued)

Pu-238 *. Pu-239/40 K-40 Cs-137 Cs-134 Co-58 Co-60 Fe-55
Date Location Depth pCilg pCilg pCilg pCilg pCilg pCilg pCi/g pCi/g Reference
1974 Bailey Cove Area 3 0-6 cm 0.0018 0.043 0.40 < 0.009 2
1975 Bailey Cove Area 3 0-6 cm 0.0014 0.032 12.48 7.21 2
1975 Bailey Cove Area3 0-6cm 0.0016 0.044 3.72 1.73 2
1975 Back River Area5 0-8cm 0.0010 0.028 0.46 0.15 2
1975 Bailey Cove Area2 0-6cm 0.0034 0.078 8.65 4.77 2
1977 Bailey Cove Area3 0-1cm 0.0014 0.034 3.95 2
1977 Bailey Cove Area3 1-2¢cm 0.00068 0.018 2.08 2
1977 Bailey Cove Area3 2-3cm 0.00050 0.014 1.53 2
1977 Bailey Cove Area3 3-4cm 2
1977 Bailey Cove Area3 4-5c¢cm 0.00018  0.0066 0.30 2
1977 Bailey Cove Area 3  5-6 cm 2
1977 Bailey Cove Area3 6-7cm 0.00015 0.0036 0.23 2
1977 Bailey Cove Area3 7-8cm 2
1977 Bailey Cove Area 3 8-9cm 0.000023 0.0015 0.20 2
1977 Bailey Cove Area 3 8-10¢cm 2
1977 Bailey Cove Area 3 10-11cm 0.000032 0.0022 0.15 2
Ac-228 Bi-214 K-40 Cs-137 Cs-134 Co-58 Co-60 Ag-110m"
Date Location' Depth pCilg pCilg pCilg pCilg pCilg pCilg pCilg pCilg Reference
1993 Back RiverAreas n/a 0.063 0.063 0.066 0.038 3
1993 Back River Area 5 n/a 0.10 <MDA 0.044 0.033 3
1993 Back River Area5 n/a 0.083 <MDA 0.057 0.023 3
1993 Back River Area5 n/a 0.12 <MDA <MDA <MDA 3
1993 Back River Area5 nla 0.040 <MDA 0.026 <MDA 3
1993 Back RiverArea5 n/a <MDA <MDA <MDA <MDA 3
1993 Back River Area5 nl/a 0.24 0.080 0.22 <MDA 3
1993 Back RiverArea5 n/a <MDA <MDA <MDA <MDA 3

Samples.xis Soil&Sed J.Darman




Sediment Sample History in Vicinity of Maine Yankee Atomic Plant (continued)

Ac-228  Bi-214 K-40 Cs-137 Cs-134 Co-58 Co-60 Mn-54
Date Location " Depth pCi/g pCi/g pCi/g pCilg pCilg pCilg pCilg pCilg Reference
1994 Bailey Cove Area 1 0-5c¢cm 0.79 19.4 0.30 4
1994 Bailey Cove Area 1 5-10cm  0.67 17 0.27 4
1994 Bailey Cove Area1  10-15cm 0.91 18.03 0.35 4
1994 Bailey Cove Area2 0-5¢cm 0.69 17.02 0.19 4
1994 Bailey Cove Area2 5-10cm  0.89 16.49 0.14 4
1994 Bailey Cove Area2 10-15¢cm 0.88 17.15 0.09 4
1994 Bailey Cove Area3 0-5cm 074 19.7 0.31 4
1994 Bailey Cove Area 3 5-10cm  0.73 22.6 0.34 4
1994 Bailey Cove Area 3 10-15cm  0.91 18.77 1.75 4

See attached maps

NUREG/CR-1658
MYC-1647

A WN D

EPA Technical Note ORP/EAD-76-3

Yankee Atomic - Bolton - Memorandum E. Cumming to P. Anderson, June 24, 1994
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PRE OPERATIONAL TRITIUM SAMPLES

H-3 H-3

Year Location” Type nCi/l pCill
1972 Foxbird Island Esturarine < 0.39 < 390
1972 Eaton Farm Well < 0.4 < 400
1972 Bailey Farm Well < 0.34 < 340
1972 Youngs Creek Surface < 0.14 < 140
1972 Chewonki Neck Well < 0.3 < 300
1972 Cowseagan Narrows Esturarine < 0.09 < 90
1972 Bluff Head Esturarine < 04 < 400
Ave < 294

Min < 90

Max < 400

Samples.xls H-3 J.Darman
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Measurement of Radionuclides as a Functicn of Position in the

Estuary of the Maine Yankee Atcmic Power Plant

J. H. ChurchiTl, C.'S. Smith

C. T. Hess and A. Price

(Prgsented at American Physical Society Conference,

New England Sector; April 19, 1975)



Measurement of Radionuclides as a Function of Position in the
Estuary of the Maine Yankees Atomic Power Plant

This paper is primarily a presentaticn of an experimental survey which was
preformed on the sediment of the estuary of the Maine Yankee Power Plant in
Wiscaséet, Maine. The purpose of the survey was to determine the distribution of
radionuclides as a function of position in the estuary.

Figure 1 is an aerial photograph of the power plant and its bay estuary.
Marked on the figure are the inflow, whers the cold water is {taken in to
condense the steam atter it has turned the turbines and the cﬁtflow, wherza the
hot water is discharged. It is at the outflow that the radionuclides are intro-
duced into the estuary. Radionuclides are discharged along with the outflow
water. Again, it was the purpose of this survey to determine hcw the radionuclides
were distributed after being introduced into the estuary. This was done by
taking fifty sediment samples from various points in the estuary. The samples
were taken along transect lines, that is, lines perpendicular to the current flow.
The samples were gathered in such a way that only the top 1 cm of sediment was
collected. .- Enough. sediment.was -scooped up to £ill .a 1.1liter,:plastic, cylindrical
na]gene€jar;1;These<jars:wéreelabeled according to ‘sample-site-number and we;é -

transported to the University of Maine at Orono, Maine.

Figure 1: Aerial Photograph of the
Power Plant and Estuary.




At Orono the samples were measured for gamma-ray emitiing nuclides for SOdO
seconds using a lead shield and Ge(lLi) detactor apparatus. The purposa of
the Tead shield was to block outside radiation so that only the activity of
the sample was measured. The Ge(Li) detector is a high resolution, low
noise detector. Information from this detector was sant to a multichannel
analyzer where the energy spectrum of the sample was recorded. (See Figures
5 and 6 in the back for two typical energy spectra of two samples.) Each
shectrum was punched on paper tape which was convertad to computer cards which
were used as data for our spectrum analysis program. Tnis program identified
the nuclides present in each sample and gave their concantration in units of
PCi/Kg.

Figure 2 is a drawing of the estuary showing sample locations and numbers:
Note again that samples were collectad along transect lines which are perpend-
icular to current flow. Sample numbers 1 through 27 are downstream from the
outflow. Sample numbers 28 through 50 are either cross stream or upstream from
the outflow. For most samples there were four nuclides of interest which were
significantly above background. These were 58Co, 6OCo, 13765, and 40&. The~.
first three of these are exclusively man-made products whereas the last one;

4OK, is a natural isotope. Of the man-made isotopes 58Co and 60

Co are solely
reactor products while 137Cs is a combination of reactor discharge and bomb
fallout. |

. Table 1 tabulates the amounts of these four isotopes in each of the 50
samples. Looking at the 58Co column of Table I we see that‘tﬁg concentration

below the outflow (site numbers below 28) was generally below 1000, whereas

for locations above the outflow, the concentration was ‘generally well above
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Concentration of Radionuclides per Transect Site Number

PCi/Kg
298
85

175
125

579
222

619

az22
157
184

441
466
318
236

790
1163

511 .

645
838

899 -

472~
219 -

1251

584 -

634
439

6057
263
1295
893

2506
2050
1500

Table I

GOCO
PCi/Kg
122

67

a8

- 77

130
88
98

92

185
78

527

91
82

152
140
156

92 -
113—
747

137
PCi/Kg

191
133
106

87
123

158
191
134
167
144

84

96
92
162
212

158
239
182
136

641
695

623 -

420
382
390
268

769
565
310
212

326
217
179



Table I (Continued)

Site No. _ 58¢o | 60cq 137¢s 40¢
PCi/Kg PCi/Kg PCi/Kg . PCi/Xg

35 1319 112 318 8441
36 881 83 - 153 5203
37 1240 90 343 6216
B | 783 105 189 6510
39 1996 - 146 288 6142
10 2192 147 388 7857
41 1210 93 146 6930
42 2679 . 238 321 5300
43 1750 115 383 7705
41 1236 146 270 6720
45 1791 154 377 5589
46 2355 195 204 6765
47 , 1906 156 135 7402
48 R 1224 132 428 6597
49 2072 173 366 . 8031

50 1546 122 288 7847



1000. Numbers frcm the 80Co column display much the same behavior, the
concentration was generally higher above the outflow than below the outflow.
This means that instead of being flushed out into the ocean which is the
desirable affect, much of the radionuclides are backing up with the tide and
settling out upstream which is, of course, the undesirable effact.

In order to display these results more pictorally isocuric maps were drawn
qf the concantrations of 58Co and 50Co. An isocuric map is similar to a
topographical map that a civil engineer might draw except fhat the lines
correspond to constant radicactive concantration instead of constant altitude.

Figure 3 is an isocuric map for 58¢y.

The gradients were so varied that
the lines had to be senarated logarithmically. Studing Figure 3 one can ses
that below the outflow the concantration is charactorized by peaks and valleys.
Near the cutflow there is a very sharp peak where the concentration rises to
about 6000 PCi/Kg. Adjacent to this peak is a deep valley where the concentra-
tion dips to around 300 Péi/Kg. Upstream from the outflow there is & narrow
high .concentration ridge.

Figure-4:is an:isocurinpIot=for°QQCd§T‘Studing*Figure=4"one-can-sée-—:'
that it shows roughly the same dependence as Figure 3. Below the outflow the
concentration is charactorized by peaks and valleys. Near the outflow there is
a sharp peak beside which there is a deep valley. Above the outflow there is
again a narrow high cﬁncentration ridge: Note again in both plots that the -
concentration was much higher above the outflow than below the outfliow.

So, it is apparent from these two maps that 58¢o and 60co are distributed

in much the same way in the estuary. In order to quantitatively see how
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similar the two distributions were, I applied the correlation coefficient

formula to the data in Table I. (In this case, the corré]ation coefficient

can range from 0 to 1, 1 signfying a perfect correlation betwesn two sets

of variables and 0 indicating no correlation between two sets of variables.)

For the entire estuary the correlation coefficient for the data of S8¢q4 and

60cq was .87. In the lower end of the estuary it wasn't so good, it was only

.47; However, upstream from the outflow the correlation coefficient was .985.

This is exceptionally high. The correlation coeffecient between 38¢y and

137¢s was .503. The coefficient between 80Co and 137¢s was..509. These

Tower coefficients should be expected since 137c5 4s a product of both reactor

discharge and bomb fallout and also, I37(:5 has a different-chemistry than the

Colbalts and should be expected to be disiributed differently. The correlation

coefficients between 58Co, 60Co; and #0K are .369 and .364 respectively.
Offhand, one would expect distributions for 58¢o and 69¢o to be similar

since:they are_both_solely:reactor -products-and.-they.both:-haveszthe ssame=chenistry:—

The paradox-arises-when -one-takes into-consideration that"the -halflife of 58C6t>

is about 70 days wheras the halflife of 80co is in excess of 5 years. Thus one

58

should see ““Co discharged from only the last few months since any release previous

to that would have decayed. However, the 60¢c, concentration should be a superpos-
ition of the %0co deposited for the last few years. i

Why then are the two distributions so similar? 1 have some poséib]e explana-
tions for this. One, -remember that only the top 1 cm of sediment was gathered.

If the sedimentation rate is about 1 cm for every few months this would explain

why a superposition of 60co for the last few years would not be seen. This would



be a very high sedimentation rate. In the next year we hope to measure the
sedimentatjon rate directly; Also it is not known by what mechanism the radio-
nuclides find their way into the sediment. If this is a reversible mechanism
then they should alsc be able to leave the sediment. If the nhalflife of this
mechanism is about in the ballpark of 5%?0 this would also explain why a
superposition of 60Co was not seen.
Early this summer another more extensive sediment survey will be canducted.
Also, additional data will be gathered which will be used fof a model of the
sedimentation of radionuclides.

I would like to express thanks and gratitude to the Darling Center for
Oceanography of the -University of Maine in Walpole Maine and the Maine Yankee

Atomic Power Plant in Wiscasset, Maine for their cooperation in this project.
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Reprinted by: " U.S. ENVIRONMENTAL PROTECTION AGENCY
Oifice of Radiation Programs
From Radiation Data and Reports, Vol. 15, No. 2, February 1974

A Radioactive Isotopic Characterization of the Environment Near Wiscasset,
Maine: A Preoperational Survey in the Vicinity of the Maine Yankee Atomic

Power Pilant'

Dr.C. T. Hess, Dr. C. W. Smith, H. A. Kelley, and F. C. Rock*

An environmental radioactivity survey was conducted in the vicinity
of the Maine Yankee Atomic Power Plant prior to the operation of this
facility. Measurements of environmental radioactivity were made on
samples of zoil, sediment, well water, surface water, estuarine water, air
particulates, air moisture, and precipitation.

Naturel radioisotopes in the uranium and thorium series and potassium-
40 were found in most of the samples. Cesium-137 also was found in

some samples.

An environmental radiocactivity survey in
the vicinity of the Maine Yankee Atomic Power
Plant (6.4 km south southwest of Wiscasset,
Maine on Bailey Point) was conducted prior to
the operation of this facility. The study em-
ployed standard surveillance methods as recom-
mended by the Bureau of Radiological Health,
U.S. Public Health Service (1). The study was
designed to isotopically characterize the radio-
nuclear environment in a quantitative and qual-
itative manner, establish a meaningful and use-
ful background baseline to which data from
future radiological studies can be compared,
document average vaiues for the radiation levels
from wvarious envircnmental media, and locate
and identify any regions of “other than average
caracter” or contributions to the background
by “manmade” radionuclides.

Measurements of the radioactivity in the
environment were made on s0il, sediment, well
water, surface wzter, estuarine water, a:- par-
ticulate, air moisture, and precipitation in the
form of snow and raiu.

This work was carried out under Environmental
Pr ::action Agency Contract Number 33—01—C7 1.
" .zparitment of P. ysics, Univer: . of Mair.  Jrone,
¥ e 24478

February 1974

Study design

The basic approach used in the study design
was to employ modern standard methods of
measuring envircnmental radicactivity in
typical environmental mediz with emphasis on
measuring individual isotopes. The study was
divided inio two parts. Field measurements
were made employing a portable multichannel
analyzer system. This system, along with ap-
propriate support equipment, was used in the
field to measure various environmental media
in situ (2-5). Laboratory measurements on
collected sam-les were carried out at the
Northeastern Radiologicai Health Laboratory
(NERHL), Winchester, Mass. This dual ap-
proach exercised a variety of standard surveil-
lance techniques.

The scope of this survey encompassed the
three zones of environmental media, terrestrial
{soil and seliment), aquatic-2stuarine (well
water, surface water and estuarine water) and
air (air particulate, air moisture and precipi-
tation in the form of snow and rain). Sample
locations were chosen in general to be as nat-
ural and undisturbed as possible, typical of tie
media they represent and reproducible in the
sense that measurements can be repeated in the
future at the sites used in *is study (6). The
study was S weeks in dura: n beginning Jur e

39
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Region n2ar Maine Yankee Atomic Power Plant,

Wiscanset, Maine

Eaton Farm, Bailey Farm, ¥Young' - Creek,
Knight Cemetery, Westpert Firehou ., Che-
wonki Neck (camp), Cowseagan Narrows,
and Bluff Head. Sediment aamples ware
collected at Foxbird Island on the outiail
c'de of the cau 2way and at Murphy's
Corner. Soil sampies collected using
a disc-cutter sampler which wonlé cut =
cvlindrical soil sample. 15 cm ia dismoer
i3 cm deep. Four soil samples tais

wars

In-r
a3t

3°zo =ach

February 1974

centered at the corner of a square grid, 256 cm
on an edge, were collected at each of the nine
sites. The four soil samples including surfacs
vegetation were mixed and the root mats
pulverized. The sample was then screened and
ail material smaller than 5 mm retained. The
sample was then dried at 150°C. for 24 hours.
In tre case of the sedirment samples, the top 2
centimeiars were collected. These samples were
scroe=ed and érie’ in an ideatical manner. In
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ments for potassium-40 and for cesium-137,
respectively, would be in an order of magni-
tude agreement. This is also clear {rom
these tables. However, because the fleld
measurements and the labcoratory measure-
ments are quite different (instrumentation,
calibration, and sample character) one would
not expect exact numerical agrzement. Still we
can see that for relative rank =7 activity, both
measurements indicate ®aton Farm and Bailey
Farm to be higher in potassium-20 with West-
port Firehouse being significantly lower, and
both measurements indicate Kanizht Cemetery
and Bluff Head to be higher in cz2ium-137 with
Eaton Farm and Young’'s Creek lower. Because
of the quite different calibration procedures
used in these two measurements (see appendix
A) one cannot directly compare the activities in
the two naturally occurring decay series. Nev-
ertheless, in the case of relative rank by activ-
ity, both measurements indicate (using actin-
ium-228 as the indicator) higher activity at
the Knight Cemetery and Bailey iarm sites
for the thorium-232 series, with a significantly
lower activity at Young’s Creck. In the case of
the uranium-238 series {(using radium-226 as
the indicator), the Eaton Farm and Bluff Head
sites are sigmificantly higher than Murphy’s
Corner. Considering the layering nature of the
field samples and the homogeneous nature of
the laboratory samples, one cannot expect a
much-higher correlation than observed..

Soil and sediment classification and analysis
can be found in appendix B. Clazsification was
carried out in the field by a s6il specialist from
the Plants and Soils Department of the Univer-
sity of Maine. The same department did the
laboratory analyses for pHl and the exchange-
able components of phosphorus, potassium,
calcium, and magnesium {acetic acid extraction
method). Based =n soil chemisiry, the measure-
ments verify the ¢xpectation -hat thereisafairly
consistent relaiionship exi:s:s between the ex-
changeable component of sotassium in the soil
and the potassium—40 activity, the magnesium
in the soil and the radium-225 activity, and the
pt .sphorus in tr: soil and th- bistauth-2i4 ac-
tivity. Good agreement alse cxists between the
potassium in the soil and ihe s0il zype and the
cesium in the 3681 and tke dapin ¢ the organic
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mat (iayers 0, and 0., see appendix B). From
this, one concludes that the soil chemistry is a
main feature in determining the retention capa-
bilities in these soils for the isotopes mentioned
and that the organic layers may play a domi-
nant role in the uptake and retention of cesium.

RADIONUCLIDES IN THE WATER
Walter field measurements

Radionuclides in the water were measured at
Foxbird Island, Young's Creek, Cowseagan
Narrows, and Bluff Head (figure 1). The
portable multickannel analyzer system and sup-
port equipment used for the soil field measure-
ments was used for these water measurements.
The ornly modification necessary was to float
the shield-detector assembly in a canoe over the
water being measured. At all times, 2 minimum
depth of 1 meter was imainiained below the
detector durinz measursment. All water
field rmeasurements were taken on half
memory (512 channels) for 4000 seconds.
At the end of two runs, the maultichan-
nel analyzer was returnad to the Maine
Yankee Environmental Studies Center at Bailey
Point and the memory ouipuited into the tele-
type. The water field measurements were caly
qualitatively analyzed because for reasonabie
in-the-field counting times {on the order of an
hour), the count rate was so low that the
gamma-ray photopeaks for mominal environ-
mental concentrations were substantially
masked by the counting statistics. However,
several general observations can be drawn from
the field data. The major comtributors to the
spectra were potassium-40 and the. daughters
of radon-222. The potassium concentration is
tpe same for roxbird Island. Cowseagan Nar-
rows, and Bluff Head and is indicative of the
common salinity of these :stuarine samples (it
corresponds to apout 10 ips,liter). The potas-
sium-40 coniribution to the Young’s Cresk
apectrurn is essenfially zerc, as expected. The
bulk of the rest of the specira is made up of
the daughters of radon-222 with the exception
of the Biuff He :d sampie, which contained very
little radioacii izy. in general, the water sam-
ples ware a full order of magnitude less active
than the soil fieid measuraments.



two groups (Bailey Farm and Zaton Farm on
6/30/72 and Chewonki Neck {camp) and West-
port Firehouse on 7/3/72) separated by 72
hours and an intervening cold-front rain show-
er, the data are essentially identical. The
exhalation rate of radon from thea soils in this
region is not documented, the attachment of
decay products on nratural zeroscls is a func-
tion of the natural azroscl size distribution and
therefore, this size distribution was not meas-
ured, and the filter efficiency ¢f the fiberglass
filters as a function of the aerosol size distribu-
tion is not known.

Air particulate laboraccry m2asurements

Air particulates Tor iaboratory analysis of
radionuclides were collected at three sites
(Eaton Farm, Bailey Farm, and Westport Fire-
house). A Millipore pump type-xxo00000 was
used to pull air through a 47 mm diameter
Millipore absolute aerosol 0.8 nm filter, type
AAWP04700. The throughput of this system
was metered for all runs with a celibrated gas
volume flow meter, American Mster Company
Model 10-300-PR1264. This meter was capable
of reading up to 93 99%.9 liters. The meter,
nump, and filter holder wers housed in an in-
strument box with a rubber hose from the filter
holder to the outside. A nominal sampling time
was 50 hours with a nominal sampling volume
being on the order of 100 000 liters. The filters
were weighed before and after collection. They
were packaged carefully in separate plastic
boxes and sert to the Mortheastern Radiologi-
cal Health Laboratory. Winchester, Mass. for
gamma-ray analysis. Each sampie was prepared
for analysis by digesticn of the fiter and con-
tents in hydrofinoric ucid. Water was then
added to make the total volume ¢ the prepared
sample 200 milliiiters. Thz :.mpies were
counted using the same Ce{Zi) deiector system
used for the laboratory soil 2nd gediment meas-
urements, and using a 200 milliliter geometry.
The amount of particulate collected on each
filter was nominally a few millizrams. The
Eaton Farm filter was counisd 7or 3840 min-
utes, and the Railey Farm aad W Lstport Fire-
house filters were counted Tor 95¢ minutes each.
Full spectral ~nsalysis of 2! vz ;amples indi-
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cated no peaks statistically above background
levels. Background peaks were observed at
0.077 MeV, 0.094 MeV, 0.351 MeV (lead-214),
0.510 MeV (thailium-208), 0.608 MeV (bismuth-
214), 0.910 MeV (actinium-228), and 1.459 MeV
(potassium-40). This would indicate that the
activitiss for these isctopes (for 100 000 liters
of air) are below their respective minimum de-
tectable levels (15 pCi for lead-214, 85 pCi for
thallium-268, 15 pCi for bismuth-214, 100 pCi
for actinium-228, and 100 p(i for potassium-
40).

Discussion cf the air particulate results

For the standard measursments employed in
this section and for the nominal count times
and collection techniques, the bulk of the activ-
ity is attributed to the daughters of radon-222.
Careful analysis of the gamma-ray peaks for
lead-212 (0.289 MeV and 0.300 MeV) and lead-
214 (0.255 MeV, 0.242 MeV and 0.352 MeV),
daughters of radon-220 and radon-222, respec-
tively, indicates the presance of radon-220. The
relative abundance of radon-220 to radon-222
shows a fairly good cerrelation with the ratio
of the activiiy in the thorium-232 series to the
activity in the uranium-238 series as indicated
by the field measurements of soil. This ratio
wag larger for Westport Firehouse and sig-
nificantly lower for Bailey Farm (the Westport
Firehouse site showed evidence of radon-220).

The laboraiory air particulate measurements
were analyzad for the uranium-238 series, the
thorium-232 series, cesium-137, potassium-4&,
zirconium-niobinm-93 and manganese-54. None
of these izoctopes was 7onnd at levels above ifs
respective minimum & ic amount. Ap-
parentiy. Tor iow 2 detectors like
Ge(Li) to yield statiss meaningful data
for air narficalats mes: JAemrma, larger partic-
ulate mass racst be ad JATTU‘T ted. Using the
minimur detectasie ievels For the laboratory
scii I*JEd\h-:.‘.cho, one must acale the air par-
ticulate data by at least a factor of 10 000. This
would require the fitering of 10° liters of air
naving the ralatively low particulate content
found im this study iz crder ic bring the activi-
of the varsinus i50% opes abova their respec-
min. T
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TRITIUM IN WATER, AIR MOISTURE,
AND PRECIPITATION

Tritium in water

Tritium in watsr was measured in samples
collected at seven locations, tabie 5. Each water
sample was filtered as described earlier. A 50
milliliter sample from each site was sent to
NERHL for tritium analysis using the direct-
counting liquid scintillation method (9, 10).
{(The water samples were processed to remove
impurities that cause quenching and a scintilla-
tion fluor was added.)  The samples were
counted in a low background chamber. The re-

sults of these measurements are presented in
table 5.

Table 5. Tritium in water

Date Measured | Inter-
Location and distance collected]- Type results preted
from reactor site (1872) (nCi/ resuits ¢
liter  2¢)
Foxbird Isiand, 0.1 km S__.{ 6/13 Estuarine} 0.39%0.2 | zero
Eaton Farm, 04 km W_____| 6/13 ‘Wedl 40+ .2 } zero
Bailey Parm, 08 km NE___{ 6/13 Well .84% .2 | zero
Young’s Creek, 1.0 km N_..}| 6/13 | Surface d44 .2 ] zero
Chewonki Neck {camp)
Col.s lom SY--“-"E{-—R_:; 6/13 Well .30+ .2 | zero
wyeagan Narrows, 3.2
b J 6/13 Estuarine 093 .2 zero
Bluff Head, 4.0 km SSW____{ 6/13 Esatuarine .40+ .2 ] zero

* The minimum detectable lave] for the analysis of tritium by the direct
liquid scintillation counting method used in this study is 0.4 aCi/liter.
All values equal to or less than 0.4 nCi/liter will be reported by convention
as zero. Values greater than 0.4 nCi/liter but which round to this value
will be reported as 0.4 nCi/liter.

Tritium in air moisture

Tritium in air moisture was measured in
samples collected at Eaton Farm, Bailey Farm,
and Westport Firehouse. Air moisture samples
were collected by drawing air through a plastic
cylinder (8-cm diameter by 24-cm long) contain-
ing a desiccant (11). The desiccant used was in-
dicator type Dryrite. The cylinder of desiccant
was weighed before the air was pulled through
and weighed afterward to insure the collection
of between 20 and 30 milliliters of air moisture.
Nominal collection time was between 2 and 4
hours depending on the relative humidity. The
desiccant cylinders were sealed and sent to
NERHL for tritium analysis. The water was
thermally driven from the desiccant in a closed
system. The samples were processed for tritium

February 1974

analysis in the usual way. The results of these
measurements are listed in table 6.

Table 6. Tritium in air molsiure

. Date ‘ Quan- Monsured Inter-

Location and diatance collected. ity reaults protad

{from reactor site (1972} imensured;  (nCl/liter resulos

(ml} +20) {nCls

iiter)s

Eaton Farm, 04 km W.__.... 6/29 33.7 0.60+0.2 0.6
Bailey Farm, 8.8 km NE ____1 6/15 83.1 19.1 =+ .2 19.1
Westport Firehouse, 1.8 km S| 6/27 33.4 .680x .2 l .6

» The minimum detectable level for the analysis of trittum by the direct
llquid scintillation counting method used in this study Is 0.4 nCisliter.
A(ﬁ values equal to or less than 0.4 nCiliter will be reported by convention
2s rero. Values greater than 0.4 nCi/liter but which round to this value
will be reported as 0.4 nCi/liter.

Tritium in precipitation

Tritium in precipitation was measured in
snow samples collected at Knight Cemetery and
Westport Firehouse on March 11, 1972 and rain
samples collected at Eaton Farm and Bailey
Farm on June 30, 1972. These samples were
filtered in the same manner used for the water
samples. Fifty milliliter samples were sent to
NERHL for tritium analysis using the liquid
scintillation method. The results of the analysis
are listed in table 7.

Table 7. Tritium in precipitation

Date Measured Inter-
Location and distance |collected| Type results preted
{rom reactor site (1972} {nCif resulta

liter =24) nCi/
liter)s

Eatoa Farm, 0.4 km

w...| 6/30 Raia 0.4040.2 | zero

Bailey Farm, 0.8 kmm NE_! 6/30 Rain 1.10& .21 1.1
Knight Cemetery, 1.1 km :

E 3/11 | Snow 264 .2 | zero

3/11 ‘ Snow 1T+ .2 § zero

« The minimum detectable level for the znalysis of tritium by the direct
liquid scintillation counting method used in this study is 0.4 nCi/liter.
All values equal to or less than 0.4 nCi/liter will be reported by con-
vention as zero. Values greater than 0.4 nCi/liter but which round to this
value will be reported as 0.4 nCi/liter.

Discussion of tritium measurements

Tritium has a half-life of 12.5 years. It is
produced naturally by cosmic radiation and
artificially by nuclear weapons and nuclear
reactors. The nuclear weapons tests of the eariy
fifties and subsequent tests have generated con-
siderable amounts of tritium sc that now most
of the tritium found in the interchangeable 2u-
vironmental reservoirs is manmade tritium 22 ¢
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APPENDIX A

Calibration method for the field maasurevﬁents |

The field measurements in this study were
computer analyzed using a least squares meth-
od. The computer program employed was de-
veloped at the Oak Ridge National Laboratory
and is a gamma-ray spectrum fitting program
known as ALPHA-M. This program uses a
library of standard gamma-ray spectra, taken
with the same detector and shield geometry as
was used for the sample spectra being analyzed.
For these measurements, spectra for potassium-
40, cesium-137, the thorium-232 series and the
uranium-238 series were used. The top shielded
2x geometry was simulated by uniformily dis-
iributing a known amount of radionuclide in
an adequately large cylindrical volume of
washed quartz sand. The size of this cylinder
was determined experimentally using the natu-
ral abundance of potassium-40 in potassium
chloride. Potassium-40 was chosen because the

‘gamma ray from this radionuclide falls at the

energy for minimum absorption for sand (13).
Thus, an adequately large volume (a volume for
which the addition of further material does not
increase the observed activity) as determined in
this manner will be adequate for all other
gamma-ray energies, both larger and smaller
than that for potassium-40 (1.459 MeV). The
volume used was 16.8 cm high by 105 cm in
diameter (the mass of dry washed sand con-
tained in this volume is 25.45 kilograms). In
order to insure that the radionuclide was dis-
persed uniformly throughout the sand and in
order to further simulate the absorption coeffi-
cient of soil, the cylinder of dry sand was
saturated with 5 liters of a water soiution of the
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radionuclide. The standard spectra were then
measured using the same detector, shield, cable
and multichannel analyzer that were used for
the field measurements. The detector-shield
assembly was placed on the cylinder of the
water-saturated sand in the same manner as
used for the field measurements. All spectra
were corrected for background activity by using
a sand-and-water-only sample.

Calculation of the activity of each standard
was carried out knowing the amount of radio-
nuclide dispersed in the cylindrical volume and
its branching ratio. The potassium-40 standard
was calculated based upon the natural abun-

_ dance of potassium-40 in natural potassium.

Potassium chloride was used as the host. The
cesium-137 standard was calculated based upon
the known activity of a sample of cesium-137
provided by the Analytical Quality Control
Service of the Environmental Protection
Agency. The thorium-232 series standard was
calculated based upon 'a sample of thorium
nitrate known to be in secular equilibrium. This
sample was 25 years old or older and its spec-
trum was calibrated in the usual manner. The
uranium-238 series standard was calculaied
based upon a sample of uranium ore. The spec-
trum of the uranium ore was calibrated in the
usual manner.

This calibration method was designed to
simulate the top shielded 2» geometry and to
take into account the absorption of gamma rays
in the soil. It does not take into account the
variations in the soil due to layering. These
variations are primarily variations in radio-
nuclide composition from layer to layer, wiih
gamma-ray absorption gradations usually
being a secondary consideration.
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APPENDIX C

Discussion of error analysis used #n the
Compion continuum subtraction metiod

The Compton continuuin subtraction method
was used for the quantitative analysis of 2l
laboraiory measurements employing the
Ge(Li) detector system. The measurements in-
volved were soil, sediment, undissolved sclids
in water and air particulates, as well as the
counting efficiency of the detector itself and
the measurement of the background for these
laboratory measurements.

For the Compton continuum subtraction
method, once the photopeak was located, the
most reproducible procedure is to use the peak
channel and an equal number of channels on
either side of that channel. We chose to use the
photopeak channel and five channels on each
gide. A line estimating the base- of the photo-
peak under consideration is then .constructed.
There are two numbers involved in the analysis:
the sum of the 11 channels encompassing the
photopeak, and the sum of the 11 values making
up the baseline. We now associate with each of
these numiers an uncertainty. The statistical
analysis of random variables tells us in this
case that each individual value N has associate 2
with it a probable absolute error equal to \/N.
Calling the number of counts i the 11 channels
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of the baseline B, the area of the photopeak
wili be P—B. The absolute error associated with
this area will be ~,P 4+ /B since the absoluts
error in an addition or subtraction is equal t-
the sum of the absolute errors in the input
quantities. We find reported in tables 1, 2, 4,
and appendix D vaiues with errors. These values”
and errors are . ased upon the photopeak ares -
and associated absolute error, that is (P—B) =
(VP + VB).

‘When the photopeak area (P--B) is Iess than
VP + /B we say that the amount of the par-
ticular isotope involved is less than the mini-
murn detectable level. The minimum detectable
level for a particular isotcpe is based upon the

. absolute error \/P + /B, the detector efficiency

calibration, and the appropriate branching ratio
for that radionuclide. There are of course com-
plicating circumstances for which this straight-
forward procedure would have to be modified.

‘These more complicated cases were handled on

an individual basis. The most frequent compii-
cation coanfronted in this study was cases in
which the branching ratio was known to less
accuracy than the statistical limits placed on
the photopeak area. The area in these cases,
dominated by the branching ratio information,
was calculated based on the relative error in
the product of the numbers involved as well
as the statistical limitations on these numbers.

©s
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PREFACE

The Office of Radiation Programs is concerned with the
evaluation of radiation exposure to man and his environs.
Nuclear power plants release radioactive materials to the
environment from normal operations which become a potential
source of exposure to the population. The Environmental
Analysis Division has responsibilities for evaluating the
environmental and public health jmpacts resulting from such
releases.

This study was performed on contract to this Division
by the University of Maine for the purpose of isotopic
characterization of environmental radioactivity outside the
plant site boundary of the Maine Yankee Pressurized Water
Nuclear Power Reactor during 1973. 1t compares the pre-
operational survey with the postoperational survey to
determine the amount of contamination resulting from

operations of this power reactor.

Pl = S,

oyd L. Galpin
Director

Environmental Analysis Division

Office of Radiation Programs
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RADIOACTIVE ISOTOPIC CHARACTERIZATION OF THE ENVIRONMENT
NEAR WISCASSET, MAINE USING PRE- AND POST-OPERATIONAL SURVEYS

IN THE VICINITY OF THE MAINE YANKEE NUCLEAR REACTOR

ABSTRACT

A comparison of identical surveys of the pre- and post-operational
environmental radioactivity is made for the vicinity of the Maine Yankee
Atomic Power Reactor, Wiscasset, Maine. Radionuclides are measured in
laboratory samples of soil, sediment, well water, surface water, estua-
rine water, air particulate, air moisture, and precipitation. Field
measurements of gamma-ray emitting radionuclides and high pressure ion
chamber measurements are also presented. The changes in radionuclide
concentration and dose are evaluated using the Maine Yankee Environmental
Impact Statement. The most significant changes occur for radionuclides
in soils and sediments. Details of the distribution of sediment radio-
nuclides near the outflow of the reactor in Bailey Cove are presented
with dose estimates of 10.6 mrem/year at the sites of greaggit specific
activity. Radionuclides in the water were mainly natural Rn and
daughters. Tritium concentration§ were at minimum detectable level.
Air particulate showed traces of /Be and SZrNb at fallout levels which
were not significantly different from the preoperational levels. High
pressure ion chamber dose rates ranged from 8.9 to 126 uwR/hr at the 12
measured sites.

Time variations of radionuclide content were measured for oysters
cultured in the reactor effluent and associated sediments. Doses
calculated for ingestion og radionuclides by consumptggn of oysters
would be 0.27 mrem/yr for 8Co and 0.004 mrem/yr for 2“Mn.
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FORWARD

This report presents the procedures and results of an environmental
radicactivity survey in the vicinity of the Maine Yankee Atomic Power
Plant (a 855 MWE pressurized water reactor) 6.4 km south southwest of
Wiscasset, Maine on Bailey Point. Prior to the operation of this facility
measurements of environmental radioactivity were made (1972) on samples of
soil, sediment, well water, surface water,vestuarine water, air particulate,
air moisture, and precipitation. The procedures and results of that survey
were reported in “Radiation Data and Reports", volume 15, number 2,
February 1974.

The post-operational survey (1974) represents the follow-up survey to
the pre-operational survey referenced above. The study design emplﬁys the
same techniques, environmental media, and sampling sites as the pre-operation;i

survey. The objective of this dual survey is to assess changes in environmental

radioactivity.
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1. INTRODUCTION

1.1 Purpose of the Study

This study consists of a pre-operational (1972) and post-operational
(1974) environmental radioactivity survey in the vicinity of the Maine
Yankee Nuclear Power Reactor (6.4 km.S.S.w. of Wiscasset, Maine on Bailey
Point, See Fig. 1). The study measures any changes in the radionuclide
éontent of the soil, estuarine sediment, estuary, welT,.and surface water,
air moisture precipitation, and air particulate for this region. The
'study identifies the pathways in these environmental media which tend to
collect or reconcentrate radionuclides and the regions in which reconcen-

tratijon occurs.

1.2 Goals for this Study

A. To broadly survey several environmental media (soil, sediment,
water, air moisture and air particulate) for changes in radionuclide
content {nuclide by nuclide rather than gross activity) resulting from

the operation and refueling of the Maine Yankee Nuclear Power Reactor.

B. To compare observed changes with the Maine.Yankee Semi-annual

Report of Release of Radioactive Materials(l) and with predictions of

(2)

the Maine Yankee Environmental Impact Statement'™’.

C. To'éxamﬁne in detail the largest change observed in the study.
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1.3 Study Design

(3) (4)

Studies of pressurized water reactors as outlined by Kahn , Rowe
and Lentsch(s) et.al. are based on a combination of knowledge of radio-
nuclide releases, use of very sensitive environmental measurements and a
carefully planned pre-operational survey. This study similarly employs
these features. A nuclide by nuclide comparison of a pre-operational and
post-operational survey of several environmental media forms the overall
structure of this study. Field and laboratory measurements of primarily
gamma-ray emitting radionuclides were used to determine which of the
radionuclides listed in the Semi-annual Report of Release of Radioactive

(1)

Materials

are being retained in the environment in the vicinity of the
reactor. Tritium, gross beta and gross alpha measurements, along with

high pressure ion chamber measurements also were employed. The major

‘radionuclide in the liquid effluent is tritium and the major radionuc]idgs

in the gaseous effluent is !33Xe and tritium. Several other radionuclide§
in trace amounts (See Appendix A) are also released in the liquid and
gaseous effluents.

To achieve both the sensitivity and diversity of measurements to

cover this broad survey this study utilized the facilities of the Eastern

Environmental Radiation Facility, Montgomery, Alabama for laboratory measure-

ments for the post-operational survey, the Northeastern Radiological Health
Laboratory, Woburn, Massachusetts for laboratory measurements for the pre-
operations survey and the University of Maine, Department of Physics for
the field measurements and some laboratory measurements for both surveys
The two sufveys employ the same sampling sites and as far as possible the

same or similar instrumentation. Details of each measurement are presented
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in the following sections along with the experimental results. Post-
operational and pre-operational results are presented in tables in each
section. Comparisons are made, changes are discussed and conclusions
are presented in each section. The largest change was observed for
sediments in the Bailey Cove estuary and is presented as Section 2.14

Sediment Transect Survey and Analysis.




2.1 RADIONUCLIDES IN THE SOIL AND SEDIMENT

2.11 Laboratory Soil and Sediment Measurements and Their Analysis

Soil samples were collected at the foi]owing sites: (Foxbird
Island, 0.1 km, S.; Eaton Farm, 0.4 km, w.; Bailey Farm, 0.8 km, N.E.;
Young's Creek, 1.0 km, N.; Knight Cemetary, 1.1 km, E.; Westport Fire-
house , 1.8 km, S.; Chewonki Neck (Camp), 1.9 km, S.W.; Cowseagan Narrows,
3.2 km, N.E. and Bluff Head, 4.0 km, S.S.W., see map). Sediment samples
were collected at Foxbird Island, 0.1 km, S, on the outfall side of the
causeway and at Murphy's Corner, 2.8 km, S.W. Soil samples were collected
using a disc-cutter sampler which would cut a cylindrical soil sample
15 cm in diameter by 15 cm deep. Four soil samples this size, each
centered at the cbrner of a square grid 25 cﬁ on an edge were collected
at each of the nine sites. The four soil samples including surface
vegetation were mixed and the root mats pulverized. The sample was then
screened and all material smaller than 5 mm retained. The sample was.
then dried at 110°C for 24 hours. In the case of the sediment samples,
the top two centimeters were collected. These samples were screened and
dried in an identical manner. In each case the samples were divided and
a dry kilogram of the sample material was shipped to the Eastern Environ-
mental Radiation Facility, Montgomery, Alabama for gamma-ray analysis
using a Ge(Li) detector and on-line computer-analyzer. Analysis was
carried out by hand using the Compton continuum subtraction method(s).
A1l samples were counted for a nominal 900 minutes (with a nominal 10
persent dead time) with a 2048 channel analysis. The results of the

analysis are listed in Table I. The results of the pre-operational

analysis are listed in Table II.
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TABLE 1
POST~OPERATIONAL LABORATORY SOIL AND SEDIMENT GAMMA-RAY ANALYSIS
SAMPLE IDENTIFICATION THORIUM URANTUM OTHER RADIONUCLIDES
SERIES SERIES NATURAL
LOCATION DATE " DATE TYPE 228p¢ 21hgg 40K 137¢¢ 134Cs 58Co B0Co 54Mn
COLLECTED{ COUNTED pCi/kg pCi/kg pCi/kg | pCi/kg PpCi/kg  pCi‘kg pCi/kg | pCi/kg
12q +20 t20 120 120 t2g t2¢ t20

Foxbird 8/14/74 | 11/16/74 soil 900 700 7300 4600 <35 <25 < 30 <15
Island 190 +200 1950 +180
Eaton 8/14/74 | 11/18/74 soil 1100 1100 17400 2500 < 35 < 25 < 30 < 15
Farm 1120 1120 +1200 $130
Bailey 8/14/74 | i1/20/74 so01l 1100 1100 17600 1800 <35 <25 < 30 <15
Farm +150 1170 11300 +100
Young's 8/14/74 | 11718774 tidal 1100 800 19400 700 < 35 < 25 < 30 < 15
Creek marsh soil| £120 170 1780 50
Knight 8/14/74 11/19/74 .sofl | 1700 1300 11300 4000 < 35 <25 < 30 < 15
Cemetery 1225 +180 £1300 £160 i
Westport | 8/14/74 | 11/17/74 soil 800 800 11800 3200 < 35 < 25 < 30 <15
Firehouse 190 1100 £700 1100
Chewonk{ 8/14/74 | 11/14/74 soil 900 700 15100 1500 < 35 < 25 < 30 <15
Neck(Camp) 90 180 1600 50
Cowseagan | 8/14/74 | 11/15/74 soil 1000 1000 14300 1300 < 35 <25 < 30 < 15
Narrows £70 +100 1570 150
Bluff 8/14/74 | 11/13/74 soil 1200 1600 13300 1200 - | <35 <25 < 30 <15
Head 48 180 530 150
Foxbird 8/14774 | 11715/74 |tidal marsh 900 900 20500 1000 1000 21000 2420 450
Island ‘ sediment | £300 1270 $1600 1130 130 400 £250 +100
Murphy's 8/14/74 | 11/20/74 (tida) flat 900 800 18000 500 <35 < 25 < 30 < 15

: . sediment 190 172 +500 135

A1l measurements based on dry weight
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TABLE 11
PRE-OPERATIONAL LABORATORY SOIL AND SEDIMENT GAMMA-RAY ANALYSIS
SAMPLE IDENTIFICATION THORIUM URANTUM OTHER RADIONUCLIDES
' SERIES SERIES NATURAL

DATE DATE 228p¢ 2144 hog 137¢s 134¢s 58Co 60Co 54Mn

LOCATION  |COLLECTED | COUNTED TYPE pCi/kg pCi/kg pCi/kg pCi/kg | pCi/kg pCiskg | pCi/kg | pCi/kg
120 12q 12g . 20 20 12¢ t20 120
Foxbird 6/29/72 | 7/20/72 soil 1200 700 14000 940 < 30 <25 < 30 < 20
Island +100 190 +1000 185
Eaton 6/12/72 | 7717772 soil 340 630 14900 870 <15 <12 <15 < 10
Farm $120 t70 +400 145
Bailey 6712/72 | 1/12/72 sotl 1240 810 14600 1670 < 30 <25 <30 <20
Farm 1300 +150 11300 110
Young's 6/12/72 | 7/14/72 tidal 880 1078 18200 800 <30 <25 < 30 < 20
Creek marsh +250 1120 1400 180
soil
Knight 6/12/72 | 6/26/72 sol} 1210 700 11200 4960 < 30 < 25 < 30 < 20
Cemetery 1200 180 $1200 $110
Westport 6/12/72 | 6721772 501} 1000 920 11800 1110 < 30 < 25 < 30 < 20
Firehouse 1350 1120 1900 185
Chewonk i 6/12/72 | 7720772 s0i) 1100 1370 13200 3340 < 30 <25 < 30 <20
Neck( Camp) 1250 +300 +1200 £130
Cowseagan | 6/13/72 | 7/24/72 soil 300 730 13400 |2620 | <30 <25 | <30 | <20
Narrows 4300 +180 +1250 £130
Bluff 6/12/72 | 6/22/72 soil 660 1100 11300 2030 < 30 < 25 < 30 < 20
Head . +300 +180 £1240 t110
Foxbird 6729772 17/28/12 tidal 250 500 15000 350 <15 < 12 < 15 < 10
Island marsh 1130 +180 1350 +32
sediment
Murphy's 7/3/72 7/21772 tidal 1660 740 15200 450 < 30 < 25 < 30 < 20
Corner flat 1280 1120 +1200 +80
' sediment
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The Thorium series as represented by 228Ac is found to be the same

(#20) as the pre-operational measurements with significant changes only
S at Eaton Farm soil. At present there is no obvious explanation of the
difference. The Uranium series as represented by 21“Bi is found, in all

cases, to be the same (*25) as pre-operational measurements. The

concentration of “9K is found to be the same (#20) for all cases except
Foxbird Island soil and Foxbird Island sediment. In the case of Foxbird
Island soil, a decrease is observed and for Foxbird Island sediment,
increase is observed. 137Cs is observed to be the same (£20) in all cases

except Foxbird Island soil, Eaton Farm soil, Westport Firehouse soil,

R SO ST WAT T TR

CHewonk i Neck soil, BIuff Head soil, and Foxbird Island sediment. Finally,
? 134¢s, 58Co, 69Co and 5%Mn are all found to be present in Foxbird Island

: sediment. These four isotopes were not present in the sediment at the

time of the pre-operational study.

This change is not in agreement with the Maine Yankee Environmental

Impact Statement(z)- Specifically, page V-15, states - "Recreational and

l; other uses of shorelines and waters near the plant will be permitted by the
Applicant. Therefore, direct exposure to radiation from nuclides in the
waters of the bay will be experienced. The individual receiving the highest
radiation dose would probably be one who earns his 1ivelihood by digging
blood and sand worms in the mud flats in the vicinity of the reactor dis-
charge. For this calculation, concentrations of radionuclides deposited on
the mud flats were assumed to result from undiluted effluent water. . Such a
berson was also postulated to be exposed to the mud flats for 2000 hr/yr.
Based on these assumptions, the dose to the total body from radionuclides
associated with the mud would be about 6 mrem per year for the individual
receiving maximum exposure. Nearly all this exposure is from 13%Cs and
137Cs deposited on the mud flats where the worms are harvested. The exposure

to the hands of the worm diggers would be somewhat higher than their total-
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body expasure since they sift through the mud while harvesting the worms."
We find that over (0.92) of the exposure will come from 54Mn, 38Co and
60Co with the remaining portion (.08) coming from 134¢s and 137Cs.
Furthermore, high pressure ion chamber measurements at Foxbird Island and
Murphy's Corner show an increase of the intensity over sediment. At Foxbird
Island, for example, this change in intensity is 5.3 (6.58)calc microrem

per hour which comes to a dose change (for the 2000 hr/yr worm digger) of

10.6 (13.6)calc millirem per year. See Section 2.4 High Pressure Ion
Chamber for details of these measurements. The range and extend of radio-
nuclides in the sediment are presented in greater detail in Section 2.14

Sediment Transect Survey and Analysis.
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2.12 Field Soil and Sediment Measurements and their Analysis

\

- As prescribed by our pre-scans of soil samples described in 2.11
radionuclides in the soil were measured in the field at the following six
locations. (Foxbird Island, 0.1 km, S.; Eaton Farm, 0.4 km, W.; Bailey

Farm, 0.8 km, N.E.; Westport Firehouse, 1.8 km, S.; Chewonki Neck (Camp),

o siidir BB b,

i 1.9 km, S.W.. On-site sediment measurements were taken at low tide at
’g Murphy's Corner, 2.9 km, S.W. the Tocation of a tidal mud flat of commercial
% importance to the local blood worm industry and Foxbird Island the site of
ié the outflow. A portable multichannel analyzer system with a 5 cm by 5 cm
? NaI(T1) detector was employed. The portable multichannel analyzer system
§ consisted of a Northern Scientific, Inc. NS-710 multichannel analyzer
g powered by a Cornell-Dubilier Powercon sine wave inverted Model 12ESW25 and
;% a 12 v.d.c., 96 amp-hour battery. The detector, a 5 cm by 5 cm NaI(T1)
crystal was an integral crystal-photomultiplier assembly by Teledyne
;;%g/ Isotopes, Inc., Model S-88-1 with 8.4 percent resolution at the 137Cs L
'§ photo-peak. It was powered by a Northern Scientific, Inc. high voltage o

battery power pack NS-308 with a matched cable-base assembly NS-309. The
detector was connected to the multichannel analyzer with 50 m of coaxial
cable (RG-59). A 100 1b. Tead shield consisted of a cylinder 28 cm high,

and 18 cm in diameter with a 6 cm diameter concentric hole the full length
of the cylinder. The detector was housed in this shield for each on-site
measurement. The shield was placed on:fhe ground, the detector Towered

into the shield and a 3 cm thick lead cap covered the upper end of the
shield. The lower end of the shield was open to the soil so that the
circular face of the detector was placed on the -ground (a 1/8 inch insulating

layer of plywood was used to protect the crystal from thermal shock}. All
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field soil and sediment gamma-ray spectra were taken using this top shielded

(7! It is felt that this geometry has two advantages: (i) it is

2w geometry
reproducible and (ii) it is without bias in that it samples the soil in a
nondestructive non-mixed manner. All field soil and sediment spectra were
taken on one quarter memory (512 channels) for 4000 seconds. At the end of
4 runs the multichannel analyzer was returned to the University of Maine,
Physics Department and the memory outputted into a model KSR-33 teletype.
The teletype provided a listing of the counts in each channel and a punched
paper tape. The punched paper tapes were convertea into cards and the

gamma spectra analyzed at the University of Maine Computer Center. The
least squares method was used to obtain the best estimates of the amounts

of each radionuclide present in each sample and an evaluation of the errors
of these results. The computer program used was the Oak Ridge National
Laboratory spectrum fitting program, A]pha-M(gz It employs the least squares
method to analyze the data for which a "best fit" is mathematically computed
such that the sum of the squares of the deviations between the actual spectra
and the “best fit" is minimized. The program aiso uses automatic gain

shift and automatic threshold shift routines to optimize the fit. The
program works with a library of standard spectra from which it synthesizes
the "best fit" spectra. The library used for the analysis of the soil and
sediment on-site spectra was composed of standard spectra for “0K, 137Cs,
the 232Th series, 13%Cs, 58Co, 60Co, and the 238y serjes. Output from the
program consists of the estimated amount of each standard ;pectra needed to
synthesize the sample spectrum, the estimated error in the amount used for
each 1ibrary standard, the gain shift (if any) used to match the spectrum to
the standards, the threshold or zero shift (if any) used to match the
spectrum to the standards, the residuals for each channel and a listing of

suspicious channels whose residuals Tie outside two standard deviations.
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In all cases convergence was obtained in less than 20 iterations. The
results of the analysis are listed in Table III. Table IV lists results
from the pre-operation survey.

One can see that in general all spectra contained “%K, and the natural
decay series for 232Th and 238y, A significant amount of 137Cs, a non-

natural isotope, is contained in all spectra. The field measurements at

e i R 0%

Foxbird Island tidal mud flats indicates °8Co, and ©9Co at this site.

3.

Comparison of the levels of natural isotopes 232Th, 238§ and “9K and !37Cs

which is partly due to fallout are similar to pre-operational levels: with

'Z.“;‘)'W."'ﬁ,' Rt O
-

the exception of the Foxbird Island measurement which had more 238y, 232Th
and less 137Cs, and may be due to disturbances done by nearby construction
of a diffuser for the reactor. Eaton Farm also shows more 238U serijes and

is not explained.

RGO RE v PRI L R

Measurements at Foxbird Island and Murphy's Corner show 58Co and 6%Co.

60Co was also measured at Bailey Farm and Knight Cemetery while °8Co was

PP
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measured at Eaton Farm. These cobalt isotopes were not present at the time

of the pre-operational study. Measurements at Foxbird Island indicate 238y

and 232Th has increased and 137Cs decreased as compared to the pre—operationalx
study. These changes in these three isotopes were probably caused by the
extensive dust due to construction dredging trucking and back filling with
estuarine sediment during construction of the diffuser channel and head

basin.




TABLE TI1

* POST-OPERATIONAL FIELD SOIL AND SEDIMENT GAMMA-RAY ANALYSIS

’ 232Th 238) 4oy 137Cg 58C0 BOCO
LOCATION DATE TYPE pCi/kg pCi/kg pCi/kg pCi/kg pCi/kg pCi/kg
MEASURED - t20 +2¢ +20 1+2a 120 120
Foxbird 8/24/74 5011 2000 1250 17400 3800 < 30 150
Island ' 170 $120 1750 230 190
Eaton 8/22/74 soil 2300 1300 24700 2800 210 <75
Farm 180 120 1740 260 130
Bajley 8/22/174 - soil 2100 1000 18600 3380 <30 60
Farm 195 130 +880 +370 90
Knight 8/22/74 soil 3100 660 23200 6900 < 30 150
Cemetery 80 +120 1790 310 +80
Murphy's 8/22/74 sedi- 1300 280 11000 590 180 70
Corner ment £40 +50 +370 +130 +30 +40
Foxbird 8/24/74 sedi- 1500 580 16500 1400 730 100
Island ment 160 +80 +470 +200 20 70

-2‘[_
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TABLE IV

-

A R it 0

PRE-OPERATIONAL FIELD SOIL AND SEDIMENT GAMMA-RAY ANALYSIS

(

o smaNpe jime b

LOCAT ION DATE TYPE THORIUM URANIUM 40K 137Cs 58Co 60Co
MEASURED SERIES SERIES pCi/kg . pCi/kg pCi/kg pCi/kg
pCi/kg pCi/kg
Foxbird 6/29/72 soil 1600 600 14000 3590 <30 <75
Island +100 100 3500 +800
Eaton 6/26/72 soil 2400 700 21000 5600 < 30 <75
Farm +100 +100 +5000 2700
Bailey 6/27/172 sofl 2000 800 16000 3300 < 30 <75
Farm ‘ +£100 1200 16000 600
Young's 6/27/72 soil 1600 600 14000 4000 < 30 <75
Creek 1400 : +200 1$9000 +1400
Knight 6/27/72 soi1 3100 600 20000 9500 <30 <75
Cemetery +300 +200 16000 $1600
. Mestport 6/27/72 soil 1500 500 14000 7600 <30 <75
Firehouse +100 +100 +3000 2000
Chewonk 6/26/172 5011 1900 500 20000 5000 < 30 <75
Neck (Camp) +100 +150 $4000 +1100
Cowseagan 6/27/72 5011 1700 500 15000 5400 < 30 <75
INarrows +£100 1100 13000 +800
Bluff 6/28/72 soil 2000 800 16000 6300 < 30 <75
Head +100 +300 5000 +1400
Murphy's 7/3/72 sediment 1400 400 9000 7000 < 30 <75
Corner +100 +200 +4000 11900

_E‘[ -

R
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2.14 Sediment Transect Survey and Analysis

As a result of the high readings for the pre-scan and in situ
gamma-ray measurements of sediment from Foxbird Island and as a result
of suggestions from our collaborator Mr. Charles Phillips of Eastern
Environmental Radiation Facility, Montgomery, Alabama, we decided to make
a survey along tidal transects of the sediments in Bailey Cove. Using
the cooperative efforts of the Ira C. Darling Center for marine research
and members of the bloodwoorm research project, undér the diréction of
Marine Biologist A. H. Price, 50 samples of estuarine sediments were
collected at 50 ft. transects in Baily Cove adjacent to the outflow of
the reactor. The locations of the sites are shown in Figure 2. These
sediments were counted for 5000 sec. using the University of Maine,
Physics Department's Ge(Li) detector and Tow background shield. Results
of the determination of the concentration of gamma-ray emitting isotopes
in the sediment is shown in pCi/kg. Figures 3 and 4 illustrate activity
maps for >8Co and 59Co, respectively. It should be noted that the highest
levels of radioactivity are for the outflow site (29) and for the upper
reaches of the cove. The constant picocurie lines seem to follow the
flow of water out of the cove at low tide and into the upper cove at high
tide and thus suggest that the isotopes are transported by the outflow
water and reconcentrated into the sediments. This reconcentration is

consistent with a diffusion theory for fallout radionuclides. in sediments

as suggested by Lerman(lO) and with chemical precipitation of 38Co in the

(11). Comparison of the average

effluent of reactors as suggested by Fukui
flow velocities of the water from the outflow suggests sedimentation as

another mechanism which reconcentrates the nuclides. Some indication of
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this may be seen in the reduced level of nuclides along the most direct
channel of the outflow. The radionuclides !3%Cs, 137Cs, and %%Co bear
this out by having similar behavior to the 58Co. Since the Maine Yankee

Environmental Impact Statement(z) does not specify range or distribution

guidelines or estimates no comparison is made. However, implicit in the
mode](lz) upon which the dose calculations were based is an assumption of
uniform distribution of effluent discharge. This is not the case in the
vicinity of Maine Yankee as shown by this transect survey in Bailey Cove.
One radioactive particle containing 7700 pCi of §9Co was observed in the
sediment transect #19 and had a total activity (58Co, 530 pCi: “6Sc,

670 pCi: 3%Mn, 120 pCi) of more than 9000 pCi in a mass less than 20 u
grams. Photographs and x-rays powder patterns were made and it was found
to be cubic cobalt, alpha irqn, nickel, alpha and gamma manganese and
possibly chromium and vanadium. This stainless steel like composition
suggests reactor origin. The particle was also cnecked for the oxides,
chlorides, nitrates, sulphates and hydroxides of these metals with neéatf&e

resu]ts(13).
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2.2 RADIONUCLIDES IN THE WATER

2.21 Field Water Measurements

Based upon the data obtained during the pre-operational field
water measurements, the post-operational measurements showed no detectable
amount of gamma activity above background. It is felt that field
measurement of in-situ water with portable multichannel analyzer-detector
equipment is significantly less sensitive than laboratory measurement and

yields no additional information. Laboratory measuremént, with the advantages

 larger detectors and massive shielding together with the practicality of

longer measuring time, outweighs the advantages of preserving temperature,

particulate and salinity gradients as is done in the laboratory water

measurement.

2.22 Laboratory Water Measurements and Their Analysis

Water samples were co]]e;ted at the following seven sites Foxbird
Island, 0.1 km, S.; Eaton Farm, 0.4 km, W.; Bailey Farm, 0.8 km, N.E.;
Young‘s Creek, 1.0 km, N.; Chewonki Neck (Camp), 1.9 km, S.W.; Cowseagan
Narrows, 3.2 km, N.E.; and Bluff Head, 4.0 km, S.S.W., see map Figure 1.
Each water sample was separated,by filtering the dissolved and the un-
dissolved solids into two components. This separation was done in the
field at the time of collection. The water was filtered using a Millipore
high pressure filtering unit. A Milipore 90 mm filter holder was loaded
with a Whatman No. 1 paper filter, a Millipore AP3207500 spacer; a Millipore
SCWPQ9025 cellulose ester 8.0y filter, a Millipore AP3207500 spacer and a
Millipore HAWP09025 cellulose ester 0.45y filter for each water sampie.

Ten Titers of water from each site was filtered using the above arrangement.
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The filtered water (dissolved component) was placed in one gallon plastic
shipping containers to which 40 ml of nitric acid was added to stabilize
the sample. Prior to acidification a 50 ml sample from each site was
placed in a plastic bottle for tritium analysis, {see section 2.23). The
dissolved component, (one galion samples) and the undissolved component
(filters) were sent to the Eastern Environmental Radiation Facility,
Montgomery, Alabama for gamma-ray analysis.

The dissolved component was gamma-ray analyzed using a NaI{(T1)
detector and 3.5 liter Marinelli beaker geometry‘in a massive shield.

v The results of this analysis show no detectable gamma activity in the
dissolved component. (See Appendix E for pre-operational laboratory
dissolved water component).

The undissolved component was analyzed in the following manner. The
filters were weighéd before use. After use they were dried and reweighed
to determine the amount of undissolved material. The filters were sent
to the Fastern Environmental Radiation Facility, Montgomery, Alabama- for.
gamma-ray analysis. The three filters for each site were first measured
for gross alpha and gross beta activity and then counted in a 40 ml NaI(I
well-crystal 10 cm x 13 cm with 3 cm deep well. The results of these
measurements are presented in Table V. Table VI lists the results for

the pre-operational survey.
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TABLE V -
POST-OPERAT 10NAL LABORATORY WATER MEASUREMENT

UNDISSOLVED COMPONENT (FILTER) COLLECTED 8/14/74

LOCATION WATER SAMPLE GROSS ALPHA GROSS BETA GROSS GAMMA
TYPE MASS pC1/10 liters pCi/10 liters pCi/10 liters

(GRAMS) +2a +2¢ t20
Foxbird estuarine 0,165 = ND 1.4 = 81% ND
Island 0.015
Eaton well 0.005 18.9 + 85% 2.6 t 39% ND
Farm 0.015
Bailey well 0.002 % 60.7 £ 33% 21.1 = 22% ND '
Farm 0.015 .,‘\3
Long Ledge 0,621 = 2.1 + 59% 4.8 £ 59% ND
Creek surface 0.045

(Young's Creek) :

Chewonk i well 0,005 % 6.2 + 66% 1.6 t 57% ND
Neck (Camp) 0.015
Cowseagan estuarine 0.122 ¢ ND 1.3 + 69% ND
Narrows 0.015
Bluff estuarine 0.149 = ND ND ND
Head 0.015
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PRE-OPERATIONAL LABORATORY WATER MEASUREMENT
UNDISSOLVED COMPONENT (FILTER) COLLECTED 6/13/72

TABLE VI

LOCATION WATER SAMPLE
TYPE MASS 228)¢ 2124 2087 214ph 214p4 Hog
(GRAMS)
Foxbird estuarine 0,131 ¢ <45 100 <25 <10 <10 < 25
Island 0.005 +20
Eaton well 0.000 + < 45 < 10 < 25 30 < 10 <25
Farm 0.005 +25
Bailey well 0.007 = 200 < 10 < 25 <10 <10 < 25
Farm 0.005 145
Long Ledge 0.045 % < 45 <10 < 25 <10 < 10 < 25
Creek surface 0.005
(Young's Creek)
Chewonki Neck well 0.002 + < 45 <10 < 25 <10 <10 <25
Camp 0:905
Cowseagan estuarine 0.114 ¢ < 45 <10 30 < 10 <10 < 25
Narrows 0.005 25
Bluff estuarine 0.163 < 45 <10 70 < 10 <10 < 25
Head 0,005 +25

- ZZ-
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2,22 Discussion of the Water Gamma-Ray Analysis

(

Several observations can be made from the data in Table V. The well
water in this region of Maine contains considerable dissolved 222pn.  This

is due primarily to leaching from uranium oxide in the pegmatite deposits

g oo oy dadilatRet o e

in the area. This is also reflected in the alpha and beta activity in

the well water from the sites measured (Eaton Farm, Bailey Farm and to

some extent Chewonki Neck Camp). Im general the water measurements at all
sites show no significant change from the pre-operational survey shown in

Table VI and, with the exception of the well water, have typical activities

for this type of environmental media. The specific activity of the undissolved
component in the estuarine water is of the same magnitude as the specific
activity in the estuarine sediments. The specific activity of the well

water samples was about two orders of magnitude greater but from the pre-

operational survey this is known to be of natural origin.

2.23 Tritium in the Water, Air Moisture and Precipitation

. 2.231 Tritium in the Water

Tritium in the waterdvas measured in samples collected at the following

seven locations, Foxbird Island, 0.1 km, S.; Eaton Farm, 0.4 km, W.;

.
Ve SO AN 13 et

Bailey Farm, 0.8 km, N.E.; Young's Creek, 1.0 km, N.; Chewonki Neck (Camp)
1.9 km, S.W.; Cowseagan Narrows, 3.2 km, N.E. and B1uff Head, 4.0 km, S.S.W.;
{see Fig. 1). Each watar sample was filtered as described in section 2.2.

A 50 milliliter sample from each site was sent to the Eastern Environmental

R Yy

Radiation Facility, Montgomery, Alabama for tritium analysis using the direct

counting liquid scintillation method. The samples were counted in a low

B
¥
2
s
5

background chamber. The results of these post-operational measurements are

presented in Table VII. Pre-operational measurements are presented in

Table VIII.
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TABLE VII

POST-GPERATIONAL TRITIUM IN WATER

LOCATION DATE TYPE ACTIVITY INTERPRETED
COLLECTED nCi/1*2¢ RESULT
Foxbird 8/15/74 estuarine 0.2 +0.2 at m.d.1.
Island -
Eaton 8/15/74 well <0.2 below m.d.1.
Farm
Bailey 8/15/74 well 0.2 £0.2 at m.d.1l.
Farm
Long Ledge
Creek 8/15/74 surface 0.3 £0.2 above m.d.1.
(Young's Creek)
Chewonki 8/15/74 well 0.2 £+0.2 at m.d.1.
Neck (Camp)
Cowseagan 8/15/74 estuarine <0.2 below m.d.1.
Narrows
Bluff 8/15/74 estuarine .< 0.2 below m.d.1.
Head

The minimum detectable level (m.d.1.) for the anal

ysis of tritium is 0.2 nCi/1.
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TABLE VIII

PRE-OPERATIONAL TRITIUM IN WATER

LOCATION DATE TYPE ACTIVITY INTERPRETED
COLLECTED nCi/1+20 RESULT

Foxbird 6/13/72 estuarine 0.39 +0.2. zero

Island

Eaton 6/13/72 well 0.40 £ 0.2 zero

Farm

Bailey 6/13/72 well 0.34 £ 0.2 zero

Farm

Young's 6/13/72 surface 0.14 £ 0.2 zero

Creek

Chewonki 6/13/72 well 0.30 £ 0.2 zero

Neck( Camp)

Cowseagan 6/13/72 estuarine 0.09 £0.2 Zero

Narrows

Bluff 6/13/72 estuarine 0.40 £ 0.2 zero

Head

o

PO Crube b e bteds
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TABLE IX
POST-QOPERATIONAL TRITIUM IN AIR MOISTURE

WATER MEASURED INTERPRETED
LOCATION DATE QUALITY AIR RESULTS 24 RESULTS

COLLECTED | MEASURED VOLUME {nCi/1 WATER nCi/1
Eaton 8/27/74 32.8 m 1280 1 <0.2 zero
Farm
Bailey 3/27/74 33.0 ml 1990 1 <0.2 zero
Farm
Westport 8/27/74 25.4 ml 1730 1 <0.2 zero
Firenhouse

TABLE X
PRE-QPERATIONAL TRITIUM IN AIR MOISTURE
- WATER MEASURED INTERPRETED
LOCATION DATE QUALITY AIR RESULTS #2¢ RESULTS

COLLECTED| MEASURED VOLUME InCi/1 WATER nCi/l
Eaton 6/29/72 33.7 ml 2502.7 1 { 0.60 £ 0.2 0.6
Farm
‘Bailey 6/15/72 331 ml 2000.01 | 19.1 £ 0.2 19.1
Farm
Westport 6/27/72 33.4 ml 2500.01 | 0.60 £ 0.2 0.6
Firehouse
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TABLE XI
POST-QPERATIONAL TRITIUM IN PRECIPITATION

INTERPRETED

LOCATION DATE TYPE MEASURED RESULTS RESULTS

COLLECTED nCi/1+20 nCi/
Eaton 8/27/74 RAIN <0.2 zero
Farm
Bailey 8/27/74 RAIN 0.3 £0.2 0.3
Farm
Knight 4/9/74 SNOW <0.2 zero
Cemetery

TABLE XII
PRE-OPERATIONAL TRITIUM IN PRECIPITATION
INTERPRETED

LOCATION DATE TYPE MEASURED RESULTS RESULTS

COLLECTED nCi/1+2¢ nCi/1l
Eaton 6/30/72 RAIN 0.40 £ 0.2 zero
Farm
Bailey 6/30/72 RAIN 1.10 £+ 0.2 1.1
Farm
Knight 3/11/72 SNOW 0.26 £ 0.2 zero
Cemetery
Westport 3/11/72 SNOW 0.17 £ 0.2 zero
Firehouse
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2.232 Tritium in the Air Moisture

Tritium in the air moisture was measured in samples collected at the
following three sites, Eaton Farm, 0.4 km, W.; Bailey Farm, 0.8 km, N.E.;
and Westport Firehouse, 1.8 km, S. Air moisture samples were collected
by drawing nominally 2000 liters of air through a plastic cylinder (8 cm

(14). The desiccant used

diameter by 24 cm long) containing a desiccant
was indicator type Dryrite. The cylinder of desiccant was weighed before
the air was pulled through and weighed afterward to insure the collection
of between twenty and thirty milliliters of air moisture. Nominal collect
fime was between two and four hours depending on the re]atfve humidity.

The desiccant cylinders were sealed and sent to the Eastern Environmental
Radiation Facility in Montgomery, Alabama for tritium analysis. Water

was exchanged with the desiccant moisture in a closed system. The resulti
samples were processed for liquid scintillation tritium analysis in the

usual way. The results of these measurements indicate the level for.. = .

tritium in the air moisture was below the minimum detectable level of

0.2 nCi/1 at all locations sampled on the data sampled (8/27/74).

2.233 Tritium in Precipitation

Tritium in precipitation was measured in two snow samples collected :
Knight Cemetery, 1.1 km, E. on April 9, 1974 and rain samples collected a
Eaton Farm, 0.4 km, W. and Bailey Farm, 0.8 km, N.E. on August 27, 1974.
These samples were filtered in the same manner used for the water samples
(See section 2.22) Fifty milliliter samples were sent to the Eastern
Environmental Radiation Facility, Montgomery, Alabama for tritium analysi

using the liquid scintillation method. (See section 2.231) The results
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of the analysis of tritium activity in the rain at Eaton Farm showed

it to be below the minimum detectable Tevel of 0.2 nCi/liter and the level

~at Bailey Farm to be 0.3 0.2 nCi/liter, greater than the minimum detectable

Tevel. Tritium activity in tne snow samples was below the minimum detectable

level,

2.24 Discussion of Tritium Measurements

The burpose of tritium measurements in this study is to document
typical values for the HTO component in water, air moisture and precipitation.
In general the results of tritium analysis indicate no significant change.
Tnere is no evidence of an accumulation of tritium in the interchangeable
environmental reservoirs such as wells, surface water or the Montsweag Bay

estuary. Even though the Maine Yankee Environmental Impact Statement(z)

lists a bioaccumulation factor of 1 for tritium, the authors feel that in
light of the fact that tritium is one of the major radionuclide in the
liquid and gaseous éff]uent, that tritium monitoring should be carried out-
on a regularly scheduled basis for a period of one half life (12.5 years)
in order to check for possible long term accumulation. The only
significant correlation between the pre-operational survey for tritium and
the post-operational survey is that the rain samples at the Bailey Farm’
location contain tritium above the minimum detectable ]evel.‘ The large
amount of tritium in the air moisture observed on 6/15/72 in the pre-

operational survey was not observed in the post-operational study.
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2.3 Radionuclides in Air Particulates

2.31 Field Air Particulate Measurements and Analysis

Radionuclides in air particulates were measured at three sites:
Eaton Farm, Bailey Farm and Westport Firehouse. A Staplex large volume
air sampler was used in conjunction with a 20.5 cm (8 1/16 inch) by
25.4 cm (10 inch) filter holder. Nuclear Associates, Inc. fiberglass
filters number 08-780 were used. Approximately 3400 ft3 of air were
filtered at each site. The filter was folded three times (8 layers) and
placed on the circular surface of the NaI(T1) detector assemble used for
the soil and sediment field measurements, and covered with a 3 cm lead
shield. All air particulate field data were counted as soon after
collection as possible (normally within a few minutes) on quarter
memory (512 channels) for 2000 secoﬁds. The multichannel analyzer was
outputted on the teletype. Qualitative analysis shows that the bulk of _
the activity was due to daughters of 222Rn and 22°Rn. After a period |
of 24 hours the activity of particulate on the filters was found to be

long halflife radon daughters.

2.32 Laboratory Air Particulate Measurements

Air particulates for laboratory analysis were also collected at these
same sites (Easton Farm, Bailey Farm, Westport Firehouse); A Millipore
pump type XX6000000 was used to pull air through a 47 mm diameter Millipore
absolute aerosol 0.8 um filter, type AAWP4700. The throughput of this
system was metered for all runs and a calibrated gas flow meter, American
Meter Company Model 10-300-PR1264. The meter, pump, and filter holder
were housed in an instrument-box with a rubber hose from the filter holder

to the outside. A nominal sampling time was 100 hours, with a nominal samp'
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volume being 200,000 liters. The filters were weighed before and after
collection. They were packaged carefully in separate plastic boxes and
sent to the Eastern Environmental Radiation Facility, Montgomery, Alabama,
for gamma-ray analysis. Each sample was counted for gamma-rays in the

40 ml1 NaI(T1) well-counter which is 11 'cm x 15 cm and has a 3 cm well.

The results of these measurements are given in Table XIII. The gross-
alpha measurements were counted in an internal proportional counter and

the gross-beta measurements were counted in a low background beta counter.

The results of these measurements are also given in Table XIII. The

pre-operational measurements are listed in Table XIV.
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Discussion of the Air Particulate Results

The short term field air particulate collections and measurements
reveal the presence of 220Rn and 222Rn as the most important source of
activity, essentially identical to the pre-operational study of 1972.

Large volume laboratory air particulate measurements as presented

in TABLES XIIT and XIV show no significant changes.

2.4 High Pressure Ion Chamber

2.4]1 High Pressure Ion Chamber Measurements

High press&re jon chamber measurements had been carried out in 1971
by Wesley R. Van Pelt of Environmental Analysis, Inc. for Maine Yankee.

Due to the relevance for population dose calculations and for comparison

. with the gamma-ray field studies, high pressure ion chamber measurements

were carried out in collaboration with Mr. Charles Phillips of the Eastent
Environmental Radiation Facility, Montgomery, Alabama. Both studies.. =
employed calibrated Reuter Stokes high pressure ion chambers. In the
present study the ion chamber was RSS-111 (Reuter Stokes environmental
monitor), with Rustrak Recordér. The monitor was placed 1 meter above th
surface at 11 soil sites and 2 sediment sites. The soil sites were Foxbi
Island, 0.1 km, S.; Eaton Farm, 0.4 km, W.; Bailey Farm, 0.8 km, N.E.;
Young's Creek, 1.0 km, N.; Knight Cemetery, 1.1 km, E.3 Westport Firehous
1.8 km; S.; Chewonki Neck (Camp) 1.9 km, S.W.; Cowseagan Narrows, 3.2 km.
N.E.: BIuff Head, 4.0, S.5.H.; Cromeells 1.0 km, E.; and sediment sites
Foxbird Island, 0.1 km, S.; and Murphy's Corner, 2.8 km, S.W.. The resu
of these measurements are shown in Table XV. Table XV lists high pressu
jon chamber measurements of dose rate (uR/hr) for the post-operational a

pre-operational(ls) surveys. The most significant change occured at the
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Foxbird Island (sediment) site at 42 percent increase in dose rate was
measured. The last column lists post-operational calculated dose rate
based upon laboratory measurement of specific activity for all significant
gamma emitting radionuclides observed. The method used, due to Beck, is

(16)

discussed in Appendix C .
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TABLE XIII

POST-OPERATIONAL AIR PARTICULATE ANALYSIS

COLLECTION | AIR VOLUME PARTICULATE a-ACTIVITY |8-ACTIVITY y-ACTIVITY
LOCATION DATE LITERS MASS pCi/FILTER |pCi/FILTER pCi/FILTER
{ GRAMS) +20 *2c 20
Bailey 8/19/74 166,230 0.016 = 5.3 + 68% 29.3 + 73% 34 = 37%
Farm 0.001 ("Be)
taton
Farm 8722774 197,350 0.004 = 6.0 £ 70% 25.4 £ 10% 4 + 18%
0.001 (95Zrib)
Westport 8/27/74 191,960 0.005 + 7.7 £ 552 4.4 £ 11% NONE
Firehouse 0.001
TABLE XIV
PRE-OPERATIONAL AIR PARTICULATE ANALYSIS
LOCATION COLLECTION| AIR VOLUME PARTICULATE y-ACTIVITY y-ACTIVITY (7Be)
DATE LITERS MASS Zrib
{GRAMS)
Bailey 6/19/72 97,740 0.002 =+ <15 pCi ZrNb <200 pCi
Farm 0.001
Eaton 7/5/72 86,730 0.001 ¢ < 5 pCi < 50 pCi
Farm 0.001
Westport 6/29/72 101,810 0.004 + <15 pCi <200 pCi
Firehouse 0.001
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TABLE XV
COMBINED PRE-OPERATIONAL AND POST-OPERATIONAL
HIGH PRESSURE ION CHAMBER MEASUREMENTS
SITE NAME POST-OPERAT TONAL POST-OPERATIONAL PRE-OPERATIONAL PRE-OPERATIONAL POST-~OPERATIONAL
(measured over MEASUREMENTS DOSE RATE MEASUREMENTS DOSE RATE CALCULATED DOSE
sofl unless DATE wR/hr DATE sR/hr RATE (uR/hr)
otherwise noted)
Foxbird Is)and 8/24/74 10,1 - - 8.9
Eaton Farm 8/22/74 10.2 9/20/71 9.5 12.0
Bailey Farm 8/22/74 9.7 9/20/71 9.5 12,0
Young's Creek 8/22/74 9.7 - - 11.7
Knight Cemetery 8/22/74 11.2 - - 13.0
Westport Firehouse 8/22/74 9.5 9/21/714 11.4 9.6
Chewonki Neck Camp 8/22/74 9.9 - - 10.2
Cowseagan Narrows 8/22/74 10.2 - - 10.9
Bluff Head 8/22/74 10.8 - - 12.3
Foxbird Island 8/24/74 12.6 9721/ 7.3 14.5]
(sediment) .
Murphy's Corner 8/22/74 8.9 gs21/1 7.91 10.8
(sediment)
Cromwells 8/22/74 9.1 - - -
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APPENDIX A
LIQUID EFFLUENT INVENTORY IN CURIES
TABLE XVI
JULY-DEC 72 | JAN-JUNE 73 | JULY-DEC 73 | JAN-JUNE 74 | JULY-DEC 74
140gata NOA NDA NDA 6.09 x 1077 NDA 6.09 x 10°
133 NDA NOA NDA 2.93 x 1073 - 2.93 x 10°
1317 422107 | 162x1070 | s12x103 | 2.76 x 1071 | 820 x 1072 0.37
133ye 1.49 x 1072 | 7.05 x 1072 | 1.49 x 1073 1.7 1.04 x 0% | 11.78
135xe NDA NDA NDA 7.78 x 1073 HDA 7.78 x 10°
137¢ NDA NDA NDA 6.15x 103 | 981 x 107! Jo.9 x 107
LT NDA NDA NDA 253x 1073 | 731 x 107! |73 x 10
60¢q 2.0 x 107 | 333 x 107 | 2,00 x10% | 5.41 2103 | 1.6 x 102 |23 x 10-
s8¢0 5.48 x 107 | 6.56 x 102 | 5.48x 1073 | 2.17 x 102 | 2.60 x 107} 3.58 x 10°
Sigr NDA 2.68 x 1072 NDA 3.78 x 1072 - 4.04 x 107
Stpn 8.06 x10% | 1.12x102 | 8.06 x 107% | 1.99 x 10-3 NDA 1.48 x 107
103py NDA NDA NDA NDA - NDA
LI LOST NDA LOST 1.40 x 107° NOA 1.40 x 107
9o 1.5 x 1072 NDA 1.50 x 107> | 2.30 x 1073 - 2.33 x 107
957r - 3.1 x 1073 - 1.54 x 1073 - 4.64°x 10”
95Nb - 2.9 x 1073 - 2.62 x 1073 - 5.52 x 10”
$9Fe - 5.95 x 1073 - - 1.19 x 1073 {7.14 x 10™
77r 1.5 x 1073 - 1.5 x 107 - - 3.0 x 107
UN 1.3 x 1073 - - - - 1.34 x 10
133myq - - - 6.48 x 1070 - 6.48 x 10~
$7¢o - - - 9.38 x 1078 NDA 9.38 x 107
895r - - - - 2.94 x 1072 {2.94 x 10™
3H 9.22 75.67 77.9 115 104 3.81 x 10°
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TABLE XVl
GASEQUS EFFLUENT INVENTORY IN CURIES
OCT-DEC 72 |  JAN-JUNE 73]  JULY-DEC 73 | JAN-JUNE 74 | JuLY-DEC 7
137¢5 NDA NDA NDA 3.51 x 1672 HDA
1 8gaia NDA NDA NDA NDA NDA
305y NDA HDA NOA -
134cs NDA NDA NDA 1.37 x 107° NDA
895, - - - - -
58¢o . 3.9x10% | 8.91x10% ] 23x10° | 3.32 107
§0¢o - - - 5.1x 10 | 1.72 x 1074
S M - - - - NDA
lloag - - - - NDA
57¢o - - - 2.2x108 | 2.10 x 1075
9940 - - - 2.9x10°% | 2.90 x 1076
1311 171 x 1078} 939 x 10 162 x 103 | 6.58 x 102 | 498 x 1072
133] NDA NDA 3.28 x 107 | 3.00 x 102 | 1.48 x 1073
1357 NOA NDA NDA 5.79 x 1073 NDA
85kr 2.05 6.3 x 107 1.505 3.50 x 10° | 4.36 x 10°
133xe NDA 6.36 151.56 3.81 x 10° | 2.41 x 103
sy, NDA HDA NDA HOA NOA
87¢r NDA NDA NDA NDA NDA
13830 NDA NDA NDA NDA NDA
135Mye NDA NDA NDA - NODA
“tar 7.1 x 1072 NDA 1.00 x 107! NOA NDA
133my, - - - NDA 3.30
131mye - 8.9 x 1072 NOA 4.91 x 101 | 7.78 x 10?
88ph NDA NDA - NOA -
85y - NDA NDA NDA ~ NDA
- - 1.27x 107! | 190 x 10° | .50 x 107}
- - - 8.4 x 107 -
- - - 1.78 x 1078 -
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APPENDIX B
PRE-SCAN RESULTS

The purpose of a pre-scan is to determine the optimum locations for
the field studies. For this reason, the pre-scan was planned to take
place early in the field studies and to provide usable results during th
first week of the study. As is mentioned in section 2.11 of off-site so
measurements and their analysis, gamma-ray pre-scans were taken on kilog
samples from nine soil and two sediment sites.. Samples were counted for
5000 seconds using the University of Maine Department of Physics Ge(L1i)
detector with low background shield. Thetlists of counts were then comp.
with 1ists of counts taken on pre-operational samples, collected in 1972
The examination of these lists provided the information for choosing the
field locations. Later, punched tapes of these spectra were analyzed at
the University of Maine Computer Center. The results of these analysis «
shown- in Table XVIII. Radionuclide concentrations are shown in picocurie
per kilogram of sample. The first five columns of this table contain
concentrations of natural isotopes: 228Ac, 2087} of the Thorium series,
214pp, 2148 of the Urnaium series, and “OK. The remaining columns of
coﬁcentrations are of man-made fallout or reactor origin. Trace amounts
“8Sc or 85Zn were observed at Foxbird Island, Eaton Farm, Bailey Farm,
Young's Creek, Knight Cemetery, Bluff Head, and Murphy's Corner, but coul

not be quantitatively determined due to interference from 2!*Bi. The
radionuclides 3>Nb-95Zr (200 pCi/kg) were observed at Foxbird Island, Bai
Farm, Young's Creek, Knight Cemetery, Westport Firenouse, Bluff Head, Mur
Corner and Foxbird Island sediment, and 1317 (300 pCi/kg) may have been
observed in Murphy's Corner sediment. Errors are quoted under each numbe

and represent #lo.

The site which showed largest amounts of man-made radionuclides was
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Foxbird Island (sediment). There was on archival pre-scan result for this
sample and Murphy's Corner sediment since’there were no archival samples.
In all other cases, pre-operational and pos;-operation samples were
available and results are given in pairs in the table. Dashes in the table
mean that results were below the minimum detectable 1imit. As a result of
studying the pre-scan results (using the original lists) we selected for
field studies: Foxbird Island soil and sediment, Eaton Farm, Bailey Farm,

Knight Cemetery, soils and Murphy's Corner sediment.
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TABLE XVIII PRE-SCAN RADIONUCLIDES pCi/kg t 1o
DATE OF DATE OF
LOCATION COLLECTION MEASUREMENT TYPE 228y, 2084y 24y 2l4g, «oK 137 58Co 6°Co 13qu S“Mn
Foxbird 6/29/72 8/15/73 sofl 600 600 1000 700 11000 800 - - 200 -
+400 1200 1100 200 £1000 1100 160
Istand 8/14/74 8/17/74 soil 600 700 700 10000 5400 - 60 - -
+400 +500 1200 11000 400 +30
Eaton 6/12/72 8/14773 SO71 1100 1400 1100 900 15000 1900 - - 600 20
1200 +200 +200 $100 $1200 100 180 130
Farm 8/14/74 8/19/74 soil 1300 1200 1400 800 15000 1900 - - 400 -
4300 +200 $200 200 $1200 1100 170
Bailey 6/12/72 8714773 soil 1400 1600 2000 900 17000 1300 - - 200 -
1300 +200 +200 +100 $1400 100 60
Farm 8/14/74 8/17/74 s01l 700 700 1000 £00 15000 1800 - - 300 -
+200 +200 +100 +100 $1200 2100 160
Young's 6/12/72 8/16/73 tidal marsh 1200 1400 1600 800 18000 500 - - 100 -
sofl 1200 1200 +200 +100 £1100 2100 1100
Creek 8/14/74 87139/74 tidal marsh 1400 1800 1000 800 14000 800 80 - 300 -
+300 +300 +100 200 11300 100 150 160
Knight 6/12/72 9/21/13 soil 2400 1600 1600 1400 13000 6200 - 70 300 -
$400 1200 +200 1300 £1400 1300 50 160
Cemetery 8714774 8/17/74 sofl 1700 1400 1400 1100 10000 3600 - 60 600 -
1500 +200 +200 200 11200 :200 150 180
Westport 6/12/72 8717773 s0i1 1100 800 1700 1000 10000 1300 - 40 300 -
i $200 1200 +200 100 3900 2100 50 160
Firehouse 8/14/74 8/19/74 soil 400 1100 1200 700 11000 2200 50 30 300 -
1200 +200 +200 200 1300 £200 50  £20 160
Chewonk i 6/12/72 9/19/73 so0il 1300 1300 1500 1200 16000 5000 - 160 100 -
+300 +300 1200 200 11400 1300 170 +30
Neck Camp 8/14/74 8/20/74 soil 600 700 800 600 10000 1700 - 90 300 -
1200 +200 +100 1200 11200 100 144 160
Cowseagan 6/13/72 8/17/73 soil 700 900 1600 800 17000 4000 120 40 200 -
+300 +300 $200 1200 $1700 200 64 50 +60
Narrows 8/14/74 8/19/74 soil 1000 1100 1700 700 10000 - - 30 81 25
+200 +200 +200 +100 1000 150 +20 130
Bluff 6/12/72 8/21/13 soil 1900 1100 2000 1600 12000 2500 80 - 100 -
+300 1200 +200 200 t1100 200 50 +30
Head 8/14/74 8/17/74 soll 1300 1500 1300 1100 12000 1800 - - 400 20
+300 +200 +200 £200 11100  £200 170 £30
Hurphy 8/14/74 8/20/74 Sed, 1100 1100 1300 1000 12000 400 100 20 400 -
_gorg?rd s, 1200 +200 +200 1200 +1000 $200 140 130 170
oxbir /14774 8/20/74 Sed, " 600 1400 2 2000 0
1s1and 400 1300 S0 5900 905 100 '1993 368 o9 2

-0b-
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APPENDIX C
Calculation of Dose Rate at One Meter from Gamma-Ray Emitting

Soils and Sediments

Calcutation of gamma-ray dose rate due to a plane source such as soil

or sediment is of practical importance. The factors for conversion from

':"f'Y?.'S‘a’ir.’ﬁﬂmﬁttum.:-g. g R

the isotope concentration of the plane medium to dose at one meter above
the surface for “0K, 137Cs, 80Co, 232Th-series and 238Y-series are found

16,17 .
( )- Two new factors, using Beck's Table 7 and

in a paper due to Beck
pranching ratios from the literature, are calculated for 58Co and 13%Cs.
These eighﬁ factors are presented in Table XIX. Dose Calculations for

eleven sites are presented in Table XV. The cosmic ray contribution is

included using ionization chamber data gathered by W. Van Pe]t(IS) over

water in 1971.
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TABLE XIX
Factors for Computation of Dose Rate at 1 Meter due to Gamma-Ray

Emitting Radionuclides in Soil and Sediment

L

.

- Isotope Factor
(uR/h per pCi/qg)
40y 0.179
238)]_Cari
Natural U-Series 1.82
232Th-Series 2.82
(uR/h per mCi/km?)
X10~
! 1375 4.29
Man Made 38Co 7.25
60Cq 18.0
S4¥Mn 6.3
134cg 11.4
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TABLE XX

U AR

(

POST-OPERATIONAL LABORATORY RESULTS USED IN CALCULATION OF
DOSE RATE {uR/h) 1 METER ABOVE GROUHD

ey

f: .mwh‘r.
J

Eo .

3 TOTAL
E LOCATION woy 238yj_series 232Th-series | 137Cs | GAMMA-RAY| COSMIC | GRAND
£ DOSE RATE| RAY* | TOTALT

Foxbird
Island 1.30 1.24 2.53 .22 5.29 3.60 8.89

{s0il)

Eaton's
Farm 3.14 2.00 3.10 .12 8.36 3.60 11.96
(soil) )
Bailey's
Farm 3.15 2.00 3.10 .05 8.30 3.60 11.90

Young's
Creek 3.47 1.45 3.10 .03 8.05 3.60 11.65

(soil}
. Knight
i Cemetery 2.02 2.36 4.79 .19 9.36 3.60 12.96
; - (so0il)

' Westport
Firehouse |2.11 1.45 2.25 .15 5.96 3.60 39.56
{s0il)
Chewonki
Neck (Camp){2.70 1.27 2.53 .07 6.57 3.60 10.17
{Soil)

: Cowseagan
Narrows 2.55 1.82 2.82 .06 7.25 3.560 10.85
(soil)
Bluff
Head 2.38 2.91 3.38 .06 8.73 3.60 12.33
{soil)
Foxbird
Island 3.67 1.64 2.54 .06 7.91 3.60 14.45
(sed.)
Murphy's
% Corner 3.22 1.45 2.53 .02 7.20 3.60 10.80
: (sed.)

LT (0 e

~..~4uq=;&€§.y;.‘.‘.) Ve

*Taken over water in 1371 by W. Van Pelt
tlncluding 134Cs, 58Co, §9Co and S*Mn  (2.93uR/h)
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APPENDIX D

A Model for Radionuclides in Oysters and Associated Sediments*

INTRODUCTION

The variation of the concentration of gamma-ray emitting radionuclides
has been observed and modeled in a stable population of American oysters
(C. virginica), and associated estuarine sediments during 12 months at four
sites in the Montsweag Estuary in the effluent of the Maine Yankee Nuclear
Power Reactor and at a control site in the Damariécotta Estuary. Gamma-
ray peaks have been observed at 0.810 MeV (38Co), 1.173 and 1.332 Mev (8%Co
1.732 (“0K), 0.835 MeV (3%Mn), 0.765 MeV (35Nb), 0.238 Mev (212pp}, and
0.662 MeV (137¢s) using a Ge(Li) detector. The concentration of the most
abundant man-made isotopes 58(Co, ®0Co, and 5“Mn have been compared at selec
sites with a mathematical model for the accumulation and loss of these

nuclides by the oysters and sediments.

PREVIOUS WORK

Radionuclide accumulation and loss have been studied in oysters by
Seymour(18), Jefferies and Preston(lg), Naidu and Seymour(ZO), Nelson and
Seymour(ZI), wO1f(22), Lowman, Rice and Richards(23); and radionuclide
accumulation has been studied in sediments by Heft, Phillips, Ralston, and
Stee1(24), Noshkin and Bowen(zs) and Lentsch, et. a].(ZG) ‘among others.
Models, field studies and laboratory studies of accumulation and depuration
nave been undertaken for radionuclides in reactor effluent for 137Cs and

50Co in the marine clam, Harrison(27); 58Co in the mussel, Mytilus edulis,

Shimizu et. a].QB); Teleost and Elasmobranch fish, Pentreath(zg), and for

several organisms by Lowman, et. al.(30).

*This work was supported in part by a grant from the National Oceanic and
Atmospheric Administration, number 04-3-158-63.
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Mathematical models for accumulation of radionuclides, are usually
based on a constant source of radionuclides, 2 condition which is generally
convenient and applicable for laboratory studies however, must provide for
the time variation of the sources of radionuclides since in the case of
nuclear reactors the 1iquid, radionuclide effluents are usually released
according to some schedule with waiting periods between releases, as

discussed by Heft et.a].(24).

This variation of source intensity can be
included in the mathematical model by.driving the first order linear
differential equation for accumulation and decay with a time varying function
répresenting the release schedule(l)- This model corresponds mathematically
to an impulsively driven relaxator with characteristic relaxation times for

the various mechansims of accumulation and decay.

EXPERIMENTAL DESIGN

Five groups of American oysters were grown: 4 Montsweag Estuary
locations (intake of the reactor S1, outflow of the reactor S2, upper caove
$3 and 0.58 km, N., Long Ledge S4, 1.29 km. S.) and at a control site
located on the Damariscotta Estuary S5. At approximately two month intervals,
the live oysters were removed from their trays, and. transported to tne
Ge(Li) detector enclosed in a low background shield. Approximately 1 liter
of 1live oysters were counted for 5000 seconds and the resulting data were
)
After counting, the oysters were returned to their original locatlons. The
concentrations of radionuclides were determ1ned using standard techniques

to calibrate the multichannel ana]yzer-detector-shie]d system.
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Seven sediment sites were chosen (intake sediment M1, outflow M2, Uppe
cove M3, Long Ledge M4, Murphy Corner, M5, 2.98 km S.W., Qak Island M6,
2.90 km S.W., and Bluff Head M7, 4.39 km S.W.) At approximately two month
intervals, 2 Kg sediment samples were collected at each of the sites and

gamma-ray analyzed in the same manner as the oysters.

THEORY
The uptake of radionuclides may be described by a first order Iinear
differential equation

dN _ |
P -AN + R(t), 1)

where g%-is the rate of increase in atoms of nuclide N, AN is the rate of

10ss due to radiocactive decay, and R(t) is the rate of introduction of
nuclides from an external source (i.e. the nuclear reactor release schedule)
Depuration is included by writing a term ApN which describes the ("Biologica

Decay") observed experimentally by Seymour(18)

dN _
Gt N = R(E). 2)

The solution to Eq. 1 may be written
N = e‘*tg e*R(t) dt + ce™t, 3)

We assume that releases of nuclides are made on a sequence of m times,

1° tZ’ t3, .......... tm} and the amount of nuclide released is given by a
function f(t) which for times greater than or equal to t1 but less than t2
is given by fls(t—tl), and for times greater than or equal to t, but less
than ts by féé(t-tz) and so on up to times greater than tm' The fraction

of the nuclide which was released and is retaihed is given by U, so that

for the accumulation N(t)
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¥ N(t) = e At S fr*e et s(tt)) udt + ..

Q

= . t +e

ég + e At m ethmG(t-tm) Udt+ce t, 5)
;; tm-1+e

ig If U. is a constant ratio of retention for all time, we can construct a

?_ table of functions for the times between the release time.

33 oststy w(t) = ce Mt

: , 6)

6, st Nty = up e Bt b e

H ' _ -2 -a{t-t,) -at

: t, <t <ty N(t) = Ufse (t-t,) + Uf,e 1’ + ce

%l These equations may be interpreted as a gradual decay of isotopes from the

E; release-time until the next release-time. Sudden increases occur at each

release-time. Graphs of two typical cases are shown in Fig. 5, which shows
the results for a half life (358Co) comparable to two release intervals,

as well as a half life (%%Co) comparable to 60 release intervals.
OYSTER RESULTS

The concentration expressed in pCi of the radionuclide 58Co is shown
per gram of oysters in Fig. 6. Tne broken lines represent tne experimental
values for this isotope in the four Montsweag Estuary sites and the Damari-
scotta Estuary control site from June 73 through july 74. The theoretical
results are shown with a solid 1ine from May 73 through June 74‘. The same
peak found in the theory is evident at the outflow, Long Ledge and intake
sites and a small increase may be seen in the control site in October. The
best agreement occurs (comparison may be made) between the outflow site and

the theory. It is evident that the oysters show a faster decrease in activity

in Dec. 73 through Feb. 74 than that predicted by theory. This may be
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Figure 5. Calculated Accumulation of 58Co and 69Co as a Function of Time

The solid Tine shows the theoretical accumulation of S8Cg in millicuries
versus month of year from Feb. 1973 through July, 1373. The dashed line
shows the theoretical accumulation of®9Co in millicuries versus month of the

year from Feb. 1973 through June, 1974.
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Figure 6. Calculated and Measured Accumulation of 58Co as a Function of Time

The upper nalf shows the radionuclide 38Co in oysters at site Sl
(intake) triangle and dot-dasn, site S2 (outflow) square and dash, site S3
(Upper cove) circle and dot-dash, site S4 (Long Ledge) triangle and dot,

SC (control site) hexagon dasn-dot-dot, and theoretical curve for outflow
site with filled circle and solid 1ine, versus time in montns, for the years
1973-1974. The lower half shows the radionuclides >8Co in sediments at
sediments sites M1 (intake) with triangle dash-dat, M2 (outf]dw) with square
dash, M3 (Upper cove) circle dasn-dot, M4 (Long ledge) with triangle dot and

theoretical curve for outflow site with cricle solid 1line versus time in

months from Aug. 1973-July, 1974:
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explained as the depuration of isotopes from the oysters during these
montns.

The concentration of the radionuclide S4Mn for the outflow site
was found to be practically flat during this time and compare favorably
with theory within statistical errors in the measurement. In addition to
the 58Co and S“Mn results, small amounts of 80Co are observed in Oct. 73
at the outflow, Jan. 74 at Long Ledge and Oct. 73 and Jan. 74 at Upper
Cove. Small amounts of 5*Mn is also observed on July 73, Dec. 73 and
Jan. 74 at Long Ledge and Jan. 74 at the control s%te. The naturally
occurring isotope “%K is observed at all sites for all measurements and

its variation is correlated with variation in the salinity.
SEDIMENT RESULTS

The concentration expressed in pCi of 58Co per gram of sediments is
shown in Fig. 6. The broken lines represent the experimental values for
this isotope in four Montsweag Estuary sites from Sept. 73 through July ..
74. The solid line represents the theory for the time from Aug. 73
through June 74. The best comparison can be made fro the outflow site
which has the largest concentration and shows a broad peak in the months
Sept. 73 through Jan. 74. The decrease of 58Co during Jan - Feb, 74, is
more rapid than tneory predicts and represents depuration due to loss of
radioactivity from the sediments. The other sites had a factor of 10 less
isotope than this site, and insufficient data for further conclusions.

The radionuclides “OK, 58Co, 60Co, 5%Mn observed in the outflow
sediment may be averaged, and compared. Tnese radionuclides are expressed
in picocuries/gram of sediment and are averaged for monthly values for the
time period Aug. 73 - March 74. The average values in order of decreasing

concentration are “°K, 5.7 pCi/gm, 58Co, 4.9 pCi/gm, 5%Co, 0.8 pCi/gm,
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and °“Mn, 0.2 pCi/gm. All of these isotopes have maximum values in the
month of Nov. 73. Most of the isotopes show a decrease in the month of
Dec. 73 which is correlated with a salinity drop in the estuary. The
decreases in both ®%Co and 5“Mn may be interpreted as the combined effect
of radioactive decay and depuration. The effective depuration rate for the
outflow sediment during this time was 150 * 30 days for 69Co. The depuration
rate for the 3“Mn is 180 + 50 days.

The radionuclides 3°Nb, 212pb, 137Cs in the outflow sediment may also
be averaged and compared. In order of decreasing concentration, these are
95Nb, 0.8 pCi/gm, 212pb, 0.4 pCi/gm and '37Cs, 0.2 pCi/gn. These radio-
nuclides show a maximum during the month of Nov. 73 for 9SNb and March 74
for the 212pPb and 137Cs. Since the initial values of 212py . 137Cs and
I5Nb35Zr in soil and sediments measured prior to the plant operations were
large, comparison with theory is not attempted for these nuclides. The

sediment sites, M5 M6, and M7 showed only “OK, 212pp and 137Cs.
DETERMINATION OF UPTAKE RATIQ U

Since theory and experiment seem to agree, it is possible to divide
the radionuclide in oysters or sediments (Fig. 6) by the calculated
accumulation (Fig. 5) to form an uptake ratic U. The values for U indicate
that most of the radioactivity is concentrated in the region .of outflow,
decreasing rapidly with distance. There is also variation of concentration
from radionuclide to radionuclide with 58Co strongest, ®9Co weaker and

S4%n weakest for both sediments and oysters.

N SIRLNT 49 ot TN LANARC I Sy Lo i sy ————— e
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SUMMARY OF APPENDIX D

Oysters have been grown in the effluent of a nuclear reactor and
nave been used in a longitudinal study of radionuclide uptake and depuratio
The radionuclides 38Co, 69Co and 5*Mn have been observed experimentally in
the oysters and associated sediments. At selected sites, the variation
of radionuclides in both oysters and sediments was found to be in good
agreement with predictions of a mathematical model, which incorporates
radioactive decay and a time dependent driving source of radionuclides
due to the 1iquid effluent release from the reactor. Values for an average
uptake ratio U, are then calculated for selected sites. Maximum values
of 38Co of 800 pCi/kg results in an annual dose rate of 0.27 mrem/year :
Maximum values of S5%Mn of 12 pCi/kg results in an annual dose rate of

0.004 mrem/year.
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PRE-OPERATIONAL LABORATORY WATER GAMMA-RAY ANALYSIS
OF THE DISSOLVED COMPONENT

APPENDIX E
TABLE XXI
{
LOCATION TYPE DATE DATE “og 137¢¢ 222pp
COLLECTED COUNTED {gm/1%2q pCif1+2¢ pCi/1+2¢

Foxbird estuarine 6/13/72 6/22/72 0.18 <2.0 <4.0
Island .06
Eaton well /13772 6/22/72 | <0.10 <2.0 <4.0
Farm
Bailey well 6/13/72 6/22/72 | <0.10 <2.0 81.0 * 13.0
Farm 6/13/72 6/29/72 | <0.10 <2.0 <4.0
Young's surface 6/13/72 6/22/72 | <0.10 <2.0 <4.0
Creek
Chewonki well 6/13/72 6/22/72 | <0.10 <2.0 98.2 + 19.2
Neck(Camp) 6/13/72 6/27/72 | <0.10 <2.0 <4.0
Cowseagan | estuarine 6/13/72 6/22/72 0.19 <2.0 <4.0
Narrows +0.06
Bluff estuarine 6/13/72 6/22/72 | 0.16 <2.0 <4.0
Head .06

(A11 samples were counted for 50 minutes in a 3.5 liter Marinelli beaker geometry)

RA- G o oy
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Center for Biological Monitoring, Inc.

Sponsor of RADNET: Nuclear information on the Internet
SCOURCE POINTS OF ANTHROPOGENIC RADIOACTIVITY

World Wide Web at hitp://home acadia net/chm/Rad. hani ’V/(’M
BOX 144 BULLS COVE, ME 046440144  207/288-5125 _N

smm&*vziwmemm OT’?’ (ﬂ\/vu

Fax Cover Sheet

Date: 1/23/98 _

Number of Pages including cover sheet: 5 _ )

To: /71 pey Bus Lé//i/aé | | (\'UL-
From: H.G. Brack | /@

Re: Letter to Shirley Jackson -

Message: The enclosed letter to Shirley Jackson is intended to alert
first the NRC, and then any other interested parties to:

.A: Deficiencies in the MYAPC site characterization process and the \)5\»

M
A
B. Controversies pertaining to arbitrary and artificial guideline levels f\
contained in the new DCGLs. Site-specific DCGLs for Maine Yankee

have not yet been issued, but for a preview of what’s coming down the x&lﬁ
turnpike consult the Appendicesin NUREG-1500. \r'\&
Recipients of this letter, please be advised that the definition of {\/fr/

“contamination” contained in the Jackson letter is extracted from the
draft MARSSIM,

DCGL = Derived Concentration Gaideline Level
MARSSIM = Multi-Agency Survey and Site Investigation Manual, NUREG-1575

MARSSIM can be viewed on the Internet at http://www.epa.gov/radiation/cdeanup

Caomments, criticisms and additional information welcomed.
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Center for Biological Monitoring, Inc.

— Sponsor of RADNET: Nuclear Information on the Internet
SQURCE POINTS OF ANTHROPOGENIC RADICACTIVITY
World Wide Web at htp://home.acadia net/cbm
BOX 144, HULLS COVE, ME 046440144 207/238-5126
FAX:207/288-2725 EMAIL: shrock@post.acadia.net
01/23/98

Nuclear Regulatory Commission -
‘Washingtoa, D.C. 20355-0001

Dear Chairperson Jacksorn,

This letter is 10 address scme iasues which permain to the Federal Register nodes of July
21, 1997, Radiological Criteria for Licsase Termination. This citeria is tota] efecdve
dese equivalence (TEDE) not sxceedizg 25 mrem/fyT for 2 maximally exposed person, ail
radionuclides and all pathways.

An ongoing review of the decormissicning procsss at the Maine Yankee Atomic Power
Company (MYAPC) revesls a series of deficiencies and omissions in the MYAPC sit=
characterization procass, particuiarly with respect to the marine envirenment whick has
been historcaily impacted by the rec<ipt of liquid effluents from MYAPC diffusess at the
bottom of Monrsweag Bay. The deSciencies and omissions noted originate in part fom

- the Duratek Sitz Characterization Maragement Plan for MYAPC. In the case of

_ MYAPC, or any decommissioned pressurized water reactor (PWR) or boiling wates
reactor (BWR), this refease criteria mandates systemaric pathway analyses for the long-
lived isotopes characterizing spext fusl and reactor vessel internal components. The
Dwratek plan makes it clear that this systemaric pathway analyses is lacking st MYAPC,
and the resulting site characterizeticn is insufficient to mest the citeria for lcense
termination.

There also appear to be 2 sexies of generic irregularires and deficieacies within the

regulatory literanure of the NRC. Teese raise questions about the validity of the newly

jssued releasc critesia and, thus of the ability of the NRC tw mest its statutory obiigations

g3 described in the Code of Federal Ragulations. e

MYAPC: Preliminary observations of deficiencies in site characterizadion

Timely, accurate and relisble information about the decommissioning acdvities at
MYAPC is not availabie o the geneml public. What lile information is available
daives from licsases controlied Cifizen's Advisory Panel (CAP) momthly meetings- The
Duratek site management plan has, kowever, besn available for review by CBM and
reveals blatant deficiencies in the sitz characterizatiop procass 23 3 precursor 0
éecommissioning activizes.
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1. Tze long-stinding inadequacies of te snnual licenses Radiclogical Environmentat
Monitoring Program (REMP) reports are now impacdng the site charactenizenion
process. Taese REMPs provide just caough informaton 1 idenrify large areas of the
arine envirogment adjacear  MYAPC as being impacted by plamt operations. At
& same dme, these flawed reports contain a consisteat lack of dam points such that
tsccuric characterizzrion of the environmental fmpact of plant operations has zever
teen possitie. They represent the first stage of ap NRC licsases failure © me=t the
smnutory obligaton of protecting pubiic heaith and safety, as contained in the Code of

" Federal Regulations.

2. Tre Multi-Agency Radicrion Survey and Site [rvestigation Menual (MARSSIM)

Oraft NUREG-13575) makes criticaily clesr the important role of “historical site
1ssessment” in evaluating site stams in terms of existng contamination (upatfeced
and affected aress - see Chapter 3). A large body of secondary radiclogical
surveillance reports exist which also document a patem of plant desived
commiration in the marine exviromment adjacemt 0 MYAPC. This secondery .
literatare ranges from pre- and post-operational analyses of cesium-137 and cobalt-60 .
cone by Charles Hess in behaif of the NRC to a whole seties of regorss done undes
the auspices of the Sea Grant prograrm. Some of these otker secandary reperss include
sate of Maine momitaring and other reports oy Hess and Smith, 1975; Prcs, Hess and
Smith, 1976; Churchill, 1976; Hess, Smith and Price, 1977; McCarthy and Rydes,
1978; McCarthy, Ryder and Amonics, 1978; Boweg, 1981; Caurchill, Hess and
Smith, 1980; Lutz and Hess, 1580; Lurz, Incze and Fess, 158C; and Mrczay, 1982, In
contrast to these many reports in the zarly years of plamt operation, thers are no post-
1982 inderendent radiclogical menitoring reports that the Center for Biolegical
Monitoring can cits wiich supplemest the MYAPC REMPs after this date other thaa

- Bess, 1997. None of these older documents appear to play any role m the curreat
Duratek “Site Characterization Management Plan”. The result is a grossly inaccurats
idantificxtion of unaffected as well as affecred areas. No credible TEDE can be
established for MYAPC uniil the sits charactesization process is reviewed and
revised.

5. Chapter § in MARSSDM discusses Zeld messurement methods and instrumentatdon
and reflecss the historical smchasis of the NRC on extermsal radiation as the primary
ar== of copcam with respect to acute health effects resulting from radioclogical
contamination. With the advent of the all radiormelides all pathway clause of the new
selesse coitenia, it is now clear that rediological surveillance must be upgraded o
tnelude 2 consideration of the preseacs and impact of all the micro-contaminants
which characterize long-lived speat fuel wastes (LLSFW): Sr-90, Zr-92. Te-99, Sn-
126, I-129, Cs-137, Pu-258; Pu-259/240, Pu-241, and Am-241. Most of these
isotapes are difficult w0 characterize alphs and pure beta emitters. Compretensive
pattway zzalyses of these radionuclides is expensive but ime consuming and must be
done witkin a laboratory sering. Information is not yet available as to the accuracy of .
the on-site laboratory recextly established at MYAPC and its ability to characterize
these isotopes. Questions however have already been raised about the accuracy and
scientific raliability of sample collection methods.

4. The conwoversial presentation mede by the lcenses at the December CAP me=ting
denoting exmremely limited areas impact=d by plant opersrions combined with the
grossly ipsufficient Duratek site managemeat plan sampling for the marine
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environment indicares thar insuficient data points will be available t consTct 2
grid. as suggesied in MARSSIM. The consequence of insufficient dama is the clexr
inabiiity of the NRC or the licensee t evaluate not only the past <avironmental
fmpace of plant operarions bur also the ongoing impact of decommissioning acdvities.
The postponemert of 2cTurate site characterization unrl a final site survey is sxecured
(in the case of MYAPC, 2004) is a possible interpretadon of the MARSSIM, whica is
not a sire-spesific guide. The MARSSIM makes many references t the possipility of
demailed sits characterization arior w decammissioning but it also makss it clear that
this deraited survey i3 2n opcon The Zilurs to execur=a thorsugh survey priar 10
decommissioning acsvites at MYAPC is a clear violaton of tke Code of Federal
Regularions general ST20U10ry [oQUIrement 10 protect pubiic health and safety.

5. Angther deficiency in the Durarek site charactesization plan is the choice of the
location of the “ref=remcs area™ as the conwrol for evalvaring contarninarion in
waiFactad” areas. The reference area chosen is a terrestrial locadon which may have
been impacted by plact operadons. Site-specific factors suc as the locadon of the
two diffesers ar the bottom of Montsweag Bay make it mandatory that 2 secand
raference or cortrol arse be chosen in a marine environment located well away from
the bays and sstuariss aear the Wiscasset facility. A'terrestrial rederence arse is
ipaiEcient as a conwol for analyses done within a marine éavironment.

6. The net result of he gross dedcieneies in historical site assessment of plant operadons
in the marine eavironmert as weil a3 of the currear site sharacterizaticn procsys is the
undermining of the credibility of radiological criteria os the bases for license
teminarion. [n the case of MY APC or any other NRC liczased Zacllity, the emrors apnd
omissiops in histerical and contemporary site characicrizadon are camularive.
SuperEciai. one-dimensicnal characterization of residual radicacdvity with aver
reliane= on exra—al mdiaden axposure from gamma releasing mdioisoopes results in
the Bailurs to mest the aff rediomucides all pathways clause of the release citera
(e.g. se= the oid guidelines in AEC Rule 1-36). Significant additional psthway
amalyses are n2edad 10 characterize the marine egvironment as 2 sossikle repository of
LLSFW resulting fom micro-cortamiration from several inciderts of spent fuel
cladding leakage, g=id o rod Feaing within the spent fuel assembiies ard the general
impect of overail opersrions af the Maine Yankee Azemic Powes Company (1972 -
1998). In particular, there is an obvious aeed for a gr=arly experded program of
sedimert sampling in areas mpacted by the liquid diffusers, which due o the strong
currents which swesp the botom of Mantswesg Bay have the potendal wo cover many
square miles af bays and ssnuaries cear MY APC. ‘

Upcomiag reports contzining specific dara collected by the licenses and its conmractor
Duratek during the site characterization grocess will hopefully provide additicnal

. -

informardon about these dzfciencies.
Irregulsrities and omissions in NRC regniatory guides

Specific NRC guidelires permining 10 decommissioning NRC licensed facilides begin

with the U.S. Atomic Ezergy Commmission Regulatory Guide 1.86 and include NUREG
publicatiops 5512, 5349, 1444, 1496 vols. 1 and 2, 15C0, 1301, 1505, 1507, &LARSSE/‘[ A
and 10 CFR Part 20, et. al. There appear to be a seies of disczepancies and omissions 1@ 7=
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these reguiarery guides which culminate in some questionable definitions in MARSSIM,
the most recent of the regulatory guides. [n pardcular, the definition of derived
concznration guideline levels (DCGL) appears to be sufficiently flawed a3 2 wol for
evaluating residual radicacsvity as to undermine the credibiliry of the release cZetiz as
described in 10 CFR Part 20, e al. The detatls le=ding up to this conclusion wiil te
presenr=d in another CBM regort this spring. Pre—xisting irregularities in regulatory
lizemanre and definidons within MARSSIM culminate in an artificial and cangoversial
definition of DCGL. These include the methedology used to determine background
radiarion, the concept of 3 mrem as indistinguishable from backgroumd, mimimmm
desectable canceamarion (MDC), clevared measurement comparison (EMC), dara quality
assessment (DQA) and residval radioacivity. A dednition thar is comblematic of e
historical deficiencies in the regularory guides is that of contamination Witkin
MARSSIM: “the presencs of residual radioactiviry in excess of levels whick are
acceptable for release of 2 site or facility for urreswiczed use” (pg. GL-4). While site~
specific DCGLSs are not yet available for MY APC, the appendices in NUREG-1300 ar=
the closest regulatory guides come to seting derived concentration guideline levels. In
Appendix B-1, the soil cancenmraron of cesium-137 for the residential scaqerio necsssary
w0 provide an exposure of 24 mrem/yT (ust below the TEDE of 25 mrem/yr and hus net
comtamination??) is 17,120 pCi/kg.; for americium-24] 2,928 pCiks; e Tois gves
just 2 hint of the problewms corming down the mumpiks in the new DCGLs. Tes zew FDA
derived intervention level fer americimn-241 comramination in foodstuits is 2 Bakg for
infants (= 54 pCirkg). The prodlems with the DCCLs provide an example ¢f why it is
absolutely essendal that the NRC re-schedule public hearngs for the decommissioning
procsss at all NRC licersed faciifmes.

The deficicacies and omissicrs in NRC regulatory lireramrs originate in a fimdamenral
cpistemological quandary: the conflict betwesa ¢usily determined dosc-related 2on-
stochastc acute health effacts of ionizing radiarion versus the more conmoversial
stochastic (random e.g. cancer, hereditary defects) health effecss of low-levels of chronic
cormaminaton. This issus is zow manifest in the pew DCGLs and NRC's release citerda
of 2 TEDE of 25 mrenvvr. Parhway anziyses for long-lived isotopes charecterizing spent
fue! wastes have been tradidorally overdooked in most 20th czatury cayironmenral
radiological monitorin, cgcrs. hmplici Iz ths zow NRC release ariteria is the gecessity
for more comprehensive anaiyses of dhe presence of these isotopes i all pathways,
including the marine pathway at MYAPC. The dilatory MYAPC site charscterization
process is insufficient to mest the obligations implicit in the Dew site release criteria.
Application of spurious DCGLS as they become codified will only exacsrhat= this
problem not only for MY. APC bur for all other NRC supervised facilides. i

Yours tuly,

ke

K. G. Brack
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ABSTRACT

Release data are reported for three coastal water-cooled
nu-lear reactors: HMilistone Point No. 1 and No. 2 (for

the period January 1977 through April 1978}, and Maine
Yankee (for the period 20 June 1977 through 25 March 9;8);
release samples were analyzed for 55Fe, 60Co, 134Cs, 13/cs
2380y, 239,540Pu, 241Am, £42Cm and 244Cm, but not all nu-
clides on every sample. Radioiron 1is a major ccmponent of
the releases measured; the transuranium nuclides are lesc
significant components than was expected, but levels have
occasionally reached microcuries per month. Pulses of this
size are adequate for tracer studies. )

Environmental samples (water, sediments, and biota) have
been analyzed from about the two reactor sites noted, and
that of the Pilgrim No. 1 reactor. No water samples re-
mote from reactor outflows have unequivocally shown reactor
contamination. No sediment samples from near Millstone
Point Point or Pilgrim 1 hive shown reactor contamination;
this has been clearly evident in several sediment collec-
tions from near Maire Yankee. B8iota so “ir. ameasured from
near Millstone Point show reactor contam nation only when
taken from the effluent canal. From the Maine Yankee and
Plymouth areas, however, biota samples frequently prove to
show slight, but definite, reactor contamination. In these
two areas biogeochenical studies of the fates of long-i1ived
waste radionuclides could easily be carried out, and would
be very profitable.
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of other projects, most prominently that funded by the
Dept. of Energy under contract DE-ACQ2-76-EV-03563.A005
and by the Environmental Protection Agzncy as part of the
Mussel Watch Program under contract with the University of
California; we are grateful for this support and for t{e
freedom with which these data can be used.
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THE ENVIRONMENTAL BEHAVIOR OF TRANSURANIC NUCLIDES
LEAKED FROM WATER-COOLED NUCLEAR POWER PLANTS

INTRODBUCTION

A serious problem that faces anyone trying to predict, or
to model, the behavior of transuranic radionuciides re-
leased to aquatic environments, whether in the course of
planned disposals or as the result of accidents, is our
present ignorance both .of the geochemistry of these ele-
ments and of the extent to which this is controlled by
either the chemistry of the release materials or special
attributes of the local environment. A very promising ap-
proach to this problem lies in the use of each presently
identifiable transuranic element release as an environ-
mental experiment and by the comparing the differences and
similarities among the gehavior of the various radioele-
ments represented, establishing those generalizations that
seem to hold widely, as well as those conditions under
which each generalization breaks down. It is alsoc valuable
tc ascertain what similarities in geochemical-behavior may
appear between the transuranic elements  and those better

known elements whose radioisotopes are also components of
each released mixture.

Pursuit of this approach has led us to study a substantial
number of releases of artificial radionuclides, ranging
from worldwide and close-in fallout from nuclear weapans
tests, the liquid effluent releases from fuel reprocessing
plants in Great Britain, France, and the USA, leakage from
solid waste containers dumped at sea, to the discharges
from water-cooled nuclear reactors used for electrical
power production. In this last project, we have been sup-
ported partly by the U. S. Nuclear Regulatory Commission,
and it is this work we are reporting here.

The cooling water stream frcm al!l nuclear power reactors
contains small amounts of artificial radioactivity arising
in two very different ways:

firstly, by direct neutron reactions on the components of

the cooling water stream, or of the duct work threcugh
which it passes. '

secondly, collected into storage tanks, as tine result of a
variety of techniczi operations, of the plant or of its
laboratories, and released periodically, usually after
considerable chemical cleanup, by pumping into the cool-
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ing water stream.

Although the first of these processes certainly results in
some transuranic radionuclides, these are produced in very
s=x11 amounts, determined largely by the uranium ccntent
of the cooling water stream, and probably largely restrict-
ed to neptunium 239 and its daughter plutonium 239. There
is 1ittle question that the overwhelming preponderance of
plutonium, and virtually all of such heavier transuranic
elements as americium and curium, result from the second
class of operations. Becausa of this arigin, in processes
that are only secondary functions of the ay-to-day power
producing operations of the plants, the rates of release
fluctuate widely in ways that, if they could be predicted,
or even ascertained at the time of release, wouid bz of
considerable value in helping to establish time constants,
especially of some of the biological, or sedimentological,
interactions of the nuciides releasea.

In this report we propose to discuss the patterns of nu-
~1ide release that characterized three reactors, Millstone
Soint Nos. 1 and 2 and Maine Yankee, during parts of the
years 1977 and 1978. We will also discuss some evidence
-oncerning the fate of the released nuclides in their
aquatic environments, including data relevant to the

Pilgrim 1 reactor, even thouqgh we have no information on
its release patterns.



MATERIALS

Through the good offices of Mr. Philip Stohr, NRC, we
recefved from the operators of the two reactors at Mill-
stone Point, Connecticut (Millstone Point No. 1 and No. 2)
and of the Maine Yankee reactor at Wiscasset, Maine,
samples that represented their periodic storage tank dis-
charges for parts of the years 1977 and 1978. These were
replicates of the discharge samples that the operators
collect routinaly for assay of major radionuclides.

In the case of the Millstone Point reactors, the samples
were adjusted to represent the month]X discharge experi-
ence. he series we received began wita January 1977,
continued through the year (without samples for August or
September), and through the first four months cf 1978.

In the ca;e of Maine Yankee, we reccived a separate sample
tc represent eacn discharge event, the volume representa-
tion being adjusted for those of the various tanks dis-
charged. Discharges occurred as seldom as once orF as
often as eleven times a month. The period represented by
samples we have so far analyzed extended trom 20 June

1977 through 25 March 1978.

As discussed below, our inftial expectation, From Mill-
ctone Point No. 1 data, was that the activity concentra-
tions released would be rather large (by our enviranmental
criteria?. For that raason, we began by asking for onl
small volumes of sample -~ 25 m1 per period. etween the
February and March 1977 aischarges from Millstone Pcint
No. 1, however, an additional stage of waste discharge
treatment was introduced. As shawn in Table 1, this re-
sylted in a very substantial reduction, close to two or-
ders of magnitude, in the concentrations of transuranic
nuclides in the discharge, bringing them toc close to our
detection 1imits. Beginning with May 1977, then, the sam-
ple size we received was increased to one liter per dis-
charge. This increase applied to both Millstone No. 1 and
Na. 2, since the No. 2 plant had proved to be significant-
1y cleaner in its discharge than we had expected.




It would obviously be of considerable value to have been
able to supplement these samples representing the tanks

dischargaed,with a series of samples o7 the actual efflu-

.ent stream. This would both have given NRC confirmatiaon

that the storage tanks were being correctly sampled and
did represent the major source of the nuclides of con-
cern and have provided an estimate of the nucliide concen-
trations that enter the environment, for clarification

of the blological and sedimentological relatfonships
being assessed. Unfortunately, we were quite unable to
arrange proportional sampling of the cooling water efflu-
ent stream, so that this part of the investigation still
cries out to be undertaken.

In addition to the discharge samples provided by the re-
actor operators, we obtained series of samples of or-
ganisms, of sediments, and of water, in the environments
of these reactors, and of the reactor operated by Boston
Edison Co., at Plymouth, Massachusetts (Pilgrim No. 1}.
Most of these samples we collected ourselves but some
were provided by the environmental survey teams of the
reactor operators. In the Wiscasset area we were sub-
stantfally assisted, through the good offices of C. T.
Hess, University of Maine, Orono, by the pecple and faci-
Tities of the Da.ling Center, of that university. A list-
ing of these environmental samples,together with their
status in analysis, was included in the Progress Report
submitted October 1978 wunder the subject contract. As
discussed there, some additional samples have been ob-
tained; additional analyses have been performed under an
extension of the subject contract, and substantial num-
bers, both of samples and analyses, that are highly rele-
vant to the interpretation of the NRC-supoorted work,
have been completed with support from cother agencies.



METHGDS

Qur radioanalytical methods have been described in a num-
ber of publications. The following summary 1list of
references may be useful:
55Fe: Labeyrie, Livingston and Gordon, 1975. Nucl.
Instr. and Meth. 128, 575-580.
90sr, 137Cs and others: Wong, Noshkin and Bowen, 1970.
In keference Methods 2or Marine Radiocactivity
.Studies (IAEA, Vienna), pages 119-127.
Pu, Am, Cm: Livingston, Mann and Bowen, 1975. 1In
Analytical Methods in Oceanugraphy (ACS, New
York{, pages 124-138.

We engage regularly in analytical {intercomparisons organ-
{zed by the International Atomic Energy Agency, the U. S.
National Bureau of Standards, or the Department of Energy.
Published reports of our performance in some of these may
be Tisted as follows:

1. Fukaf, Ballestra and Murray, 1973. Ir Radiocactive
Contamination of the Marine Environment (IAEA, Vienna},
pages 3-27.

2. Noyce, Hutchinson, Mann and Mullen, 1976. In Proceed-
ings of International Conference on Environmental
Sensing and Assessment (Inst. Electr. Electron. Eng.,
N.Y.) paper 19-5,

3. Volchok and Feiner, 1979. A radfoanalytical Labora-
tory Intercomparison Exercise, U. S. Bept. of Energy,

Rept. EML-366, 43 pp.

Gther performance information is either summarized or ref-

erenced in the methods papers cited above, or in the var-
fous articles reporting and analyzing our data, that are

cited in the Discussion below.
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RESULTS
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The analytical results on the discharge samples are set
out in three tables: Table 1 dasaling with Millstone Point
No. 1; Table 2 dealing with Millstone Point No. 2; ggble 3
i M . r
g5aling ylth Halne Yagkee- H08%3,4852 Pheian es.on and
244¢m; not all nuclides were, however, measured in each
sample. For the shorter-lived nuclides, data are shown as
of the date of collection of the sample. In each case,
the analytical result has been multiplied by the total
volume of the discharge represented to yield an estimate

of the total activity of that nuclide discharged in the
period represented.

Environmental Data:

for convenience, the data referring to the environmental
samples, water, sediments, and biota. 2s well as the Fig-
ures showing respective collection locations, are fnserted
in the Discussion sections concerning the various reactor
environments. Since most of the radionuclides that we
have measured are not unique to reactor operations bu* are
presant worldwide as the result of atmospheric testing of
nuclear explosions, we have included in the biota tables,
comparison data referring to relatively nearby samples
that we beljeve have experienced only fallout contamination;
these data derive principally from the Mussel-Watch Pro-
gram (Goldberg et a', 1978, and Bowen et al, to be pub-
tished) supported by EPA.

In the order of their insertion in the text, these figures
and tables are as follows:
Figure 1: Millstone Point Collecting Stations.

Table 5: Millstone Point, Conn.:long Island Sound Surface
Water.

Table 6: Millstone Point, Conn.:Sediment Cores Radio-

chemistry.
Table 7: Millstone Point Environmental Sampla2s - Biota.
Figure 2: Maine Yankee Collecting Stations.
Table 8: Wiscasset, Mc ne: Surface Water from Montsweag
Bay. . :



Tabla 9:
Table 10:
Table 11:
Table 12:
Figure 3:
Table 13:
Table 14:
Table 15:

Wiscasset, Maine, Area:Surficial Sediment
Radiochemistry I. “

Wiscasset, Mafne, Area:Sed:iwment Cores Radio-
chemistry II. :

Wiscasset, Maine, Area:Environmental Samples -
Bifota I.

Wiscasset, Maine, Area:Environmental Samples -
Biota II.

Sampling Locations around the Pilgrim Nuclear
Reactor, Plymouth, Mass.

Plymouth, Mass.,Area:Water and Sediment Radio-
chemistry. :

Plymouth, Mass.,Area:Environmental Samples -
Biota.

Biota Samples for Comparison to Plymouth Area
(Table 14A & B).
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MILLSTONE POINT REACTOR #1 MONTHLY DISCHARGE ACTIVITY

Year (diters) _ (00C)"' mCH {poC) ! m | nCi nCi
Jan, 1977 1,07x108 5,66:0,12 4,06:C.11 8,2610,14 6901150 140410
feb, 282,118 0.30:0,05 0.70:0,03 430170 280150
March 543,418 12,10,3 28.5:0,2  {nsufficient sample
Apri] 216,141 0.041:0,002 0,1120.0) nsufficient sample
May 168,638 68,0:0,1 106,010.1 1412 911
June 8,630 1,2:0.2 0.9:0,2
July 9,671 4.9410.17 14,040.2 21,610,2 50,4:0,3 11,3:0.5 7.410.,4
August No sample
Sept. No sample
Oct, 9,463 3.05:0.06 1.50:0,02 1.17:0.02 3,00:0,02 10,2:0,5 6.110.3
Nov. 11,000 0.7110:01 0,46:0,01 1.3010.01  6,3:0,3 4,5:0,3
Dec. 429,000 0,46:0,03 0,14:0,03 0,3210,03 2914 2114
Jéﬁ, 1978 73,662 1,90:0,04 0,8610,04 1.5610.01 2348 7514
Feb, 18,813 30,6:0,1 61,2:0,2 0,42:0,07 1.6610,09 4011 2811
March 611,447 0.75:0,06 0,35:0,10 0.8310,07 73,7:18,4 36,816,1
‘Aprid 231,111 21,5¢0,1 0,35:0.,04 0.97:0,04 8,400:200 3,900:100

' DOC = data decay corrected to date of collection of sample

241Am

<210
260150

1012
1.0:0,2
8,010,4

6.210.1

25,019

242
Cm

nCi 244Cm

(D0¢) ! nCi
3,660:360 <210
3,190:170 520160
49.645,3 9.310.8
30.915,7 7.6+1,1
97.645,6 26.7:1.9
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TABLE 2

MILLSTOKE POINT, REACTOR #2 MONTHLY DISCHARGE ACTIVITY

|

DOC = data decay corrected to date of collection of sample

th o e 60¢, Ples 197 28, 238239, M1, e 244,
Year (Mters) (pac) ¢ mC1 (po¢) ! mC1 nCt nCi nCi (poc) ' nCt
Jan, 1977 640,422 0.30:0,05  0.61:G.09 <40 60180 <130 <65 <65
Feb, * 1977 333,943 0.22:0.03  0.57:0.03 40:30 110160 20127 40120 <35
March 1977 333,693 0.25:0.,04 0.61:0,03 Insufficient sample
April 1977 793,820 1,41:0,13  3,52:0.,06 <50 <80
Moy 1977 547,735 0.85:0,11  2.36:0.05 <1 <2
June 1977 701,376 <] <
July 1977 402,769  0,40:0.01 0.11:0,02 0,03:0,02 0,053:0,035 2.4:0.8 0.4:0.4 1.641.2
Aug. 1977 323,000 0,09:0,03  0.260,03 <0.7 <0.7 <9 <9 <9
Sept. 1977 629,000 0.25£0.02  0.52:0.05 212 413
Oct. 1977 961,000  0.93:0,01 0,69:0.11 0,27:0,09 0.61:0,0} 412 614 <8
Nov. 1977 907,000 9.9:0.4  11,410.3 1t 2t1
‘Dec. 1977 536,020 7.610,2  13.610,2 <0 0.20.1
Jan, 1978 485,192 3.48:0,14  6,5810,15 <0.5 <0.5
Feb, 1978 227,448  1,36:0,01 5,07:0,05 0,23:0,04 0,62:0.03 0.210.1 1.5:oli <2 <2 <@
March 1978 640,028 2,8410,10 0,87:0,08 1.17:0,09 0.3:1,1  <0,9
April 1978 730,217 1,0020,03  0.57:0,03  1.07:0,02 <1.5 <1.,5
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TABLE 1
MAINE YANKEE, PERIODIC DISCHARGE ACTIVITY

§5¢, 134,
wee o me (hem o @he Lt ae o Tt S
20 June 1300 46,934 0.033:0,00!1 0.007:0,003 0.01410,004 0.85 10,24 0.47:0.19 2.511.4
19 July 1000 45,526
1400 40,800
.16 August 1200 35,200 0,148:0,008 0.51 20.01 0.11 20,14 3.7 +0.6
1752 38,016
25 August 1100 46,934
26 August 1100 46,366 0.02210,002 0.07810,002 0.47 10,23 4.7 :0.6
27 August 1100 46,166
30 August 1500 46,924 0.02110,004 0,089:0,005 <0,09 0.19:0.19
2 Uctober 1400 40,363 0.05610,001 3.87 10,01 14.4 10,1 <0,92 <0,02 0,6:0.,8
6 October 1500 6,101
10 Oetober 1200 14,080 1.28 $0,01 4.7310,01 0.07110.,057 0.4910.1)
24 October 1500 36,139
8 November 1900 40,363 0,48 10,01 1.83 10,01 0.08 :0.12 0,45:0,28
24 November 1400 38,486
¢ December 1230 26,745 0.22 :0,01 0.90 :0.01 <0.05 0.,05:0,10
8 December 1300 46,934 B ‘
1700 46,934
12 December 1600 45,514 1.02 :0.01 0.23:0.01 0.91 :0.01 2.1 1.0 1.5 10,8
23 Dacember 1500 39,883

e Continued. .,




TABLE 3, Continued
MAINE YANKEE, PERIUDIC DISCHARGE ACTIVITY

55Fe 134cs
Volume ne mC W, 238p,, 238,239, A,
Date - 1978 Time  (1iters) (pac) ! (0ac) ! me1 nci nCi nci
3 January - 1500 42,229 0,029:0,004 0.39 10,0 0.0810.13 0.1510.17
10 January 1700 36,130
11 January 1800 16,892 0.21 :0,01 0,85:0,0) <0.003 0.2410,13
12. January 1300 46,922
1500 24,399
13 January 2000 46,922
14 January 2400 42,229
16 January 1400 42,229
2300 42,229 0.003:0,001 0.010:0, 002 <0,08 <0.08 0.2910,04
17 Janvary 1700 42,229 '
18 January 1400 46,922
19 January 1500 45,983
18 January 2000 42,229
J February 1800 39,883
14 February 1400 42,106
2300 46,922
16 February 1600 44,106 0,00410,003 0,01310.004 <0,08 <0,08 -0,02:0.04
2300 46,922 .
20 February 1600 38,017
23 February 1700 43,164
25 February 0800 33,792
2300 42,241

.. continuad,,,




TABLE 3, Continued

MAINE YANKEE, PERIODIC DISCHARGE ACTIVITY

55¢, 134, |
Volume mC1 mCi 13¢5 238, 238,239, 24l
Date - 1978 Time  (1iters) (00¢) ! (poc) » mC1 nCi nCi nCi
27 February 1500 41,71
28 February 2000 42,241 _
1 March 2300 42,241 0,005:0,003  0.009:0,003 <0.08 0.21:0,13  -0.330.2

3

DOC = data decay corrected to

date of collection of sample




DISCUSSION
NUCLIDES STUDIED:

It may be well to preface this discussion with a few com-
nients on the nuclides measured:

55Fe: At the time we prepared this proposal, it was the
prevailing wisdom at NRC that “reactors produce 59Fe but
not 55Fe", and we were accordingly directed to omit 55Fe
from our program. The briefest examination of any chart
of nuclides, however (as well as the most superficial
background in radicauclide technology), convinces u., that
it 1s 1mgossib]e by neutron reactions on natural! iron to
produce 39Fe without simultaneously producing 55Fe; the
target nucleus for the latter reaction is of 5.8% abun-
dance, compared to 0.31% for the former, and the thermal
neutron cross section for the latter reaction is about
twice that for the former. Accordingly, since our inter-
est is in the environmental behavior of nuclides that are
1on?-11Ved enough to persist through {ears of biogeochem-
ical cycling, and te reveal local buiid-up in concentra-
tions whenever they occur, we looked at 55Fe in the re-
actor output samples (these analyses were supported sep-
arately by our Dept. of Energy contracts, and we throw
them into this report for free). It should be noted that
substantial amounts of 55Fe are being released from each
of these reactors, the 55Fe to 60Co ratio ranging from
0.27 to 3.64 for the six samples reported, with a mean of
1.36, or of 0.51 on an activity-adjusted basis. Clearly
55Fe is a significant product of these reactors, and one
that offers valuable tracer data for anyone studying the
long-term environmental impact of the reactor waste
streams. Some relevant biogeochemical information appears
below in connection with discussions of the Maine Yankee
and Pilgrim 1 reactor environments. :

134¢5.137c5.  Both 134C5 and 137¢s are produced, and re-

leased, in considerable amounts in reactor operations.

The very different half-1ives of the two nuclides

(T% 134Cs = 2.1y; Ty 137Cs = 30.1y) provide a very useful
guide to the time characteristics of tracer Cs in environ-
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ments, so long as the release ratio is reasonadbly uniform.
From the data in Table 1, the mean ratic, month-by-month
from Millstone No. 1 was 0.43, and weighted by the activ{-
ties released 0.54; from Table 2, the ratios from Mill-
stone No. 2 were, respectively, 0.50 and 0.60. Since Mill-
stone No. 1 during this interval, put out about four times
as much total radio-Cs as did Millstone No. 2, and the
ratios, 134Cs to 137Cs, are so close, it would be ?ossible
to use the change in this ratio, in reascnably well-
isolated samples, as a dating tool.

Much the same conclusion is supported, for Maine Yankee,
by the data in Table 3, although the amounts of radfo-Cs
discharged are much ‘ower, so that its use as a tracer may
be expected to be somewhat more difficult.

238Pu:239’240Pu: The amounts of Pu that have been deli-
vered to the higher latitudes of the northern hemisphere
have been large compared to those released from any power
reactors we know of: about 2 mCi Pu per kme from glgbal
fallout, versus the nannocuries per month releasad from
the Millstone or Maine Yankee reactors. Tracing of the
reactor effluent Pu in this sftuation i{s aided by the very
substantial difference in its characteristic ratioc of
238Py to 239,240Pu: ranging from about 1 to a& much as 5,
compared to the fallout mean of about 0.035, which rose
onlg to about 0.10 even at the height of the SNAP %A con-
tribution in the northern hemisphere. Even quite small
increments of reactor-released Pu can thus be identified
in environmental samples by the effect they have on the
238py:239,240pPy ratio.

241Am: This nuclide in fallout has originated almost en-
tirely from deca{ of its parent 241Pu, "At the vratios so

far observed of 241lpy to 239,240Py in test debris, the in-
growth of 241Am is not predicted to produce ratics above
0.30 241am to 239,240Pu until about 1980. Of course in geo-
chemical settings where Am is separated from Pu, this

ratio changes, and we have seen it as high as 1 in sedi-
ments from special situations. In general, however, re-
actor waste 241Am can be at least partl{ differentfated

frem fallout 241Am by its ratioc to 239,240py,

14



242Cm,244Cm: The curium nuclides were not measurable com-
ponents oT most nuclear test debris. A mejor reason for
our undertaking this project was the hope, tased on mea-
surement of Cm in shellfish contaminated by the Millstone
No. 1 waste stream, that it would offer us new, and gener-
alisable, situations in which the biogeochemistry of Cm
could be studied. Unfortunately, as shown in Tables 1 and
2, the new waste treatment process at Millstone wiped out
this hope. In the Maine Yankee effluent we have never
been able to see any Cm. These data should be reassuring
to NRC, even though they have been a serious disappointment
to us.

RELEASE PATTERNS

Somewhat unexpectedly to us, there appears to be no caorre-
lation between the release patterns of the various radio-
elements. As noted above, where two nuclides of the same
element are being released (as in the cases of Cs or Pu)
there 1s reasonable consistency in the release ratios. But
Cs release rates are whelly unreliable predictions of Pu or
Cm releases on the one hand, or of €0Co or 55Fe on the
other. This conclusion i{s supported by Tables 1, 2 and 3.
In the cases of Cs and Pu it ?s illustrated even more
graphically in Table 4, where the monthly release figures
from Millstone Nos. 1 and 2 have been converted into daily
discharges. This tabulation shows the extent to which dis-
charges from each reactor were uncoupled in respect to
137Cs vs Pu, but also that, in general, the two reactors~
were not coupled to each other; the exception to this last
statement is the reduction of Pu discharges after February
1977 which appears to have affected both plants comparably.
But, in contrast, the steadily increasing Pu release rate
from Millstone No. 1 from Nov. 1977 to April 1978 was not
reflected at all by Millstone No. 2.

ENVIRONMENTAL SAMPLES

At least partly supported by NRC under the subject contract,
we have performed radiochemical analyses on environmental
samples in the areas about three coastal-sited nuclear

power statfions: Millstone Point Reactors 1 and 2, Maine
Yankee Reactor, and Pilgrim No. 1 Reactor. Only from the
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TABLE 4

MILLSTONE POINT DAILY OISCHARGE ACTIVITY

Reactor 21

“g;;“ 137, 239,240,

Year uCi/day pCi/day
Jan. 1977 275 4,667+2,000
Feb. 1977 25.0 10,370+1,700
March 1977 950 -t
Apr. 1977 3.7 -
May 1977 3,533 300
June 1277 -- 2 3€.0
July 1977 1,680 247
Aug. 1977 -- 3 -- 3
Sept. 1977 - -
Oct. 1977 100 203
Wov. 1977 42.3 150
Dec. 1977 10.7 700
Jan. 1978 52.0 2,500
Feb. 1978 55.3 1,037
March 1978 27.7 1,227
Apr. 1978 32.3 130,000

Peactor #42

137, 239,240,
pCi/day pCi/day
20.3 "2,000+2,700
20.4 3,6672,000
19.7 -t
117 2,700
8.7 < 67
-- ! < 33
1.8 13.3
8.7 < 23
17.3 133100
20.3 200:133
380 67+33
453 6.7:3.8
219 < 17
23.0 59
39.0 <30
35.7 <50

' Sample too small for analysis at these concentrations.

’ No Sample supplied.
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first two of these reactor operations (Millstone Point No.

1 and 2, and Maine Yankee) do we have relevant data for the
ridionuc’ ide discharges. as set out above in Tables 1, 2, and 3.

Millstone Foint, Conn. Reactors No. 1 and 2:

In late October, 1977, we obtained a small series of water

samples representing the reactor coolant outflow stream
(identified by 1ts temperature anomaly), the source tarm in
Niantic Bay for the coolant intake (Station 2), and two
Long Island Sound points that might have been expectad to
recefve reactaor outflow water aftc- some circulation and
dilution. In two parts of the Jutrlow plume, the {fnner
(hottest) plume, and the outer (mixed) plume eavelope,
large velumes of water were pissac through { gm filter car-
tridges and the particles sc collected were analyzed sepa-
rately. Data from these samples are set out in Table § and
can be compared to the October 1977 data shown for discharge
in Tables 1 and 2.

Although the October 1977 di<charges -wera2 Cuaracterized by
ratios as follows:

SSFe to 137Cs about 1
134¢: to 137¢s " 0.39
138Puy to 239,240py " 1.7
244Cm to 241Am " 1.2,

there is 1ittle evidence of this in the outflow data. Com-
paring water sample 5A to water sample 2, we see that the
outflow has been enr‘ched by 48% in 137Cs, very slightly
depletad in 90§r, shows no 2vidence of enrichment by 134(Cs,
238Pu or 239,240py, and has been enriched by 290% in 55Fe.
A larger volume sample would ha. e heen needed for measure-
ment of 134Cs at the concentration indicated. It is of in-
terest that the 55Fe was essentia'ly 100% associated with
particles collected by the 1 um fiitars; this has been re-
perted for other corrosfon products in reactor effluents
Sut we had expected that a substantial fraction of the
radio-Fe, arising from “plant operations”, would still be in
true solution. Only about 33% of the Pu in the ocutflow
stream was particle-associated; this contrasts with the
rapid particle uptake reported for Windscale-<ffluent Pu
(Hetherington, 1976; Nelson and Lovett, 1979). What is
most evident, however, is that the pulsi.ag of the discharge
pattern must be sufficiently sporadic so that water sampling
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in the outflow should be guided by information that was
not available to us. It is quite possible that the two
Long Island Sound samples (#3 and #4) both show some S55Fe
from Millstone and that No. 3 shows aiso some 137Cs, but
theg signals are very small, so that a large number of com-
parison samples {or large enough volume samples to give
good counting statistics for 134Cs or 238Pu)} would be
needed to support this sort of conclusion. It would be
more economical to be able to undertake detailed programs
of sampling water at short intervals after known releases,
preferably those expected to represent substantial pulses
of the nuclides to ge measured. :

In Table 6 we have summarized the data for two sediment
cores, collected with our 21-cm dfameter, tripod-mounted,
gravity corer at the same time the water samples (above)
were collected. Core No. 3 was collected at about the
center of Niantic Bay, and Core No. 2 offshore in Lang
Island Sound, at the same location as water sample No. 3
(Table 5). In comparing these two cores, attention should
be given not only to their locations but also to the sub-
.stantial difference in the grain sfze distribution of the
sediments: the Niantic Bay core is much coarser grained,
only 30% less than 62 u, compared to over 66% less than

62 u for core No. 2. The radionuclide concentrations of
the sediments also differ substantially. The Niantic Bay
core 1s much the richer in 55Fe, slightly poorer in 137Cs,
and much poorer in 239,240Py. Neither ccre showed, even
in the top section, any measurable 134Cs, nor any strong
elevation of the 238Py to 239,240py ratio, as would result
from accumulation of such reactor effluents as are summa-
rized in Tables 1 and 2. Core No. 2 showed no measurable
Cm radiocactivity, efther. O0On the other hand, the inven-
tories of radionuclides in core No. 2 -- core No. 3 was too
short to permit usable inventory estimates to be mad- --
are unusually high. Livingston and Bowen (1979) reported
137Cs and Pu analyses of a considerable series of shallow
water sediment cores. Of the 12 comparable cores summa-
rized in their report, none even approached the 137Cs in-
ventory of core No. 2, over 45.5 mCi/km2 {(note that nu-
clide concentrations of core #2 are still large even in the
29-33 cm bottom section, indicating these inventory esti-
mates as minima.); the range reported by Livingston and
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Bowen (1979) was 4 to 15 mC{ per km2 of fallout 137Cs.

The inventory of Pu in core No. 2, over 12.1 mCi/xmZ, ap-
pears at least as much elevated as that of 137¢s, whereas
the 35Fe inventory {s not too far removed from tnat one
would expect in relatively oxidizing fine-grained sediments.

Without both the carefully examined data (Table 6) for
134Cs and for 238Py, and 2 set of comparison cores like
those reported by Livingston and Bowen (1979}, it wogld
be very difficult to avoid concluding that the high 55Fe
of core No. 3, and the high 137Cs and Pu of core No. 2

were indications c¢f the accumulation, in sediments nearby,
of long-lived radionuclides released in the Millstone

Point reactor effluent stream. Examination of this wnoie
data base, however, forces us to conclude that each of
these Millstone Point cores represents a basin of sedi-
ment accumulation from a large neighboring area (as we feel
Krishnaswami et al §1973 showed for the Santa Barbara
Basin). Only nuclides of world-wide fallout origin are ob-
servable, and what is most interesting is the selection of
55Fe by the coarse and of Pu by the fine grained sediments.
This is not, of course, to say that the long-lived waste
radionuclides from Millstone Point effluents do not ac-
cumulate somewhere in sedimentary deposits; we just have
not so far found the place.

The Millstone Point biota data collected in Table 7 we
take as confirming this point. The oyster sample, taken
in 1975 from the effluent stream in the quarry, was the
source of our original interest in this project; these
organisms showed substantial and unecuivocal evidence of
reactor effluent in their concentrations of 137Cs, 238Pu,
239,24Cpy, 241Am, and Cm; oysters collected at the same
time at Black Point (see Fig. 1) may have been slightly
above fallout levels in respect to 137Cs and 239,240Pu,
but were certainly not unequivacally so. The same state-
ment applies to the mussel sample from area 2 (Fig. 1)
collected in 1977: {ts scft parts were above the range,for
that year,c7 137Cs concentrations but its Pu and Am con-
centrations were comfortably within the range. The fall-
out contaminated mussel data shown at the bottom of Table 7
confirm an important point: there are localities along
the . S. coast line that have consistently ylelded mussels
with 137Cs or Pu concentrations at or near the top of the
ranges that apply, but that we have no reason to believe
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have experienced any non-fallout scurce of artificial radio-
nuclfdes. Furthermore, thare is not a strong covarifance
of 137Cs with Pu in these correlaticons (Bowen et al to be
published); New Haven, Conn., i{s a goou example of this,
consistently on the high end of Pu concentrations but not
comparably high in 137Cs. Without data of this sort it
might have been very difficult to explain away the Mill-
stone Point mussel! samples collected in 1977 from either
area 2 or the "Mussel-Watch" station. The comparisons
avaflable, however, convince us that so far the only
clearly Millstone-contaminated biota samples we have ana-
lyzed were those from the effluent stream in the quarry.

This point appears to us one that cries out for follow-up,
both by analysis of a larger number of the biota samples
that have been collected (see listing in our Progress
Report under the subject contract, submitted October 1977},
and by further sampling especially at periods of high re- .
lease rate {as for instance in April, 1978 of Pu, or Jan.-
Feb., 1978, of 137Cs}).
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TABLE S

Millstone Paint, Conn.

Long Island Sound Surface Water®

(Radionuclides in disintegrizions per minute per 100 kg water)

Station

”
3
L o

BSA sytflow
tnaner
pluse)

#5 A particulates >y,
fron outflow,
{inner plune)

#S58{particulates >lu,
from outfliow,
outer plume}

3.6=2.5
0.5:0.56

137CS

29.5:=3.6
31.8:4.0
27.0:3.1

43.8:4.1

3%

28.6:0.2
25.5+0.3
30.3:0.2
26.0:0.6

238, 239,240, 5S¢,
(.019:0.006  0.101:0.015 7.4:1
< 0.003 0.108:0.017 11:2
< 0.010 0.090:0.020  11-1
< 0.010 0.090:0.030  29:2
0.002:0.601  $.332:0.001 26.7-0.2
0.0008-0.0005 ©.034:0.003 12.7:0.2

*
For statton locatfons sse Figure 1; samples collected 20 Cciocer 137G,
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TABLE §

Millstore Paint, Conn.

Sadiment Coresl Radtochemistry
(Radionuclides In disintegrations per minute per kg dry sediment)

A. Station 2, Core #3

Section et/
o ory e ° Plog By 3G, M
0-1 1.53 2 1588241 27322 0.79:0.04 21.950.7
1-2
2-3 : , :
3-4 1.40 1065 :26 41122 1.22:0.11 38.5:1.2
5
5-5
6-7 1.3 1088:59 162 0.92:0.09  32.4:0.9

B. Staticn 3, Core #2

0-1 2033 325:46 §0ass’  1.27-0.19 12923 32.3-1.5 8
1-2 1.65 78239 1873 2.58:0.16 102+2

2-3 1.83 244:49 §01-4 2.87:0.13 12123

3-5

57 1.95 245:-34 64124 2.47:0.14 11227 31.9:1.6°
7-9

3-11 1.83 188:25 498-3 3.37-0.21 13023

11-13

13-15

15-17 1.96 625:66 72123 6.48:0.15 2155 46.5:1.6
17-19

19-21 1.93 —-- 48113 1.98:0.12 14814
21-25
25-29
29-13 1.77 121:32 28122 3.34-0.22 92:3 36.1:1.9 §

-

Inventgries,

oC1/k 30.5 4.5 ' 12.07
1 estim. delivery 1282 38 62 6102
Notes: 1 = For 'ocations see Figure 1; samoles collected 2C October 1977.

70% >62u, 30T <62u from wet sicving.
34T >62y 1.<82y_from wet sieving.
nean rat{osgia&’u:??s% = 0.028.
aan rattc 2414m:239Py - 0,257,

No Curtum detectable.

134¢c less than 1/60 of 138 + 137¢s.
55fe da%s decay corrected to 1 January 1975,

4« BN 4 b 80

WSO BN

-na
a9



TALE 7

Millstune Point Environmental Samples - Blota
(Radionuclides in disintegrations per minutc per kg wet weight)

tollection S1tes' Date Orqanism Tissue l37Cs 2389u 239'2“0% 2“Am 242Cm 244Cm
h Nov, 1970 M, edulis  Shell ) 0.98¢0, 0y
it 1stone Beac ' Soft party 0.08:0,02 0.97:0.11
M:il)stone Polnt Apr. 1971 M, edulis  Sheld .ne 1.05:0.15
P Soft parts 0,03:0,01 0.64:0,16
Millstone' Point -« Dec, 1975 Oyster Shel 4626:8 2.1 10,2 3,5 10,25 0,9 :0,2% 9.2:0,9 1.5:0.3
Quarry Soft parts 177b6:4 0.5 :0.07 1.3 :0.1 0.4 '10.05 2,6:0,2 0,3:0.
flack Point Dec. 1975 Oyster Sheld tost bd! 0,9 :0.2 0.1% 10,03 aes cus
: Soft parts 20:0.3 0,02:0.01 0.3 :0.02 ND .- .-
Milistone Point Aug, 1977 M, edulis
Area 2 , Soft parts 6,1:0,3  0.005:0,003 0,3 :0,02 0.07 -0.0}
fallout Contaminated Samples,. for Comparison:
M{1lstone Point 1976 M, edulils Soft parts 4,1:0.2 <(), 004 0.2 :0,02 0,02 :0,01 .. en
0,2 mi, outflow - 1977 M, edulis  Soft perts 3.1:0,2 0,005:0,003 0,27:0,02 0,09 :0,03 - nn
Herod Patnt, L.1. 1476 M, edulis . Soft parts 2,4:0.4 0.008:0,003 0.09:0.0! 0.014:0,006 “-n ---
B nt, W 1977 M, edulis Soft parts 3,1:0,25 0,002:0,002 0,120:0,012 <0,01} - .-
Hew naven, Conn, 1976 M. edulis  Soft parts Lost 0.01110,004 0.24 +0,02 0,042:0.013 vee .-
42 my, W 1977 M, edulis Soft parts 2:0.6 0.0:8:0,011 0,39 10,04 0,07 :0.02 coe .-
1978 M, edulis Soft parts 3,3:0.2 0.016:0.006 0,32 :0.03 0.042:0,008 .- -
Block lslanu, R.1, 1976 M. edulis  Soft parts 5,1:0.3 0,008:0,005 0.19 :0,02 0,037:0.015 -- ---
30 m1, SE 1977 M. edulis Soft parts 2.3:0.,3 0.008:0,004 0.18 :0.02 0.04 :0.02 .- “e-
1978 M. edulis  Soft parts 3,3:0.) <0,003 0.13 :0,02 0,016:0,013 aee e
Sakonnet P, , R.I, 1976 M, edulis Soft parts 2,8:0.2 <0, 005 0.15 «0.02 0,013:0,006 e weo
. 1977 M, edulis Soft parts 2:0.3 0.0)1:0.004 0,22 :0.02 0.0) :0.01 wnn e

Notes: * & See Figure | for collection locations,
bdl = Below detectfon limists,
H0 = Mot determined.




- - - - - - e - . - B . I e g,

The setting of the Maine Yankee reactor contrasts strongly
in res?ect to its hydro%raphy and sedimentology, to those
of Millstone Point or of Pilgrim 1. Furthermore, interpre-
tation of our environmental data regarding the Maine Yankee
reactor s affected by the transfer of the reactor effluent
outflow from Bailey's Cove, west of the plant, to the diffu-
ser in Montsweag Bay, east of the plant, a transfer that co-
incided with the opening of the Montsweag Bay Channel north
of the plant to change the main f]ushin? flow so it now runs
northward up Montsweag Bay to Clough Point, and then south-
ward out the Sheepscot River, Figure 2 will clarify the
situation. The extreme complexity of the setting is well
revealed, fn respect to the channels of water circulation;
it can be inferred how this affects the regimes of sediment
deposition. As we discuss below, the geochemistry of the
waste radionucliides is further affected by the salinity
varfations due to river contributions to this set of narrow
passages.

As we noted earlier, our environmental samples from this
area have been collected efther by our own efforts, for us
by people from the Darling Center, University of Maine, or
for us by commercial collectors.

Water sample analyses are set out in Table8. Af he time
these samples were collected, the releases of 37¢s or of

Pu were toc low for detection. The change in the ratio

137Cs to 90Sr along the major direction of flow (from statien
7 to 1 to 8) we believe to correlate chiefly with the posi-
tfon of the fresh-water la2ns. ,There i{s no convincing evi-
dence, efther, of reactor contribution of S55Fe.

In Table 9 are set out analyses of a serifes of surficial
sediment samples collected by the Darling Center. These date
from the time when the reactor outflow was still directed
into Bafley's Cove, and {we belfeve) when the outflow was
appreciably richer in some long-lived radionuclides than {t
seems to have been during our sampling period as summarized
in Table 3. The data in Table 9 show that during the period
August 1974 to June 1975, Bajley's Cove recefved a quite
substantial release of radiocesium that is shown by its high
content of 134Cs to have certainly come from the Faine
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Yankee reactor. The ratio 134Cs to 137Cs. 55 to 58%, is

unusually high in our experience of environmental samples.
Furthermore, we have not measured (see Table 3) ratfaos as
high as this in the discharge samples from Maine Yankee, al-
though as discussed above even higher ratios have been seen
in the discharges from Millstone Poin§ Campasggon 8f the
inventaries of Pu, and of the ratios 238py to »240py, in
the sediments of Table 8 with those reported by Livingston
and Bowen (1379) suggests there was little or no Pu in the
high-137Cs discharges to Bailey's Cove. The assumption

that the sediments (sampled by "scooping” at low tide)
collected represent about the top 6 cm of the column leads
to the conclusion that the Pu concentrations reported are
well within the range exggcted from fallout alone; this is
true also of the ratio 238Py to 239,240py which is in marked
contrast to the activity-weighted ratio about 0.33 that we
measured in 14 samples of Maine Yankee discharge solutians.
The data of Table 3, of course, confirm that there {s no
strong correlation between the amounts of radioccesium and

of Pu in individual discharges; perhaps there {s even less
correlation in this respect at Maine Yankee than at Millstone
Point No. 1 or 2, tut this appearance may be an artifact of
the sample-pooling that was practiced at the latter facili-
ties.

We take the change in sediment radionuclide concentrations
at station 2 from June to December 1975 to {indicate that
Bailey's Cove i{s frequently flushed, transferring labelled
sediments to depositories elsewhere in the area. This {s
confirmed by the analyses of 1975 sediments from stations

1 and 15 wh%ch show evidence of reactor-originated contami-
nation but with significantly lower ratios 134cs to 137¢s.

The two sediment cores, collected in 1977, for which data
are set out in Table 10, confirm and extend this conclusion.
At location 2, although the radiocesium concentration-vs-
depth curve comes close to expressing logarithmically the
expected effect of mixing downward, the ratio 134¢s to 137¢s,
constant in the upper § cm and diminishing by 90% from 9 cm
to 11 cm, suggests this sediment column has seen onlx two
radiocesium releases, differing g-aatly in age or 134Cs con-
tent. The flggtuatio?i with depth, of the ratios of efther
239,240Py or 9°Fe to 7cc, do not show the patterns that we
would expect to result from resolubilization and Esdistri-
bution within the sediment, as discussed for Pu:13/7Cs ratios
by Livingston and Bowen (1979). Mare likely, we believe,
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{s the explanation based on redeposition, afier resuspen-
sion and mixing, of sediments deposited in various parts
of the core and contaminated by separate waste release
events. 1In this context the range indfcated for the ratio
SSFe to 137Cs is quite interesting: nowhere less than 50%,
and ranging upward to 1.25 at the surface, or to 1.40 at
10-11 cm. Evidently the three releases {Table 3} in which
we measured 55Fe were from the low end of the range of its
concentrations, or of its ratifos to 137Cs. Also evident is
the fact that, as was seen at Millstone Point {abave), S55Fe
js » major long-lived component of the releases from the
Maine Yankee reactor; fin eva%uating these data it is im-
portant to bear in mind the 93Fe expected from worldwide
fallout: although Joseph et al (1971) estimated thsg 1962-
1966 fallout was characterized by a ratic 55Fe to 3YSr of
9.4 (= 55Fe to 137Cs, 6.5%, the elapse of 4 55Fe half-lives
b{ 1975 reduced this to 35Fe to 137Cs of 0.406 or so.
Although geochemical grocesses will affect Fe and Cs in
differant ways, fallout °3Fe is unlikely often to dis-

tort the reactor waste patterns. The profile of Pu in

this core, however, could again perfectl well be attribu-
ted all tc fallout, arquing either fram ¥ts similarity to
data reported b{ Livingston and Bowen (1379), or from its
ratic 238Pu to 239,240Pu. The inventory estimates (all
minima, because the core was too short to jnclude the full
depth of radionuclide-contaminated sediments) show Iarge
excesses, as expected from the concentratign data, of 535Fe
(2503 of fa]!oug) or of 137Cs {~65 mCi-km~¢ ys the range

& tg 15 mCi-km~¢ reported by Livingston and Bowen, 1979),
but a deficiency of Pu.

Core No. 3, across the Montswea Channel from the present
diffuser release point for p]an% effluent, presents a dif-
ferent picture still. Both the somewhat elevated ratio
238py to 239,240Py, and the concentration vs depth-in-core
curve of 239,240py sug?est that here we have a site of rel-
atively continuous sediment deposition, and that the radio-
nuclide concentrations are showing sfgnificant ontributions
from the reactor wastes. The ratio 134Cs to 137¢s in this
core shows unusual variability, with no significan. 134¢s
at the top, or in the 7-9 cm section, but a substantial
concentration in the 1-2 cm section. This section, in

fact. is not distinguishable from the upper parts of the
station 2 core in terms of its Cs isotope ratio, although
clearly different in terms of Cs:Pu, and Pu isotope ratios.
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Contamination of this Montsweag Channel area clearly did
not occur by simple transfer of sediments from Bailey's

Cove.

Comparison of the data from Core No. 3 with those from
analysis of sediments from the mud flat, across the river
and a little north of the diffuser (Table 12, below) raises
some other questions. Although the 137Cs is about 50%
higher on the mud flat, assum?ng the top 6-cm were collected,
the Pu concengsgt{on 1s significantly lower and shows no
elevation 1in Pu In fact, on the basis of the data now
in hand, the mud-flat sediment looks more like material
transported from Bailey's Cove than it does like the core
from across the river. It {is very evident that 55Fe anal-
¥ses would help clarify this {nterpretation, as will 134Cs
analyses that are now in process.

The analyses of Wiscasset-Area biota collected in Table 11
show reasonably clear evidencea 8; contamination b{ reactor
wastes. This 1s true for the 137Cs and Pu contents of the
1973 oyster shells, which are substantially above thaose we
would have predicted from fallogt alone; it is true, how-
ever, that the ratios 238Puy to 239,240py are not elavated
as reactor effluent samples show (Table 3), and that the
sample from location 10, at Boothbay ME, quite remote from
the Maine Yankee reactor, is high in bath 137Cs and
239,240Py. We did not, however, collect these samples our-
selves and incline to believe this sample wrongly fdenti-
fied. The two pairs of algae (Fucus vesiculosus and
Ascophyllum nodosum) from locatfon 14 at the mouth of
Bafley's Cove versus Boothbay, agree in showing substantial
elevations of 137Cs near the reactor. We have some sus-
picion of the Pu concentration in Ascophyllum from Boothbay;
as fllustrated by the two samples Trom location 14, and
also by paired samples from the Plymouth area (below, in
Table 143 our usua? observation has been that, from the
same location, Ascophyllum accumulates less Pu than does
Fucus. The Mya arenaria sample from location 6 aggears
high in both ¥37Es and Pu, although the 238py to 239,240
ratio is not elevated. The two Mytilus samples, €rom lo-
cation 11 and (we believe) from near the diffuser of the
lant, show only fallout-contamination levels of either
337Cs or Pu. The 55Fe 1in the second of these samples does
Yock high, hcwever; in Narragansett Bay (and FPlymouth area
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7) mussels we have found ratios of SSFe to 239’240Pu in

the 30 to 50 range, significantly different from the value
close to 100 reported here. Toc little comparison data is
available concerning 55Fe in nearby mussels for us to be
perfectly sure of this situatfon. Inspection of the lower
half of Table 11, as was discussed above for Table 7,
clearly shows that the neighborhocd near Maine Yankee re-
actor is not characterfized by radionuclide contamination
of mussel samples.

In Table 12 we have set out the data from ancther experi-
ment, prompted by the reports of Noshkin et al (1971), of
Fowler et al (19’5), and Beasley and Fowler (1976a, 1976b)
tha: nereid worms took up substantial portions of Pu either
from water or from a variety of types of contaminated sedi-
ments. A commercial worm collector obtained for us a large
sample of sandworms from the mud-flat just north of the
Maine Yankee effluent diffuser, and another sample from a
similar mud-flat, contaminated only by fallout, near
Portland, ME. At each location he also scooped a sample

of mud. About half of each worm sample he preserved for

us in formalin, and tne other half he induced, by methods
he was not willing to describe, to purge their guts of
contained mud before being preserved. The worms, and the
sediments, were analyzed by our usual procedures.

The Wiscasset worms contained elevated levels of 137Cs and
of Pu; whcle worms caontained 137Cs at a concentration about
102 and Pu about 22.7% that (estimated ) in the wet sedi-
ment from which they were collected. Cleaning reduced the
137Cs in worms to 23% and the Pu to 7.7% of the uncleaned
value. There was some reduction in the dry weight fraction
of worm tissue during the cleaning process, so it is possi-
ble that not all the loss of radicnuclides was due, simply,
to evacuation of gut content, but we have little doubt this

‘was the chief process. The whole worms from Portiand con-

tained much higher percentages of sediment tracer: 49% of
137Cs, and 53% of Pu; also, of these concentrations higher
fractions were in the tissues: 42% of 137Cs and 19.3% of
Pu. Arother indication that the nuclides from the fallout-
contaminated situation wer2 somewhat different, chemically,
than those from the reactor-contaminated situation came
from the fcrmalin-solubilization data shown at the bottom
of Table 12: The latter situation produced worms with only
2/3 of tissue 137Cs, but 182 of tissue Pu,soluble in forma-
1in, whereas the fallout contaminated worms showed all
their tissue 137Cs, but only 12% of their tissue Pu soluble
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with the same treatment. Without these last data we would
be inclined to suppose that the Wiscasset worms, whose ex-
posure occurred during residence in a very small area of
reactor-contaminated mud, simply had not yet come to equi-
1ibrium wich the higher tracer concentrations; this is a
reasonable contrast to the Portland worms, all of whose
lives had, by definition, been spent in environments con-
taminated by fallout. The solubilization data suggest
strorgly, however, that there are differences in metabolic
reactivity of the tracers from tallout or from reactor
effluent, that fallout tracers are considerably more avail-
able to nereid worms for tissue uptake, than are reactor
tracers, but that the distributions within the tissues are
still different. Evidently this is 2n area of investi-
gatfon that should be of real interest to NRC as it is to
us.
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TagLe 8

wWiscasset, Maine, Area

Surface Water from Montsweag Say’ A
{(Radfonuclides in disintegrations per minyte per 100 kg water!

Station 137 905, 2385, 2392305, 55¢e1
7 22.5:0.2 72.5:0.6 <0.005 0.21:0.02 11.8-8
8 28.8:0.3 21.0:1.0 0.004:0.008  0.21:0.02 8-1.2
1 (outflow) 26.0:0.2 12.4:1.1 <0.005 0.27-0.03 §.9-9.8

= See figure 2 for statfon locations: samples collected S January 1977.

1 = Cecay correcticon to ! January 1975,
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A. Core ¢3 {location 6}

Wiscasset, Ma.ne, Area

TABLE 10

Sediment Cores! Radiochemistry, IT
{Radionuclides {n disintegraticns per afnute per kg dry sediment)

Segion Hct/m SS& 2 IB‘.IJ?CS 3 lstll:!]Cs 3 238?1: 239.240;.!‘
g-1 2.26 5345 0.09:0.10 6.4:0.4 9823
1-2 1.72 $34:8 0.35020.016 4.2:0.4 79=3
2-3 .

3-4 2.34 87227 5.8:0.5 874
15
S-6 2.58 71327 1.6:0.3 68.4122
6-7
7-9 -— §52+4 0.0620.12 4.4:0.3 101=+3
9-11

11-13 - lost lost
B. Core & (locatifon 2)

-1 2.8 8700240 10650=12 .35 1.1:0.2 75.2-1.7

1-2 1.88 4580+135 6765225 0.37 1.5+0.25 39.920.1

2.2 1.83 3363=120 1S ED=20 .36 1.1:0.2 29.8+1.2

31

54:5 1.85 67050 20508 g.38 0.40+0.12 14.5=1.1
&

67-7 1.63 S00 =40 128Q:6 0.38 0.33:0.11 8.0-0.4
-8

83 1.59 430:50 495:4 0.35 0.05:0.05  3.4:0.4

$-10

10-11 1.61 335-40 24023 0.033 0.07+0.06 4.9:0.6
11-13
12-15 1.65 Teost lost lost lost lost
15-17

Inventories:

mCH /el : 61.7 1R - - 0.605

S estimated delivery: 250% g3z 29%
%otes: [ = For locations see Figure 2; samoles collected § January 1977,

2 = 53Fe data decay corrected to 1 January 1975.
3 = Decaycorrected to date of collection.
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TABLE 1)

Wiscasset, Me, Area:Environmenta) Samples - Blots |
{Radtonucliides In disintegrations per minute per kg wet weight)

. 4]
Collect'on Sftes*  Organism T(3sue _Date  5pe 137, 238p, 239,240y, ——hn
) C. virginfana  Shell Oct, 197) 26:0.8 0.13:0,04  3,110.2 ,
2 * " - 1810.% 0.09:0.0) 2.610.2 0,710}
b] v " - 331).2 lost Tost
4 . " " 1111.4 0.06:0,01 1.410.8
10 . " " 2910.9 0,2210,05 §10.25
- A, nodosum Whole Aug, 1976 4010.4 0.0710,0) 1.53:0,17
Boothbay " v " Sept, 1976 27,610, 0,1110,0) 4,16:0,29 0.69010,072
14 F, vesicularys " Aug, 1976 5%10.% 0,0510.02 2.110,2
Boothbay " " " Sept, 1976 1410, n.0210.01 1.450.%
" Green Urchin " " 1976 4,110.2 L3%:0.007  0.6010,0)
6 M, arenaris Soft Parts  May 1977 21:0.5 v.C4310.012 0,5710.05
11 M, edulls " " Dec, 1977 $.2:0,) (o} 0,2510,02
? o " " Rov, 1977  13,111.2 3,7:0.5 0.t 10, 004 0.14:0,02
fallout contaminated samples, for comparison:
Sears 131, M. edulls Soft Parts 1976 2.910.2 0.006:0,005 0,410,013 0,069:0,009
53 a1, NE. o " " 1977 2.6:0.4 0,004:0.003 .31:0,025 0.07:0.0]
oo N b 1978 3.2:0.4 0.005:0.004 0.22:0.0) 0.06:0.C2
Cipe Newagen - " » 1976 2.210.) 0.011:0,006 0.25:0,03 0.0910.02
11,5 mt, §, .o " y 1977 1.7:0.4 0,032:0.012 0.38:0.04 u.0510,01
vafley Is1, .o v " 1976 2.510,3 0.010:0,007 0.2910,0)3 0.054:0,015
21,5 nf, SwW, - " " 1917 2.410.3 0.005:0,003 0.31:0,0) 0.0610,01
"o * " 1978 2.8:0.3 ND 0,27:0,0) 0.04:0,0?
Portland v " " 1976 3,410 3 <0,00) 0,2110,02 0,0610,0}
35 mi SW noow " " 1977 9.110,2 0.006:0.002 0.2710.22 0.07:0.0!
Notes;  * See Figure 2 for collection locations,

1 Collected by Maine Yankee,

¢ Result of rep)icated counting,

bdl Below detection limits,
NO Not determined.

1ite not reported but thought to neve been near diffuser,




TABLE 12
Wiscasset, Me..Ares:Environmental Samples - Biota II

SANCKORMS (Merefs versicolor)
{Radioruciides in disintagrations per minute per kg wet weight)

1
CO;::::1°N Sample Date 137Cs 238Pu/2399u 239'ZdoPu
Wiscasset ¥hole Worms 1-7 Aug. 1977 50.3+0.4 0.036:0.004 4.71:0.145
(Area 1) (1auneq = 2 . 12.2:0.3  0.023:0.010  0.36:0.025
Sediment 3 . 1524:10 0.041-0.005 62.5-1.6
3 (508} ~ {20.8)
Portland Whole Worms " 18.1:0.3 0.036:0.007. 1.69:0.08
- Cleaned ~ " 7.6:20.3 0.045:0.021 0.325:0.G29
Sedimant 3 - 1113 0.028:0.013 §.57:0.82
73 (37} (3.2}
Notes: 1 wWiscasset warms from mud-flat just M. of diffuser; Portlard

worms from area expected to represen. only fallout con.ami-

nation.
2 Cleaned by deing allowed to evacuate gut centents.
3 Sediment daza as dom per kg dry secdirent.
2 Sedirent c¢a=a calculated as dpri per kg we’ seciment,
assuning wet/dry ratio = 3.
fasics:
Liscasse* Tissue concertration as
“¢f whelte-wert
cancentralicn 247 .7
Portland " * " 42 19.3%

Extractiors: Fraction of each ruclide
) sotuble after &4 cays ir

27 Formaicdetryre sea raler

Wiscasse Whole - 1%
' Cleaned 633 18~
Portland wWhole 4z . 8z
Clearec 1162 12%
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During the period of this project, we were unable to obtain
any samples of discharge soiutions from the Pilgrim 1 re-
actor. Qur attention had, however, been drawn to its en-
vironmental effects by the finding in the first series of
"Mussael Watch" samples (Goldberg et al, 1978) of mussels
from near 2{ilgrim 1 (station 7, Figure 3) that exhibited
definitely high Pu levels. Tnis stimulation, plus the fact
that the Plymouth area is very easily accessible to us,
either by car or boat, led to our doing a good deal of
collecting of biological material for radiochemical analy-
sis.

Fafling cooperation from the Pilgrim 1 reactor operators,
we did obtain (via a local fisherman) one water sample

from the reactor outflow. The data from this analysis are
set out in Table 13, together with a small number of rele-
vant sediment analysei The water sample showe? 90 evidence
of reactor output of 37¢s or of Pu; its ratio 137Cs to
90Sr was as we would expect of a2 coastal seawater sample
(Bowen et al, 1974). Evidently either no releases were ipn
progress at the time of sampling, or the sample was taken
at a poor place. Inspection of Figure 3 will show thar the
bars protecting Plymouth Harbor and Duxbury Bay form an ex-
cellent sediment trap for any materials carried northward
{clockwise) from the Pilgrim 1 outfall. Our Duxbury Bay
sample, 1ike the othars in the Plymouth area, shows no
anomalies either in the concentrations or in the ratios of
the nuclides measured. The core from near the center of
Cape Cod Bay falls well within the range of radionuclide
concentrations, and ratios, regorted for near-shore sedfi-
.ments {(Livingston and Bowen, 1379); this core was taken to
explore the hypothasis that the gyral circulation of the
bay might concentrate fine sediments from the periphery to
be deposited centrally. Evidently we have no evidence

that this happens.

In a way, it s odd that we have not found a site with re-
actor contaminated sediments since we seem to have found

evyidance for such contamination of biota in several g]aces.
The relevant data concerning samples from the area about

Plymouth are set out in Tables 14A and 148; comparison data
from mussels, collected efther in Boston Harbor or the Cape

Cod Canal, ere set out in Table 15.
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It s worthwhile to start by pointing out that macroalgae,
like Fucus, Ascophyllium, or the mixed Red Algae analyzed,
are well estabiished as showing seasonal varlability in
their concentrations of many trace elements; we would not
then, expect to be able to compare directly collections
taken at different times. Much the same is proving to be
true of mussels (Bowen et al, to be published). Examples
of this phenomenon in the case of macroalgae are to be seen
comparing the samples from station 1 (Table 14A) collected
Tate October 1976 with those collected early May 1377:

b 4

Chondrus  25.2 137¢s; 1.07 239.240p,

Fall Fucus 13.4 3 1.9 *
Red Algae 47.9 oy 2 "
Chondrus 38.1 "5 0.67 "

Spring Fucus 12.7 * o5 1.33 "
Red Algae 21.9 " ; 0.66 "

It appears that the seasonai change has led to increased
137Cs in Chondrus, decreased in the Red Algae, and no
change in Fucus, while each spring sample shows lower Pu.

I* we compare given species collected at different sites
at about the same time, however, then we expect to see
differences that characterize the sites. cxamples are
fall-collected Fucus or Ascophyllum from site 1 (Figure 3)
compared to sfte 2, which we now beliave is mostly yp-
current from the Pilgrim 1 reactor outfall, or spring-
collected Fucus from site 1 compared to size 3, downstream
and behind the bar in Plymouth Harbor. Site 1 Fucus,
Ascophyllum, and Red Algae are significantly richer in
137Cs than are those from site 2, and the first two from
sfte 1 are also richer fan Pu. At site 3 Fucus collected in
spring were richer by almost a factor of 3 in 137Cs than

at sfte 2, and significantly richer in Pu also. The Red
Algae (a collection of mixed generag were ricner in Pu at
stte 2 both in fall and in spring; it is, however, possible
that the genera in this mixture are not truly comparable
between the two sites. It should be pointed out that none
of these samples contained concentrations of any nuclide
we measured that were sufficiently elevated to cause alarm.
Tne Pu data can be compared with those summarfzed by
Livingston and Bowen (15768); none of tha sampies, for in-
stance, exceeds the range that those data predict to have
been characteristic of fallout contimination in the 1970-
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1971 period. The concentration factors in algae that are
indicated, using as basis the data of the water sample in
Table 13, range for 137Cs from 20 to 150, and for Pu from
1000 to 2000. These are very like the ranges, for Pu, re-
ported by Livingston and Bowen (1976).

Mvtilus edulis, the common blue mussel, is the animal con-
cerning which we have most information, and as we have
shown earlier, most other data for comparison. In respect
to 137Cs and to Pu most of the mussel samples shown in
Tables 14A and 14B are not clearly outside of the ranges
expected in this general area (see Table 15) from fallout
alone. At station 1, the sample from 29 October 1976 is
unusually rich in 13}Cs, but elavations as great as this
have been reported elsewhere (see Tables 7,11). The other
sample from site 1, that from site 2, one ot the two from
site 3, and three of the four from site 7, all are within
the “normal” range. Those mussels that appear abnormally
high in some radionuclicas are as follows:

Site 1: 10/29/76 137¢s

Site 5/28/78 55Fe (ratio to Pu ts 390, vs 30 to 50
elsewherea)

-
e

Site 2: None 137

Site 3 6/15/71 Cs, Pu (but these may be in fallout
range for that year; see Livingston
and Bowen, 1976, Table 3)

Site

Site

10/27/76 Pu
§/23/76 Pu

~
e e

We have no questfon that the site 1 high SsFe and the two
high Pu. one from site 5 and one from site 7 are real and
are relaced to the outgut from the Pé%grim 1 reactor.

These are factor of 2-3 (Pu) aor 10 ( e) effects, and the
site 7 high Pu was accompanied by the lowest 241Am we have
seen in a mussel (or other environmental sample); a ratio
241Am to 239,240Py less than S% really establishes that the
Pu-Am mixture must have been produced very recently, cer-
tainly less than 3 years and from the irradfation of uran-
tum fuel. Such an origin is also confirmed (gr at least not
contraindicated) by the re?ati;ily low ratfo 238py to
239,240Puy. Unfortunately the 241am sample from site 5 still
remains to be measured, having somehow gotten jostled out
of its priority position. :

The other animals reported in Tables14A or 8 fall into two
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classes: grazers like Mytilus: These are Littorina,

Strongylocentrotus, Balanus, and Spisula; or predators,

Yargely eating grazers: Ihese are Homarus, Lunatia,

Buccinum, and the Efder Duck. At the start of this pro-

gram we had some data, from analysis of starfish eating

analyzed mussels, suggesting that invertebrate predators

by some mechanism exhibit higher actinide concentrations

than do the grazers on which they feed. 0ne of our pur-

poses in undertaking the ?resent project was to explore

this question and especially to establish whether in an

area of sporadic higher contamination of grazers with trans-

uranic nuclide wastes, tissue concentrations in predators

might systematically rise to levels high enough to cause
concern. Comparison among the data points reported here,

and with analyses reported by Livingston and Bowen (1976},

leads us to the following conclusfons:

1. Strongylocentrotus and Littorina from site 2, and Balanys
from site 3, probably show no evidence of Pilgrim 1 waste
radionuclides.

2. Spisula from site 8 exhibits probably about double the Pu
concentration expected from fallout alone.

3. Neither lobster nor eider-duck show evidence of concen-
trations of 137Cs or Pu in their tissues that are higher
than, or even as high as, those inferred for their prey.

4. Buccinum_ and Lunatia probably agree with our earlier
cbservations on starfish in showing tissue Pu two to three
times higher than in their prey, but there is no evidence
from comparison of site 3 data with that either from site
2, or reported by Livingston and Bowen (1976), that these
concentrations escalate systematically in organisms from
an area that sometimes receives the reactor coolant
Stream. '
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TABLE 13

Plymouth, Mass., Area: Water and Sediment Radiochemistry
(Radicnuclides {n disintegrations per minute per 100 kg watar, or per kg dry sediment)

Part A - Mater Analyses:

Collection ODate
Site:® 1976 Deoth - cm 80, W3¢ 238;,  239.2405, 238, 239,
1*  Oct.  surface 36.2:0.6 32.0:0.5 N.M.  0.15:0.06 -

Part B8 - Sediment Analvses:

1*  0c:. 20 0-3 Gead 66.1:1.5 0.29:0.04 8.2:0.3 0.035

2 oct. 19 0-4 Core T 15723 2.6 0.2 61.5:1.7 0.042

] 2. 19 0-6 from Anchor $9.7:1.3 0.6820.07 21.3:0.6 0.032
Cape Cod Bay Aug. 0-1 Care 187:6 2.5 +0.3  101:3 0.034
1-2  Core 181:3 2.8 0.2 7522 0.037

3-4  Core 176:2 2.6 0.2 6922 0.038

5-6 Core 18123 2.7 0.3 62:3 0.043

8-10 Core 174:3 2.5 0.3 69:3 0.036

12-14 Core 198:3 2.4 +0.2 692 0.03

16-18 Core 167:3 1 +0.1 33e1 0.032

Notss: * = For locatfons, see Figure 3.
+ * Mater girec:ly from Pilgrim [ outfall,

x » Sediment from plant {ntake basin.
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Collecting
3ite
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Daty

Mar 2 N
Oct 29 76

Hayls 17
Oct 24 77

L] L

Notes:

TABLE

14A

Plymouth, Mass, Ares Environmental Sarples - Blota
{Radionuciides in disintegrations per minute par kg fresh weight)

0[g4n1153

Crondrus crispus
Fucus vesiculosus
Ascophyllum nodosum
Red Algae - mixed
Mytiltus edulis
Chondrus crispus
Fucus vesiculosus
Red Algae - mixed
Homarus « flesh

* - guts
Mytilus edulis

Lunatis heros
Strongylocentrotus
Fucus vesiculosus
Ascaphyllum nodosum
Red Algae - mixed
Littorina Yittores
Mytilus edulis
Red Algae - mixed
Ciderduck - flesh
" » bones
" - Yivers
" - guts

See Table 6.

3¢y

N, O,
N.O.
N.D.
N, 0.
N.OD.
H.D.
N.D,
N.D.
N.D,
N.D,
N.D,
11214

N.D.
N0,
K.D.
N.D.
N. D,
H.D.
N.D.
N.D.
N0,
N.O.
N.D.
N.O,

2

137Cl _ 238Pu

lost KD,
25,2103 0.10£0.03
13.4:0.2 0.04510.022
14.510.2 0.027:0.020
47.9:0.) 0.08710.014
9.110.2 0.01710.004
38,110.4 0.017:0.006
12.710.3 0.059:0.011
21.,9:0,4 0.0410,01
6.120.5 <0, 002
7.421,0 <0, 007
1.610,2 0,005:0,002
20,310} 0.034:0,005
5.9:0.4 0.05:0,02
9,9:0,2 0.08310.016
7.6:0,2 0,024:0,015
19.510,2 0,16:0,02
16:0.5 0,040:0.011
3.8:0.2 0,013:0,004
17.110.4 0.045:0.009
6,110,2 0,002
J:5 0.00510,005
4,4¢1,) <.007
3.6:0.3 <0.001

239.2409u

0.8:0.¢
1.0710.1}
1.910.2
0.9710,15
210,08
0.3010,02
0.62:0,09
1.3310.06
0.6610,04
0.006:0,003
0.26010.04)
0.2910,02

0.65:0,03
0.37+0.06
1.6210.10
0.8610,11
3.5810.15
0.75:0.08%
0.23:0,02
1,210,086
0,01410,005
0.02610,013

0,01520,010

0.02610,00%

241,

Sty

0.044:0.018
N D.
N D,
N.D.

0.31:0.03
K.D.
N.O.
K.D.
N.D.
N0,
K.0.

0,0086:0,012

N.D,
N.D.
K.D.
0.05:0,027
0.54:0,04
N.D.
N,
“N.O.
N, D,
K. 0,
N.D,
N.D.,




$a

Collecting !
Stte

Orqanism

W W L WD W W

R L B e A S

Brown’s
Bank (8)

Aug 2875

Oct 27 76

sept 23 76
June 23 77

Fucus vesiculosus
Mytilus edults
Buccinum undatum

Lunatia heros

Mytilus edulils
Balanus balanoides

Mytilus edulis

Mytilus edulis
Laminaria longicruris
Hytilus edulls
Mytilus edulis
Mytilus edulis

Spisula solfdissima

See Figure 3 for Yocatfon of collecting sites.
Decay corrected to date of collection

TABLE 148
Plymouth, Mass, Area Environmental Samples - Biota
(Radionuclides in disintegrations per minute per kg fresh weight)

N.D,
N.D.

N.D.
6.4:1.0

N.D.

137(:s 238Pu
33,2:0.9 0.2610.09
13.6¢1,2 0.03:0,02
4.6:0,3 0.03:0,01
3913 0.05:0,01
310.2 0.02:0,01
6:1 <0.1
2,510.2 0,026:0.005
2.0:0,2. 0,02:0,02
12.510,6 0,13210.018
3,110,3 0,013:0,C07
2.6:0.,3 0,008:0,004
1,610,4 0.006:0,002
3,210,4 <0.00%

For common names or detailed taxonomy, see Appendix Table.

Not measured,

Result of duplicate counts,
Mean of duplicate analyses,

239,240

Pu

1.610,1
0.57:0.09
0.7510,04
0.69:0,04
0.3510,0%
0,610,

0,7710,034
0.6710, 099
2.7210.10

0.14910. 024

0.26310.024
0.1410.,005°

0,40:0,05

24‘Am

N.D,
N.D.
N.D,
N, D,
N.D,
N.D,

N.D,
0.003:0.007
0.186:0,031}
N.D.

0.05:0.02
0.032:0.004°

N.0,




TABLE 15

1

3iota Samples for Compartsan® =3 Plymouth Area [Tables 132 +« 118)

{PadignucTides in Dfsintegrations cer Minute ger Xg Hec-;éleignt)

Collecztion Site Daze OrgaMsmz 137Cs 238Pu 239’240% Z‘Ik;:

Zaston, HA° 9-22-76 rytilus edulis 1.8:0.3 0.002 0.11:0.02  0.008:0.008
8-18-77 - - 2.1:0.2  0.004:0.002 0.16:0.01 0.C2 =0.01

Cage Zod Canal®  9-25-76 - . 1.9:0.3  0.012:0.006 © 13:0.02 0.020:0.0C8
8-19-77 - - 3.9+9.2  0.021:0.005 0.26:0.02 0.05 =0.01

tatas: = See also fallout-contaminated mussel data on Table; 7 and 11.
= Saoft carss only
Abaut 32.5 miles NN of Pilgrim 1 reactor site

Narzh end of canal; abaut 17.5 miles south of Pilgrim 1 reactor site.

o Ly
]
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SUMMARY AND CONCLUSIONS

It i; reasonable to preface this summary with the statement
of our strong dfssatisfaction at the cutcome of the project.
A1l of our early discussions with NRC emphasfzed that an
appreciable time would be needed to provide either enough
data, or the right sampling coverage, to answer either the
questions of interest to us, or those we belfeved certain
ultimately to concern NRC. Our inftial proposal stated
explicitly (page 7): *“The first year wigl e devoted to
survey work...detailed studies will begin only in the second
year. This is a long-term program”. What we have to report
here fs just the bare bones of preliminary work, that was
planned to provide 2 skeleton for the program {n subsequent
years; that any conclusions other than decisions what to
sample and/or analyze next can be drawn from these data is
pure good fortune. NWe should emphasize also that NRC has
profited enormously in respect to the interpretation of the
analyses of biota collected under thi_. program, by the avail-
ability of data from the Mussel-Watch program (Goldberg et
al, 1978) supported by EPA. It appears from where we sit
that both NRC and EPA would benefit from some liason in
matters of this sort.

We are fazmiliar with the type of change of policy that led
to the decision to stop support of this proje. after one
¥ear, and do not wish to appear to be complaining about that.
he mistake that we belfeve we see on NRC's part was the
complete avoidance of any communication with us. An occa-
sional discussion of the ways in which the interests of NRC,
or of the Division of Reactor Safety Research, were being
redefined would have permitted us to adapt to some of these
changes, and at least to argue against others. The result
of this complete absence of any interactive communication
petween the agency and the researchers it supported has been
that we complete this report with a strong feeling that we
have been shortchanged, and furthermore that we were led,
without being at fault, to shortchange NRC. Obviously,
there can be no thought of correcting, or of amelforating,
our unhappy situatfon; it would be possible, and we urge
NRC to consider it, for the Agency to change its practices
in contract administration.

48




Symrary

The data collected so far concerning the amounts of long-
lived radionuclides in wastes released from the two reactors
at Millstone Point, and from the Maine Yankee reactor,
confirm that enough 55Fe, 60Co, 134,137Cs are released to
provide the bases for very useful tracer studies of their
biogeochemistry; at least sporadically this appears alsc

to te true of Py and Am nuclides. Changes made during the
perfod, in 1977-78, of our study at Millstone Point appear
to have reduced the levels of Cm released below those likely
to be useful, and we have so far no evidence that yseful --

or even measurable -- amounts of Cm are released by either
Maine Yankee or Pilgrim 1.

Analyses of sediments {in the area around Maine Yankee, and
of biota arcund both Maine Yankee and Pilgrim 1 have shown _
both that enough tracer is available in these environments
to be useful, and that we have found enough foci of at
least sporadic contamination to provide the framework for
the sort of local biogeochemical experiments that were con-
templated at the start of this project. At Millstone Point
we have not yet found the suitaole foci, and it is quite
likely that much more work wculd be needed to do this. We
believe, furtheraurs, that the experience gathered in this
project so far has provided us with a generalizable basis
that can be used for identifying other reactor sitas that
have high probability of being suitable loci for biogeo-
chemical studies of their waste products. It is,of course,
evident that from the point of view of defending NRC's

reactor site accaptability criteria, esgecial]y azafnst
anti-nuclear forces, the same factors that suggest a site

will be a suitable locus for biogeochemical studies, sug-
gest also that it will have greater difficulty in achiev-

ing public acceptance.

A set of more-or-less specific conclusions follows:

Conclusions

Nuclides Studied
55Fe is clearly a major waste product of each of the

reactoers studfied, approximating the levels of 6GCo
released.
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© 134Cs is released, generally, at nearly uniform ratio to
I37Cs, so that tne change in this ratio with time can
be used as a guide to dating movements of released
radiacesium.
238py is released at very high ratios to 239,240py,
ranging from 1 to as high as 5. This should be useful
in distinguishing reactor Pu from fallout Pu.
Cm is now being released in only very small amount from
Hillstone Point, and has not yet been detected from
either Maine Yankee or Pilgrim 1.

Release Patterns
The rates of release of radiccesfum are not useful pre-
dictors of the rates of release ejther of activation
products like S55Fe or 60Co, or of transuranics iike Pu,
Am or Cm. Further study will be needed to identify
those easily measured (by gamma spectrometry) waste
nuclides that could be used to identify the occasional
pulses of high concentrations of long-lived radio-
nuclide tracers.

Environmental Samples
Millstone Point sampling has shown the following: ATl
55Fe in the eftluent is assaciated with easily filtrable
particles, while only ore third of the Pu is-simiiarly
assocfated. This should have led to deposition of
these tracers in locial sediment accumulations, but we
have so far failed to find, and sample, such places.
Without a large body of sediment core data for compari-
son, however, it would have been an unavoidable con-
clusion, though an incorrect one, that both Millstone
Point area cores showed reactor-originated contamination.
The only biota samples from this area that clearly
show reactor contamination are those taken from the
discharge canal. Although much more work should be
done, so far no evidence has appeared showing how
Millstone Point radicactivity impinges on its local
environment.
Maine Yankee occupies a much more restricted, less well
flushed, site. We have not yet analyzed any water
samples from the area that show evidence of reactor
contamination, but sediment samples from all sides of
the reactor site prove measurably contaminated. Some
of these certainly reflect the conditions before mov-
ing and redesign of the waste-stream outflow, but
others certainly post-date this change. Both algae

. o
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Appendix Table

Common Names and Taxonomic Details for

Organisms listed in Tables 7, 11, 12, 14A-8, 15

Plants!

P OSSR Supnd

Fucus vesiculosus

Ascoohyllum nodosum
taminarta Tongicrurie

B. Red_Algae
Chondrus crispus

Mixture: Ceramium rubrum ;chf f
Soermothamnion Turner ety

Phycodrus rubens ;so
Phyliiophora brodiaei me

Animals
———
A. Annelida?

- n o —

Nereis virens
B. Molluscs 2

- o -

Bivalves

——— s -

Crassastrea virginiana

Spi7cTa soiidissima

M/t1lus edulis
GaST.:"OE‘)dS z

2

Lunatia heros
Succinum undatum

Littorina 1ittorea

C. Crustacea?

Balanus balanoides
Homarus americanus
D. Echipgdermata 2

Strongylocentrotus drobacﬁ?ensi
E. Birds ° '

- -

Somater{a moilissima

Notes: ! - Taxonomy from Kirgsbury, 1369.

Z _ Taxonomy from Snith, 1964.

Common Names

Rock Weed
Kelp

Irish Moss
None

"

Worms

Sandworm; Clamworm

Shellfish

Oyster
Surf Clam

Blue Mussel

Snafls

Maon snail
Waved Whelk

Common Periwinkle

Barnacle
Lobster

Green Sea-urchin

Comman Eider duck

! - Taxonomy from Robbins, et al, 1966.
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