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Soil Sample History in Vicinity of Maine Yankee Atomic Plant

Year Location A

1972 
1972 
1972 
1972 
1972 
1972 
1972 
1972 
1972

Foxbird Island 
Eaton Farm 
Bailey Farm 
Youngs Creek 
Knight Cemetery 
Westport Firehouse 
Chewonki Neck 
Cowseagan Narrows 
Bluff Head

Ac-228 
Depth pCi/g 
0-15 cm 1.2 
0-15 cm 0.34 
0-15 cm 1.24 
0-15 cm 0,88 
0-15 cm 1.21 
0-15 cm 1 
0-15 cm 1,1 
0-15 cm 0,3 
0-15 cm 0.66
AVERAGE 0.88

1974 Foxbird Island 
1974 Eaton Farm 
1974 Bailey Farm 
1974 Youngs Creek 
1974 Knight Cemetery 
1974 Westport Firehouse 
1974 Chewonki Neck 
1974 Cowseagan Narrows 
1974 Bluff Head

0-15 cm 0.9 
0-15 cm 1.1 
0-15 cm 1.1 
0-15 cm 1.1 
0-15 cm 1.7 
0-15 cm 0.8 
0-15 cm 0.9 

0-15 cm 1 
0-15 cm 1.2 
AVERAGE 1.09

See attached maps 
EPA Technical Note ORP/EAD-76-3

Samplesxls Soil&Sed J.Darman

Bi-214 
pCi/g 
0.7 
0.63 
0.81 
1.075 
0.7 
0.92 
1.37 
0.73 
1"1 
0.89

0.7 
1.1 
1.1 
0.8 
1.3 
0.8 
0.7 
1 
1.6
1.01

K-40 
pCi/g 
14 
14,9 
14.6 
18.2 
11,2 
11.8 
13.2 
13.4 
11.3 
13.62 

7.3 
17,4 
17.6 
19A4 
11.3 
11.8 
15.1 
14.3 
13.3 
14.17

Cs-137 
pCi/g 
0.94 
0.87 
1.67 
0,8 
4.96 
1.11 

3.34 
2.62 
2.03 
2.04

4.6 
2.5 
1.8 
0.7 
4 
3.2 
1.5 
1.3 
1.2 
2.31

Cs-1 34 
pCi/g 

< 0.03 
< 0.015 
< 0.03 
< 0.03 
< 0.03 
< 0.03 
< 0.03 
< 0.03 
< 0.03 

< 0.035 
< 0.035 
< 0.035 
< 0.035 
< 0.035 
< 0,035 
< 0,035 
< 0.035 
< 0.035

Co-58 
pCi/g 

< 0.025 
< 0.012 
< 0.025 
< 0.025 
< 0.025 
< 0.025 
< 0.025 
< 0.025 
< 0.025 

< 0.025 
< 0.025 
< 0.025 
< 0.025 
< 0.025 
< 0.025 
< 0.025 
< 0.025 
< 0.025

Co-60 
pCi/g 
0.03 
0.015 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03

0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03

Mn-54 
pCi/g 

< 0.02 
< 0.01 
< 0.02 
< 0.02 
< 0.02 
< 0.02 
< 0.02 
< 0.02 
< 0.02 

< 0.015 
< 0.015 
< 0.015 
< 0.015 
< 0,015 
< 0.015 
< 0.015 
< 0.015 
< 0.015

Reference 
1 
1 
1 
1 

1

1 
1 
I 
1 
1 
1 
1 
1 
1

A 
1



Sediment Sample History in Vicinity of Maine Yankee Atomic Plant

I-, ... 4-.

1972 
1972

I �• 1

Foxbird Island 
Murphy's Corner

1974 Foxbird Island 
1974 Murphy's Corner 

1974 Bailey Cove Area 1 
1974 Bailey Cove Area 1 
1974 Bailey Cove Area 1 
1974 Bailey Cove Area 1 
1974 Bailey Cove Area 1 
1974 Bailey Cove Area 1 
1974 Bailey Cove Area 1 
1974 Bailey Cove Area 1 
1974 Bailey Cove Area 1 
1974 Bailey Cove Area 1 
1974 Bailey Cove Area 1 
1974 Bailey Cove Area 1 
1974 Bailey Cove Area 1 
1974 Bailey Cove Area 1 
1974 Bailey Cove Area 1 
1974 Bailey Cove Area 1 
1974 Bailey Cove Area 1 
1974 Bailey Cove Area 1 
1974 Bailey Cove Area 1 
1974 Bailey Cove Area 1 
1974 Bailey Cove Area 1 
1974 Bailey Cove Area 1 
1974 Bailey Cove Area 1 
1974 Bailey Cove Area 1 
1974 Bailey Cove Area 1 
1974 Bailey Cove Area 1 
1974 Bailey Cove Area 1

I�r�tk

0-2 cm 
0-2 cm

Ac-228 
(Ii/,

0.25 
1.66

0-2 cm 0.9 
0-2 cm 0.9

0-1 cm 
0-1 cm 
0-1 cm 
0-1 cm 
0-1 cm 
0-1 cm 
0-1 cm 
0-1 cm 
0-1 cm 
0-1 cm 
0-1 cm 
0-1 cm 
0-1 crn 
0-1 cm 
0-1 cm 
0-1 cm 
0-1 cm 
0-1 cm 
0-1 cm 
0-1 cm 
0-1 cm 
0-1 cm 
0-1 cm 
0-1 cm 
0-1 cm 
0-1 cm 
0-1 cm

Bi-214 
n•i/n

0.7 
0,74

0.9 
0.8

K-40 
n•-tiln

n Skn~/ .L~~~~~~~cl~~~~~~~eA LI.CLV -F F 1 F 3z1- )qrý n A
15 
15.2 

20.5 
18

Cs-1 37 
nCi/n

U.450 
0.45

1 
0.5

7.48 0.19 
6.36 0.13 
6.54 0.11 
5.95 0.09 
5.69 0.12 
6.82 0.16 
6.00 0.19 
6.38 0.13 
6.23 0.17 
5.84 0.14 
5.17 0.08 
4.84 0,10 
6.69 0.09 
4.20 0.16 
7.26 0.21 
6.63 0.16 
7.28 0.24 
6.54 0.18 
5.08 0.14 
7.62 0.64 
7.34 0.70 
5.67 0.62 
6.37 
7.95 0.42 
7.46 0.38 
5.53 0.39 
5.20 0.27 

AVERAGE 6.30 0.24

Cs-1 34 
nCi/a

< U,U I 
< 0.03 

1 
* 0.035

Co-58 
DCi/a

U.U 02 
0.025

Co-60 
DCi/a

0.03

21 2.42 
< 0,025 < 0.03

0.30 
0.09 
0,18 
0,13 

0.58 
0.22 
0.62 
0.42 
0.16 
0.18 
0.44 
0.47 
0.32 
0,24 
0.79 
1.16 
0.51 
0.65 
0.84 
0,90 
0.47 
0.22 
1.25 
0.58 
0.63

0.12 
0.07 
0.09 

0.08 

0.06 
0.05 
0.09 
0.08 

0.06 

0.13 
0.09 
0.10 
0.08 
0.09 
0.09 
0.11 
0.07 
0,19 
0,08 
0.08

0.44 
0.49 0.09

Samples.xls Soil&Sed J.Darman

Mn-54 
pCi/q Reference

1< 0.02 

0.45 
< 0.015

1 
1



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

Date Location 1 
1974 Bailey Cove Area 2 
1974 Bailey Cove Area 2 

1974 Bailey Cove Area 2 

1974 Bailey Cove Area 2 
1974 Bailey Cove Area 2 
1974 Bailey Cove Area 2 

1974 Bailey Cove Area 2 
1974 Bailey Cove Area 2 

1974 Bailey Cove Area 2 

1974 Bailey Cove Area 2 

1974 Bailey Cove Area 2 

1974 Bailey Cove Area 3 
1974 Bailey Cove Area 3 

1974 Bailey Cove Area 3 
1974 Bailey Cove Area 3 

1974 Bailey Cove Area 3 
1974 Bailey Cove Area 3

1974 
1974 
1974 
1974 
1974 
1974

Bailey Cove Area 4 
Bailey Cove Area 4 
Bailey Cove Area 4 
Bailey Cove Area 4 
Bailey Cove Area 4 
Bailey Cove Area 4

Ac-228 
pCi/g

Bi-214 K-40 Cs-137 
pCi/g pCi/g pCi/g 

8.23 0.77 
7.97 0.57 

4.94 0.31 
5.48 0.21 
6.46 0.33 
6.38 0.22 
6.59 0.18 
8.44 0.32 
5.20 0.15 
6.22 0.34 
6.61 0.19 

AVERAGE 6,59 0.33

Depth 
0-1 cm 
0-1 cm 
0-1 cm 
0-1 cm 
0-1 cm 
0-1 cm 
0-1 cm 
0-1 cm 
0-1 cm 
0-1 cm 
0-1 cm 

0-1 cm 
0-1 cm 
0-1 cm 
0-1 cm 
0-1 cm 
0-1 cm 

0-1 cm 
0-1 cm 
0-1 cm 
0-1 cm 
0-1 cm 
0-1 cm

Cs-1 34 
pCi/g

Co-58 Co-60 
pCi/g pCi/g 
6.06 0.53 
0.26 
1.30 0.09 

0.89 0.08 
2.51 0.15 
2.05 0.14 
1.50 0.16 
1.32 0.11 
0.88 0.08 
1.44 0.09 
0.78 0.11 
1.73 0.15

2.00 0.15 
2.19 0.15 
1.21 0.09 
2.68 0.24 
1.75 0.12 
1.24 0.15 
1.84 0.15 

1.79 0.15 
2.36 0.20 

1.91 0.16 
1.22 0.13 
2.07 0.17 
1.55 0.12 
1.82 0.16

Samples.xls Soil&Sed J.Darman

Mn-54 
pCi/g

Reference 1 
1 

1 

1 
1 
1 
1

1 1 
1 
1 
1 
1

1 1 
1 
1 
1 
1

6.14 0.29 
7.86 0.39 
6.99 0.15 
5.80 0.32 
7.71 0.38 
6.72 0.27 

AVERAGE 6.87 0.30 

5.59 0.38 

6.77 0.40 
7.40 0.14 
6.60 0.43 
8.03 0.37 
7.85 0.29 

AVERAGE 7.04 0.33



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

Date Location 1 

1974 Bailey Cove Area 3 

1975 Bailey Cove Area 3 
1975 Bailey Cove Area 3 
1975 Back River Area 5 
1975 Bailey Cove Area 2 

1977 Bailey Cove Area 3 
1977 Bailey Cove Area 3 
1977 Bailey Cove Area 3 
1977 Bailey Cove Area 3 
1977 Bailey Cove Area 3 
1977 Bailey Cove Area 3 
1977 Bailey Cove Area 3 
1977 Bailey Cove Area 3 
1977 Bailey Cove Area 3 
1977 Bailey Cove Area 3 
1977 Bailey Cove Area 3

Depth 
0-6 cm 

0-6 cm 
0-6 cm 
0-6 cm 
0-6 cm

0-1 cm 
1-2 cm 
2-3 cm 
3-4 cm 
4-5 cm 
5-6 cm 
6-7 cm 
7-8 cm 
8-9 cm 
9-10 cm 
10-11 cm

Pu-238 
nCi/a
U.UVIO 

0.0014 
0.0016 
0.0010 
0.0034 

0.0014 
0.00068 
0.00050

PU-239/40 
DCi/a

U. U4 1 

0.032 
0.044 
0.028 
0.078

0,034 
0.018 
0.014

K-40 Cs-1 37 
pCi/g pCi/g 

0.40 

12.48 
3.72 
0.46 
8.65

0.00018 0.0066 

0.00015 0.0036 

0.000023 0.0015 

0,000032 0.0022

Location ' 
Back River Area 5 
Back River Area 5 
Back River Area 5 
Back River Area 5 
Back River Area 5 
Back River Area 5 
Back River Area 5 
Back River Area 5

Depth 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a

Ac-228 Bi-214 K-40 Cs-137 
pCi/g pCi/g pCi/g pCi/g 

0.063 
0.10 
0.083 
0.12 
0.040 
<MDA 
0.24 
<MDA

Samples.xls Soil&Sed J.Darman

Co-58 
pCi/q

Co-60 
pCi/g

Cs-i 34 
pCi/g 

< 0.009 

7.21 
1.73 
0.15 
4.77

Fe-55.  
pCi/g Reference

2

2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2

3.95 
2.08 
1.53 

0.30 

0.23 

0,20 

0.15

Date 
1993 
1993 
1993 
1993 
1993 
1993 
1993 
1993

Cs-134 
pCi/g

Co-58 
pCi/g 
0.063 
<MDA 
<MDA 
<MDA 
<MDA 
<MDA 
0.080 
<MDA

Co-60 
pCi/g 
0.066 
0.044 
0.057 
<MDA 
0.026 
<MDA 
0.22 
<MDA

Ag-i 10m 
pCi/g 
0.038 
0.033 
0.023 
<MDA 
<MDA 
<MDA 
<MDA 
<MDA

Reference 
3 
3 
3 
3 
3 
3 
3 
3

p. v,. • r -"



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

Location 1 
Bailey Cove Area 1 
Bailey Cove Area 1 
Bailey Cove Area I 
Bailey Cove Area 2 
Bailey Cove Area 2 
Bailey Cove Area 2 
Bailey Cove Area 3 
Bailey Cove Area 3 
Bailey Cove Area 3

Depth 
0-5 cm 
5-10 cm 
10-15 cm 
0-5 cm 
5-10 cm 
10-15 cm 
0-5 cm 
5-10 cm 
10-15 cm

Ac-228 
pCi/g 
0.79 
0.67 
0.91 
0.69 
0.89 
0.88 
0,74 
0.73 
0.91

Bi-214 K-40 
pCi/g pCi/g 

19.4 
17 
18.03 
17.02 
16.49 
17.15 
19.7 
22.6 
18.77

Cs-1 37 
pCi/g 
0.30 
0.27 
0.35 
0.19 
0.14 
0.09 
0.31 
0.34 
1.75

Cs-1 34 
pCi/g

Co-58 
pCi/q

Co-60 
pCi/q

See attached maps 
EPA Technical Note ORP/EAD-76-3 
NUREG/CR-1658 

MYC-1 647 
Yankee Atomic - Bolton - Memorandum E, Cumming to P. Anderson, June 24, 1994

Samples.xls Soil&Sed J.Darman

Date 
1994 
1994 
1994 
1994 
1994 
1994 
1994 
1994 
1994

Mn-54 
pCi/g Reference

A 
1 
2 
3 
4

4 
4 
4 
4 
4 
4 
4 
4 
4

/



R~ie ~arMabe Y~~eeAtomic Power Plant, 
Wii'c,,et, Maine
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PRE OPERATIONAL TRITIUM SAMPLES 

H-3 H-3 

Year Location A Type nCi/I pCi/I 

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 < 0.4 < 400 

Ave < 294 
Min < 90 

Max < 400

Samples.xls H-3 J.Darman

(
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Measurement of Radionuclides as a Function of Position in the 

Estuary of the Maine Yankee Atomic Power Plant 

J. H. Churchill, C.-S. Smith 

C. T. Hess and A. Price 

(Presented 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 Yankee Atomic Power Plant 

This paper is primarily a presentation of an experimental survey which was 

preformed on the sediment of the estuary of the Maine Yankee Power Plant in 

Wiscasset, Maine. The purpose of the survey was to determine the distribution of 

radionuclides as a function of position in the estuary.  

Figure I is an aerial photograph of the power plant and its bay estuary.  

Marked on the figure are the inflow, where the cold water is taken in to 

condense the steam after it has turned the turbines and the outflow, where 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 how 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 I cm of sediment was 

col I ected.. j- Enough ý s.ediment-was-scooped. up to. fil I -a l.-.Aiter; :plastic,-cylindrical 

nal gene- jar.--_ :These -jars---were-:] abel ed according-to -sample 7si te-number and .were, 

transported to the University of Maine at Orono, Maine.  

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



i ,I- . I
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At Orono the samples were measured for garrna-ray emitting nuclides for 5000 

seconds using a lead shield and Ge(Li) detector apparatus. The purpose of 

the lead 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 sent 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 twio samples.) Each 

spectrum was punched on paper tape which was converted to computer cards which 

were used as data for our spectrum analysis program. This program identified 

the nuclides present in each sample and gave their concentration in units of 

PCi/Kg.  

Figure 2 is a drawing of the estuary showing sample locations and numbers.  

Note again that samples were collected 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, 60Co, 137Cs, and 40 K. The

first three of these are exclusively man-made products whereas the last one, 

40K, is a natural isotope. Of the man-made isotopes 58Co and 60 Co are solely 

reactor products while 13 7 Cs is a combination of reactor discharge and bomb 

fallout.  

Table I tabulates the amounts of these four isotopes in each of the 50 

samples. Looking at the 5 8 Co column of Table I we see that the 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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Figure 2: Locations of sediment 
sample points-I in = 650'



Table I 
Concentration of Radionuclides per Transect Site Number 

Site No. 58 Co 6 0Co 1 3 7 Cs 4 0 K 
PCi/Kg PCi/Kg PCi/Kg PCi/Kg 

1 298 122 191 7478 
2 85 67 133 6364 
3 175 88 106 6544 
4 125 - 87 5953 
5 - 77 123 5686 

6 579 - 158 6821 
7 - 222 56 191 6004 
8 .619 49 1.34 6375 
9 422 89 167 6234 

10 157 80 144 5844 
11 184 - 84 5171 

12 441 96 4844 
13 466 - 92 6694 
14 318 63 162 4198 
15 236 - 212 7262 

16 790 130 158 6634 
17 1163 88 239 7278 
18 511 98 182 6536 
19 645 79 136 5076 

20 838 __ 92 641 7623 
21 899 92 -- 695 7340 
22-, 472-,'- 113-= 623 -- 5.71
23 2 219-- 74--- - - 6369--

24 1251 185 420 7951 
25 584 81 382 7461 
26 634 78 390 5529 
27 439 - 268 5197 

28 6057 527 769 8228 
29 263 - 565 7970 
30 1295 91 310 4935 
31 893 82 212 5483 

32 2506 152 326 6457 
33 2050 140 217 6380 
34 1500 156 179 6588



Table I (Continued)

1319 
881 

1440 
783 

1996 
2192 
1210 

2679 
1750 
1236 

1791 
2356 
1906 

1224 
2072

60Co 
PCi/Kg

112 
83 
90 

105 

146 
147 

93 

238 
115 
146 

154 
195 
156 

132 
173

1 3 7Cs 
PCi/Kg

318 
153 
343 
189 

288 
388 
146 

321 
383 
270 

377 
404 
135 

428 
366

Site No.

35 
36 
37 
38 

39 
40 
41 

42 
43 
44 

45 
46 
47 

48 
49 

50

58CO 

PCi/Kg

4 0 K 

PCi/Kg 

8441 
5203 
6216 
6610 

6142 
7857 
6990 

5800 
7705 
6720 

5589 
6765 
7402 

6597 
8031

1546 122 288 7847
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1000. Numbers from the 60Co 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 effect, much of the radionuclides are backing up with the tide and 

settling out upstream which is, of course, the undesirable effect.  

In order to display these results more pictorally isocuric maps were drawn 

of the concentrations of 58Co and 6OCo. An isocuric map is similar to a 

topographical map that a civil engineer might draw except that the lines 

correspond to constant radioactive concentration instead of constant altitude.  

Figure 3 is an isocuric map for 58 Co. The gradients were so varied that 

the lines had to be separated logarithmically. Studing Figure 3 one can see 

that below the outflow the concentration is charactorized by peaks and valleys.  

Near the outflow 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 PCi/Kg. Upstream from the outflow there is a narrow 

high concentration ridge.  

Figur_--A:is an :isocuric plot for-60Co;:--StudinT-Fi garee 4-one -can -see -

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 concentration ridge. Note again in both plots that the 

concentration was much higher above the outflow than below the outflow.  

So, it is apparent from these two maps that 58 Co and 6 0 Co are distributed 

in much the same way in the estuary. In order to quantitatively see how
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Figure 3: Isocuric map of 58 Co 
concentration - PCi/Kg 
I in = 600'



Figure 4:

6 

Isocuric map of 
60Co concentration 

PCI/Kg - I in = 550'.
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similar the tw.o distributions were, I applied the correlation coefficient 

formula to the data in Table I. (In this case, the correlation coefficient 

can range from 0 to 1, 1 signfying a perfect correlation between 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 58Co and 

60 Co 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 58 Co and 
13 7 Cs was .503. The coefficient between 6 0 Co and 137Cs was-.509. These 

lower coefficients should be expected since 1 3 7 Cs is a product of both reactor 

discharge and bomb fallout and also, 13 7Cs has a different chemistry than the 

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

coefficients between 58 Co, 6 0Co; and 40 K are .369 and .364 respectively.  

Offhand, one would expect distributions for 58Co and 6 0 Co to be similar 

since: they ýre-bth-scl ely-reactor -products- and.:they. both hav&=the samL--chemistry.-_

The paradox-ariseS-when -ne-takes into-consideration that-the -halflife of 58 Co

is about 70 days wheras the halflife of 60 Co is in excess of 5 years. Thus one 

should see 58Co discharged from only the last few months since any release previous 

to that would have decayed. However, the 6 0 Co concentration should be a superpos

ition of the 6 0Co deposited for the last few years.  

Why then are the two distributions so similar? I have some possible explana

tions for this. One,_remember that only the top I cm of sediment was gathered.  

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

why a superposition of 6 0 Co for the last few years would not be seen. This would
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be a very high sedimentation rate. In the next year we hope to measure the 

sedimentation 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 also be able to leave the sediment. If the halflife of this 

mechanism is about in the ballpark of 58 Co this would also explain why a 

superposition of 6 0 Co was not seen.  

Early this summer another more extensive sediment survey will be conducted.  

Also, additional data will be gathered which will be used for 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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Figure 5: Energy spectrum of sediment sample # 28 - 2 KeV/channel
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A Radioactive Isotopic Characterization of the Environment Near Wiscasset, 
Maine: A Preoperational Survey in the Vicinity of the Maine Yankee Atomic 
Power Plant1 

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

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 soil, sediment, well water, surface water, estuarine water, air 
particulates, air moisture, and precipitation.  

Natural 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 radioactivity survey in 
the vicinity of the Maine Yankee Atomic Power 
Plant (6.4 km south southwest of Wis-asset, 
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 vr_ ues for t:he radiation levels 
from various environmental media, and locate 
and identify any regions of "other than average 
ch: :racter" or contributions to the background 
by "manmade" radionuclides.  

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

-his work was carried out under Environmental 
Pr :zection. Agency Contract Numbe-r . -- 01-.  

.partment of P' "ysics, Un:,n er: . of Mai-. )rono, 
V at 442
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Study design 

The basic approach used in the study design 
was to employ modern standard methods of 
measuring environmental radioactivity in 
typical environmental media with emphasis on 
measuring individual isotopes. The study was 
divided into 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 Radiological 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 s-liment), aquatic-estuarine (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 t-.e 
media they represent and reproducible in the 
sense that measurements can be repeated in the 
future at the sites used in t is study (6). The 
study was 8 weeks in dura- )n beginning J-:.u e 
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.I'zwc ~.], Reponn rmar Maine -Yanlee Atomic Power Plant, 
Wircismact, Maine

Eaton Farm, Bailey Fam, Young Creek, 

Knight Cemetery, Westpc-t Firehou ., Che

wonki Neck (camp), Cowsen.gan Narrows, 

aud Bluff Head. Sedibent -3ampies wnre 

collected at Foxbird Island on t'n,. outLfail 

s~de of the cai. -3way and at Murrhy's 

(-.)rner. Soil sainpie-S were collected using 

a disc-cutter sampler 7hich would cut a 

cylindrical soil sample. i5 cm jn dia er by 

15 cm deep. Four soil aam,- th. s3z. -acin

centered at tha corner of a square grid, 25 cm 
on an edge, were collected at each of the nine 

sites. The four soil samples including surfaca 

vege'ation were mixed and the root mats 

pulverized. The sample was then screened and 

all material smaller than 5 mm retained. The 

samp, e was then dried at 150'C. for 24 hours.  

In ti:e case of the sediment samples, the top 2 

centimeters were c.Alected. These samples were 

scer.-..ed and drie- in an identical manner. In

February 1974
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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 from 
these tables. However, because the field 
measurements and the laboratory measure
ments are quite different (instrumentation, 
calibration, and sample character) one would 
not expect exact numerical azre.ement. Still we 
can see that for relative rank -activity, both 
measurements indicate Eaton Farm and Bailey 
Farm to be higher in potassium-40 with West
port Firehouse being significantly lower, and 
both measurements indicate Kni,-ght Cemetery 
and Bluff Head to be higher in cesiurn-137 with 
Eaton Farm and Young's Creek lower. Because 
of the quite different calibration procedures 
use6 in these two measurements (lee 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 Farm sites 
for the thorium-232 series, with a significantly 
lower activity at Young's Creek. in the case of 
the uranium-238 series (using radium-226 as 
the indicator), the Eaton Far-m and Bluff Head 
sites are significantly 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 
mcih-higher correlation than observed.  

Soil and sediment classification and analysis 
can be found in appendix B. Classification was 
carried out in the field by a soil specialist fronn 
the Plants and Soils Department of the Univer
sity of Maine. !he same department did the 
laboratory analyses for pH and the exchange
able components of phosphorus, potassium, 
calcium, and magnesium (acetic acid extraction 
method). Based :n soil chemisnitry, the measure
ments verify the _.xpectation Thaz there is a fairly 
consistent rela -ionship exl: .s between the ex
changeable component of potass-um in the soil 
and the potassium-40 activity, the magnesium 
in the soil and the radium-226 activity, and the 

pl .sphorus in tLa soil and thý bisrmuth-214 ac

tivity. Good agreement also. ex6ists between the 

potassium in the soil and t.he soil .=ype and the 

cesium in the Scl and the dsýpth -- the organic

mat (layers 01 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 

Water fielk measiurement3 

Radionuclides in the water were measured at 
Foxbird Island, Young's Creek, Cowseagan 
Narrows, and Bluff Head (figure 1). The 
portable multichannel analyzer system and sup
port equipment used for the soil field measure
ments was used for these water measurements.  
The only modification necessary was to float 
the shield-detector assembly in a canoe over the 
water being measured. At all times, a minimum 
depth of 1 meter was maintained below the 
detector during measurement. All water 
field measurements were taken on half 
memory (512 channels) for 4000 seconds.  
At the end of two runs, the multichan
nel analyzer was returned to the Maine 
Yankee Environmental Studies Center at Bailey 
Point and the memory outputted into the tele
type. The water field measurements were only 
qualitatively analyzed because for reasonable 
in-the-field counting times (on the order of an 
hour), the count rate was so low that the 
gamma-ray photopeaks for -nominal environ
mental concentrations were substantially 
masked by the counting statistics. However, 
several general observations can be drawn from 
the field data. The major contributors to the 
spectra were potassium-40 and the daughters 
of radon-222. The poi-assium concentration is 
the same fo: Foxbird Island. Cowseagan Nar
rows, and Bluff :ead and is indicative of the 
common salinity of these 2stuarine samples (it 
corresponds to about 1i& :ps,'liter). The potas
sium-40 contribution to the Young's Creek 
3pectrurr. is essentially zero, as expected. The 

bulk of the rest of the spectra is made up of 
the daughters of radon-222 with the exception 
of the Bilff Hri-ted sampie, which contained very 
little radioacti. :ry. In general, the water sam
pies were a full order o- maA-niTude less active 
than the soli fieif. measu,-rements.
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two groups (Bailey Farm and Eaton 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 the soils in this 
reion is not documented, the attachment of 
decay products on natural aerosols is a func
tion of the natural aerosol size distribution and 
therefore, this size distribution was not meas
ured, and the filter eflieiercy of the fiberglass 
filters as a function of the aerosol size distribu
tion is not known.  

Air particulate labora4,'ry -m e,2• we-vents 

Air particulates for iabo.:atory analysis of 
radionuclides were collected at three sites 
(Eaton Farm, Bailey Farm, and Westport Fire
house). A Millipore pump type-xx600000 was 
used to pull air through a 47 mm diameter 
Millipore absolute aerosol 0.8 4rL filter, type 
AAWP04700. The throughput of this system 
was metered for all runs wit;h a calibrated gas 
volume flow meter, American Meter Company 
Model 10-300-PR1264. This meter was capable 
of reading up to 99 999.9 liTers. The meter, 
pump, and filter holder were 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 sent to the Northeastern Radiologi
cal Health Laboratory. Winchez;ter, Mass. for 
gamma-ray analysis. Each sample was prepared 
for analysis by digestion of the niter and con
tents in hydrofluoric acid. Water was then 
added to make the total volumpe c- the prepared 
sample 200 millifiters. The - -mnples were 
counted using the same Ce(Li) delector system 
used for the laboratory soil and sediment meas
urements, and using a 2-3 milhiiiter geometry.  
The amount of particulate collected on each 
filter was nominally a few milligrams. The 
Eaton Farm filter was counted for 3840 min
utes, and the Bailey Farm '-adV.estport Fi:r
house filters were co';nted `or 9G0 i::inutes each.  
Full spectral ;-.na!vsis 'f al" Zr- zample,; ieP.di-

cated no peaks statisticafly above background 
levels. Background peaks were observed at 
0.077 MeV, 0.094 MeV, 0.351 MeV (lead-214), 
0.510 MeV (thailium-203), 0.608 MeV (bismuth
214), 0.910 MeV (actinium-228), and 1.459 MeV 
(potassium-40). This would indicate that the 
activities for these isotopes (for 100 000 liters 
of air) are below their respective minimum de
tectable levels (15 pCi for lead-214, 85 pCi for 
thallium-208, 15 pCi for bismuth-214, 100 pCi 
for actinium-223, and 100 pCi for potassium
40).  

Discussion cf the air particulate results 

For the standard measurements employed in 
this section and for the inominal 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 (0.239 MeV and 0.300 MeV) and lead
214 (0.295 MeV, 0.242 MeV and 0.352 MeV), 
daughters of radon-220 and radon-222, respec
tively, indicates the presence of radon-220. The 
relative abundance of radon-220 to radon-222 
shows a fairly good correlation with the ratio 
of the activity in the thorium-232 series to the 
activity in the uranium-238 series as indicated 
by the field measurements of soil. This ratio 
was larger for Westport Firehouse and sig
nificantly lower for Bailey Farm (the Westport 
Firehouse site showed evidence of radon-220).  

The laboratory air particulate measurement3 
were analyzed for ihe u-ranium-238 series, the 
thorium-232 series, cesium-137, potassium-4Z, 
zirconium--niobia,.m-9 and manganese-54 . None 
of these :.rotopes was Luond at levels above its 
respective minimum ce6ectabie amount. Ap
parently, for .or:w ecirncy detectors like 
Ge(Li) to yield s.-az..cay rn-meaningful data 
for air nartif-late mea-ureme.cs, larger partic
ulate marss r-•, be accurnulated. Using the 
minimurm detectabole eL for the laboratory 
scil Tneasuremenrts, one must scale the air par
ticulate data by at least i factor of 10 000. This 
would require the filtering of 10, liters of air 
having. the relatively low particulate content 
found in this study in oriet t,. bring the acTvi
;Ies of t'e 'la:ioS so-ope. -bove their respec-
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TRITIUM IN WATER, AIR MOISTURE, 
AND PRECIPITATION 

Trititim ini water 

Tritium in water was measured in samples 
collected at seven locations, table 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 (1972) (nCi/ results a 
liter*+ 2,) 

Fotbird Island. 0.1 km S__- 6/13 Estuarine 0.39+0.2 zero 
Eaton Fato. 0.4 km W ---1 6/13 wel 40k .2 zero 
BaileyFarm. 0-8 k. 6/13 Well .34* .2 zero 
Tounes Creek. 1.0 km N --- 6/13 Surface .14+- .2 zero 
Chewoolti Neck (camp) 

1.9 krm SW --- .....- 6/13 Well .30:L .2 zero 
Coweagan Narro's. 3.2 k-m 

NE --------------------- 6/13 Estuarine .09:*- .2 zero 
Bluff Head, 4.0 km SSW .-.. 6/13 Estuarine .40*: .2 zero 

' The minimum detectable level for the analysis 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 convention 
as zero. Values greater than 0.4 n~t/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
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analysis in the usual way. The results of these 
measurements are listed in table 6.  

Table 6. Tritium In air moisture 

DartA I Qun- Measured Int,,r
Location and distance collected: tity rosults prei,•| 

from reactor site (1972) imeatsuredl (nCi/lltar result, 
(nil) =i20) (nCl 

liter)

Eaton Farm. 0.4 km W - 6/29 33.7 0.60-4-0.2 0.6 
Bailey Farm. 0.8 km E...l 6/1 33.1 19.1 : .2 19.1 
Westport Firehouse, 1.8 km S 6/27 33.4 .60: .2 6 

a The minimum detectable level for the analysis of tritium by the direct 
liquid scnltlllation counting method used in this study is 0.4 nCi/liter.  
Al values equal to or less than 0.4 nCi.'iiter will be reported by convention 
as rero. Values greater than 0.4 nCi/iiter but which round to this value 
will be reported as 0.4 nCi/iiter.  

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 

from reactor site (1972) (nCi/ results 
liter *2a) (nCi/ 

liter) 

Eaton Farm. 0.4 km W ..- 6/30 Rain 0.40:0.2 zero 
Bailey Farm, 0.8 km NE 6/30 Rain 1.10+ .2 1.1 
Knight Cemetery, 1.1 km I 

E-3/11 Snow .26--- .-2 zero 
W lort 'rehouse, _ 3/11 Snow. .17* .2 zero 

nS ----------------- 31 a- .71 2zr 

a The minimum detectable level for the analysis of tritium by the d'rec: 
liquid scintillation counting method used in this study is 0.4 nCi,' iter.  
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 early 
fifties and subsequent tests have generated con
siderable amounts of tritium so that now most 
of the tritium found in the interchangeable ea
vironmental reservoirs is manmade tritium a
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APPENDIX A

CaVbbration method for the field measurements 

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 
2-r geometry was simulated by uniformily dis
tributing 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 solution of the

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 calculated 
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 2r 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, with 
gamma-ray absorption gradations usually 
being a secondary consideration.
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"APPENDIX C

Discussion of error aealysis wsed in the • t 

Compton continuum subtra•ction method 

The Compton continuum subtraction method 
was used for the quantitative analysis of all 
laboratory measurements employing the 
Ge(Li) detector system. The measurements in
volved were soil, sediment, undissolved solids 
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 cha-nels on 
either side of that channel. We chose to use the 
photopeak channel and five channels on each 
side. 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 numzers 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 in the 11 channels

of the baseline B. the area of the photopeak 
will be P-B. The absolute error associated with 
this area will be V'P + V'B since the absolute 
erzor in an addition or subtraction is equal t.-.  
the sum of the absolute errors in the inpu,' 
quantities. We find reported in tables 1, 2, 4, 
and appendix D values with errors. These values 
and errors are ;ased upon the photopeak area 
and associated absolute error, that is (P-B) 

(VF + V9B).  
When the photopeak area (P--B) is less than 

v'P + N/B we say that the amount of the par
ticular isotope involved is less than the mini
mum detectable level. The minimum detectable 
level for a particular isotope is based upon the 
absolute error VP + N/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 compli.  
cation confronted in this study was cases in 
which the branching ratio was known to less 
accuracy than the statistical limits placed on 
the phcUtopeak 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.
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PREFACE 

t 
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 impacts 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. It compares the pre

operational survey with the postoperational survey to 

determine the amount of contamination resulting from 

operations of this power reactor.  

oyd L. Galpin 
Director 

Environmental Analysis Division 
Office of Radiation Programs



RADIOACTIVE ISOTOPIC CHARACTERIZATION OF THE ENVIRONMENT

J jNEAR WISCASSET, MAINE USING PRE- AND POST-OPERATIONAL SURVEYS IIN 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 grea~t specific 
activity. Radionuclides in the water were mainly natural LRn and 
daughters. Tritium concentrations were at minimum detectable level.  
Air particulate showed traces of 5Be and 95 ZrNb at fallout levels which 
were not significantly different from the preoperational levels. High 
pressure ion chamber dose rates ranged from 8.9 to 12.6 iiR/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 of radionuclides by consumpt n of oysters 
would be 0.27 mrem/yr for 58 Co and 0.004 mrem/yr for NMn.  
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FORWARD

This report presents the procedures and results of an environmental 

radioactivity 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, estuarine 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 employs the 

same techniques, environmental media, and sampling sites as the pre-operational 

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 

content of the soil, estuarine sediment, estuary, well, 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

tration 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 wi.th the Maine.Yankee Semi-annual 

Report of Release of Radioactive Materials(1) and with predictions of 

the Maine Yankee Environmental Impact Statement(2) 

C. To examine in detail the largest change observed in the study.



-2-

1.3 Study Design 

Studies of pressurized water reactors as outlined by Kahn(3 Rowe 

and Lentsch(5) 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 

Materials(1 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 radionuclides 

in the gaseous effluent is ' 33 Xe and tritium. Several other radionuclides 

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 

3 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(6,7) 

I The two surveys 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.  

4 

I
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2.1 RADIONUCLIDES IN THE SOIL AND SEDIMENT 

2.11 Laboratory Soil and Sediment Measurements and Their Analysis 

Soil samples were collected at the following 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 corner of a square grid 25 cm 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 1lO°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(8) 

All 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.

it

E0-



TABLE I 
POST-OPERATIONAL LABORATORY SOIL AND SEDIMENT GAMMA-RAY ANALYSIS

SAMPLE IDENTIFICATION THORIUM 
SERIES

URANIUM 
SERIES

OTHER 
NATURAL

RADIONUCLIDES

LOCATION DATE DATE TYPE 2 2 8Ac 214Bi 
40K 

1 3 7Cs I34Cs 
58Co 6

0Co 54Mn 

COLLECTED COUNTED pCi/kg pCi/kg pCi/kg pCi/kg pCi/kg Cl/kg pCi/kg pCi/kg 
±2a ±2 ±2 12o ±2c ±2a 12a 2 

Foxbird 8/14/74 11/16/74 soil 900 700 7300 4600 < 35 < 25 < 30 < 15 

Island ±90 ±200 1950 ±180 

Eaton 8/14/74 11/18/74 soil 1100 1100 17400 2500 < 35 < 25 < 30 < 15 
Farm ±120 ±120 ±1200 ±130 

Bailey 8/14/74 i1/20/74 soil 1100 1100 17600 1800 < 35 < 25 < 30 < 15 
Farm ±150 ±170 ±1300 ±100 

Young's 8/14/74 11/18/74 tidal 1100 800 19400 700 < 35 < 25 < 30 < 15 
Creek marsh soil ±120 ±70 ±780 ±50 

Knight 8/14/74 11/19/74 soil 1700 1300 11300 4000 < 35 < 25 < 30 < 15 
Cemetery 1225 ±180 ±1300 ±160 

Westport 8/14/74 11/17/74 soil 800 800 11800 3200 < 35 < 25 < 30 ', 15 

Firehouse ±90 ±100 t700 ±100 

Chewonki 8/14/74 11/14/74 soil 900 700 15100 1500 < 35 < 25 < 30 < 15 

Neck(Camp) ±90 ±80 ±600 ±50 

Cowseagan 8/14/74 11/15/74 soil 1000 1000 14300 1300 < 35 < 25 < 30 < 15 

Narrows ±70 ±100 ±570 ±50 

Bluff 8/14/74 11/19/74 soil 1200 1600 13300 1200 < 35 < 25 < 30 < 15 

Head ±48 ±80 ±530 ±50 

Foxbird 8/14/74 11/15/74 tidal marsh 900 900 20500 1000 1000 21000 2420 450 
Island sediment t300 ±270 ±1600 ±130 ±130 ±400 t250 ±100 

Murphy's 8J14/74 11/20/74 tidal flat 900 800 18000 500 < 35 < 25 < 30 < 15 
sediment ±90 ±72 ±500 ±35

All measurements based on dry weight



TABLE II 
PRE-OPERATIONAL LABORATORY SOIL AND SEDIMENT GAMMA-ZAY ANALYSIS 

SAMPLE IDENTIFICATION THORIUM URANIUM OTHER RADIONUCLIDES 
SERIES SERIES NATURAL 

DATE DATE 2 2 8Ac 214Bi 40K 137Cs 1 34Cs seC° 60CO 54Mn 

LOCATION COLLECTED COUNTED TYPE pCi/kg pCi/kg pCi/kg pCi/kg pCi/kg pCi/kg pCi/kg pCi/kg 
±2a ±2a ±2. ±2c t2o ±2c 12o ±2o 

Foxbird 6/29/72 7/20/72 soil 1200 700 14000 940 < 30 < 25 < 30 < 20 

Island ±I00 ±90 ±1000 ±85 

Eaton 6/12/72 7/17/72 soil 340 630 14900 870 < 15 < 12 < 15 < 10 
Farm ±120 ±70 ±400 ±45 

Bailey 6/12/72 7/12/72 soil 1240 810 14600 1670 < 30 < 25 < 30 < 20 
Farm ±300 ±150 ±1300 ±110 

Young's 6/12/72 7/14/72 tidal 880 1075 18200 800 < 30 < 25 < 30 < 20 
Creek marsh ±250 t120 ±400 180 

s o i l ... . . . . .. . . .. .. .  

Knight 6/12/72 6/26/72 soil 1210 700 11200 4960 < 30 < 25 < 30 < 20 
Cemetery ±200 ±80 ±1200 ±110 

Westport 6/12/72 6/21/72 soil 1000 920 11800 1110 < 30 < 25 < 30 < 20 
Firehouse ±350 ±120 ±900 ±85 

Chewonkl 6/12/72 7/20/72 soil 1100 1370 13200 3340 < 30 < 25 < 30 < 20 
Neck(Camp) ±250 ±300 ±1200 ±130 

Cowseagan 6/13/72 7/24/72 soil 300 730 13400 2620 < 30 < 25 < 30 < 20 
Narrows ±300 ±180 ±1250 ±130 

Blvff 6/12/72 6/22/72 soil 660 1100 11300 2030 < 30 < 25 < 30 < 20 
Head ±300 ±180 ±1240 ±110 

Foxbird 6/29/72 7/28/72 tidal 250 500 15000 350 < 15 < 12 < 15 < 10 
Island marsh ±130 ±180 ±350 ±32 

_.... . . .. .. . . .s e d i m e n t . ... . . . .... ....... .  

Murphy's 7/3/72 7/27/72 tidal 1660 740 15200 450 < 30 < 25 < 30 < 20 
Corner flat ±280 ±120 ±1200 ±80 

sediment ..

--- Moos"

0I
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The Thorium series as represented by 2 28 Ac is found to be the same 
(±2a) as the pre-operational measurements with significant changes only 

at Eaton Farm soil. At present there is no obvious explanation of the 

difference. The Uranium series as represented by 2 14 Bi is found, in all 

cases, to be the same (±2a) as pre-operational measurements. The 

concentration of 40K is found to be the same (±2a) 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. 1 3 7 Cs is observed to be the same (±2a.) in all cases 

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

Chewonki Neck soil, Bluff Head soil, and Foxbird Island sediment. Finally, 
134Cs, 5 8Co, 6 °Co and 5 4Mn 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(2). Specifically, page V-15, states - "Recreational and 

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 livelihood 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 

person 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 1 34 Cs and 
1 3 7 Cs 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

•-~~~~~ 7- . .•.. ..
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a body exposure since they sift through the mud while harvesting the worms." 

We find that over (0.92) of the exposure will come from 5 4Mn, 58Co and 

60Co with the remaining portion (.08) coming from 134 Cs and 1 3 7 Cs.  

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.  

,'*



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), 

1.9 km, S.W.. On-site sediment measurements were taken at low tide at 

Murphy's Corner, 2.9 km, S.W. the location of a tidal mud flat of commercial 

importance to the local blood worm industry and Foxbird Island the site of 

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 

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 

Isotopes, Inc., Model S-88-I with 8.4 percent resolution at the 1 3 7Cs 

photo-peak. It was powered by a Northern Scientific, Inc. high voltage 

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 lb. lead 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.the ground, the detector lowered 

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) 2Tr geometry . It is felt that this geometry has two advantages: (i) it is 

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 converted 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, Alpha-M(9) 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 also 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 4 OK, 1 3 7 Cs, 

the 2 3 2 Th series, 134Cs, 58Co, 6 0 Co, and the 2 3 8 U series. Output from the 

program consists of the estimated amount of each standard spectra needed to 

synthesize the sample spectrum, the estimated error in the amount used for 

each library 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 lie 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 40 K, and the natural 

decay series for 2 32Th and 238U. A significant amount of 13 7 Cs, a non

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

Foxbird Island tidal mud flats indicates 58 Co, and 60 Co at this site.  

Comparison of the levels of natural isotopes 2 32 Th, 238U and 40K and 1 37Cs 

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

the exception of the Foxbird Island measurement which had more 238U, 2 32Th 

and less 137 Cs, and may be due to disturbances done by nearby construction 

of a diffuser for the reactor. Eaton Farm also shows more 238U series and 

is not explained.  

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

6°Co was also measured at Bailey Farm and Knight Cemetery while 58 Co was 

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

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

and 2 3 2Th has increased and 1 37 Cs decreased as compared to the pre-operational 

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.



POST-OPERATIONAL FIELD
TABLE J I I 

SOIL AND SEDIMIENT GAMMA-RAY ANALYSIS

232Th 2 38U 40K 137Cs 58Co 60co 

LOCATION DATE TYPE pCi/kg pCi/kg pCi/kg pCi/kg pCi/kg pCi/kg 
MEASURED . ±2o ±2a ±20 i22 ±2a ±2c 

Foxbird 8/24/74 soil .2000 1250 17400 3800 < 30 150 
Island ±70 ±120 ±750 ±230 ±90 

Eaton 8/22/74 soil 2300 1300 24700 2800 210 < 75 
Farm ±80 ±120 ±740 ±260 ±30 

Bailey 8/22/74 soil 2100 1000 18600 3380 < 30 60 
Farm ±95 ±130 ±880 ±370 ±90 

Knight 8/22/74 soil 3100 660 23200 6900 < 30 150 
Cemetery ±80 ±120 ±790 ±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 ±60 ±80 ±470 ±200 ±20 ±70

/ 
(

........
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PRE-OPERATIONAL FIELD
TABLE ?V 

SOIL AND SEDIMENT GAMMA-RAY ANALYSIS

OCATION DATE TYPE THORIUM URANIUM 40K 1 3 7Cs 58Co 6 0Co 
MEASURED SERIES SERIES pCi/kg pCi/kg pCi/kg pCi/kg 

pCi/kg pCi/k .  

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 6/27/72 soil 2000 800 16000 3300 < 30 < 75 
Farm ±100 ±200 ±6000 ±600 

Young's 6/27/72 soil 1600 600 14000 4000 < 30 < 75 
Creek ±400 ±200 ±9000 ±1400 

Knight 6/27/72 soil 3100 600 20000 9500 < 30 < 75 
Cemetery ±300 ±200 ±6000 ±1600 

Westport 6/27/72 soil 1500 500 14000 7600 < 30 < 75 
Firehouse ±100 ±100 ±3000 ±2000 

Chewonki 6/26/72 soil 1900 500 20000 5000 < 30 < 75 
Neck (Camp) ±100 ±150 ±4000 ±1100 

Cowseagan 6/27/72 soil 1700 500 15000 5400 < 30 < 75 
Narrows ±100 ±100 ±3000 ±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 ±1900

I4
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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, under the direction 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 low 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 5 8 Co and 6°Co, 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 I water and reconcentrated into the sediments. This reconcentration is 

consistent with a diffusion theory for fallout radionuclides in sediments 

(10) 
as suggested by Lerman and with chemical precipitation of 58Co in the 

effluent of reactors as suggested by Fukui( 1 1 ). Comparison of the average 

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 

channel of the outflow. The radionuclides 13 4 Cs, 

this out by having similar behavior to the 58Co.

along the most direct 

1 3 7 Cs, and 60Co bear 

Since the Maine YankeeI

V 
-� - - .'.- -.---- -

Environmental Impact Statement(2) does not specify range or distribution 

guidelines or estimates no comparison is made. However, implicit in the 

model(12) 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 60 Co was observed in the 

sediment transect #19 and had a total activity ( 58 Co, 530 pCi: 1 6Sc, 

670 pCi: 5 4Mn, 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 iron, nickel, alpha and gamma manganese and 

possibly chromium and vanadium. This stainless steel like composition 

suggests reactor origin. The particle was also checked for the oxides, 

chlorides, nitrates, sulphates and hydroxides of these metals with negative 

results (13)



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 
41 

measurement of in-situ water with portable multichannel analyzer-detector 

equipment is significantly less sensitive than laboratory measurement and 

,. yields no additional information. Laboratory measurement, 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 collected at the following seven sites Foxbird 

Island, 0.1 kin, S.; Eaton Farm, 0.4 km, W.; Bailey Farm, 0.8 kin, 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 

SCWP09025 cellulose ester 8 .0v filter, a Millipore AP3207500 spacer and a 

Millipore HAWPO9025 cellulose ester 0.4511 filter for each water sample.  

Ten liters 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 

I placed in a plastic bottle for tritium analysis, (see section 2.23). The 

dissolved component, (one gallon 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.  

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 weighed before use. After use they were dried and reweighed 

to determine the amount of undissolved material. The filters were sent 

to the Eastern 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.  

-I



.. �" �.i."-* -....

TABLE V 
POST-OPERATIONAL LABORATORY WATER MEASUREMENT 

UNDISSOLVED COMPONENT (FILTER) COLLECTED 8/14/74

LOCATION 

Foxbird 
Island

Eaton 
Farm 

Bailey 
Farm

Long Ledge 
Creek 
Youn Is Creek 

Chewonki 
Neck (Camp) 

Cowseagan 
Narrows 

Bluff 
Head

WATER 
TYPE 

estua rinle 

well 

well

surface 

well

I estuarine

estuarine

SAMPLE MASS 
(GRAMS) 

0. 165 ± 
0.015 

0.005 ± 
0.015 

0.002 ± 
0.015 

0.621 ± 
0.045 

0.005 ± 
0.015 

0.122 ± 
0.015 

0.149 ± 
0.015

GROSS ALPHA GROSS BETA 

pCi/l0 liters pCi/10 liters 
±2a ±2o

18.9 ± 85% 2.6 ± 39%

60.7 ± 33% 21.1 ± 22%

2.1 ± 59% 4.8 ± 59%

6.2 ± 66% 1.6 ± 57%

ND

N D

1.3 ± 69%

ND

GROSSGAMM
GROSS GAMMA 
pCi/10 liters 

±2o 

NO

ND 

ND 

ND 

ND 

ND

ND

F

I

4.

1.4 ± 81%N D

I
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TABLE VI 
PRE-OPERATIONAL LABORATORY WATER MEASUREMENT 

UNDISSOLVED COMPONENT (FILTER) COLLECTED 6/13/72 

LOCATION WATER SAMPLE 
TYPE MASS 2 2 8Ac 2 1 2Bi 2 08 TI 2 1 4Pb 2 14 Bi 40K 

(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 ±45 

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 0.005 

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

! '
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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 2 2 2 Rp. This 

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

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). In 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 waterillas measured in samples collected at the following 

seven locations, 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 Fig. 1). Each water sample was filtered as described in section 2.2.  

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

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

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

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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Long Ledge 
Creek 

(Young's Creek) 

Chewonki 
Neck (Camp) 

Cowseagan 
Narrows 

Bluff 
Head

8/15/74 

8/15/74 

8/15/74 

8/15/74

TABLE VII 

RATIONAL TRITIUM IN WATERPOST-OPE 

LOCATION DATE 
COLLECTED 

Foxbird 8/15/74 
Island 

Eaton 8/15/74 
Farm 

Bailey 8/15/74 
Farm

The minimum detectable level (m.d.l.) for the analysis of tritium is 0.2 nCi/1.

I

TYPE ACTIVITY INTERPRETED 
nCi/1±2a RESULT 

estuarine 0.2 ± 0.2 at m.d.l.  

well < 0.2 below m.d.l.  

well 0.2 ± 0.2 at m.d.l.  

surface 0.3 ± 0.2 above m.d.l.  

well 0.2 ± 0.2 at m.d.l.  

estuarine < 0.2 below n.d.l.  

estuarine 0<0.2 below m.d.l.



I 
I 

I 

I 
I
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TABLE VIII 

PRE-OPERATIONAL TRITIUM IN WATER

LOCATION DATE TYPE ACTIVITY INTERPRETED 
COLLECTED nCi/l±2o 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



-26-

TABLE IX 
POST-OPERATIONAL TRITIUM IN AIR MOISTURE

I I 
WATER MEASURED INTERPRETED 

LOCATION DATE QUALITY AIR RESULTS +2a RESULTS 
COLLECTED MEASURED VOLUME nCi/l WATER nCi/l 

Eaton 8/27/74 32.8 ml 1280 1 < 0.2 zero 
Farm 

Bailey 8/27/74 33.0 ml 1990 1 < 0.2 zero 
Farm 

Westport 8/27/74 25.4 ml 1730 1 < 0.2 zero 
Firehouse 

TABLE X 
PRE-OPERATIONAL TRITIUM IN AIR MOISTURE 

SWATER MEASURED INTERPRETED 
LOCATION DATE QUALITY AIR RESULTS ±2a RESULTS 

COLLECTED MEASURED VOLUME nCi/l WATER nCi/l 

Eaton 6/29/72 33.7 ml 2502.7 1 0.60 ± 0.2 0.6 
Fa rim 

Bailey 6/15/72 33.1 ml 2000.0 1 19.1 ± 0.2 19.1 
Farm 

Westport 6/27/72 33.4 ml 2500.0 1 0.60 ± 0.2 0.6 
Firehouse
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TABLE XI 
POST-OPERATIONAL TRITIUM IN PRECIPITATION

LOCATION DATE 
COLLECTED

TYPE MEASURED RESULTS 
nCi/l±2a

INTERPRETED 
RESULTS 

nCi/l

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/l±2q nCi/l 

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

I

I 
I
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2.232 Tritium in the Air Moisture 

Tritium in the air moisture was measured in samples collected at the 

j 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 

diameter by 24 cm long) containing a desiccant(14) The desiccant used 

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 

time was between two and four hours depending on the relative 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/l 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 level of 0.2 nCi/liter and the level 
I at Bailey Farm to be 0.3 ± 0.2 nCi/liter, greater than the minimum detectable 

level. Tritium activity in the snow samples was below the minimum detectable 

level.  

2.24 Discussion of Tritium Measurements 

The purpose oftritium 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.  

There 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(2) 

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 effluent, 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 level. 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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I 

!I

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 ft 3 of air were 

filtered at each site. The filter was folded three times (8 layers) and 

placed on the circular surface of the NaI(Tl) 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 seconds. The multichannel analyzer was 

outputted on the teletype. Qualitative analysis shows that the bulk of 

the activity was due to daughters of 2 2 2 Rn and 2 2 0Rn. 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 pm 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, 

4 for gamma-ray analysis. Each sample was counted for gamma-rays in the 

40 ml NaI(TI) 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 2 2 °Rn and 2 2 2 Rn 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 XIII and XIV show no significant changes.  

2.4 High Pressure Ion Chamber 

2.41 High Pressure Ion Chamber'Measurements 

High pressure ion 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 Easter[ 

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 Recorder. 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 kim, S.; Eaton Farm, 0.4 km, W.; Bailey Farm, 0.8 kin, N.E.; 

Young's Creek, 1.0 km, N.; Knight Cemetery, 1.1 km, E.; Westport Firehous 

1.8 km, S.; Chewonki Neck (Camp) 1.9 km, S.W.; Cowseagan Narrows, 3.2 kinm 

N.E.; Bluff Head, 4.0, S.S.W.; Cromwells 1.0 kin, E.; and sediment sites 

Foxbird Island, 0.1 kin, S.; and Murphy's Corner, 2.8 kin, S.W.. The resu 

"of these measurements are shown in Table XV. Table XV lists high pressu 

ion chamber measurements of dose rate (pR/hr) for the post-operational a 

pre-operational(15) 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 

$ discussed in Appendix C(16) 

I 

I 

I;
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TABLE XIII 
POST-OPERATIONAL AIR PARTICULATE ANALYSIS 

COLLECTION AIR VOLUME PARTICULATE m-ACTIVITY B-ACTIVITY y-ACTIVITY 
LOCATION DATE LITERS MASS pCi/FILTER pCi/FILTER pCi/FILTER 

(GRAMS) ±20 ±2a ±2-a 

Bailey 8/19/74 166,230 0.016 ± 5.3 + 68% 29.3 73% 34 ± 37% 
Farm 0.001 (7 Be) 

Eaton 
Farm 8/22/74 197,350 0.004 ± 6.0 ± 70% 25.4 - 10% 4 ± 18% 

0.001 (95 ZrNb) 

Westport 8/27/74 191,960 0.005 ± 7.7 ± 55% 4.4 - 11% NONE 
Firehouse 0.001 

TABLE XIV 
PRE-OPERATIONAL AIR PARTICULATE ANALYSIS 

_OCATION COLLECTION AIR VOLUME PARTICULATE y-ACTIVITY y-ACTIVITY ( 7 Be) 
DATE LITERS MASS ZrNb 

(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 ± <1s pCi <200 pCi 
Firehouse 0.001

I



TABLE XV 
COMBINED PRE-OPERATIONAL AND POST-OPERATIONAL 

HIGH PRESSURE ION CHAMBER MEASUREMENTS 

SITE NAME POST-OPERATIONAL POST-OPERATIONAL PRE-OPERATIONAL 
(measured over MEASUREMENTS DOSE RATE MEASUREMENTS soil unless DATE wR/hr DATE 
otherwise noted) 

Foxbird Island 8/24/74 10.1 

Eaton Farm 8/22/74 10.2 9/20/71 

Bailey Farm 8/22/74 9.. 7 9/20/71 

Young's Creek 8/22/74 9.7 .  

Knight Cemetery 8/22/74 11.2 

Westport Firehouse 8/22/74 9.5 9/21/71 

Chewonki Neck Camp 8/22/74 9.9 

Cowseagan Narrows 8/22/74 10,2 

Bluff Head 8/22/74 10.8 

Foxbird Island 8/24/74 12.6 9/21/71 
(sediment) 

Murphy's Corner 8/22/74 8.9 9/21/71 
(sediment) 

Cromwells 8/22/74 9.1

PRE-OPERATIONAL POST-OPERATIONAL 
DOSE RATE CALCULATED DOSE 

pR/hir RATE (wR/hr) 

8.9 

9.5 12.0 

9.5 12.0 

- 11.7 

13.0 

11.4 9.6 

10.2 

10.9 

12.3 

7.3 14.51 

7.91 10.8
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JAN-JUNE 73
JULYDEC 3 JA-JUN 74 JULY-DECi 74 I i i 4 J_ I _ _ _ _ _ I_1

4 OBaLa 

1331 

1311 

133Xe 

1 3SXe 

1 3 7
Cs 

134Cs 

6 0
Co 

5 8 Co 

51Cr 

5 4Mn 

103Ru 

9OSr 

99Mo 

9 5
Zr 

9 SNb 

5 9 Fe 

97Zr 

UN 
1 3 3 mXe 

5 7
Co 

8 9 Sr 

3H

NDA 

NDA 

4.12 x 10-3 

1.49 x 10-3 

NDA 

NDA 

NDA 

2.04 x 10-4 

5.48 x 10-3 

NDA 

8.06 x 10-4 

NDA 

LOST 

1.50 x 10-5 

1.5 x 10-5

71.9 1 iS 1 AA 
I 

-- -

NIA 

NDA 

4.12 x 10-3 

1.49 x 10-3 

NDA 

NDA 

NOA 

2.04 x 10-4 

5.48 x 10-3 

NDA 

8.06 x 10-4 

NDA 

LOST 

1.5 x 10-5 

1.5 x 10-5

NDA 

NOA 

1.62 x 10-3 

7.05 x 10-2 

NDA 

NDA 

NDA 

3.34 x 10-3 

6.56 x 10-2 

2.68 x 10-2 

1.12 x 10-2 

NDA 

NDA 

NOA 

3.1 x 10-3 

2.9 x 10-3 

5.95 x 10-3 

75.67

.---.-.-.--.-. -� - -.

JULY-DEC 72

NDA

8.20 x 

1.04 x 

NDA 

9.81 x 

7.31 x 

1.46 x 

2.60 x

10-2 

10-2 

10-1 

10-1 
0-2 

10-1

6.09 x 10-5 

2.93 x 10-3 

2.76 x 10-1 

11.7 

7.78 x 10-3 

6.15 x 10-3 

2.53 x 10-3 

5.41 x 10-3 

2.17 x 10-2 

3.78 x 10-2 

1.99 x 10-3 

NDA 

1.40 x 10-5 

2.30 x 10-3 

1.54 x 10-3 

2.62 x 10-3 

6.48 x 10-5 

9.38 x 10-6
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APPENDIX A 

LIQUID EFFLUENT INVENTORY IN CURIES 

TABLE XVI

r 4

1. 34 x 10-3 

9.22

6.09 x 10 

2.93 x 10O 

0.37 

11.78 

7.78 x 10" 

9.9 x 10

7.3 x 10

2.3 x 10" 

3.58 x 10

4.04 x 10 

1.48 x 1O

NDA 

1.40 x 10

2.33 x 10

4.64x 10

5.52 x 10

7.14 x 10

3.0 x 10-5 

1.34 x 10

6.48 x 10

9.38 x 10-1 

2.94 x 10

I$ 

I

NDA 

NOA 

1.19 x 10-3 

NDA 

2.94 x 10-5

3.81 x 102

K

71.9 115 inA

JAN-JUNE 74JULY-OEC 73 JULY-BFC 74

77.9 115 _w ,



i 

I.

13 7
Cs 

II.OBaLa 

90 Sr 

I 3 tCs 

8 9 Sr 

S8Co 

60
co 

I iOAg 

S7Co 

9 9
Mo 

131 1 

1331 

1351 

8 5 Kr 

1 3 3
Xe 

88Kr 

8 7
Kr 

13 8 Xe 

13Smx~e 

4 1
Ar 

13 3 mXe 

131mxe 

88Rb 

8 5 MKr 

1 3 5
Xe 

SlCr 

S5fb

10-6

9.39 x 10

NDA 

NDA 

6.3 x 10-3 

6.36 

HBA 

NDA 

NDA 

NBA 

NDA 

8.9 x 10.2 

NDA 

NDA

8.91 x 10-5 

1.62 x 10-3 

3.28 x 10-4 

NDA 

1.505 

151-56 

NOA 

NDA 

NDA 

NDA 

1.00 x 10-1 

NDA 

NDA 

1.27 x 10 -i

2.3 x 10-5 

5.1 xO-6

2.2 x 

2.9 x 

6.58 x 

3.00 x 

5.79 x 

3.50 x 

3.81 x 

NDA 

NDA 

NDA

10-8 

0-6 

I0-2 

10-2 
10-3 

10 2 

10 3

=I 

j 

-} 

I.

I
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TABLE XVI 

GASEOUS EFFLUENT INVENTORY IN CURIES 

JAN-JUNE 73 JULY-DEC 73 JAN-JUXE 74 

NDA NUA 3.51 x 16.5 

NDA NDA NDA 

NDA NDA 

NOA NDA 1.37 x 10-5

OCT-DEC 72 

NDA 

NDA 

NOA 

NDA

-4

JULY-DEC 74 

NDA 

NDA 

NDA

1.71 x 10-0 

NDA 

NDA 

2.05 

NDA 

NDA 

NOA 

NDA 

NDA 

7. 1 x 10-2 

NBA

3.9 x

5 

6 

2 

3

3.32 x 10" 

1.72 x 10 

NDA 

NBA 

2.10 x I0

2.90 x 10

4.98 x 10

1.48 x 1O

NDA 

4.36 x 102 

2.41 x 103 

NBA 

NDA 

NBA 

NDA 

NDA 

3.30 

7.78 x 101

NBA 

NDA 

4.91 x 101 

NOA 

NDA 

1.90 x 102 

8.4 x 10-6 

1.78 x 10-6

NDA 

S.50 x 10-1

4 :: •:••• .•••._:. .-.. .. .

0
e
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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(Li) 

detector with low background shield. The lists of counts were then comp.  

with lists 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 picocuri( 

per kilogram of sample. The first five columns of this table contain 

concentrations of natural isotopes: 2 2 8Ac, 2 0 8 TI of the Thorium series, 
2 1 4Pb, 2 1 4 Bi of the Urnaium series, and 4 0 K. The remaining columns of 

concentrations are of man-made fallout or reactor origin. Trace amounts 
46Sc or 6 5Zn 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 1 4 Bi. The 
radionuclides 9 5Nb- 9 5Zr (200 pCi/kg) were observed at Foxbird Island, Bai 

Farm, Young's Creek, Knight Cemetery, Westport Firehouse, Bluff Head, Mur 

Corner and Foxbird Island sediment, and 1311 (300 pCi/kg) may have been 

observed in Murphy's Corner sediment. Errors are quoted under each numbe 

and represent ±1a.  

"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 post-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 limit. 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 i lo 

DATE OF DATE OF 
LOCATION COLLECTION MEASUREMENT TYPE 22 8Ac 2°8T1 2 14 Pb 21B•B K 137 Cs S8 Co °Co 134Cs IMn 

Foxbird 6/29/72 8/15/73 soil 600 600 1000 700 11000 800 - 200 
±400 ±200 ±100 t200 ±1000 ±100 ±60 

Island 8/14/74 8/17/74 soil 600 700 700 10000 5400 - 60 
±400 ±500 ±200 ±1000 ±400 ±30 

Eaton 6/12/72 8/14/73 soil 1100 1400 1100 900 15000 1900 - - 600b 20 
±200 ±200 ±200 ±100 ±1200 ±100 ±80 ±30 

Farm 8/14/74 8/19/74 soil 1300 1200 1400 800 15000 1900 - - 4d0 
±300 ±200 ±200 t200 ±1200 1100 ±70 

Bailey 6/12/72 8/14/73 soil 1400 1600 2000 900 17000 1300 - - 200 
±300 ±200 ±200 ±100 ±1400 ±100 ±60 

Farm 8/14/74 8/17/74 soil 700 700 1000 c00 15000 1800 - 300 
S±200 ±200 ±100 ±100 ±1200 ±100 ±60 

Young's 6/12/72 8/16/73 tidal marsh 1200 1400 1600 800 18000 S0 - - 100 
soil ±200 ±200 ±200 ±100 ±1100 ±100 ±100 

Creek 8/14/74 8719/74 tidal marsh 1400 1800 1000 800 14000 800 80 - 300 
±300 ±300 ±100 ±200 ±1300 ±100 150 ±60 

Knight 6/12/72 9/21/73 soil 2400 1600 1600 1400 13000 6200 - 70 300 
±400 ±200 ±200 ±300 ±1400 ±300 ±50 t60 

Cemetery 8/14/74 8/17/74 soil 1700 1400 1400 1100 10000 3600 - 60 600 
±500 ±200 ±200 ±200 1200 ±200 ±50 ±80 

Westport 6/12/72 8/17/73 soil 1100 800 1700 1000 10000 1300 - 40 300 
±200 ±200 ±200 ±100 ±900 ±100 ±50 ±60 

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 ±60 

Chewonkl 6/12/72 9/19/73 soil 1300 1300 1500 1200 16000 5000 - 160 100 
±300 ±300 ±200 ±200 ±1400 ±300 ±70 ±30 

Neck Camp 8/14/74 8/20/74 soil 600 700 800 600 10000 1700 - 90 300 
±200 ±200 ±100 ±200 ±1200 ±100 ±44 ±60 

Cowseagan 6/13/72 8/17/73 soil 700 900 1600 800 17000 4000 120 40 200 
±300 ±300 ±200 ±200 ±1700 ±200 ±64 ±50 ±60 

Narrows 8/14/14 8/19/74 soil 1000 1100 1700 700 10000 - - 30 81 25 
±200 ±200 ±200 ±100 ±1000 ±50 ±20 ±30 

Bluff 6/12/72 8/21/73 soil 1900 1100 2000 1600 12000 2500 80 - 100 
±300 ±200 ±200 ±200 11100 ±200 ±50 ±30 

Head 8/14/74 8/17/74 soil 1300 1500 1300 1100 12000 1800 - - 400 20 
±300 1200 ±200 ±200 ±1100 ±200 ±70 ±30 

Murphy 8/14/74 8/20/74 Sed. 1100 1100 1300 1000 12000 400 100 20 400 
Corner ±200 ±200 ±200 ±200 ±1000 ±200 ±40 ±30 ±70 
Foxbird 8/14/74 8/20/74 Sed. 600 1400 2388 2000 8000 910 19000 18Q 1000 2 
Island I0oo ±300 10 1200 ±900 ±100 ±400 ±100 ±800 600

0 I•

e
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APPENDIX C 

Calculation of Dose Rate at One Meter from Gamma-Ray Emitting 

Soils and Sediments 

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

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

the isotope concentration of the plane medium to dose at one meter above 

the surface for 40 K, 1 3 7 Cs, 6 0 Co, 2 3 2Th-series and 2 3 8 U-series are found 

in a paper due to Beck(16,17)_ Two new factors, using Beck's Table 7 and 

branching ratios from the literature, are calculated for 58Co and 1 34Cs.  

These eight 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 Pelt(15) over 

water in 1971.

S
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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

N

Isotope Factor 

(iiR/h per pCi/g) 

4°K 0.179 

Natural 2 3 8U-Series 1.82 

2 3 2Th-Series 2.82 

(vR/h per mCi/km2 ) 

137CS 4.29 

Man Made 58Co 7.25 

6 0 Co 18.0 

54 Mn 6.3 

1 34Cs 11.4
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TABLE XX 

POST-OPERATIONAL LABORATORY RESULTS USED IN CALCULATION OF 
DOSE RATE (uR/h) I METER ABOVE GROUND

4k 

14 
4, 

1)

Murphy's 
Corner 
(sed.)

3.22 1.45 2.53 .02 7.20 3.60 10.80

*Taken over water in 1971 by W. Van Pelt 

tIncluding 1 34Cs, 58Co, 6"Co and 54Mn (2.93tiR/h)

I

TOTAL 
LOCATION 40K 2 3 8 U-series 2 3 2 Th-series 1

37Cs GAMMA-RAY COSMIC GRAND 
DOSE RATE RAY* TOTALt 

Foxbird 
Island 1.30 1.24 2.53 .22 5.29 3.60 8.89 
(soil) 

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 
Cemetery 2.02 2.36 4.79 .19 9.36 3.60 12.96 
(soil) 

Westport 
Firehouse 2.11 1.45 2.25 .15 5.96 3.60 9.56 
(soil) 

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 3.60 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.) I
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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 radionuclidec 
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 Damariscotta Estuary. Gamma
ray peaks have been observed at 0.810 MeV ( 5 8 Co), 1.173 and 1.332 MeV ( 6 0 Co 
1.732 (4 0 K), 0.835 MeV ( 54Mn), 0.765 MeV ( 9 5Nb), 0.238 MeV ( 2 12Pb), and 

0.662 MeV (1 3 7Cs) using a Ge(Li) detector. The concentration of the most abundant man-made isotopes 58Co, 6OCo, and 54Mn 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 
Syor(18) Pet(19) (0 Seymour Jefferies and Preston , Naidu and Seymour Nelson and (21) ha(2) ien Richards(23) Seymour Wf Lowman, Rice and Richars and radionuclide 

accumulation has been studied in sediments by Heft, Phillips, Ralston, and 

Steel( 2 4 ) Noshkin and Bowen (25) and Lentsch, et. al .(26) among others.  
Models, field studies and laboratory studies of accumulation and depuration 
have been undertaken for radionuclides in reactor effluent for 1 3 7Cs and 
6 °Co in the marine clam, Harrison 2 7); 58Co in the mussel, Mytilus edulis, 
Shimizu et. al28).; Teleost and Elasmobranch fish, Pentreath(29), 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.



-45-

Mathematical models for accumulation of radionuclides, are usually 

based on a constant source of radionuclides, a 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 liquid, radionuclide effluents are usually released 

according to some schedule with waiting periods between releases, as 

discussed by Heft et.al.(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 

representing the release schedule 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 SI, outflow of the reactor S2, upper cove 

S3 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 the 

Ge(Li) detector enclosed in a low background shield. Approximately 1 liter 

of live oysters were counted for 5000 seconds and the resulting data were 

-computer processed using the Compton continuum subtraction method(8) 

After counting, the oysters were returned to their original locations. The 

concentrations of radionuclides were determined using standard techniques 

to calibrate the multichannel analyzer-detector-shield system.  

-4 
(|
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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., Oak 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 linear 

differential equation

dN dt -A-N + R(t),

dN) where d-N is the rate of increase in atoms of nuclide N, AN is the rate of dt 
loss due to radioactive 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 XpN which describes the ("Biologica

Decay") observed experimentally by Seymour(18).  

dN + AN + AN N R(t). 2) dt p" 

j The solution to Eq. I may be written 

N = e eAR(t) dt + ce-At. 3) 

We assume that releases of nuclides are made on a sequence of m times, 
{tI, t 2 , t 3 . . . . . . . . . t} and the amount of nuclide released is given by a 

function f(t) which for times greater than or equal to tI but less than t2 is given by fl6(t-tl) and for times greater than or equal to t 2 but less 

than t3 by f2(t-t and so on up to times greater than tm. The fraction 

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

for the accumulation N(t) k 
-

"1

1)
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N(t) = eXt t1+ eXtf 1 6(t-tl) Udt + ....  

0 

+ e-At tm÷E extfm6(t-t m) U d t + c e- 5) 

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.  

0 < t < t i()=ce-• - - xt 

t < t < t 2  N(t) = Uf1e I + ce 

t2 ý t < t3 N(t) = Uf 2e-X (t-t ) + Uf 1e-(t-tl) + ce- t 

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

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 ( 5 3Co) comparable to two release intervals, 

as well as a half life ( 6"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. The broken lines represent the 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 line 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 6 OCo as a Function of Time 

The solid line shows the theoretical accumulation of 5 8 Co in millicuries 

versus month of year from Feb. 1973 through July, 1973. The dashed line 
shows the theoretical accumulation of6OCo in millicuries versus month of the 

yeai from Feb. 1973 through June, 1974.  

Ii
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Figure 6. Calculated and Measured Accumulation of 58 Co as a Function of Time 

The upper half shows the radionuclide 5 8Co in oysters at site SI 

(intake) triangle and dot-dash, 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 dash-dot-dot, and theoretical curve for outflow 

site with filled circle and solid line, versus time in months, for the years 

1973-1974. The lower half shows the radionuclides 5 8 Co in sediments at 

sediments sites MI (intake) with triangle dash-dat, M2 (outflow) with square 

dash, M3 (Upper cove) circle dash-dot, M4 (Long ledge) with triangle dot and 

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

months from Aug. 1973-July, 1974:

.1: 
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explained as the depuration of isotopes from the oysters during these 

months.  

The concentration of the radionuclide 54 Mn 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 S4Mn results, small amounts of 60Co 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 54 Mn is also observed on July 73, Dec. 73 and 

Jan. 74 at Long Ledge and Jan. 74 at the control site. The naturally 

occurring isotope 40 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 58 Co 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 58 Co during Jan - Feb. 74, is 

more rapid than theory 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 4 0 K, 58 Co, 60 Co, 54 Mn observed in the outflow 

sediment may be averaged, and compared. These 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 4 0 K, 5.7 pCi/gm, 58 Co, 4.9 pCi/gm, 6"Co, 0.8 pCi/gm,

.............
"
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and 5 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 6 0 Co and 5 4 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 6 0 Co. The depuration 

rate for the 5 4Mn is 180 ± 50 days.  

The radionuclides 9 5 Nb, 2 1 2 pb, 1 3 7 Cs in the outflow sediment may also 

be averaged and compared. In order of decreasing concentration, these are 
9 5 Nb, 0.8 pCi/gm, 2 1 2Pb, 0.4 pCi/gm and 1 3 7 Cs, 0.2 pCi/gm. These radio

nuclides show a maximum during the month of Nov. 73 for 9 5 Nb and March 74 

for the 2 1 2 Pb and 1 3 7 Cs. Since the initial values of 2 12Pb, 13 7 Cs and 
9 5Nb9 5 Zr in soil and sediments measured prior to the plant operations were 

-z large, comparison with theory is not attempted for these nuclides. The 
sediment sites, M5 M6, and M7 showed only 4 °K, 2 1 2 pb and 13 7 Cs

DETERMINATION OF UPTAKE RATIO 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 ratio 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 5 8Co strongest, 6 0 Co weaker and 

"5 4Mn weakest for both sediments and oysters.

?.* r�. -
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SUMMARY OF APPENDIX D 

Oysters have been grown in the effluent of a nuclear reactor and 

have been used in a longitudinal study of radionuclide uptake and depuratio 

The radionuclides 5 8Co, 6 0Co 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 liquid effluent release from the reactor. Values for an average 

uptake ratio U, are then calculated for selected sites. Maximum values 

of 58Co of 800 pCi/kg results in an annual dose rate of 0.27 mrem/year.  

Maximum values of 54Mn 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 EI

/13/72 

6/13/72 
6/13/72 

6/13/72 

6/13/72 
6/13/72 

6/13/72

6/22/72 

6/22/72 
6/29/72 

6/22/72 

6/22/72 
6/27/72 

6/22/721

6/13/72 6/22/72

4 oK 
gm/l ±2a 

0.18 
J±0.06 

<0.10 

<0. 10 
<0. 10 

<0.10 

<0. 10 
<0. 10 

0.19 
+0.06

1
3 7

Cs 

pCi/l±2a 

<2.0 

<2.0

<2.0 
<2.0 

<2.0 

<2.0 
<2.0 

<2.0

0.16 <2.0 
±0.06

222Rn 

pCi/l±2a 

<4.0

<4.0

81.0 ± 13.0 
<4.0 

<4.0 

98.2 ± 19.2 
<4.0 

<4.0 

<4.0

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

I

TABLE XXI 

DATE DATE 
COLLECTED COUNTED 

6/13/72 6/22/72

LOCATION 

Foxbird 
Island

Eaton 
Fa nm 

Ba i I ey 
Farm 

Young 's 
Creek 

Chewonki 
Neck(Camp) 

Cowseagan 
Narrows 

Bluff 
Head

TYPE 

estuarine

well 

well 

surface 

well 

estuarine 

es tuarmine

AM
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Center for Biological Monitoring, Inc.  
Sponsor of RADNET: Nuclear information on the hiternet 

SOURCE POIYTS OF ANTHROPOGENC RADIOAC~rVI" 
World Wide Web at k •pilhrme a--¶l•f• cbm/Radhbm 

BO:C 144 HULLS3 COVE, MM 04&W4.-144 I07r2$&=-5IZ6 
FAX:27t=&-Z=Z EMAIL. sba Ao~ý

Fax Cover Sheet 

Date_ 1V23/98 
Number of Pages including cover sheet: 5 

To: ft1~ifAI jipvc44ý 

From: H.G. Brack 

Re: Letter to Shirley Jackson

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

A: Deficiencies in the M_.YAPC site characterization process and the 
-Turatek site management plan.

B. Controversies pertaining to arbitrary and artificial guiderme levels 
contained in the new DCGLs. Site-specific DCGIs for Maine Yankee 
have not yet been issued, but for a preview of what's coming down the 
turnpike consult the Appendices.in NLUREG-1500.  

Recipients of this letter, please be advised that the definition of 
"contamination" contained in the Jackson letter is extraed from the 
draft 2MLARSSPVL

DCGL = Derived Concentrafion G-ideline Level 

MA.RSS1M = Multi-Agency Survey and St ITnvestigation Manual, NUREG--AS75 

MARSSIM can be viewed on the lntee at lttp-lwww.epagovr-avd/raondeanup

Comments, criticisms and additional information welcomed

•l1JiLA�

ire SS: 15: 26 R=( 2V Z 74 =3 r S j-7a5-,:_-_-4eM

Ull V"
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Center for Biological Monitoring, hic.  
Sponsor of R-ADNET: Nudewr Information on the Internet 

sofURC-E ?OefTS OF 10THROPOGEMIC RADIOACTIV=T 
Wortld Wide Web at htrp:I/hame ad1241netInb 

BOX 144, RLMLS COVE., ME 04&44-144 2(77IS&R-26 

N'&ecar Reg'.larcry Comm'~isofl 
Washington. D.C. 20O435--0001 

Dear Cl2airopon lackson.  

Tlis letcer is to a~dd= zcine isses wýhic.h pe~tain to the F--edal Rcgiste nodc-- of !uiy 

21, 1997, Radiologica CHir-a for T -c=-se Te-ninaifi on This witliz is total cffec--ve 

dos=e e~valenze C=~E) nom Zxen 5 mrem/yr for a maxima~lly expose-4 pc.r--cn all 

rzjontuolides and all. pathways.  

An ongoing reavie-w of th- e cor'rzzicring prmcess at the Maine Ym et .Atomic Pow~ 

Company (MYAC)k~ rreva1s a s=;-= of deflciencics and omissions in the MYAPC sirm 

cLmcteýztof process, 7aclaiafly with rerect to the marine environtnent whichý has 

been historically iinvace--d by the re::ot of lictdd effluents f-m' 'YYAPC diffuse= aT the 

bottm of Monm-wea Bay- The aaEcienc&!-s and omissions noted originý in. partfrom 

the Dmnrc~k Sitz C naczr--atzon MWanagemera Plan for MYA-PC. In the Case of 

M-YAPC. or any decommissioned. prtsurizd water ==t~r (PWR) or boiling wrarE 

recto=r (33wR), thlis riciasc cnitcra --nda=e systmimc pzhway analyses for The leng

-lived isotopes characzerzing spent fuel- and r-cac-or vessel- intena componenrs The 

Thnazek plan makcs it clea r That this systeaniarc pathway analyses is lacking at M.YAPC, 

and tb =-ulting site characx--.z--Zc -is instffcient to m=r the c:ireia for license 

terination.  

There also anne=rto be a seri4es of enercirrguLariries and deficiencies within the 

regulatory lieazeof the NRC "n= -e raseucetions about the validity of the newmly 

issued releas crit~ia and, d=u off the- ability of the NZRC to meet its stamurory obiigatofls 

as descri:bed in the Code of Federal Regjulations.  

M~YA3PC:- Preliminary obsery~dons of deficiencies in 3ite characteriztio]n 

Timely, acurate- and reliable ind~or-maton about The decommissioning ac&Aties atý 
MyAPC is not available to te enrlpublic. Wh~at little inforation is avalweVI 

derives from icns contro lied Cinzsn's Ad-isotY Panel (CAP) monthly meetings. 'The 

Duratek site manageme~nt plan has, howevi.- bee-n available for revieaw by CSJVI a nd ~ 

reveals blatant d~ecie intesiecaaceiaion proc=s as a precursor to 

d=ecommirssonin activ1Zýes.

P.2
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-r= Th ofg-smnliflg =ndnqiuac eas of dhe anual lic~sec Radoilogcal Environnm=Ia 
Monitoring Pogram (R EMP) reports are njow imoacting the site charactreization 

;=c zs. I-es REMPs provide just mo ugh information to idendPIj lar ge areas of the 

az1ine =nvironmnt adjacen-t -o MY,'A.PC as being iqmacrzd by plan opcr-=Atin At 

heý same dime, these flawed recorts con-rain a co===t Lr 1ca of dama ooints such that 

iccunc charac-=-:.-.:on of the --iv-ironmental imnact of ilant oneranons has zever= 

boe= possibie. They =reprsent the fir sta~ge of an- NRC licenscz afilure to mccEet the 

yrrr obligation of prorecting public health =.d safety scnandi theCoeo 

2. Th VnAec aco uvy =d Sie~ Lnveszifgnatir Mýf=tat (MARSSIM) 

Draft (,N7UREI- 1575') nak=e critically dcsr the inmortant role of Thisrorical site 

assessmczr' in evaiuanng site stan in terni-s of cdsdng conraminýtion (unaffected 

and affýcted areas - see- Charter 3). A large body of seccondazy rradiological 

s~'eafanc reort eisr whichi also docmienza paaem of pl-=tdeived 

co=iinaton in the ma-rine enavironment a&Jac,= -o MY-ATC. This secondexry 

lit==e ranges fro= ore- and posatoizonal amaysea of cesium-1317 and cobalt-6O 

done by C`harfles a=es in behalf of the NRC to a whole series of repotts do= lind 

the auspicets of tho Sea Grant =roarm. Some of these other- secondary repor:3 include 

s~tae of M-Yaine monitoring anid othter renortsby Hess and Smith. 19775; Pricz, Hess and 

Smith, 1976; Churchill, 197 6; Hess, Smith and Pnice, 19-771; McCart-hy and Ryder,ý 

1978; McC~arthy, Rydz.r and -krtoniti3, 197 3; Bowen, 198 1; Churinhill, Hess and 

Smith, 1980; Lu= and Hc&-, 1-980; L= Iaz. n- and Hess. 199t0; and Mura, 192.  

contrast to these, =ay reports in, zte --niy yea=s of plant op~t~ion, therea = no post

1982 indenen-dcentradiological monitoring reports that the Center for Biological 

Monitoring caa cite- which suxolemen the MYf-A.PC PREAPs afTer This date other than 

Ress, 199-7. None oi these older- documents ano~car to play, any role in the currnt 

Duratek 'Simn Charctierizdn, Nianagement Plan". T-he result is a possly inaccr=t 
idegifcatio of umaffe-ted as well as affectzed areas. No cz~ible =4 E can be 

esrbished- for MYAPOC umtil the site charczeri-ti=on process is review~id and 
avisec

5. Chacte 6 in MA.P.SSIM discusses f-eld ==L ,cnt methods and instrumtationa 

and reflect:s the historical mnphasis of the NNRC on exre.nal radiation as the primary 

ar-- of co==e with resoect to acute health effects rtsulting from. radiological 

contaminaon. With the advet orf the all raaiomsdides all parhway dazLse of the new 

release c.-iteria, it is mow cl~e= r thatdioloogica.=veillance mist be upgraded to 

include a conzideratioa of the presenc and im a. of -A the miczro-cotannar 

which charac-eriz long-li-ved spent ffaei wastes (LLSFW): Sr-90, Zr-92-, Tc-99, Sn

126,1-129, Cs-137, P-3,Pu-239r1240, Pu-241, and Ant-241. Most of thes 

isotopes are difflClt to charc*e alpha and. nure beta- -=itters. Coinnreliensive 

path'.way =.alyses of thcse radionzclides is exneznsive but dnie coni=ing and must be 

done, within a laboratory setting. hinformation is noc yet available as to the, accuracy of 

the on-site laboratory recenctly established at vYA-FC and its ability to characterize 

the-se isotooes Questions however have already beten.,aisc-d about the accum=acy and 

scientific raliability of sample coltecrion methods
4. Mae controversial presentation made by the license: at the Dece-mber CAP mee-ting 

denoting exxremely l~iited areas imna&ted by plaat operatioas combined with the 

grossly ir-sffcient Dtzratek site management plan sampling for the marine
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enviro=,rnen Ledacaes :h=t =~ufcient d=t points wMl be availsble to cons=:ct aL 

eid. as sugges-,d in MARýSSTM. The consequence of Mnufficient d=t is rhe clc= 

impa-t of plant oc-eraton but also the ongoing imnlact: of dec-omm issioning antivities.  
The~~~~~ ~~ .oto~z of.~nest ceio ni a. final site survey is xcv-ned 

(Cm the zase-of NfYAPC, 2004) is a possible int==rereton of the NMARSSIM, which is 

not a. aire-5recific guide. Thec MARS-S&I mak-es many referencts to the possTcibiiy of 

denaiicd site= acr.to rior to decommis-sioning buta it also =akas it c!car dtha 

this dem;*ed 5un'ev iLs an oudon- Th= failur, to execu= a. thorouxgh survy prior to 

decommissionin; aczviries at MAYA*.C is a cle-r violadon of the Code of Fda 

Recgulations -eealsanoyrquir=net to protect pubfic health and szfety.  

S. Another de;ficienzy in the Durazeksite characte:Hiton :)Lan is the choice of the 

locaton of thdi ef~e area as zh control for errau-r contarmainon an 

trfe,=ed7 area-s. Thae refernce area chosen is a ter-siala locaton. which ma-y have 

been impacted by plant apcra-dns- Sitr-specifo faictors; such as the location of the 

two diffsers arthe bottorn of 'MonrTswa Bay maL- it mandatory that a se-cond 

rtef=e or con--oi at-- be chosen in a marine environment located well away from 

the bays and csruzries rier the Wis-acset facility. A't~estria1 refer~cz area. is 

insirEc-.ent as a co-nnol for =--lyscs done within a manne eýnviroxnment 

6. The aet rcsult of the gross dadcirncies in historical site assessmenT of plant operanons 

in the maieevrnetas well as of the cutrrnt site zhavac:erizaticn proc-cm is d=e 

unde=ining of --he ofbiiz orzd&ologcal cniteria, as the beases focr liense4 

tcanination. In the case of' MYfAC or any other-N-RC lic.-zsed 5icIlty, the =onrs and 

Qimdo=l in haszon-cal 3nd contemnorary site chara-c-itidoa are c:umulatve.

SunerfiHcial one-d"' esinnal c zrzc=eri-mon of res-idual radio acavity wvith over1 

reliance on e= - ra =nc xosm-e from gamma releasing =Edoisoxopcs results in 

the faiiuxt to :nes-t the- aLl rad.~onrsc--Ld-s alL pathvcys clane of the r:elease cr:itecria 

(e-g. s=e the oid 3ud! :n AEC Rnic 1-36). Significant additional pathway 

=allyse =e needed to eharacterize the mminze exrvirorczt as a po-ssile r-cpository of 

LLSFW resuling---- frn. mi=crtoamminatin from several incident of spent fuel 

cladding lekgr.id to rod dvreng within the -Tent ffuel assemblies ar-d the gcnaral 

inmec: of overaill ooeraiions at the Maine Yankee Atomic Power Comnany (1971" 

1998). In partic-ular,- th=ee is an ob-vious need for a gr=atly ex-anded progam, of 

sediment amnjling in ar-as mnracaed by the liquid diffusers, which due to the strong 

Curre= whici sweep the botom of 'Montsweeg Bay have the poct=Eal tw cover many 

square miles oflbays and e-snaries =er MN1YkPC.  

Upcoming rceports corn,"aini specific data, collccted by the licensee- and its contractor 

Duratek during the site chrceizto roceas wil honerfully provide additional 

ieornaron, about these de-Ecienvcis.  

Irretgutairities and omissioas in NRC regulatury gruides 

Specific NNRC gtridelines pertaining to decommissioning NRC Licensed facilities begin 

with the U.S. Atomic Ezergy Coannission Regulatory Guide 1.86 and include NUREG 

publications 5512. 5349, 1444, 1496 vois. I. and 2, 1500, 1501, 1505, 1507, MNARSSIM 

and 10 C`FR- Part 20, et. al. T'hee appear to be a scnies of discrepancies and omissions inL
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,c rgujarcry guidca whci c-aJminate in some questonable de~nitions in. NLA-RSS LM 

the most recen of Tile regulatory -uid=s Ln particular. the dceinition of demie-d 

CCIcvnMa1 0,?gzidehle Leve-lr (DCGL) apea to be sufficiently flawed as a =iool:r 

evaluatingrsda radioae-Virf as to =dc~in the credfibiiy Of The rMeae criteria as 

descrbed_ in 10 CFR-. Par-, 20, zL 3l. -The details Leading up to this conclusion wil I be 

F~ndin anoth= CBM retcors this spring. Pex ist r ulaitiw in reglatory 

litetnr and definidons withi MAPRSSIM caiminare in an artificial and coaatoversial.  

dcfition of DCGL. These include the methcdology used to detemin b ,,=d' 

radiation, tb= concent of 3 miem as inidgts cl from background, mini== 

detectable conctn"iion (,MDC), elevated measrem~t conmnaeson (EM") da= qua-lity 

asses=et (DQA) and resdual idoacm-vity. A dc~ndron d=a -is emhl,-rdc of I=e 

historcal deficiencies in the rtglarory guides is d=a of contmwnation within 

MA3..SSOL 'Lae presnc: of e.sidual radioact~iviy in excess of levels which: ar-

ac-ceprble for release of a site or fwiliy for unetitd u=" (pg. GL-4). Waile sire-

specific DCGj~s are- aot yc-. availabiefforWMA-PC, the apnendic=si NL CRE- 150 r 
theclset rguatryguides come to setaing derived conceniazion guideline -evcs Ln 

Appendix B-1, the soil. concennaton of ctsi=z-137 for the zcsid-tivil scenario neceasary 

to provide anexosurc of 24 rem--lyr (just bexow the TEDE of 25 mrernA'r =d thsnot 

cantxmnination??) is 17,12-0 pCIikg.; for amexicium-241 2,928 pCiA,- =z. isv 

jUwt a hint of The problem ===ig down th= nrnpik= in the new DCC-Ls. The new FDA 

dd~ved inirirention lcvel for =ercimn-241 contaminaton in -Foodsnaffs is 2 Boikg focr 

infans (- 54 pCi/kg). The mrblems with the DOCCLS provide an --tamle of why it is3 

absolutely scadai that the N-RC re-3chedule public Hearings o te deoiissioninng 

procss at all NRC licensed FarcF-ities 

The d ezcianes and omnission in NRC regulatory lireamre- origiate in a ffadamenta1 

coiteasological quandary: the conflic: between =sfly detenmand dose-relJated aon

stchastic acute health cffec= of ionizing radiarion vesus the more conrrovesiall 

stochastic (randomn e-g- cancer,. heredlary defccrs) health effects of low-levels of chranlc 

cc-xmn-na--of. THis iS7': is --ow -tfsric new DCGLs and jNRC's release c~tzia 

of aTEDE of25 mrenVyr Pat~hway analyses -for long-lived isoto=e chaac=eziaig Spent 
Swast= have been tradhionally ove~dookcd in most 20th centuy envkonn--I 

radloclogicaLmonixtonn.z cw--. i'Týt'El-as avNRCnteria is the ttecessity 

for more comprene-nsivc analdyses of the presenc: of these isotopces in all padrlways,~ 

including the inarine pathway at MYAPC. The dilatory MYAPC site chraeizariatia 

process is insufficint= to =c=, the obligations i~mplicit in the new site release criteria

Application of spurious DCGLs as they become codified will only m~c~ratm this 

problem not only for MYAPC but for all otfi= NRC sunervised &cilites.  

Yo=r tuly, 

K. G. Brack
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ABSTRACT

Release data are reported for three coastal water-cooled 

nuclear reactors: hillstone 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 1978); 

release samples were analyzed for 5 5 Fe, 60Co, 1 3 4 CS, 3 Cs, 
2 3 8 9u, 239, 40Pu, 2 4 1Am, 242Cm and 244Cm, but not all nu

clides on every sample. Radioiron is a major component of 
the releases measured; the transuranium nuclides are lesz 
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 have shown reactor contamination; 
this has been clearly evident in several sedimnent collec

tions from near Maine Yankee. Biota so ýir. .easured 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-lived 
waste radionuclides could easily be carried out, and would 
be very profitable.
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THE ENVIRONMENTAL BEHAVIOR OF TRANSURANIC NUCLIDES 

LEAKED FROM WATER-COOLED NUCLEAR POWER PLANTS 

INTRODUCTION 

A serious problem that faces anyone trying to predict, or 

to model, the behavior of transuranic radionuclides 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 behavior 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 also valuable 

tc ascertair 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 weapons 

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 all 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 dict 4ork through 

which it passes.  
secondly, collected into storage tanks, as to'e result of a 

variety of technical operations, of the plant or of its 

laboratories, and released pcriodically, usually after 

considerable chemical cleanup, by pumping into the cool-



ing water stream.  

Although the first of these processes certainly results in 

some transuranic radionuclides, these are produced in very 
small 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 little 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. Because of this origin, 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 couli be predicted, 

or even ascertained at the time of release, wouid be of 

considerable value in helping to establish time constants, 
especially of some of the biological, or sedimentological, 
interactions of the nuclides re'eased.  

In this report we propose to discuss the patterns of nu
clile release that characterized three reactors, Millstone 
Zjolnt Nos. 1 and 2 and Maine Yal-kee, during parts of the 

years 1977 and 1978. We will also discuss some evidence 

zoncerning the fate of the released nuclides in their 
aquatic environments, including data relevant to the 

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

Through the good offices of Mr. Philip Stohr. NRC, we 

received 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 routinely for assay of major radionuclides.  

In the case of the Millstone Point reactors, the samples 

were ad-justed to represent the monthly discharge experi
ence. the series we received began w tn January 1977, 

continued through the year (without samples for August or 
September), and through the first four months of 1978.  

In the ca;e of Maine Yankee, we received a separate sample 
to represent each disch-rge event, the volume representa
tion being adjusted for those of the various tanks dis
charged. Discharges occurred as seldom as once or 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 initial expectation, from Mill
stone Point No. 1 data, was that the activity concentra
tions released would be rather large (by our environmental 
criteria). For that reason, we began by asking for onl 
small volumes of sample -- 25 ml per period. Between 4e 

February and March 1977 aischarges from Millstone Point 
No. 1, however, an additional stage of waste discharge 
treatment was introduced. As sI'l•wn in Table 1, this re
sulted in a very substantial reduction, close to two or
ders of magnitude, in the concentrations of transuranic 
nuclides in the discharge, bringing them too close to our 
detection limits. 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. I and 

No. 2, since the No. 2 plant had proved to be significantly cleaner in its discharge than we had expected.

3



It would obviously be of considerable value to have been 
able to supplement these samples representing the tanks 
dischargad,with a series of samples of the actual efflu
ent stream. This would both have given NRC confirmation 
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 nuclide concen
trations that enter the environment, for clarification 
of the biological and sedimentological relationships 
being assessed. Unfortunately, we were quite unable to 
arrange proportional sampling of the coo Ting 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
stantially assisted, through the good offices of C. T.  
Hess, University of Maine, Orono, by the people and faci
lities 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 ,:nder 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-supDorted work, 
have been completed with support from other agencies.

4



METHODS

Our radioanalytical methods have been described in a num
ber of publications. The following summary list of 
references may be useful: 

55Fe: Labeyrie, Livingston and Gordon, 1975. Nucl.  
Instr. and Meth. 128, 575-580.  

9 OSr, 1 3 7 Cs and others: Wong, Noshkin and Bowen, 1970.  
In Reference Methods for Marine Radioactivity 

.Studies (IAEA, Vienna), pages 119-127.  
Pu, Am, Cm: Livingston, Mann and Bowen, 1975. In 

Analytical Methods in Oceanography (ACS, New 
Yorki, pages 124-138.  

We engage regularly in analytical intercomparisons organ
ized 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 listed as follows: 

1. Fukai, Ballestra and Murray, 1973. In Radioactive 
Contamination of the Marine Environm-h-t (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 radioanalytical Labora
tory Intercomparison Exercise, U. S. Dept. 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
ious articles reporting and analyzing our data, that are 
cited in the Discussion below.
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RESULTS 

Discharge Data 

The analytical results on the discharge samples are set 
out in three tables: Table I dealing with Millstone Point 
No. 1; Table 2 dealing with Millstone Point lo. 2; Table 3 

alhn Y ee. t re presented for 5 5 F3.  SCo, 13Cs' CS ,u • u-4A. ma 

244Cm; 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: 

A For convenience, the data referring to the environmental 
samples, water, sediments, and biota. as well as the Fig
ures showing respective collection locations, are inserted 
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 
present 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 believe have experienced only fallout contamination; 
these data derive principally from the Mussel-Watch Pro
gram (Goldberg et al, 197 8, and Bowen et al, to be pub
lished) 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 Samples-Biota.  
Figure 2: Maine Yankee Collecting Stations.  
Table 8: Wiscasset, Ma~ne: Surface Water from Montsweag 

Bay.  
6



Tab! a 9: 

Table 10: 

Table 11: 

Table 12: 

Figure 3: 

Table 13: 

Table 14: 

Table 15:

Wiscasset, Maine, Area:Surficial Sediment 
Radiochemistry 1.  
Wiscasset, Maine, Area:Sed,,ent Cores Radio
chemistry II.  
Wiscasset, Maine, Area:Environmental Samples 
Biota 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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TABLE I 

MILLSTONE POINT REACTOR #1 MONTHLY DISCHARGE ACTIVITY

Month 
and 
Year 

Jan, 1977 

Feb.  

March 

April 

May 

June 

July 

August 

Sept.  

Oct.  

NoV.  

Dec.  

Jan. 1978 

Feb, 

March 

'April

Stored 5 5 Fe 
Volume mCI 
(liters) __Doc _ 
1.,OhxO 6 

282,118 

543,418 

216,141 

108,638 

8.630 

9,671 4.9400.17 

No sample 

No sample 

9,463 3.0510.06 

11,000 

429,000 

73,662 

18,813 30.6±0.I 

611,447 

231,111

13 4Cs 
mCi 
(DOC) 

4,06±0,II 

0.30 t0.05 

12. 1±0.3 

0.041±0,002 

68.0±0.1

1 37 Cs 

mCI 

8,26±0,14 

0. 70±0,03 

28, 5 ±0.2 

0.11±0.01 

106.010.1

138u 239,240u 
nCi nCi 

690±150 140±10 

430±70 280±50 

insufficient sample 

insufficient sample

14:t2

60Co 

mCi 

5,56±0,12 

14.0±0.2 

1.50t0.0? 

0.7110.01 

0.46±0,03 

1.90±0.04 

61,210,2 

0. 75±0,0O 

21. 5 ±0. 1

1.17±0.02 

0, 4610. 01 

0.14±0.03 

0.8600,04 

0, 42 t0, 07 

0,35±0,10 

0.35±0.04

3.000,.02 

1.30±0.01 

0.320,003 

1.56O0.01 

1,660, 09 

0.83±0.07 

0.9710.04

10. 2 t0, 5 

6.310.3 

29±4 

234±8 

40±1 

73.7118.4 

8,4001200

9±1 

7. 4±0. 4 

6. 1±0. 3 

4.5t0.3 

2114 

7514 

2811 

36,816,1 

3,900! 100

2 4 1 A m 
nC0 

<210 

260±50 

10±2 

1.0,0.2 

8.0t0,4

2 42 Cm 

nCi 
(DOC) ' 

3,660!360 

3,1901170

244 Cm 
nCi 

<210 

520±60

49.615.3 9.3±0.8

6.20.1 30,9±5.7 7,6,I.1 

25.0t1,9 97.6±5,6 26.7±1.9

corrected to date of collection of sample

C (

1.,20,2 

21.5±0.2 50,4±0,3 11.3±0.5

I DOC • data decay



MILLSTONE POINT,

TABLE 2 

REACTOR #? MONTHLY DISCHARGE ACTIVITY

5 5 Fe 
mCI 

(DoC)

60 Co 
mCI

Month 
and 

Year 

Jan. 1977 

Feb. 1977 

March 1977 

April 1977 

May 1977 

June 1977 

July 1977 

Aug. 1977 

Sept. 1977 

Oct. 1977 

Nov. 1977 

Dec. 1977 

Jan, 1978 

Feb. 1978 

March 1978 

April 1978

Volume 
Stored 
lI Iters) 

640,422 

333,943 

333,693 

793,820 

547.735 

701,376 

402,769 

323,000 

629,000 

961,000 

907,000 

536,020 

485,192 

227,448 

640,028 

730,217

1 34 CS 
MCI 
(DOC)' 

0.30±0,05 

0.22±0.03 

0.2510.04 

1.4110,13 

0.85±0.11 

0.0310,02 

0.09+0.03 

0.25±0.02 

0,2710.09 

9.940.4 

7.60,2 

3.48±0,14 

0,230.,04 

0,870,.08 

0,574,03

2 38 pu 2 38 ,2 3 9Pu 

nCl nCi 

<40 60t80 

40030 110u60 

Insufficient sample 

<50 <80 

<1 <2 

<1 <1 

2.4±0.8 0.40.4 

<0.7 <0.7 

2i2 4±3 

4t2 614 

111 2±1

137Cs 
mCI 

0.61±0,09 

0. 57to.o3 
0, 57±0, 03 
0.bV±0. 03 

3, 52±0.06 

2.3610.05 

0.053±0,035 

0.26±0.03 

0.52 !0,05 

0.61,0.01 

11,4t0.03 

13.6j0,2 

6.580, 15 

0,62±0.03 

1. 1710,09 

1,07!0.02

0.2±0.1 

<0.5 

1,6--.7 

<0.9 

<1.5

241Nn 

nCi 

<130 

20±27 

1.6±0.2 

<9

242m 

nCi 

<65 

40±20

244Vm 

nC i 

<65 

<35

<9 <9

<8 

<2 <2 <2

data decay corrected to date of collection of sample

0.40±0.01 0.11±0.02 

0.93±0,01 0,69±0.11 

.1,36±0,01 5.07±0.05 

2,84±0,10 

1.0010.03

<0 

<0.5 

0.20.1 

0,301,1 

<1.5

I •C .



TABLE I 

MAINE YANKEE, PERIODIC DISCHARGE ACTIVITY

55 Fe 

mCi 

0.033±0,001

134
Cs 

mCi 
(oO .  

0.007±0,003

0.148±0.008 

0.022±0.002 

0.021±0,004 

0,056±0,001 3.b7 ±0,01

137Cs 

0.014t0.004 

0.51 t0.01 

0.078±0,002 

0.08910.005 

14.4 030

2 38Pu 

nCi 

0.85 ±0,24

2 39 ,24 0 pu 

nCi 

0,47±0.19

0.11 10.14 3,7 '0.5 

0.47 ±0.23 4,7 ±0,6

Date - 1977 

20 June 

19 July 

16 August

TI rrse 

1300 

1000 
1400 

1200 
1752 

1100 

1100 

1100 

1500 

1400 

1500 

1200 

1500 

1900 

1400 

1230 

1300 
1700 

1600 

1500

Volume 
(liters) 

46.934 

45,526 
40,800 

35,200 
38,016 

46,934 

46,366 

46,366 

46,934 

40,363 

6,101 

14,080 

36,139 

40,363 

38,486 

26,745 

46,934 
46,934 

45,514 

39,883

0,48 40,01 1.83 tO,01 0.08 ±0.12 0,45:0.28

0,22 ±0,01 0,90 10.01 <0.05. 0,05±0.10

1.02 ±0,01 0,23±0.01 0.g9 10.01 2,1 t1.0 1.5 ±0,8

,..continued...

1.28 10,01 4.73±0,01 0,071±0,057

24 IAm 
nCl 

2 .51,4

0
o0.09 

<0.02

0, 19±0. 19 

<0.02 

0.49,0.11

25 

26 

27 

10 

2 

6 

10 

24 

8 

24 

2 

8

August 

August 

August 

August 

October 

October 

October 

October 

November 

Novembe r 

December 

December

0,6±0.8

12 Decenter 

23 December
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TABLE 3, Continued 
MAINE YANKEE, PERIODIC DISCHARGE ACTIVITY 
55 Fe 134cs 137 
mCi mCi Cs 

(DOC)' (DOC) mCI 
0.009,0.004 0.39 ±0.01

0.21 tO.0l 0.850,.01

238pu 
nCf 

0.0800.13 

<0.003

Date - 1978 

3 January 

10 January 

11 January 

12 January 

13 January 

14 January 

15 January 

17 January 

18 January 

19 January 

18 January 

3 February 

14 February 

16 February

Time 

1500 

1700 

1800 

1300 
1500 

2000 

2400 

1400 
2300 

1700 

1400 

1500 

2000 

1800 

1400 
2300 

1600 
2300 

1600 

1700 

0800 
2300

Volume 
(lite r) 
42,229 

36,130 

16,892 

46,9?2 
24,399 

46.922 

42,229 

42,229 
42,229 

42,229 

46,922 

45,983 

42,229 

39,883 

42,106 
46,922 

44,106 
46,922 

38,017 

43,164 

33.792 
42,241

238,239pu 

nCl 

0.1510.17

241 Am 
nCN

0,24±0.13 

<0.08 0.29±0.04 

<0,08 -0,02±0,04

(

0.00310,001 0.01010.002 <0.08

0,004±0.003 0.013O0.004 <0.08

20 

23 

25

February 

February 

February

... ,continued,..,



TABLE 3, Continued 

MAINE YANKEE, PERIODIC DISCHARGE ACTIVITY

55Fe 
Volume mCi 

.Ll tors. ) (oD e)I 

41,771 

42.241 

42,241

1 34Cs 137 
mCi Cs 

S(DOC) M mCI 

0.005±0.003 0.009±0.003

2 3 8Pu 
nCi 

<0.08

238,239pu 241Am 
nCI nCi 

0.21±0,13 -0.3t0.2

SDOC - data decay corrected to date of collectior of sample

Date - 1978 

27 February 

28 February 

I March

Time 

1500 

2000 

2300



DISCUSSION

NUCLIDES STUDIED: 

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

5 5 Fe: At the time we prepared this proposal, it was the 
prevailing wisdom at NRC that "reactors produce 5 9 Fe but 
not 5 5 Fe", and we were accordingly directed to omit 5SFe 
from our program. The briefest examination of any chart 
of nuclides, however (as well as the most superficial 
background in radicruclide technology), convinces u. that 
it is impossible by neutron reactions on natural iron to 
produce 5 9 Fe without simultaneously producing 5 5 Fe; 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 fir the former. Accordingly, since our inter
est is in the environmental behavior of nuclides that are 
Ion?-lived enough to persist through ars of biogeochem
ical cycling, and to reveal local buid-up in concentra
tions whenever they occur, we looked at 5 5 Fe 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 5 5 Fe are being released from each 
of these reactors, the 55Fe to 6 0Co 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.  

134Cs:137Cs: Both 1 3 4 Cs and 1 3 7 Cs are produced,and re
leased, in considerable amounts in reactor operations.  
The very different half-lives of the two nuclides 
(T½ 1 3 4 Cs = 2.1y; T½ 1 3 7 Cs = 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 reasonably uniform.  
From the data in Table 1, the mean ratio, month-by-month 
from Millstone No. 1 was 0.43, and weighted by the activi
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, 1 3 4 Cs to 137Cs, are so close, it would be possible 
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 radio-Cs 
discharged are much lower, so that its use as a tracer may 
be expected to be somewhat more difficult.  

2 3 8 Pu: 2 3 9 ' 2 40 Pu: 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 km; from global 
fallout, versus the nannocuries per month released from 
the Millstone or Maine Yankee reactors. Tracing of the 
reactor effluent Pu in this situation is aided by the very 
substantial difference in its characteristic ratio of 
238Pu to 2 3 9 , 2 4OPu: ranging from about 1 to aiftmuch as 5, 
compared to the fallout mean of about 0.035, which rose 
only to about 0.10 even at the height of the SNAP 9A 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 
23 8 Pu: 2 3 9 , 2 4 OPu ratio.  

241Am: This nuclide in fallout has originated almost en
ti-r-ely from decay of its parent 241Pu. At the ratios so 
far observed of Z41Pu to 239,240pu in test debris, the In
growth of 2 41Am is not predicted to produce ratios 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 partly differentiated 
frem fallout 2 4 1 Am by its ratio to 239,2 4 0 Pu.
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242Cm 244Cm: The curium nuclides were not measurable com
ponents or most nuclear test debris. A mejcr reason for 
our undertaking this project was the hope, btased on mea
surement of Cm in she lf sh 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 corre
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 is reasonable consistency in the release ratios. But 
Cs release rates are wholly unreliable predictions of Pu or 
Cm releases on the one hand, or of COCo or 5 5 Fe on the 
other. This conclusion is supported by Tables 1, 2 and 3.  
In the cases of Cs and Pu it is 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 .tations: 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 DISCHARGE ACTIVITY

Reactor #1

Mon th 
and 

Year 

Jan. 1977 

Feb. 1977 

March 1977 

Apr. 1977 

May 1977 

June L177 

July 1977 

Aug. 1977 

Sept. 1977 

Oct. 1977 

Nov. 1977 

Dec. 1977 

Jan. 1978 

Feb. 1978 

Ma rch 1978 

Apr. 1978

13 7Cs 

uCi /day 

275 

25.0 

950 

3.7 

3,533 
2 

1,680 

100 

43.3 

10.7 

52.0 

55.3 

27.7 

32.3

2 39 , 2 40pu 
oCi/dav 

4,667±2,000 

10,370±1,700 

300 

3C.0 

247 
3 

3 

203 

150 

700 

2,500 

1,037 

1,227 

130,000

Reactor #2 

137 CS 239,240pu 
pCi/day oCi/day 

20.3 2,000t2,700 

20.4 3,667±2,000 
19.7 

117 -2,700 

78.7 < 67 
-- < 33 

1.8 13.3 

8.7 < 23 
17.3 133±100 
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.  

2 No data.  

SNo Sample supplied.
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first two of these reactor operations (millstone Point No.  
1 and 2, and Maine Yankep) do wp have relevant data for the radionuc' ide discharges, as set out above in Tables 1, 2, and 3.  

Mlllst'ýne Point, Conn. Reactors No. I and 2: 

In late October, 1977, we obtained a small series of water 
samples representing the reactor coolant outflow stream 
(identified by its temperature anomaly), the source term in 
Niantic Bay for the coolant intake (Station 2), and two 
Long Island Sound points that might have been expected to receive reactor outflow water aft-r some circulation and 
dilution. In two parts of the 3utflow plume, the inner 
(hottest) plume, and the outer (mixed) plume e.ivelope, 
large volumes of water were pj.ssec through I pm filter car
tridges and the particles so collected were analyzed sepa
rately. Data from these samples are set out in Table 5 and 
can be compared to the October 1977 data shown for discharge 
in Tables I and 2.  

Although the October 1977 diec.harges-were c:,aracterized by 
ratios as follows: 

55Fe to 137Cs about 1 
134C- to 1 3 7 Cs " 0.39 
'38Pu to 2 3 9 , 2 4 0Pu is 1.7 
2 4 4 Cm to 2 4 1Am " 1.2, 

there is little evidence of this in the outflow data. Com
paring water sample 5A to water sample 2, we see that the 
outflow has been enriched by 48' in 137Cs, very slightly 
degletad ý. 90Sr, shows no 2vidence of enrichment by 134Cs, 23 Pu or 9,2 0 Pu, and has been enriched by 290% in 55Fe.  
A larger volume sample would ha-e been needed for measure
ment of 134Cs at the concentratlov, indicated. It is of in
terest that the 5 5 Fe was essentially 100% associated with 
particles collected by the I Pm fiit.?rs; this has been re
ported for other corrosion products in reactor effluents 
but 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 outflow 
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-ig of the discharge 
pattern must be sufficiently sporadic so that water sampling

17



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 14) both show some 5 5 Fe 
from Millstone and that No. 3 shows aiso som'! 13 7 Cs, but 
thq signals are very small, so that a large number of com
parison samples (or large enough volume samples to give 
good counting statistics for 1 34cs or 2 38Pu) 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 be measured.  

In Table 6 we have summarized the data for two sediment 
cores, collected with our 21-cm diameter, 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 Long 
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 size distribution of the 
sediments: the Niantic Bay core is much coarser grained, 
only 30' less than 62 v, compared to over 66% less than 
62 11 for core No. 2. The radionuclide concentrations of 
the sediments also differ substantially. The Niantic Bay 
core is much the richer in 55Fe, slightly poorer in 13 7 Cs, 
and much poorer in 2 3 9 , 2 40 Pu. Neither core showed, even 
in the top section, any measurable 134Cs, nor any strong 
elevation of the 2 38Pu to 2 3 9 , 2 4 OPu ratio, as would result 
from accumulation of such reactor effluents as are summa
rized in Tables I and 2. Core No. 2 showed no measurable 
Cm radioactivity, either. On 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 13 7 Cs 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 mCi per km 2 of fallout 1 3 7 Cs.  
The inventory of Pu in core No. 2, over 12.1 mCi/km2 , ap
pears at least as much elevated as that of 1 3 7Cs, whereas 
the 5 5 Fe inventory is not too far removed from tnat one 
would expect in relatively oxidizing fine-grained sediments.  

Without both the carefully examined data (Table 6) for 
13 4 Cs and for 238Pu. and a set of comparison cores like 
those reported by Livingston and Bowen (1979), it would 
be very difficult to avoid concluding that the high 5 5 Fe 
of core No. 3, and the high 1 3 7 Cs and Pu of core No. 2 
were indications cf 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 o world-wide fallout origin are ob
servable, and what is most interesting is the selection of 
5 5 Fe 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 uneouivocal evidence of 
reactor effluent in their concentrations of 137Cs, 238Pu, 
239,240Pu, 2 41Am, and Cm; oysters collected at the same 
time at Black Point (see Fig. 1) may have been slightly 
above fallout levels in respect to 13 7Cs and 239,24OPu, 
but were certainly not unequivocally so. The same state
ment applies to the mussel sample from area 2 (Fig. 1) 
collected in 1977: its seft parts were above the rangefor 
that year,or 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 U.S. coast line that have consistently yielded 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 source of artificial radio
nuclides. Furthermore, there is not a strong covariance 
of 137Cs with Pu in these correlations (Bowen et al tu be 
published); New Haven, Conn., is a good 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 
available, 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 contra.t, 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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(Radionuclides

Station 

02 

03 

#4 

#AWoutflow 
Inner 
P Iume) 

#5A(partlculates >lL1.  
from outflow.  
inner plume) 

gSB(partlculates >lu.  
from outflow.  
outer plume)

134 Cs 

3:3 

2-2 

3.6±2.5 

0.5±-0.6

TABLE S 

Millstone Point, Conn.  

Long Island Sound Surface Water* 

in disintegr;:ions per minute per 100 kg water)

137Cs 

29.6:3.6 

31.3:4.0 

27.0:3.1 

43.8t4.3

g~r 

28.6-'0.2 

ZS.S±0.3 

30.4:0.2 

26.0:0.6

2 3 6
Pu 

0.019 :0.006 

* 0.003 

< 0.010 

< 0.010

2 3 9 ,2 4 0 pu 

0.101:0.015 

0.108:0.017 

0.0900•.020 

0.090±0.030

--- 0.007:0.001 3.332:0.001 

--- 0.0008!0.0005 0.034tO.003

S5Fe 

7.4:1 

11-1 

29 :2 

26.7:0.2 

12.7_:0.Z

For station locations see Figure 1; samples collected 20 Cl:ooer 1979.
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TABLE 6 

Millstor.e Point, Conn.  

j-diment Coresl Radlochemistry 

(Radlonuclides in disintegrations per minute per kg dry sediment) 

A. Station 2, Core #3

Section Wet/ 
CM- Or

0-1 
I-2 
2-3 
3-4 
4-5 
5-6 
6-7

1.53 2 

1.40 

1.34

B. Station 3, Core f2 

0-1 2.03 

I-Z 1.65 
2-3 1.89 
3-5 
5-7 1.95 
7-9 
9-11 1.83 

11-13 
13-15 
15-17 1.96 
17-19 
19-21 1.93 
21-25 
25-29 
29-33 1.77

55Ft 8 

1588-.41 

1065t26 

1098!59 

325:46 
274i,39 
244±49 

245=34 

388±t26 

62S5-66

IZIt ± 3

137CS Z38pu

2 73:!2 n fl714±41 OA 21.9,-0.7

411±Z 1.22tO.11 38.6S-.2

336-2 0.92-0.09 32.4_-0.9

600.±4 
Q87±3 
603t4 

641A4

3.27:0.19 
2.58--0.16 
2.87±-0.18

129t3 
102±2 
121t3

2.47t0.14 112t7

498a3 3.37-0.21 130±3

723+3 6.46:±-0.15 215--5 

483A3 4.98±0.12 148±4 

281f2 3.3A -.J. Z2 92t3

Invent ries, 

% estim. delivery
30.5 
128--

45.5 
38.15

12.07 
610%

Notes: I - For locations see Figure 1; sampTes collected 20 October 1977.  
Z - 7a . >62u. 30% <62u from ,e sicving.  
3-34% >62ii ,I*<6234r viet sieving
4 -venraitncZ'Pu :'Pu 0.U128.  
5 = aran ratio 24lIAu: 2 3 9 Pu - 0.'57.  
6 - go Curium detectable.  
7 : 134Cs less than 1/60 of 134 * 137Cs.  
8 5 5 Fe data decay corrected to I Jtnadry 1975.

32.3±1.56 

31.9--1.66 

46.5-1.66 

36.1-±1.9 6

Z39 .240 PU 2 41 km



Tktt 1: 7 

Millstone Point Environmental Samples - Biota 
(Radionuclides in disintegrations per minutc per kg wet weight)

* 

collection Sites 

ililstone Beach 

Millstone Point 

Millstone'Point 
Quarry 

Black Point 

Millstone Point 
Area 2

Millitond Point 
0,2 ms, outflow 

tterod Point, .I..  

)8 ni. Sw 

N•~ ,rven, Conn.  
4 2 1111 W 

Block Islinu, R.I.  

30 mi, SE 

Sakonnet Pt,, R.I,

Date 

Nov. 1970

OrganIsm 

M, edulIs

Apr. 1971 M. edulis 

Dec, 1975 Oyster 

Dec. 1975 Oyster 

Aug. 1977 M, edullS

1976 
1977 

1976 
1977 

1976 
197 7 
1978 

1976 
1977 
1978 
1976 
1977

1'1, 
M, 

M, 

H.  H, 
M, 

H.  
M.  
M.  
H, 
M,

edul i s 
edul I S 
ealu I is edul i s 

edul i s 
edul is 
edul IS edul i s 

edul ls 

edul i s 
edul is 
edul is

Tissue 

Shel 1 
Soft parts 

Shel I 
Soft parts 

Shell 
Soft parts 

Shell 
Soft parts

137CS 2 3 BPu 

0. 08o ,02

4626t8 
177b±4 

Lost 
20! 0. 3

Soft parts 6.1!0.3

Soft 
Soft 

So ft 
Soft 
Soft 
Soft 
Soft 

So ft 
Soft 
Soft 

Soft 
Soft

parts 
parti 

parts 
parts 
parts 
parts 
parts 

parts 
p4rts 
p~rts 

parts 
parts

4,1:0.2 
3.1!0.2 
2,4±0,4 
3,1±0.25 

Lost 
2'0.6 

3.3±0.2 

5. 1.0.3 
2. 3!0. 3 
3 .30. 3 

2, 8!0, 2 
2-0.3

0.03W0.01 

2.1 0.2 
0.5 "0.07 

bdl 
0,020,001 

0.005!0.003 

<0,004 
0,005!0.003 

0.008:0.003 
0.002!0.00? 

0,01 1,0.04 
0. 018! 0.011 
0.016!0.006 
0, 008. 0,00S 
0.008:0.004 

,0.003 

'(0.005 
0.011-0.004

239,240pu 

0,98to,wi 
0.9710.11 

I,05t0.15 
0,64!0.16 
3.5 ±0.25 
1.3 ±0.1 
0,9 0.2 
0.3 -0.02

241'A 24 2Cm 2 44 Cn,

0,9 t0,25 
0,4 t0.05 

0.15 20,03 
ND

9.220,9 
2,610,2

0.3 !0,02 0,07 "0.01

0,2 :0.02 
0,27-0.02 

0.090.,01 
0,120!0.012 

0,24 'O.02 
0.39 10.04 
0.32 ±0.03 
0.19 ±0.02 
0,18 !0.02 
0.13 10.02 

0. 15 :0.02 
0.22 ±0.02

0.02 ±0,01 
0.09 ±0,03 

0.014!0.006 
'0,01 

0.042±0.013 
0.07 10.02 
0.042:0.008 
0,037:0.015 
0.04 10.02 
0.016t0,013 

0.013±0.006 
0.03 ,0.01

1.520.3 
0,320, CA

Notes: ' See Figure I for collection locations.  
bdW 1 Below detection limists.  
110 , Not determined.



Wiscasset, al nez Maine Yankee Reactor: 

The setting of the Maine Yankee reactor contrasts strongly 
in respect to its hydro graphy and sedimentology, to those 
of Mil stone Point or of Pilgrim 1. Furthermore, interpre
tation of our environmental data regarding the Maine Yankee 
reactor is 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 flushing 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, in 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 radionuclides is further affected by the salinity 
variations due to river contributions to this set of narrow 
passages.  

As we noted earlier, our environmental samples from this 
area have been collected either 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. At ýhe time 
these samples were collected, the releases of 3 ICs or of 
Pu were too low for detection. The change in the ratio 
137Cs to 9 OSr along the majcr direction of flow (from station 
7 to I to 8) we believe to correlate chiefly with the posi
tion of the fresh-water lens. There is no convincing evi
dence, either, of reactor contribution of 5 5 Fe.  

In Table 9 are set out analyses of a series of surficial 
sediment samples collected by the Darling Center. These date 
from the time when the reactor outflow was still directed 
into Bailey's Cove, and (we believe) when the outflow was 
appreciably richer in some long-lived radionuclides than It 
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, Bailey's Cove received a quite 
substantial release of radiocesium that is shown by its high 
content of 1 3 4 Cs to have certainly come from the Paine

25



Yankee reactor. The ratio 1 3 4 Cs to 1 3 7 Cs, 55 to 58%, Is 
unusually high in our experience of environmental samples.  
Furthermore, we have not measured (see Table 3) ratios 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 Point Comparon of the 
inventories of Pu, and of the ratios L8Pu to M-2 Pu, in 
the sediments of Table 8 with those reported by Livingston 
and Bowen (1979) suggests there was little or no Pu in the 
hlgh-1 3 7 Cs 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 expI cted from fallout alone; this is 
true also of the ratio 2 38Pu to 2 3 9 , 2 4 0Pu which is in marked 
contrast to the activity-weighted ratio about 0.33 that we 
measured in 14 samples of Maine Yankee discharge solutions.  
The data of Table 3, of course, confirm that there is no 
strong correlation between the amounts of radiocesium and 
of Pu in Individual discharges; perhaps there is even less 
correlation in this respect at Maine Yankee than at Millstone 
Point No. 1 or 2, bit 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 is frequently flushed, transferring labelled 
sediments to depositories elsewhere in the area. This is 
confirmed by the analyses of 1975 sediments from stations 
1 and 15 which show evidence of reactor-originated contami
nation but with significantly lower ratios 1 3 4 Cs to 1 3 7 Cs.  

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 1 3 4 Cs to 1 3 7 Cs, 
constant in the upper 9 cm and diminishing by 90% from 9 cm 
to 11 cm, suggests this sediment column has seen only two 
radiocesium releases, differing g-eatly in age or 1 3 4 Cs con
tent. The flu•tuatiorj7 with depth, of the ratios of either 
239,240Pu or bFe to eS, do not show the patterns that we 
would expect to result from resolubilization and s distri
bution within the sediment, as discussed for Pu: 1 /Cs ratios 
by Livingston and Bowen (1979). More likely, we believe,
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is the explanation based on redeposition, after resuspen

sion and mixing, of sediments deposited in various parts 

of the core and contaminated by separate waste release 

events. In this context the range indicated for the ratio 

55Fe 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 5 5 FE were from the low end of the range of Its 

concentrations, or of its ratios to 137Cs. Also evident is 

the fact that, as was seen at Millstone Point (above), 55Fe 

is a major long-lived component of the releases from the 

Maine Yankee reactor; in evaluating these data It is im

portant to bear in mind the DFe expected from worldwide 

fallout: although Joseph et al (1971) estimated thf 1962

1966 fallout was characterized by a ratio 55Fe to Sr of 

9.4 (- 55Fe to 1 3 7 Cs, 6.51, the elapse of d 55Fe half-lives 

by 1975 reduced this to 5 tFe to 1 3 7 Cs of 0.406 or so.  

Although geochemical processes will affect Fe and Cs in 

different ways, fallout 5 5 Fe is unlikely often to dis

tort the reactor waste patterns. The profile of Pu in 

this core, however, could again perfectly well be attribu

ted all to fallout, arguing either from its similarity to 

data reported b Livin ston and Bowen (19-9) or from its 

ratio 2 8Pu to ý39,240Pu. The inventory estimates (all 

minima, because the core was too short to include the full 

depth of radionuclide-contaminated sediments) show large 

excesses, as expected from the concentratin data, of 95Fe 

(250% of fallouV) or of 137Cs (-65 mCi-km-• vs the range 

4 to 15 mCi-km- reported by Livingston and Bowen, 1979), 

but a deficiency of Pu.  

Core No. 3, across the Montsweag Channel from the present 

diffuser release point for plant effluent, presents a dif

ferent picture still. Both the somewhat elevated ratio 

23 8 Pu to 239,24QPu, and the concentration vs depth-in-core 

curve of 2 3 9 . 2 4 0 Pu suggest that here we have a site of rel

atively continuous sediment diposition, and that the radio

nuclide concentrations are showing significant ýontributions 

from the reactor wastes. The ratio 134Cs to 131Cs in this 

core shows unusual variability, with no significan. 1 3 4 Cs 

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 d~d 
not occur by simple transfer of sediments from Bailey's 
Cove.  

Comparison of the data from Core No. 3 with those from 
analysis of s-ediments from the mud flat, across the river 
and a little north of the diffuser (Table 12, below) raises 
some other questions. Although the 1 3 7 Cs is about 50' 
higher on the mud flat, assuming the top 6-cm were collected, 
the Pu concenistion is significantly lower and shows no 
elevation in P 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 likethe core 
from across the river. It is very evident that 5 5 Fe anal
yses would help clarify this interpretation, as will 1 3 4 Cs 
analyses that are now in process.  

The analyses of Wiscasset-Area biota collected in Table 11 
show reasonably clear evidence gf contamination b reactor 
wastes. This is true for the 1 JCs and Pu contents of the 
1973 oyster shells, which are substantially above those we 
would have predicted from fallout alone; it is true, how
ever, that the ratios 238Pu to 239, 2 4 0 pu are not elevated 
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 both 137Cs and 
2 3 9 , 2 4OPu. We did not, however, collect these samples our
selves and incline to believe this sample wrongly identi
fied. The two pairs of algae (Fucus vesiculosus and 
Ascophyllum nodosum) from locati-on--4 at the mouth of 
Bailey's Cove versus Boothbay, agree in showing substantial 
elevations of 13 7 Cs near the reactor. We have some sus
picion of the Pu concentration in Ascophyllum from Boothbay; 
as illustrated by the two samples from location 14, and 
also by paired samples from the Plymouth area (below, in 
Table 14) our usual observation has been that, from the 
same location, Ascophyllum accumulates less Pu than does 
Fucus. The M a arenari a sample from location 6 a pears 
high in both l3ZCs and Pu, although the 2 3 8 Pu to 39,240 
ratio is not elevated. The two Mytilus samples, from lo
cation 11 and (we believe) from near the diffuser of the 
plant, show only fallout-contamination levels of either 
137Cs or Pu. The 5 5 Fe In the second of these samples does 
lock high, hcwever; in Narragansett: Bay (and Plymouth area
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55- 239,24u 
7) mussels we have found ratios of Fe to 3 Pu in 
the 30 to 50 range, significantly different from the value 
close to 100 reported here. Too little comparison data is 
available concerning 55Fe in nearby mussels for us to be 
perfectly sure of this situation. Inspection of the lower 
half of Table 11, as was discussed above for Table 7, 
clearly shows that the neighborhood near Maine Yankee re
actor is not characterized by radionuclide contamination 
of mussel samples.  

In Table 12 we have set out the data from another experi

ment, prompted by the reports of Noshkin et al (1971), of 
Fowler et al (1975), and Beasley and Fowler (1976a, 1976b) 

that 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 the 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 1 37 Cs and 

of Pu; whole worms contained 13 7 Cs at a concentration about 
10%and Pu about 22.7% that (estimated ) in the wet sedi
ment from which they were collected. Cleaning reduced the 
137Cs in worms to 24% 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 radionuclides was due, simply, 
to evacuation of gut content, but we have little doubt this 
was the chief process. The whole worms from Portland 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 13 7 Cs and 19.3% of 
Pu. Another indication that the nuclides from the fallout

contaminated situation were somewhat different, chemically, 
than those from the reactor-contaminated situation came 

from the fcrmalin-solubilization data shown at the bottom 
of Table 12: The latte- situation produced worms with only 

2/3 of tissue 13 7 Cs, but 18% of tissue Pu,soluble in forma
lin, whereas the fallout contaminated worms showed all 
their tissue 137Cs, but only 12% of their tissue Pu soluble



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
librium with 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 
strongly, however, that there are differences in metabolic 
reactivity of the tracers from fallout 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 ?n area of investi
gation that should be of real interest to NRC as it is to 
us.
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. BLE 8

wiscasset, M'aine. Area 

Surface Water from I~ontS~.edq 9dy* 

(Radionuclides in disintegrations per mzinute per 100 kq water:'

Stat ion 

i (CUtflow}

2J8pu 

< 0. 005 

0.004-0.004 

,0.005

2 3 9 .Z4 0pu 

0.21!0.02 

0.Z1to.02 

0. 27-0.03

*aSee Fisure 2 for Station locations-.  

1 = Decy correctionT to I Jan~uary 197S-

Sarrvles collected 5 January 1977-

3 -

137cS 

22. 5t0.Z 

28-8--c-3 

26 .0=0.2

90Sr 

72-5!-0.6

11.8-I
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TABLE 10

(Radionuclides

A. Core #3 (Location 61 

Section wet/ 

0-1 2.26 
1-2 1. 77 
2-3 
3-4 2.34 
4-s 
5-6 2.68 
6-7 
7-9 -

11-13 

B. Core U (Location 2) 

0-I 2.30 
1-2 1.83 
2-i 1.63 
3-4 
4-S 1.6-5 
5-6 
6-7 1.69 
7-8 
8--• 1.59 
9-10 

la-11 1.61 
11-13 
12-15 1.65 
15-17

Inven tories: 

Sestimated dei very:

WiscSsset, ?'.4,ne, Area 

SedimIet Coresl Radiochdeistry, II 

in disfntegratlios per minute per kg dry sediment)

55Fe 2 134.137 CS 3 

534±5 

934±8 

872±7 

713t7 

552±4

134 Cs/ 1 37CS 3  Z3%pu 

0.09±0.10 6.4±0.4 
0.350±0.016 4.2-0.4 

5.8t0.5 

3. 6z0. 3 

0.06±0.12 4.4±0.3

lost

8700W240 
45.80-135 
33603120 

670±50 

500-40 

430=50 

335-40 

Icit

61.7 
25015

10650! 12 
6765±25 
75 60-_Z0 

2050!8 

1280:t6 

495:4 

240±3 

lost

0.35 
0.3r 
0.36 

0.38 

0.35 

0.35 

0.033 

lost

3.- I0.2 
1.5-.0.25 

0.40_'0.12 

0. 33±0. 11 

0.05_-0.05 

0.07±4.06 

lost

102 

83:

239 , 2 40 pu 

98±3 
79:t3 

87t4 

68.4±Z 

101±.3 

lost 

75.2=1.7 
39.9-0.1 
29.-8±-.2 

14.5=1. 1 

8.0±0.4 

1.-4±0.4 

4.9±0.6 

lost

0.605 

29%

%ots.: I : Fqr locations see Figure 2; samoles collected 5 January 1977.  
Z "5bFe data decay corrected to I January 1975.  
3 - Deciycorrected to date of collection.  
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TABLE II 

Wiscasset. e, Arcos:nvironnmntal Samples - Blots I 

(R44iOnuclidet In dislntegratlons per minute pwr kg wet weight)

Collectlon Sites* 

2 
3 
4 
10 

14 
Boothbay 

14 
Boothbay 

6 
Ii 
?

Organ I im 

C. virgInlans 

A. nodosum 

F. vellculmrus 

Green Urchin 

M, arenorla 
M, edulls

Tissut Date 

Shell Oct, 1973 

Whole Aug, 1976 
"Sept. 1976 

"Aug. 1976 
"Sept. 1976 

.. 1976 

Soft Parts May 1977 
Dec. 1977 
Noy. 1977

$51e 137C_ 

25:0.8 
1810M5 
3301.2 
11:3.4 
2910,9 
40:0,4 
27.600.3 

5j10.5 
14:0.3 
4. 1 0,2 

5.2,0,3 13,1:1.? 3,7:0,5

Fallout contmilnated samples$ for comparlson

Soft Parts 1976 
1977 
"1978 

"1976 
".4 1977 

"1976 
.4 * ~ 1977 

"1978 
1976 

4,. .. 1977

2.910,2 
2.6:0.4 
3.710,4 

2.2:0.3 
1.7.-0.4 

2.510.3 
2.4:0.3 
2.810.3 

3.4:0 3 
9.1,0.24

0,006:0.005 0,3410,03 0.069:0.009 
0.004:0.003 ].31:0.025 0.070,.01 
0.0:to. 004 0.22:0.0) 0.06:0.02 

0.011OO.06 0.25±0.03 0.09:0;02 
0.032±0.012 0.38:0,04 u.0±o.Ol 

0.01010,007 0.29t0.03 0.054:0.015 
0.0050,003 0.31,0.03 0.06•,01 

ND 0.27:0.03 0.04!0.0? 

<0.003 0.21±0.02 0.060.01 
0.006±0.002 0.2710.22 0.07:0.01

See Figure 2 for collection locations, 
Collected by Maine Yankee, site not reported 
Result of replicated counting, 
Below detection limits.  
Not determined.

but thoujht to hve Oeen near diffuser.

2 38 P.u 

0.130,04 
0. 09 t0. 03 

lost 
0.0610,01 
0,2210,05 

0,07t0,03 
0, 1110,03 

0.05,0.02 
0. 02? 0. 01 
.LltO-.004 

ý.C4 ?0.01? 

0. tvG¢" 0. (04

0.7to. 1 

0,690,0,072

2 39 ,240pu 

3.120,.  
2.6,0.2 

lost 
1.410.8 
5tO.25 

1,53:0,17 
4,1600.29 

2.7,0.2 

0.60:0.03 

0.57,0,05 
0,25,0.02 
0.1400,02

M. eduli sSears IsI.  
53 ml. hM, 

Cape Newagen 
11,5 ml. S.  

oailey IS1.  
21, ml, Sw.  

Portland 
35 ml SW

NoteS( 

bd1 
NO



TABLE IZ

Wiscasset, Me..Area.Envfronrental Samples - Biota IH

SANEWORMS (Herels versicolor) 

(Radloruclides in disin:•grations per minute per

Sam__le 

Whole Worms 

Cleaned 2 

Sediment 3 
4

Oa te 

1-? Aug. 1977

Portland Whole Worms 

Cleaned " 

Sediment 
4

5O. 3±-0.4 
1Z.2-'-0.3 

1524.I0 
(508) 
18.1-±0.3 

7.6-0.3 

111 t3 
(37)

kg wet weight) 

218 2l39p 
23pu/ 29Pu 

0.036:0.004 

0.023!0.010

239 .240Pu 

4.71t0.145 
0.36t0.025

0.041,0.005 62.5-1.6 
(20.8) 

0.036_-0.007. 1.69±0.08 

0.045 tO.021 0.325:0.029 

0.028:0.013 9.57t0.82 
(3.2)

Notes: 1 Wiscasset worms fr=m mud-flat just N. of diffuser; Portland 
worms from area expected to represen'. only fall,,ut .on.aml
nation.  

2 Cleaned by being allowed to evacuate gut contents.  

3 Sediment data as den' per kg dry seeir-enz.  
4 Seedirent data calculated as dpM per kg wet seeiment, 

assuming wet/dry ratio l 3.  

Patics:

L'scasset 

Portland

Extractions:

Tissue concetratiton as 
- cf L-hn'±-wcrr 

concen tra -.  

Fraction of each ruclide 
soluble afrer 44 days in 

For-raldetyre sea rater

aiscasset Whole 

Cleaned 

Portland Wholf 

Cleared

42.

3ý 
63.  

4-
116'

19.3

is..  

12

36

Cal lection 1 
SItes 

Wiscasset 
(Area 1)



Pl•mouhzr~ass. _Pill 2 r!m 1 Reactor: 

During the period of this project, we were unable to obtain 
any samples of discharge solutions from the Pilgrim 1 re
actor. Our attention had, however, been drawn to its en
vironmental effects by the finding in the first series of 
"Mussel Watch" samoles (Goldberg et al, 1978) of mussels 
from near Pilgrim 1 (station 7 Figure 3) that exhibited 
definitely high Pu levels. Tn~s 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 radlochemical analy
sis.  

Failing 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 analyses The water sample showed no evidence 
of reactor output of h7 Cs or of Pu; its ratio 13,1Cs to 
90Sr was as we would expect of a coastal seawater sample 
(Bowen et al, 1974). Evidently either no releases were in 
progress at the tinme of sampling, or the sample was taken 
at a poor place. Inspection of Figure 3 will show that the 
bars protecting Plymouth Harbor and Ouxbury Bay form an ex
cellent sediment trap for any materials carried northward 
(clockwise) from the Pilgrim I outfall. Our Duxbury Bay 
sample, like the others 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, reported for near-shore sedi
ments (Livingston and Bowen, 1979); this core was taken to 
explore the hypothsis 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 is odd that we have not found a site with re
actor contaminated sediments since we seem to have found 
evidence for such contamination of biota in several places.  
The relevant data concerning samples from the area a out 
Plymouth are set out in Tables 14A and 148; comparison data 
from mussels, collected either in Boston Harbor or the Cape 
Cod Canal, ere set out in Table 15.
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It is worthwhile to start by pointing out that macroalgae, 
like Fucus, Ascoohyllu~m, or the mixed Red Alqae analyzed, 
are weTT-established as showing seasonal variabilty 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 I (Table 14A) collected 
late October 1976 with those collected early May 1977: 

Chondrus 25.2 1 3 7 Cs; 1.07 2 3 9 "2 4 0 Pu 
Fall Fucus 13.4 " 1.9 

T Al gae 47.9 ; 2 

Chondrus 38.1 " ; 0.67 
Spring Fucus 12.7 ; 1.33 

-e-d-Algae 21.9 ; 0.66 

It appears that the seasonal change has led to increased 
13 7 Cs in Chondrus, decreased in the Red Algae, and no 
change in Fucus, while each spring sample shows lower Pu.  

I4 we compare given species collected at different sites 
at about the same time, however, then we expect to see 
differences that characterize the sites. Examples are 
fall-collected Fucus or Ascophyllum from site 1 (Figure 3) 
compared to site 2, which we now believe is mostly up
current from the Pilgrim I reactor outfall, or spring
collected Fucus from site 1 compared to si:e 3, downstream 
and behind the bar in Plymouth Harbor. Site 1 Fucus, 
Ascophyllum, and Red Algae are significantly riic-iTer in 
137Cs than are those from site 2, and the first two from 
site 1 are also richer in Pu. At site 3 Fucus collected in 
spring were richer by almost a factor of 3 In 137Cs than 
at site 2, and significantly richer in Pu also. The Red 
Algae (a collection of mixed genera) were richer in Pu at 
site 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.  
The Pu data can be compared with those summarized by 
Livingston and Bowen (1976); none of tra samples, 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).  

Mytilus 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 137Cs, but elevations as great as this 
have been reported elsewhere (see Tables 7,11). The other 
sample from site 1, that from site 2, one or 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 radionuclidas are as follows: 

Site 1: 10/29/76 1 3 7 Cs 
Site 1: 5/28/78 55Fe (ratio to Pu is 390, vs 30 to 50 

elsewhere) 
Site 2: None 
Site 3: 6/15/71 13 7 Cs, Pu (but these may be in fallout 

range for that year; see Livingston 
and Bowen, 1976, Table 3) 

Site 5: 10/27/76 Pu 
Site 7: 9/23/76 Pu 

We have no question that the site 1 high 55 Fe and the two 
high Pu. one from site 5 and one from site 7 are real and 
are rela:ed to the output from the PJJgrim 1 reactor.  
These are factor of 2-3 (Pu) or 10 (F e) effects, and the 

site 7 high Pu was accompanied by the lowest 2 4 1Am we have 

seen in a mussel (or other environmental sample); a ratio 
241Am to 239.24OPu less than 5% really establishes that the 

Pu-Am mixture must have been produced very recently, cer
tainly less than 3 years and from the irradiation of uran
ium fuel. Such an origin is also confirmed (Rr at least not 
contraindicated) by the relatiyely low ratio 238Pu to 
239,24OPu. Unfortunately the l4Am 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 B fall into two
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classes: grazers like Mytilus: These are Littorina, 
Stroncylocentrotus, Balanus, and Soisula; or predators, 
largely eating grazers: 'hese are Homarus, Lunatia, 
Buccinum, and the Eider 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. One of our pur
poses in undertaking the present 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 conclusions: 
1. Strongylocentrotus and Littorina from site 2, and Balanus 

from site 3, probably show no evidence of Pilgrim I 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 
observations 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 

Plynouth. Mass.. Area: Water and Sediment Radiochemistry 

(Radionuclides in disintegrations per minute per 100 kg water, or per kg dry sediawnt)

Part A - Water Analyses: 

Collectfon Date 
Sit,:* 1976 Dooth - cm SSr 

1 * Oct. surface 36.2:0.6

Part B - Sediment Analvses: 

I x Oct. ZO 0-3 Grab 

2 Oct. 19 0-4 Core 

4 Oct. 19 0-6 from Anchor 

Cape Cod Bay Aug. 0-1 Care 

1-2 Core 

3-4 Care 

5-6 Core 

8-10 Core 

IZ-14 Core 

16-18 Care

32.0±0.5 N.M.

66.1=1.5 

157t_3 

59.7-I.3 

187t6 

181±3 

176t2 

181t3 

174 ±3 

198±3 

107 t3

0. 29±0.04 

2.6 ±O.2 

0.68&0.07 

2.5 ±0.3 

2.8 ±0.2 

2.6 ±0.2 

2.7 ±0.3 

2.5 ±0.3 

2.4 -O.Z 

I t0. I

Notes: * For locations. set Figure 3.  

M e Water dir-ec:ly frcm Pilgrim I outfaill.  

x Sediment from plant Intake basin.  

42

2 3 9 .24 0Pu 

0.15=0.06 

8.2-±0.3 

61.5±1.7 

21.3±0.6 

101:3 

75-2 

69-Z 

62_3 

69t3 

69±2 

33±1

2 3 8 pej/ 2 39 pu

0.035 

0.042 

0.032 

0.034 

0.037 

0.038 

0.043 

0.036 

0.034 

0.032



TABLE 14A 

Plymouth, Mass, Area [nvironantal Sarl~es - Slot& 

(Radlonuclides In dis1ntegrations per minute par kg fresh weight)

Collectingi 
-Sit$ 

2 

2 

2 

2 

2 

2 

2 
2 

2 

2 

2 

2 

2 

2 

2 

2 

2

QPiA 
mar 2 71 

Oct 29 76 

Kay 5 77 

Aug 22 77 
a 0 

May 28 78 

Aug 27 75 

Aug 28 75 
OCt 29 76 

May 5 77 

Oct 24 77

[QrinIvM3 

Chondrus Crilspu 

Fucus vYsiculosus 
Ascophyllum nodoium 
Red Algae - mixed 

Mytilus edulls 

Chondrus crtspus 

Fucus vsiculosus 

Red Algae - mixed 

Homarus - flesh 

"- guts 
PytIlIus edulls 

Lunatis heros 

Stronylocentrotus 

Fucus vesiculosus 

Ascophyllum nodosum 

Red Algae - mixed 

Littorina littores 

Mytilus edulis 
Rd Algae - mixed 

Elderduck flesh 

"- bones 

"- livers 
"- guts

N.D.  

X. D.  

M.D.  
M. D.  

N,D.  

N.D.  

N.D.  

N,D.  
N.D.  

11224 

M. D.  
N.D.  

N. D.  M.,D.  
N,D.  N. 0.  

H.D.  

N.D.  

N.D.  

N. D.  

N.D.

Notes: See Table 6.

lost 
25.2*0.3 

13.4 : .2 

14.5±0.2 
47.90,3.  

9.10,.Z 

38•.10.4 

12.7*0.3 

21.9:0,4 

6. 1,0.5 
7.4,1.0 
1.6,0,2 

20.3)0.3 

5.910,4 
9.9to0.2 

7.60,2 
19,5±0.2 

16:0.5 

3.8t0.2 
17. 110.4 
6.1,0,2 

3:5 

4. 4t 1. 3 
3L8O0.3

N.D, 
0. lOtO.03 

0.045*0.022 

0. 027 0 .020 

0.087,0.014 

0.017,0.004 

0.01710.006 

0.0590.011l 

0.0410.01 

<0.002 
CO.007 

0.0050,002 

0,034t0,005 

0.050.02 

0.083,0.016 

0.024±0.015 

0.160,02 
0,404M.011 

0.013±0.004 

0.0-4510009 

-CO.002 

0. 005 tO.005 
(0.007 

e0.001

23 9 ,2 40pu 

1.07,0.11 

1.910.2 

0.97,0.15 

20.08 
0.300.02 

0.67:0.09 
1.33,0.06 

0.66±0.04 

0.00610.003 

0.260M0.043 

0.2910.02 

0.65*0.03 

0.37t0.06 

1.62,0.10 

0.86±0.11 

3.58±0.15 

0.754005 

0.23±0.02 

1,21tO.06 

0.01410.005 

0.02610.013 
0,0150,.010 
0.026*0,005

241Mi 

0.044±0.018 

ND.  

0.31:0.03 
N.D.  

M. D.  
N.)D.  
N. D.  
N. 0.  
N.D.  

0.06•60.012 

N. D.  M.D.  
M•.D.  

0.600.027 

0.54 10.04 

N. D.  

N.r.  

N,.0.  
N.D.  
N.D.  
N. D.
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TMBLE 14B 

Plymouth, Mass. Area Environmental Samples - Biota 

(Radlonuclides in disintegrations per minute per kg fresh weight)

Collecting 
Site 

3 

3 

3 
3 

3 

3

7 
7 

7 

7 

7

Browns 
Bank (8)

Date 

June 15 71 

Juise 15 71 

Aug 8 74 

Aug 28 75 
41 0.

Fucus vesiculosus 
Mytilus edulis 

Buccinum undatum 

Lunatia heros 

Mytilus edulls 

Balanus balanoldes

Oct 27 76 Mytilus edulis

Sept 23 
June 23

Aug 

Sept
18 
26

76 

71 
Ii 

77 

78

Mytilus edulls 

LaminariA longicruris 

Hytilus edulis 

Mytilus edulis 

Mytilus edulls

Apr • 77 Splsula solidissifra

55 Fe2 

N,D.  

H. D.  

N.D.

N.,0.  
N. D.  

N.D,.  

N,0., 
6.11 .0

N. 0.

137 Cs 

33,2:0,9 

13,611,2 

4.600,3 

390± 
3±0.2 

601 

2,5±0,2 

2,010.2 

12,5 0,6 

3.1±0.3 
2.6±0,3 

1,6±0,4 

3,2 t0.4

2 3 8Pu 

0.2610.09 

0.03±0,02 

0,030,01 

0.0510.01 

0.020.01 

<0. 1 

0,026±0.005 

0.02±0,02 

0.132±0.018 

0,0130. 007 

0.008,0,004 

0.006±0,002

<0,005

2 3 9 .2 4 0Pu 

1,610.1 

0,57±0.09 

0.75t0.04 

0.690,.04 

0.35±0,05 

0,6±0.3 

0.7710,034 

0. 6 710. 0 9 d 

2,72±0,10 

0.1490,0.24 

0.26310.024 

0,1410.0O5D

0,40!0.05

2 4 1 A 

N.D.  

N.0.  

N. D, 

N. D.  

0.003±0.007 

0, 186±0.031 

N.D.  

0.05:0.02 

0. 032 ±0. 004D

N. 0,

Notes: I - See Figure 3 for location of collecting sites.  
2 - Decay corrected to date of collection 
3 - For common names or detailed taxonomy, see Appendix Table.  

11,0. - Not measured.  
d - Result of duplicate counts, 
0 - Mean of duplicate analyses,
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TABLE 15 

3iota Samples for Comaisdcrian t Plynmoutlt Area %Tables 14. 148) 

(Padiontuclides. in 01sIsn~eqrat Ions ;er Minute per Kg 'de Weight)

Collection Site 

aoston. t 

Cage :od Canal

Oat e 

9-22-76 

8-18-77 

9-25-76 

8-19-77

Organlim 2 17CS 

lrytilus edulis 1.8-:0-3 

- - 1.9=0-3 

3 .9-0-2

notes: I - See also fallout-contaminated mussel data on Tables 7 and It.  
2 - Soft carts only 
3 - Atout 32.5 mniles XtW of Pilgrim I reaczor site 
4 - Xiort.* end of canal; about 17.5 miles soutl'i of Pilgrim I reactor site.  

4j~

238pu 

0.004t0.002 

fl.OIZIO.006 

0.021!!0.005

239.2Z40 P 

a. it to.0z 

0.26t(0.02

241 
Am 

0.008=0.004 

O.GZ :0.01 

0.ozo--o.OCa 

0.05 to.01



SUMMARY AND CONCLUSIONS

It i; reasonable to preface this summary with the statement 
of our strong dissatisfaction at the outcome of the project.  
All of our early discussions with NRC emphasized 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 believed certain 
ultimately to concern NRC. Our initial proposal stated 
explicitly (page 7): "The first year will be 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 is just the bare bones of preliminary work, that was 
planned to provide a skeleton for the program in 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. We 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 familiar 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 believe 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 
between 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 ameliorating, 

our unhappy situation; it would be possible, and we urge 

NRC to consider it, for the Agency to change its practices 
in contract administration.  
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Sumr iry

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 5 5 Fe, 6 0Co, 134,137Cs are released to 

provide the bases for very useful tracer studies of their 

blogeochemistry; at least sporadically this appears also 

to be true of Pu and Am nuclides. Changes made during the 

period, 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 useful -

or even measurable -- amounts of Cm are released by either 

Maine Yankee or Pilgrim 1.  

Analyses of sediments in the area arouna Maine Yankee, and 

of biota around 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, further-'rce, that the experience gathered in this 

project so far has provided us with a generalizable basis 

that can be used for identifying other reactor sites that 

have high probability of being suitable loci for biogeo

chemical studies of their weste products. It is,of course, 

evident that from the point of view of defending NRC's 

reactor site acceptability criteria, especially aiainst 
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 

reactcrs studied, approximating the levels of 6GCo 

released.
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134Cs is released, generally, at nearly uniform ratio to 
I3T-Cs, so that the change in this ratio with time can 
be used as a guide to dating movements of released 
radiocesium.  
2 3 8Pu is released at very high ratios to 2 3 9 , 2 4 0 pu, 
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 
WFllstone Point, and has not yet been detected from 
either Maine Yankee or Pilgrim 1. 

Release Patterns 
The rates of release of radiocesium are not useful pre
dictors of the rates of release either of activation 
products like 5 5 Fe or 6 0Co, or of transuranics like 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 samcling has shown the following: All 
!!Fe in the effluent is associated with easily filtrable 
particles, while orly one third of the Pu is slinilarly 
associated. This should have led to deposition of 
these tracers in local 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 radioactivity 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 
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Appendix Table 

Common Names and Taxonomic Details for 

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

Plants' 

A. Brown Algae 

Fucus vesiculosus 
Ascoohyllum nodosum 
Laminaria 1onqicruri5 

B. Red Al2ae 
Chondrus crisous 
Mixture: Ceramium rubrum ) h. fl 

Soermotfhia-nrIon lurner cniefly 
Phodrus rubens some 
Phylloohora ro•'iaei 

Animals 

A. Annelida 2 

Nereis virens 
B. MoT'Wuscs 2 

Bivalves 

Crassistrea virginiana 
i ui __soiiaissima 

M-tilus edulis 

Lunatia heros 
succlnuml un-attin 
Littorina li ttorea 

C. Crustacea 2 

Balanus balanoides 
Homarus americanus 

0. EoboaQgr'Dt z 
Stronqyl ocentrotus drobachiensi s 

E. Bi-rds

Connon Names 

Rock Weed 
N ii 

Kelp 

Irish ?oss 
None 

it

Worms 

Sandworm; Cl amworm 

Shellfish 

Oyster 
Surf Clam 
Blue Mussel 

Snail s 
Moon snail 
Waved Whelk 
Common Periwinkle 

Barnacle 
Lobster 

Green Sea-urchin

Somateria mollissima Common Eider duck 
Notes: • - Taxonomy from Kirgsbury, 1969.  

2 - Taxonomy froc. Snith, 1964.  
- Taxonomy from Robbins, et al, 1966.
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