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ABSTRACT

Release data are reported for three coastal water-cooled
nuclear reactors: Millstone Point No. I and No. 2 (for
the period-January 1977 through April 1978), and Maine
Yankee (for the period 20 June 1977 through 25 March 19Z8);
release samples were analyzed for 55Fe, 60Co,134 s, .3/Cs,C

238Pu, 239,240Pu, 241Am, 442Cm and 244Cm, but not all nu-
clides on every sample. Radioiron is a major component of
the releases measured; the transuranium nuclides are less
significant components than was expected, but levels have
occasionally reached microcuries per month. Pulses i f 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 ha. I reactor. No water samples re-
mote from reactor outflows have unequivocally shown reactor
contamination. No sediment samples from near Millstone
Point Point or Pilgrim I have shown reactor contamination;
this has been clearly _ evident in several sediment collec-
tions from near Maine Yankee. Biota so far measured from
near Millstone Point show reactor contamination only when
taken f rom the ef fluent canal . From the Maine Yankee and
Plymouth areas, however, biota samples frequently prove to
show slight, but definite, reactor contamination. In these
two areas biogeochemical 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
plannee disposals or as the result oof accidents, is our
present iInorance both of the geochemistry of these ele-
ments ant 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
to ascertain what similarities in geochemical behavior may
appear between the transuranic elements and those better
known elements whose radioisotopes are also components of
each released mixture.

P"/ suit of this approach has led us to study a substantial
camber 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 from all nuclear power reactors
contains small amounts of artificial radioactivity arising
in two very different ways:
fi rs tl y , by direct neutron reactions on the components of
the cooling water stream, or of the duct work through
which it passes.

secondly, collected into storage-tanks, as the result of a
variety of technical opcrations, of the plant or of its
laboratories, and released periodically, usually af ter
considerable chemical cleanup, by pumping-into the cool-

1
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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 content
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, res' ult from the second
class of operations. Because of this origin, in processes
that are only secondary functions of the day-to-day power
producing operations of the plants, the rates of release
fluctuate widely in ways that, if they could be predicted,
or even ascertained at the time of release, would be of
considerable value in helping to establish time constants,
especially of some of the biological, or sedimentological,
interactions of the nuclides released.
In this report we propose to discuss the patterns of nu-
clide release that characterized three reactors, Millstone
Point Nos. I and 2 and Maine Yankee, during parts of the
years 1977 and 1978. We will also discuss some evidence
concerning 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.

2
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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. I 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 adjusted to represent the monthly discharge experi-
ence. The series we received began with January 1977,
continued through the year (without samples for August or
September), and through the first four months of 1978.

In the case of Maine Yankee, we received a separate sample
to represent each discharge 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 from 20 June
1977 through 25 Parch 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 only
small volumes of sample -- $5 ml per period. Between the
February and March 1977 discharges from Millstone Point
No. 1, however, an additional stage of waste discharge
treatment was introduced. As shown in Table 1, this re-
sulted in a very substantial reduction, close to two or-
ders of magnitude, in the concentrations of tran3 uranic
nuclides in the discharge, bringing them too close to our
detection limits. Beginning with May 1977, then, the sam-
pie 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 significant-
ly cleaner in its discharge than we had expected.

3
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It would obviously be of considerable value to have been
able to supplement these samples representing the tanks
discharged,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 guite unable to
arrange proportional sampling of the cooling water efflu-
ent stream, so that this part of the investigation still
cries out to be undertaken.

In addition to the discharge samples provided by the re-
actor operators, we obtained series of samples of or-
ganisms, of sediments, and of water, in the environments
of these reactors, and of the reactor operated by Boston
Edison Co., at Plymouth, Massachusetts (Pilgrim No. 1).
Most of these samples we collected ourselves but some
were provided by the environmental survey teams of the
reactor operators. In the Wiscasset area we were sub-
stantially' assisted, through the good offices of C. T.
Hess, University of Maine, Orono, by the people and faci-
lities of the Darling 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 under 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-supported work,
have been completed with support from other agencies.

!
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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.

90Sr, 137Cs and others: Wong, Noshkin and Bowen, 1970.
In Reference Methods for Marine Radioactivity

IAEA, Vienna), pages 119-127.
Studies (ingston, Mann and Bowen, 1975.Cm: Liv InPu, Am,
Analytical Methods in Oceanography (ACS, New
York), 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:

1973. In RadioactiveFukai, Ballestra and Murray, Environment (IAEA, Vienna),1.
Contamination of the Marine
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.

Other 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.

5-
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RESULTS |
i

g!scharge_pata;

. The analytical results on the discharge samples are set
!

out in three tables: Table 1 dealing with Millstone Point
No. 1; Table 2 dealing with Millstone Point No. 2; Table 3

. b$o"$3ks $C,$S '2b$4bP,Pk$$"*4Cm,an$'2C P ,

| 244Cm; not all nuclides were, however, measured in each
: s ampl e. For the shorter-lived nuclides, data are shown as

of the date of collection of the sample. In each casei

_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. ;

Egy!togmegtal,pata-

! 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 but 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-:

a. gram-(Goldberg et al. 1978, and Bowen et al, to be pub-
: & _lished) supportedLby| EPA.

.

In the-orderfof their insertion-in theitext, these figures
and tables arefas' 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.
:Ta bl e - 8: Wiscasset, Maine: Surface Water from Montsweag

,

|- Bay.
'
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Table 9: Wiscasset, Maine, Area:Surficial Sediment
Radiochemistry I.

Table 10: Wiscasset, Maine, Area : Sediment Cores Radio-
chemistry II.

Table 11: Wiscasset, Maine, Area : Environmental Samples -
Biota I.

Table 12: Wiscasset, Maine, Area: Environmental Samples -
Bicta II.

Figure 3: Sampling Locations around the Pilgrim Nuclear
Reactor, Plymouth, Mass.

Table 13: Plymouth, Mass.. Area: Water and Sediment Radio-
chemistry.

Table 14: Plymouth, Mass. . Area : Environmental Samples -
Biota.

Table 15: Biota Samples for Comparison to Plymouth Area
(Table 14A & B).

,

$

7
.

,, y - - - --, -e y -- ,- p. - - y p w-~- - - - = c e -w r v ,



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

'o
,

s

!= . TABLE 1.

MILLSTONEPOINTREACTbR#1MONTHLYDISCHARGEACTIVITY:.

I' : Month'.- ' Stored 55 , 160 134Cs .. Cm242p Co
'and- . Volume ' mC1 - . . ' mci . 137 , 238 239,240 "Ic Pu Pu Am nCi '24"Cm
-Year- - (liters) (DOC)3 , ' mC1 (DOC)2' ' mci nCi - nC1i ~ ti -(DOC)8 nCin

Jan.' '1977-<1.07x106~ 5.56t0.12 4.06t0.11 8.26t0.14 690t150 140t10 <210 3,6602360 <210

Feb. 282,118' O.30!0.05 0.70 0.03 430270 280 50 260t50 3,190 170 520t60

| March' 543,418 12.110.3 28.St0.2 insufficient sagle '

|

^ 216,141- 0.04120.002' O.11 0.01 insufficient sample'April:

.May. - 108,638 68.0t0.1 106.010.1. 1422 91 1022

!- June 8,630. 1.20.2- 0.9 0.2 1.0 0.2
,

"A LJuly 9,671 .:4.94 0.17 14.020.2 21.520.2 50.4 0.3 11.310.5 7.410.4 8. 0 t0.4 49.615.3 9.320.8

-August No sagle

, Sept.> No sample-

!' -Oct. 9,463- 3.0520.06 1.50 0.02. 1.17 0.02 3.00t0.02 10.220.5 6.1 0.3 6.220.1 30.925.7 7.621.1

.Nov. 11,000 10.7120.01 0.46t0.01- 1.30 0.01~ 6.320.3 4.5 0.3

:Dec. 420,000' O.46t0.03. 0.14t0.03 0.32 0.03 2924 21!4

Jan. 1978 73,662 1.90 0.04 0.8610.04- 1.56t0.01 23418 7524

Feb. 18,813 30.6t0.1 61.2 0.2 0.4210.07 -1.6620.09- 40t1 28t1 25.0tl.9 97.6t5.6 26.721.9

' March = ' 611,447' O.75t0.06 0.35t0.10 0.8320.07 73.7 18.4 36.8 6.1
: April 231,111 21.5t0.1 0.35 0.04 0.9710.04 8.4002200 3,900 100

3 DOC = data decay corrected to date of.. collection of sample
,

i

e
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i . TABLE 2
1-

MILLSTONE POINT, REACTOR #2 M)NTHLY DISCHARGE ACTIVITY

.$
$

Co Cs Pu 238,239 , 241 24460 137 238 p Am n vm
,

~

(11ters) (DOC) 8 _ mC1 (DOC)8 mci - nC1 nCi nCi (DOC)8 ft, .

'

: Year ,

Jan. 1977 640,422 0.30 0.05- 0.61t0.09 <40 60t80 <130 <65

Feb. 1977 '333,943 0.22 0.03 0.5720.03' 40 30 110260 20t27 40 20 <36

March 1977 ' 333,693 0.25t0.04 0.61!0.03 Insufficient sample
'

April..-1977. 793.820 1.41!0.13 3.5220.06 <50 <80

.May 1977 547.735 0.85t0.11 2.36t0.05 <1 <2 !
;

-

| I
| June 1977. :701,376- <1 <1

~Jul) 1977 - 402,769 0.40 0.01 0.1120.02 0.03 0.02 0.053 0.035 2.4 0.8 0.4t0.4 1.61.2'O
'

!

Aug. '1977 323,000 0.09t0.03 0.2620.03 <0.7 <0.7 <9 <9 <9 |

Sept. 1977 629,000 0.2510.02 0.52 0.05 22 413

Oct. 1977 |961.003 -0.93 0.01 0.69!O.11 0.27to.09 0.61!0.01 422 6t4 <8 |

-Nov. 1977 907,000 9.9 0.4 11.410.3 121 21'

Dec. 1977 536,020 7.6 0.2 13.6 0.2 <0 0.2t0.1

Jan. 1978 485,192 3.48t0.14 6.5820.15 <0.5 <0.5

Feb. 1978 227,448 1.3610.01 5.0710.05 0.23 0.04 0.62 0.03 0.220.1 1.6t0.) <2 <2 <2 !

March 1978. 640,028 2.8420.10 0.8710.08 1.1720.09 0.321.1 <0.9

April 1978 730,217 1.00 0.03 0.5710.03 1.07 0.02 <1.5 <1.5

- DOC = data decay corrected to date of collection of sample |
2

|

:
,

>

l
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TA8LE 1

MAINE YANKEE, PERIODIC O!SCHARGE ACTIVITY

55 '134
Fe Cs

I37 238Volume mci mci Cs Fu 239,240 , 241p Am
_

Date - 1977 Time- (li ters) (DOC)' (DOC)' mC1- nCi nC1 nCi

20 June 1300- 46,934 'O.03320.001 0.00/20.003 0.014t0.004 0.85 10.24 .0.4720.19 2.52;.4

19 July' 1000 45,526
1400 40, 2 0

16 August 1200 35,200 0.148tc.008 0.51 10.01 0.11 10.14 3.7 20.5
1752 '38,016

-25 August 1100 46,934

26 August 1100 46,366 0.02220.002 0.07820.002 0.47 20.23 4.7 20.6

27 August 1100 46,366

30 August '1500 46,934 0.02120.004 0.08910.005 <0.09 0.19t0.19

2 October 1400 40,363- 0.056to.001 '3.87 20.01 14.4 t0.1 (0.02 <0.02 0. 6 !0. 8

6 October 1500 6.101

10 October 1200 14,080 1.28 20.01 4.73t0.01 0.07120.057 0.4920.11

24 October 1500 36.139 +

8 Noveder 1900 40,363 0.48 20.01 1.83 20.01 0.08 0.12 0.4520.28

24 Noveder 1400 38,486

2 Deceder 12 30 26,745 0.22 0.01 0.90 20.01 <0.05 0.05t0.10

8 Deceeer 1300- '46,934
'

1700 46.934 !

| 12 Deceder 1600 45,514 1.02 10.01 0.23t0.01 0.91 10.01 2.1 21.0 1.5 20.8

23 Deceder 1500 39,883
[

| ... continued... |
'

|

|

[
'

l
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| TABLE 3, Continued

PAINE YANKEE, PERIODIC OISCHARGE ACTIVITY
!

55 134
137 238 238,239 241

! Volume r mC Cs p p g
! Date - 1978 Time (liters) (DOC) 8 (DOC)8 mC1 nC1 nC1 nCi

3 January 1500 42,229 0.099 0.004 0.39 t0.01 0.0810.13 0.15t0.17

10 January 1700 36,130

11 January 1800 16,892 0.21 20.01 0.85t0.01 <0.003 0.24r0.13

12 January 1300 46,922
1500 24,399

13 January 2000 46,922

14 January 2400 42,229

15 January 1400 42,229
2300 42,229 0.00320.001 0.010_J.002 <0.08 <0.08 0.29:0.04

'

17 January 1700 42,229

18 January 1400 46,922

19 January 1500 45,983

18 January 2000 42,229

3 February 1800 39,883

14 February 1400 42,105
2300 46,922

16 February 1600 44,106 0.004 0.003 0.013t0.004 <0.08 <0.08 -0.02:0.04
2300 46,922

20 February 1600 38,017

23 February 1700 43,164,

25 February 0800 33,792
2300 42,241

... continued...
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TABLE 3. Continued

MAINE YANKEE, PERIODIC DISCHARGE ACTIVITY

55 , 134Csp
137 238 238,239 241

Volume mci mci Cs Pu Pu gn

Date - 1978_ Time (liters) (Dt i8 (DOC) 8 mci nCi
_

nti nCi

27 February 1500 41.771

28 February 2000 42,241

1 March. 2'J00 42,241 0.005 0.003 0.009 0.003 <0.08 0.2120.13 -0.3t0.2

5
.

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

.
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DISCUSSION

NUCLIDES STUDIED:

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

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

134Cs:137Cs: Both Cs and Cs are produced,and re-134 137

leased, in considerable amounts in reactor operations.
The very different half-lives of the two nuclides
(Tg 134Cs = 2.ly; Tg 137Cs = 30.ly) 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. I 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. I during this interval, put out about four times
as much total radio-Cs as did Millstone No. 2, and the
ratios, 134 s to 137Cs, are so close, it would be possibleC
to use the change in this ratio, in reasonably 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.

238Pu:239,240Pu: The amounts of Pu that have been deli-
vered to the higher latitudes of the northern hemisphere

havebeenlargecomparedtothosereleased{romanypower
reactors we know of: about 2 mci Pu per km from gic,bal

,

fallout versus the nannocuries per month released from
the Milistone 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 239,240Pu: ranging from about I to as much 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
238Pu:239,240Pu ratio.

241
tirely from decay of its parent 2ks originated almost en-Am: This nuclide in fallout h

iPu. At the ratios so
far observed of 241Pu to 239,240Pu in test debris, the in-
growth of 241Am 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
from fallout 241Am by its ratio to 239,240Pu.

14
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242Cm,244Cm: Tne curium nuclides were not measurable com-
ponents of most nuclear test debris. A major reason for
our undertaking this project was the hope, based on mea-
surement of Cm in shellfish contaminated by the Millstone
No. I waste strehm, that it wculd 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 wasts treatment process at Millstone wiped out
this hope. In the Maine Yankee effluent we ha /e 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 60Co or 55Fe on the
ether. 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 stations: Millstone Point Reactors 1 and 2, Maine
Yankee Reactor, and Pilgrim No. 1 Reactor. Only from the

15



TABLE 4

MILLSTONE POINT DAILY DISCHARGE ACTIVITY

Reactor #1 Reactor #2

Mo h 137 239,240 137 239,240
Cs Pu Cs Pu

Year uCi/ day pCi/ day uCi/ day pCi/ day

Jan. 1977 275 4,667t2,000 20.3 2,000 2,700

Feb. 1977 25.0 10,370 1,700 20.4 3,667 2,000

March 1977 950 -- * *
19.7 --

117 <2,700'Apr. 1977 3.7 --

May 1977 3,533 300 78.7 < 67
2 30.0 -- < 33June 1977 --

Ju7y 1977 1,680 2 57 1.8 13.3

Aug. -1977 -8 -2 8.7 < 23
8 3 17.3 133 100Sept. 1977- -- --

Oct. '1977 100 203 20.3 200 133

Nov. .1977 43.3 150 380 67t33

Dec. 1977 10.7 700 453 .6.7 3.8

-Jan. 1978 52.0 2,500 219 < 17

Feb. 1978 55.3 1,037 23.0 59

March 1978 27.7 1,227 39.0' < 30

Apr. 1978 32.3 130,000 35.7 < 50 '

Sample too small for analysis at these concentrations.1

2 No data.

3 No Sample supplied.

_
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first two of these reactor operations (Millstone Point No.
I and 2, and Maine Yankee) do we have relevant data for the
radionuclide discharges, as set out above in Tables 1,2,and 3.

Millstone 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 af ter some circulation and
dilution. In two parts of the outflow plume the inner
(hottest) plume, and the outer (mixed) plume, envelope,
large volumes of water were passed 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 1 and 2.

Although the October 1977 discharges were characterized by
ratios as follows:

55 137Fe to Cs about 1

134Cs to 137 s 0.39C "

238Pu to 239,240Pu 1.7"

244Cm to 241Am 1.2,"

there is little evidence of- this in the outflow data. Com-
paring water sample SA to water sample 2, we see that the
outflow has been enriched by 48% in 137Cs, very slightly
depleted in 90Sr, shows no evidence of enrichment by 134Cs,
238Pu or 239,240Pu, and has been enriched by 290% in 55Fe.
A larger volume sample would have been needed for measure-
ment of 134 s at the concentration indicated. It is of in-C

terest that the 55 e was essentially 100% associated withF
particles coliected.by the 1 pm filters; this has been re-
ported for cther 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-effluent Pu
(Hetherington, 1976; Nelson and Lovett, 1979).. What is
most evident, however, is-that the pulsing of the discharge
pattern must be sufficiently sporadic so that water sampling

17
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in the outflow should be guided by information that was
not available to us. It is quite possible that the two
Long Island Sound samples (#3 and #4) both show some 55Fe
from Millstone and that No. 3 shows also some 137Cs, 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 134Cs or 238Pu) would be'

needed to support this sort of conclusion. It would be
more economical to be able to undertake detailed programs
of sampling water at short intervals after known releases,

of the nuclides to be measured.present substantial pulsespreferably those expected to re

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 p, compared to over 66% less than
62 y 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 137Cs,
and much poorer in 239,240Pu. Neither core showed, even
in the top section, any measurable 134Cs, nor any strong-

elevation of the 238Pu to 239,240Pu ratio, as would result
from accumulation of such reactor effluents as are summa-
rized in Tables 1 and 2. Core No. 2 showed no measurable
Cm radioactivity, either. On the other hand, the inven-

| tories of radionuclides in core No. 2 -- core No. 3 was too
i short to permit usable inventory estimates to be made --
,

are unusually high. Livingston and Bowen (1979) reported
| 137Cs and Pu analyses of a considerable series of shallow

water sediment cores. Of the 12 comparable cores summa-
,

! rized in their report, none even approached the 137Cs in-
ventory of core No. 2, over 45.5 mci /km2 (note that nu-
clide' concentrations of core #2 are still large even in the
29-33 cm bottom section, indicating these inventory esti-
mates as minima.); the range reported by Livingston and

| 18
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Bowen (1979) was 4 to 15 mci per km2 of fallout 137C
The inventory of Pu in core No. 2, over 12.1 mci /km2,s.ap-

137 s, whereaspears at least as much elevated as that of C
the 55Fe inventory is not too far removed from that one
would expect in relatively oxidizing fine-grained sediments.

Without both the carefully examined data (Table 6) for
134Cs 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 55Fe
of core No. 3, and the high 137Cs and Pu of core No. 2
were indications of the accumulation, in sediments nearby,
of long-lived radionuclides released in the Millstone
Point reactor effluent stream. Examination of this whole
data base, however, forces us to conclude that each of
these Millstone Point cores represents a basin of sedi-
ment accumulation from a large neighboring area (as we feel
Krishnaswami et al (1973) showed for the Santa Barbara
Basin). Only nuclides of world-wide fallout origin are ob-
servable, and what is most interesting is the selection of
55Fe by the coarse and of Pu by the fine grained sediments.
This is not, of course, to say that the long-lived waste
radionuclides from Millstone Point effluents do not ac-
cumulate somewhere in sedimentary deposits; we just have
not so far found the place.

The Millstone Point biota data collected in Table 7 we
take as confirming this point. The oyster sample, taken
in 1975 from the effluent stream in the quarry, was the
source of our original interest in this project; these
organisms showed substantial and unequivocal evidence of
reactor effluent in their concentrations of 137Cs, 238Pu,
239,240Pu, 241Am, and Cm; oysters collected at the same
time at Black Point (see Fig. 1) may have been slightly
above fallout levels in respect to 137Cs and 239,240Pu,
but were certainly not unequivocally so. The same state-
ment applies to the-mussel sample from area 2 (Fig. 1)
collected in 1977: its sof t parts were above the range.for
that year of 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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i 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 to 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 contract, submitted October 1977),
and by further sampling especially at periods of high re-
lease rate (as for instance in April, 1978 of Pu, or Jan.-
Feb., 1978, of 137Cs).,

,
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TABLE 5

P111 stone Point. Conn.

Long Island Sound Surface Watur*

(Radionuclides in disintegrations per minute per 100 kg water)

Station Cs Cs Sr 238 , 239.240 55 ,134 I37 90 p Pu 7

#2 323 29.6 3.6 28.6t0.2 0.0'1920.006 0.101:0,015 7.411
.

f3 232 31.8 4.0 25.520.3 < 0.003 0.108 0.017 1112

f4 .3.6 2.5 27.023.1 30.4t0.2 < 0.010 0.090 0.020 11t1

#5A(outflow- 0.520.6 43.814.3 26.0t0.6 < 0.010 0.09020.030 2922

inner
pl ume)

#5 A(particulates |>1u. --- --- 0.00210.001 0.032 0.001 26. 7 t0.2.---

from outflow,
inner plume)

0.0008t0.0005 0.034t0.003 12.710.2.P58(particulates >1u. --- --- ---

fromoutflow|outer plume-

.

*
For station. locations see Figure 1; samples collected 20 October 1979.

,
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TABLE 6

Millstone Point. Cenn.

Sediment Coss1 Radicchemistiy

(Radionuclides in disintegrations per minute per kg dry sediment)

A. Station 2. Core #3

Section Wet / 55 8 137 238 239.240 241
cm Dry Fe Cs Pu Pu Ari

20-1 1,53 1588241 27322 0.79to.04 21.9 0.7
1-2
2-3
3-4 1.40 1065126 411t2 1.22 0.11 38.621.2
4-5
5-6
6-7 1.34 - 1088159 336 2 0.92 0.09 32.420.9

B. Station 3. Coc #2
3 7 60-1 2.03 325246 603 4 3.27 0.19 12923 32.3 1.5

1-2 1.65 274139 487t3 2.58t0.16 102t2
2-3 1.89 244t49 603 4 2.8720.18. 12123
3-5 05-7 1.95 245234 64124 2.4720.14 11227 31.921.6
7-9
9-11 1.83 388226 498t3 3.3720.21 13023
1-13

13-15 6
15-17 1.96 625266~ 72323 6.4820.15 215 5 t5.5:L6
17-19

48323 4.98i0.12 1482419-21 1.93 ------

21-25
25-29
29-33 1.77 121232 281 2 3.34t0.22~ 9223 36.121.9 6

4 5

Inventories,
mC1/km2- 30.5 45.5 12.G'
1 estim. delivery 128% 38.6% 610%

Notes: 1 = For locations see Figure 1; samples collected 20 October 1977,
2 = 70% >62p. 30% <629 from wet sievias.
3a 34% >62p 66Lc62 fras ad s 3146169
4=meanratIoZJUPu:b9Pu=0.028.
5 = mean ratio 241Am:239Pu = 0.287.
G = k Curt aa tietectable.

134Cs less than 1/60 of 134 + 137Cs.
7 = 55 e data decay corrected to 1 January 1975.8= F
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. TABLE 7.

~

. Millstone Point Environmental S' mples - Biotaa

(Radionuclides .in disintegrations per minute per kg wet weight)

*
Collection Sites Date ' Organism : Tissue 137 238 239.240 241 242 244Cs Pu Pu Am Cm g

i-
'

Nov. 1970 M. edulis Shell~- Hillstone Beach 0.98!0.08---

Soft parts 0.0820.02 0.97 0.11
Millstone Point Apr. 1971 M. edulis Shell 1.0510.15---

Soft parts 0.0310.01 0.6410.16
Millstone Point - Dec. 1975 ? Oyster Shell- 462618 2.1 20.2 3.5 20.25 0.9 0.25 9.220.9 1.510.3

. Quarry Soft parts 177824 0.5 20.07' 1.3 0.1 0.4 0.05 2. 6 t 0.2 9.3 0.04
Black Point Dec. 1975 Oyster Shell Lost

.

bdl 0.9 20.2 0.15 0.03 --- ---

Soft parts' 2020.3 0.02 0.01 0.3 0.02 ND --- ---

I'
- Millstone Fcint 'Aug.' 1977 ;M. edulis-

% Area.2 ~ Soft parts '6.1 0.3 0.005i0.003 0.3 0.02 0.07 0.01
O

|^ Eallgut.ggotamiegteq.Satelch.fer C9eear1190:
| ' Millstone Point 1976 M. ' edulis Soft' parts 4.110.2 <0.004 0.2 20.02 0.02 20.01 --- ---

0.2 mi. outflow ' ~1977 M. edulis Soft parts 3.110.2~ 0.005!0.003 0.27 0.02 0.09 20.03 --- ---

Herod Point.'L.I. 1976 M. ' edulis Soft parts 2.410.4 - 0.00820.003 0.09!O 01 0.014 0.006, --- ---

| 38 mi. SW 1977 M. edulis. Soft parts 3.1t0.25 0.002 0.002 0.12020.012 <0.01 --- ---

| New Haven. Conn. 1976 M. edulis Soft parts Lost 0.01120.004 0.24 t0.02 0.042 0.013 --- --

42 mi. W 1977- M.' edulis Soft parts 220.6 0.02810.011. 0.39 10.04 'O.07 20.02
'

--- ---

1978 M. edulis Soft parts 3.320.2 0.016 0.006 0.32 0.03 0.04220.008 --- ---

Block Island. .R.I. 1976 M. edulis Soft parts '5.120.3 0,00810.005 0.19 20.02 0.037to.015g --- ---

33 mi. SE 1977 M. edulis Soft parts 2.320.3 0.008t0.004 0.18 20.02 0.04 20.02
'

--- ---

.1978 M. edulis Soft. parts 3.320.3 <0.003 0.13 20.02 0.01620.013 --- ---

Sakonnet Pt. . R. I. 1976 M. edulis- Soft parts 2.820.2 <0.005 0.15 e0.02 0.013t0.006
i

--- ---

| 1977 M. edulis ' Soft parts 2 0.3 0.01120.004 0.22 20.02 0.03 0.01 --- ---

Notes: See Figure 1 for collection -locations,* =

bdl = Below detection limists.
ND = Not determined.

L
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The setting of the Maine Yankee reactor contrasts strongly
in respect tu its hydrography and sedimentology, to those
of Millstor,e 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 wit'n 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 furtner 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 Table 8.
these samples were collected, the releases of gt the time 3sCs or of
Pu were too low for detection. The change in the ratio
137Cs to 90Sr _ along the major direction of flow (from station
7 to 1 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 55Fe.

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 134Cs to have certainly come from the Maine

25

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



134 137
Yankee reactor. The ratio Cs to 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 Comparison of the
inventories of Pu, and of the ratios 238 u to Z39,240Pu, inP

the sediments of Table 8 with those reported by Livingston
and Bowen (1979) suggests there was little or no Pu in the
high 137Cs discharges to Bailey's Cove. The assumption
that the sediments (sampled by " scooping" at low tide)
collected represent about the top 6 cm of the column leads
to the conclusion that the Pu concentrations reported are
well within the range expected from fallout alone; this is
true also of the ratio 238Pu to 239,240Pu 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, but this appearance may be an artifact of
the sample-pooling that was practiced at the latter f acili-
ties.

We take the change in sediment radienuclide 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 134 s to 137 s.C C

The two sediment cores, collected in 1977, for which data
are set out in Table 10, confirm and extend this conclusion.
At location 2, although the radiocesium concentration-vs-
depth curve comes close to expressing logarithmically the
expected effect of mixing downward, the ratio 134 s to 137Cs,C

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 greatly in age or 134Cs con-

wi the ratios of either
7 s,th depth, cfdo not show the patterns that wetent. The fluctuatioD239,240Pu or bbFe to l$e C

would expect to result from resolubilization and redistri-
bution within the sediment, as discussed for Pu:137Cs ratios
by Livingston and Bowen (1979). More likely, we believe,
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1s 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 tne 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 55Fe 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 dbFe expected from worldwide
fallout: although Joseph et al (1971) estimated that 1962-
1966 fallcut was characterized by a ratio 55Fe to 9uSr of
9.4 (= 55Fe to 137Cs, 6.5), the elapse of 4 55Fe half-lives
by 1975 reduced this to 55Fe to 137Cs of 0.406 or so.
Although geochemical processes will affect Fe and Cs in
different ways, fallout 55Fe 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 by Livingston and Bowen (1979)Imates (allor from its
ratio 238Pu to 239,240Pu. The inventory est
minima, because the core was too short to include the full
depth of radionuclide-contaminated sediments) show large
excesses, as expected from the concentration data, of 55Fe
(250% of f allout) or of 137Cs (~65 mC1 km-2 vs the range
4 to 15 mci km-Z 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
238Pu to 239,240Pu, and the concentration vs depth-in-core
curve of 239,240Pu suggest that here we have a site of rel-
atively continuous sediment dep6sition, and that the radio-
nuclide concentrations are showing sicnificant contributions
from the reactor wastes. The ratio 134Cs to 137Cs in this
core shows unusual variability, with no significant 134Cs
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 cora in terms of its Cs isotope ratio, although
clearly different in terms of f.s:Pu, and Pu isotope ratios.
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Contamination of this Montsweag Channel area clearly didi :

not occur by simple transfer of sediments from Bailey's'

Cove.

i Comparison of the data from Core No. 3 with those from
; analysis of sediments from the mud flat, across the river

and a little north of the diffuser (Table 12, below) raises!

some other questions. Although the 137Cs is atout 50%'

higher on the mud flat, assuming the top 6-cm were collected,
.

elevationinjSUPu.ation is significantly lower and shows nothe Pu concen
In fact, on the basis of the data now

L in hand, the mud-flat sediment looks more like material
transported from Bailey's Cove than it does like the core4

j from across the river. It is very evident that 55Fe anal-
yses.would help clarify this interpretation, as will 134Cs
analyses that are now in process.

;

: The analyses of Wiscasset-Area biota collected in Table 11
show reasonably clear evidence of contamination by reactori

wastes. This is true for the 137Cs and Pu contents of the'

1973 oyster shells, which are substantially above those we; ,

would h ve p edicted from fallout alone; it is true, how- !

; ever, thct che ratios 238Pu to 239,240Pu are not elevated,

j- 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 <,

239,240Pu. 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 location 14 at the mouth of
; Bailey's Cove versus Boothbay, agree in showing substantial
; elevations of 137Cs near the reactor. We have some sus-

- picion of~the Pu concentration in Ascophyllum from Boothbay;
as 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

The La arenaria sample:from location 6 appearsMFucus.
i high in both 13/Cs and Pu,:although the 238Pu to 239,240

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-eithere

' 137Cs or Pu. The 55Fe in.the second of1these' samples does
look-high, however;.in Narragansett Bay (and Plymouth area

,
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55 239,2407) mussels we have found ratios of Fe to 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 mus els 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 mua 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.

137The Wiscasset worms contained elevated levels of Cs and
of Pu; whole worms contained 137Cs at a concentration about
10% and Pu about 22.7% that (estimated ) in the wet sedi-
ment from which they% and the Pu to 7.7% of the uncleanedCleaning reduced thewere collected.
137Cs in worms to 24
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 '.he tissues: 42% of 137Cs 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 formalin-solubilization data shown at the bottom
of Table 12: The latter situation produced worms with only
2/3 of tissue 137Cs, but 18% of tissue Pu, soluble in forma-
lin, whereas the fallout contaminuted worms showed all
their tissue 137Cs, but only 12% of their tissue Pu soluble

29
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with the same treatment. Without these last data we would
be inclined to suppose that the Wiscasset worms, whose ex-
posure occurred during residence in a very small area of
reactor-contaminated mud, simply had not yet come to equi-
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 reactor1

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 an area of investi-.

gation that should be of real interest to NRC as it is to4

; us.
i

f

!

!
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TABLE 8

Wiscasset. Maine, Area

Surface Water from Montswesg Bay *

(Radionuclides in disintegrations per minute per 100 kg water)

137 90 238 55 ,1Station Cs Sr Pu 239,240Pu p

7 22.520.2 72.5 0.6 ( 0.005 0.21t0.02 11.8!8

8 28.8i0.3 41.0 1.0 0.004 0.004 0.21t0.02 8!1.4

1 (outflow) 26.0 0.2 42.4 1.1 ( 0.005 0.27!0.03 6.9 0.8

* = See Figure 2 for station locations; samples collected 5 January 1977.

1 = Decay correction to 1 January 1975.

32
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TABLE 9

Wiscasset, Itaire, Area

Surficial Sediment c diochemistry, Ia

(Radionuclides in disintegrations per minute per kg dry sediment)

134 238

137fS/$t$onI Date Cs _ c3 Pu 233,240 239,IdbuI34 2 137 2 2 39 pu ?

2 14 Aug 1974 <20 B85230 <0.02 4,04:0.73 95 t? .7 0.043
2 25 June 1975 16,0002600 27,7002300 0.58 3.03t0.27 7122.2 0.042
2 8 Dec.1975 3840:230 8,2602110 0.46 3.55t0.41 98t4 0.0 36

1 30 May 1975 340 50 1,030 40 0.33 2.1720.23 63 2.5 0.035

3 30 June 1975 10,6001500 19,200240 0.55 7.6 0.5 17425 0. 044

15 500 50 1,620 30 0.31 3.13 0.24 8722.8 0.036"

16 lost lost" 0.80 0.08 22.4t0.6 0.035--

.

Notes: 1 - For locations see Figure 2.
2 - Decay corrected to date of collection

-
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TABLE 10

Wiseasset. Maine. Area

Sediment Coresl Radiochemistry !!

(Radionuclides in disintegrations per minute per kg dry sediment)

A. Core #3 flocation 6)

55 , 2 134.137 3 IM I37 3 238 , 239,240 ,Section Wet / ry 7 Cs Cs/ Cs p pD
cm

0-1 2.26 53415 0.09:0,10 6.420.4 98t3
1-2 1.72 994t8 0.35020.016 4.220.4 7923
2-3
3-4 2.34 87217 5.820.5 8724
4-5

-5-6 2.68 71327 3.6i0.3 68.422
6-7

55214 0.0610.12 4.410.3 101237-9 --

9-11
lost lost11-13 --

8. Core 44 (Location 2)
0-1 2.30 .87001240 10650t12 0.35 3.120.2 75.211.7
1-2 - 1.88 45802135 6765225 0.37 1.520.25 39.920.1
2-3 1.63 3360t120 7560120 0.36 . 1.120.2 29.8t1.2
3-4
4-5 1.65 670150 205028 0.38 0.40 0.12 14.521.1
5-6
6-7 1.69 500t40 128016 0.35 0.3310.11 8.020.4
7-8
8-9 1.59 430150 49524 0.35 0.05t0.05 3.410.4
9-10

.10-11 1.61 335t40 240t3 0.033 0.0710.06 4.920.6
11-13

. 13-15 1.65 lost lost lost. lost lost
15-17

Inventories:
mCf/km2: 61.7 ,202 0.605--- ---

.5 estinited delivery: 250% 831 29%

Notes: 1 = For locations see Figure 2; samples collecteo 5 January 1977.
2 55Fe data decay corrected to 1 January 1975.
3 = Decaycorrected to date of collection.
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TABLE 11

Wiscasset. Me, Area: Environmental Samples - Biota 1

(Radionuclides in alsintegrations per minute per 6g wet weight)

Collection Sites * Organism Tissue Date 55 , 137 238 239,240 , Oh7 c3 Pu p
,

1 C. virginiana Shell Oct. 1973 25t0.8 0.13 0.04 3. I to.22 " " *
18t0.5 0.09t0.03 2.6t0.2 0.7t0.13 * " "
33t1.2 lost lost4 " " " 11tl.4 0.06 t0.01 1.4t0.810 " " "
29t0.9 0.2220.05 S t0.25,

14 A. nodosum Whole Aug. 1976 4020.4 0.07t0.03 1.5?t0.17Boothbay Sept.1976 27.6t0.3 0.11+0.03 4.16:0.29 0.690t0.072
* * "

14 F. vesicularus Aug. 1976 53t0.5 0.05t0.02 2.7t0.2
"

Boothbay Sept.1976 14t0.3 0.0?t0.01 1.4*0.1
" " "

"
Green Urchin 1976 4.120.2 0.035t0.007 0.6cC.03

" "

6 M. arenaria Soft Parts May 1977 21 0.5 0.04320.012 0. 57t0. 35w 11 M. edulis Dec. 1977 5.2t0.3 bdl 0.25t0.02
" "*

7 " * * "
Nov. 1977 13.121.2 3.720.5 0.006t0.004 0.14t0.02

Fallout contaminated samples, for comparison:

Sears 151. M. edults Soft Parts 1976 2.9t0.2 0.006t0.005 0.34t0.03 0.06920.00953 mi. NE. 1977 2.6t0.4 0.004t0.003 0.31t0.025 0.07 0,01
" " " "

" " " *
1978 3.710.4 0.005t0.004 0.2220.03 0.06 t0. 02

Cape Newagen 1976 2.220.3 0.011t0.006 0.25t0.03 3.09:0.02
" " " "

11.5 mi. 5 1977 1.7t0.4 0.03220.012 0.3820.04 v.03r0.01
" " " "

nailey 151. " " " *
1976 2.5 0.3 0.010t0.007 0.29t0.03 0.054t0.01521.5 mi. SW. 1977 2.4t0.3 0.005t0.003 0.3110.03 0. 06 t0.01

" " " "

" " " "
1978 2.8t0.3 ND 0.2720.03 0.04t0.02

Por+. land " " " "
1976 3.4t0 3 <0.003 0.2110.02 0.0610.0135 mi SW 1977 9.1t0.2 4 0.006to.002 0.27t0.02 0.07t0.01

" " " "

Notes: See Figure 2 for collecticn locations.*

7 Collected by Maire Yankee. site not reported but thought to have been near diffuser.
4 Result of replicated counting.

bd1 Below detection listits.
NO Not determir.ed.
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TABLE 12

Wiscasset. Me . Area :Envirenrental Sa cles - Biota !!

5/ADWOPMS (Nereis versicolor)
(Radicnu;11 des in disintegrations per mirute per kg met weight)

Laie CS Pu/ 'Pu '' * PuIII 230i es Sarp1; a

Wiscasset Whole Worms 1-9 Aug. 1977 50.3r0.4 0.036 t 0.004 4.71r0.145
(Area 1) Cleaned " 2 12.220.3 0.02 3t0.010 0.36to.025"

Sedinent 3 1524t10 0.04120.005 62.5!1.6'

4 (508) (20.8)

Portland Whole Worrs 18.120.3 0.03620.007 1.69tc.08"

Cleaned " 7.620.3 0.04520.021 0. 325 t0.029"

35edirent 111 3 0.028!0.013 9.57to.82"

4 (37) (3.2)

Notes: 1 Wiscasset worrs from rud-flat just N. of diffuspe; Portlaed
worms from area expected to represen6 only fallout son 6ami-
nation.

2 Cleaned by being allowed to evacuate gut contents.
3 Sediment data as dpn per > g dry sedirent.
4 Sedirent data calculated as dpn per is het sedirent,

assumirg wet / dry ratto = 3.

Patics:
1:iscasset Tissue concentration as

% of dele-wcm
ccncentraticn 24 7.7;

Portland 42% 19.3%* " "

Extractions: Fraction of each ruclide
soluble af ter 44 days in
s' Fc raidetyce sea water

Wiscasset Whole 3% 1%

Cleaned 63% 18%

Portland Whole 4% 8

Cleared 116% 12%
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During the period of this project, we were unable to obtain
any samples of discharge solutions from the Pilgrim I re-
actor. Our attention had, however, been drawn to its en-
vironmental effects by the finding in the first series of
" Mussel Watch" samples (Goldberg et al, 1978) of mussels
from near Pilgrim 1 (station 7, Figure 3) that exhibited
definitely high Pu levels. This stimulation, plus the fact
that the Plymouth area is very easily accessible to us,
either by car or boat, led to our doing a good deal of
collecting of biological material for radiochemical analy-
sir.

Failing cooperation from the Pilgrim I 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 evidenceof reactor output of l$7Cs or of Pu; its ratio 137Cs 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 time of sampling, or the sample was taken
at a poor place. Inspection of Figure 3 will show that the
bars protecting Plymouth Harbor and Duxbury Bay form an ex-
cellent sediment trap for any materials carried northward
(clockwise) from the Pilgrim 1 outfall. Our Duxbury Bay
sample, 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 hypothesis 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 about
Plymouth are set out in Tables 14A and 14B; comparison data
from mussels, collected either in Boston-Harbor or the Cape
Cod Canal, are set out in Table 15.

37
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It is worthwhile to start by pointing out that macroalgae,
like Fucus, Ascophyllum, or the mixed Red Algae analyzed,
are well established as showing seasonal variability in
their concentrations of many trace elements; we would not,
then, expect to be able to compare directly collections
taken at different times. Much the same is proving to be
true of mussels (Bowen et al, to be published). Examples
of this phenomenon in the case of macroalgae are to be seen
comparing the samples from station 1 (Table 14A) collected
late October 1976 with those collected early May 1977:

137 239,240PuChondrus 25.2 Cs; 1.07
" "

Fall Fucus 13.4 ; 1.9
" "Red Algae 47.9 ;2

" "Chondrus 38.1 ; 0.67
" "Spring Fucus 12.7 ; 1.33
" "Red Algae 21.9 ; 0.66

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

If we compare given species collected at differe'nt 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 1 reactor outfall, or spring-
collected Fucus:from site 1 compared to site 3, downstream

,

and behind the bar in Plymouth Harbor. Site 1 Fucus,
Ascophyllum, and Red Algae are significantly richer in
137Cs than are those from site 2, and the first two from
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 ger. era) 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 contair.cd concentrations of any nuclide
we measured that werc sufficiently elevated to cause alarm.
The Pu data can be compared with those summarized by
Livingston and Bowen (1976); none of the samples, for in-
stance, exceeds the range that those data predict to have
been characteristic of fallout contamination 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 14 A and 14B are not clearly outside of the ranges
expected in this general area (see Table 15) from f allout
alone. At station 1 the sample from 29 October 1976 is
unusually rich in 13YCs, 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 of 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 radionuclides are as follows:

137Site 1: 10/29/76 Cs
Site 1: 5/28/78 55Fe (ratio to Pu is 390, vs 30 to 50

elsewhere)
Site 2: None

137Site 3: 6/15/71 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

55We have no question that the site 1 high Fe and the two
high Pu, one from site 5 and one from site 7 are real and

arerelatedtotheoutputfromthePiggrim1 reactor.These are factor of 2-3 (Pu) or 10 (b Fe) effects, and the
site 7 high Pu was accompanied by the lowest 241Am we have
seen in a mussel (or other environmental sample); a ratio
241Am to 239,240Pu 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 (or at least not
contraindicated) by the relatively low ratio 238Pu to

Unfortunately the 241 m sample from site 5 still239,240Pu. A

remains to be measured, having somehow gotten jostled out
of its priority position.

The other animals reported in Tables 14A or B fall into two

39
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: classes: grazers like Mytilus: These are Littorina,
Strongylocentrotus, Balanus, and Spisula ; or predators,
largely eating grazers: Ihese are Homarus, Lunatia,
Buccinum, a?d 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 1 waste
radionuclides.

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

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

4. Buccinum and Lunatia probably agree with our earlier
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.

I-
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TA8LE 13.,

L-

Plymouth. Mass., Area: Water and Sediment Radiochemistry
(Radionuclides in disintegrations per minute per 100 kg water, or per kg dry sediment)

Part A - Water Analyses:

S$ke 96 Depth - cm Sr Cs 2 38 , 239,240 238 23990 I37 p Pu Pu/ Pu

1+ Oct. . surface 36.2 0.6 32.0 0.5 N.M. 0.15t0.06 ---

Part 8 - Sedinent Analyses:
4

1* Oct. 20 0-3 Grab 66.111.5 0.2920.04 8.220.3 0.035

2 Oct. 19 0-4 Core 15723 2.6 10.2 61.5 1.7 0.042

4 Oct. 19 0-6 from Anchor 59.7 1.3 0.68 0.07- 21.320.6 0.032

Cape Cod Bay Aug. 0-1 Core 18726 2.5 20.3 101t3 0.034

1-2 Core 18113 2.8 20.2 7522. 0.037

3-4 Core 17622 2.6 20.2 - 6922 0.038

5-6 Core 18123 -2.7 10.3 6223 0. 04 3.

.8-10 Core 174t3 2.5 0.3 69i3 'O 036

12-14 Core 19813 .2.4 0.2 69t2 0.0 34

16-18 | Core 107 3 1 't0.1 33 1 0.032
.

-

Notes: * = For locations,see Figure 3.

+ = Water directly from Pilgrim I outfall.

x = Sediment from plant intake basin.

;
,

42

,

f

4

4

&

_

__. ...__ _ __ ._ _m __, _



- -

TABLE 14A

~ Plymouth, Mass. Area Environmental Sanples - Biota

--(Radionuclides in disintegrations per minute per kg fresh weight)
I

Collecting '
Date Organism 55 ,2 137 , 238 , 239,2 @p, 241 ,3 7 c p 3Si te

1 ' Har 2 71 Chondrus crispus N.D. lost N.D. 0.810.4 0.044t0.018
l' Oct 29 76 - N.D. 25.210.3 0.10t0.03 1.0710.11 N.D." "

l' Fucus vesiculosus N.D. 13.4t0.2 0.04510.022 1.910.2 N.D." "

1 Ascophy11um nodosum .N.D. 14.520.2 0.02710.020 0.9710.15 N . D.
" "

1 . " " Red Algae - mixed N.D. 47.920.3 0.08720.014 210.08 0.31t0.03

1 Mytilus edulis N.D. 9.110.2 0.01720.004 0.3020.02 N.D.* "

1 May 5 77 Chondrus crispus M.D. 38.120.4 0.01710.006 0.67 0.09 N.D.

1 Fucus vesiculosus N.D. 12.7t0.3 0.05910.011 1.33t0.06 N.D.' "

-I Red Algae - mixec N.D. 21.920.4 0.04t0.01 0.66t0.04 N.D." "

1 Aug 22 77 Homarus - flesh M.D. 6.110.5 <0.002 0.006t0.003 N.D.,,
' ' ' '1 .- guts N.D. 7.411.0 (0.007 0.260t0.043 N.D.* * "-

1 May 28 78 Mytilus edulis 11214 1.6t0.2 0.005t0.002 0.29t0.02 0.086t0.012

2 Aug 27 75 - Lunatia heros N.D. 20.310.3 0.03410.005 0.65t0.03 h.D.

2- Aug 28 75 Strongylocentrotus N.D. 5.910.4 0.0510.02 0.3710.06 N.D.

2 Oct 29 76 Fucus vesiculosus -N.D. 9.910.2 0.083t0.016 1.6 h0.10 N.D.

Ascop'yllum nodosum N. D. 7.6t0.2 0.024t0.015 0.8610.11 0.05t0.027" "2 h

2 Red Algae - mixed N.D. 19.5t0.2 0.16t0.02 3.5820.15 0.5410.04" "

2 Littorina littorea N.D. 16t0.5 0.040t0.011 0.75t0.05 N.D." *

2 Myt11us edulis N.D. 3.8t0.2 0.013t0.004 0.23 0.02 N.D." "

2 May 5 77 Red Algae - mixed N.D. 17.It0.4 0.045t0.009 1. 21t 0.% N.D.

2 Oct 24 77 Eiderduck - flesh N.D. 6.120.2 <0.002 0.01410.005 N.D.

2 - bones N.D. 315 0.005 0.005 0.026t0.013 N. D.* " "

2 - livers N.D. 4.4tl.3 <0.007 0.015t0.010 N.D." " ~"

2 - guts N.D. 3.820.3 <0.001 0.02610.005 N.D." " "

Notes: See Table 8.
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TABLE 14B

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

55 ,2 137 238 2'39,240 24 , ,

7 Cs Pu Pu g
it Date' Organism

3 cJune 15 71 Fucus vesiculosus N.D. 33.2 0.9 0.2610.09 1.6t0.1 N.D.

3' . June 15 71 .Mytilus edulis N.D. 13.611.2 0.03i0.02 0.57 0.09 N.D.

3' .Aug ~ 8 74 Buccinum un'' / N.D. 4.610.3 0.0320.01 0.75 0.04 N.D.

Lunatia' -N.D. 39 3 0.05!0.01 0.69 0.04 N. D.3 - " "'

~

-3 Aug 28 75 Myti' is- N.D. 310.2 0.0210.01 0.35 0.05 N.D.

Balanu. ,alanoides N.D. 6 l' <0.1 0.610.3 N.D.3
-

" '"

$ ,5- Oct -27 76 Mytilus edulis N.D. '2.5t0.2 0.02610.005 0.7720.034 N.D.

d
7 .. Sept 23.76 Mytilus edulis - N.D. 2.010.2 0.0210.02- 0.6710.09 0.003t0.007

7- June 23 77 Laminaria ' longicruris. N.D. 12.510.6 0.132 0.018 2.7220.10 0.186 0.031

7 Mytilus edulis N.D. 3.110.3 0.01310.007 0.14930.024 N.D." "

7 Aug 18 77 Mytilus edulis N.D. 2.6t0.3 0.008t0.004 0.263t0.024 0.0520.02
D 0

7 Sept 26 78 Mytilus edulis 6.4 1.0 1.6 0.4 0.006 0.002 0.14t0.005 0.032 0.004

Brown's
Bank (8). Apr 6 77. Spisula solidissima N.D. 3.210.4 <0.005 0.4010.05 N.D.

Notes: 1 - 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.
N.D. - Not measured. *

,

| .d - Result of duplicate counts.
D - Mean of duplicate analyses.

i
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TABLE 15

IBiota Samples for Comparison to Plymouth Area (Tables 14A + 148)

(Radionuclides in Disintegrations per Minute per Kg Wet Weight)

2 137 238 239,240 24ICollection Site Date Organism Cs Pu Pu k

3Boston, MA 9-22-76 Mytilus edulis 1.80.3 0.002 0.1120.02 0.008t0.004
" "8-18-77 2.110.2 0.004i0.002 0.16 0.01 0.02 20.01

4
Cape Cod Canal 9-25-76 1.910.3 0.012 0.006 0.13 0.02 0.02020.008" "

8-19-77 3.910.2 0.02120.005 0.26 0.02 0.05 20.01" "

Notes: 1 = See also fallout-contaminated mussel data on Tables 7 and 11.
2 = Sof t parts only
3 = About 32.5 miles NW of Pilgrim 1 reactor site
4 = North end of canal; about 17.5 miles south of Pilgrim 1 reactor site.
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SUMMARY AND CONCLUSIONS

It is 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

- ul timately 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 this program, by the avail-
ability of da.a 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 project after one
year, and do not wish to appear to be complaining about that.
The 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. -0bviously,
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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Summary

The data collected so far concerning the amounts of long-
lived radionuclides in wastes released from the two reactors
at Millstone Point, and from the Maine Yankee reactor,
confirm that enough 55Fe, 60Co,134,137Cs are released to
provide the bases for very useful tracer studies of their
biogeochemistry; at least sporadically this appears 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 around 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 fo:,nd enough foci of at
least sporadic contamination to piovide 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 suitable foci, and it is quite
likely that much more work would be needed to do this. We
believe, furthermore, 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 waste products. It is,of course,
evident that from the point of view of defending NRC's
reactor site acceptability criteria, especially against
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 Studied4

55Fe 'is clearly a major waste product of each of the
reactors studied, approximating the levels of 60Co
released.
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134Cs is released, generally, at nearly uniform ratio to
137Cs, so that the change in this ratio with time can
be used as a guide to dating movements of released
radiocesium.
238Pu is released at very high ratios to 239,240 u,P

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
RTil s tone Point, and has not yet been detected from
either Maine Yasikee 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 55Fe or 60Co, 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 tracert.

Environmental Samples
Millstone Point sampling has shown the following: All
bbFe in the effluent is associated with easily. filtrable
particles, while only one third of the Pu is similarly
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
i the reactor site prove measurably contaminated. Some
| of these certainly reflect the conditior.s before mov-

| ing and redesign of the waste-stream outflow, but
others certainly post-date this change. Both algae
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and shellfish from several loci about the area show
evidence of reactor wastes. Worms from near the
present diffuser have taken up both Cs and Pu radio-
activities; comparison of these worms to those near
Portland, contaminated only by fallout, suggests that
the reactor wastes were measurabl inchemical-physiological behavior, y different,from the same nuclides
from fallout.
Pilgrim 1 occupies a well flushed site, that is near
enough to our laboratory so we have sampled quite ex-
tensively in its neighborhood. We have found no water
samples or sediment samples so far, that exhibit re-
actor contamination. We have, however, found a good
deal of evidence of reactor contamination of biota.
In each case these have been collected from north of
the reactor along the mainland shore. And in each case
there are enough data to show that, locally, contamina-
tion is sporadic and relatively quickly lost. In no
case were the levels of radionuclidet measured high
enough to cause concern -- generally, when confirmed,
levels approximated those characte.~i; tic of fallout
contamination in the 1970-71 period. It is, however,
evident that with just a little cooperation from the
reactor operators, the Plymouth area could be uccd for
an elegant series of environmental experiments that
would invaluably clarify our ideas of the biogeochemi-
cal fates and rates of movement of long-lived radio-
nuclides of reactor origin. Information would be gen-
erated that would support much more detailed, and
much more plausible, models than those now available
for prediction of the effects of waste spills or of
reactor accidents on local marine environments or food
supplies.
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Appendix Table

Common Naires ar.d Taxonomic Details for

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

Plants * Common Names .

A. grgwn, Algae
Fucus vesiculosus Rock Weed
Ascophyllum nodosum " "

Laminaria long1 cruris Kelp
B. Bed Algg

-

Chondrus crispus Irish Moss
Mixture: Ceramium rubrum ) None

spermotnamnion larner) chiefly n

Phycodrus rubens "

some nPhyllophora brodiaei

Animals
2A. Annglida Worms

Nereis virens Sandworm; Clamworm
B. @lly!g! 2 Shellfish

2!!valvgg
Crassostrea virginiana Oyster

~

sp1sula solidissima Surf Clam
Mytilus edulis Blue Mussel

Gag ggggdg 2 Snails
Lunatia heros Moon snail
Buccinum undatum Waved Whelk
Littorina littorea Common Periwinkle

2C. Crggtacga

Balanus balanoides Barnacle
Homarus americanus Lobster;

D. E biDQdCDD014 2( G

Strongylocentrotus drobachiensis Green Sea-urchin
! E.' girds '

Somateria mollissima Common Eider duck
!

2

| Notes: - Taxonomy from Kingsbury,1969.
2

| - Taxonomy from Smith, 1964.
8 - Taxonomy from Robbins, et al,1966.'
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