A
“ere % ﬁ., Réport COO 3568-13

CaiTe Te el nE -
ST I S ORERSTS: S

CONTRACT E(11-1)-3568

GENERALASUMMARY OF PROGRESS
| 1975 -'1976 .

PLUTONIUM AND AMERICIUM CONCENTRATION ALONG FRESH WATER FOOD CHAINS |
. OF THE GREAT LAKES, u. s. A

Pr1nc1pa1 Invest1gator Vaughan_T Bowen
WOods Ho]e Oceanograpmc Inst1tut1on
‘ woods Ho]e,:Massachusetts 02543

R . . L

l NOTICE

This report was prepared as an account of work | - *°
" | sponsored by the United States Government. Neither | © ° -~ .
the United S(nles nor lhe Umled States Energy

h and Dx jon, norany of } . -

their employees, nor any of their contractors,
subcontractors, or their employees, makes any . .
warranty, express Ol implied, or assumes any Iega]
, |lability or resp y for (he y
or of any i : poducl or| " .
¥ process disclosed, or represents (hal its use would not
infringe privately owned rights.

Rl STRIBUTION OF THIS DOCUMENT !S UNL\M\TED" o

%0!




DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



-~ D T e P R SUU Y e e i [N Gamomee e e L

Introduction

Our purpose in this program is to understand and evaluate the freshwater
biogeochemistry of long-1ived transuranic nuc]tdes introduced into large lakes;
it is hoped that the final product wi11'be both the ability to preoict the dis-
tributions of transuranics that would result following any of serera] kinds of
releases to the lake studied, and also an understanding of how far our information

| may be extrapolated to other lakes. Lake Ontario was chosen for study, originally
: because_of assumptions about its simp]icity and tractabi]ity'that have proved over -
.Aoptimistic It appears, however, to have been a very fortunate choice, part]y
because of its morphometric s1m1]ar1ty to Lake M1ch1gan which is under inten-
sive study by Argonne National Laboratory, part]y because its re]at1onsh1p to
Lake Erie (whlch we are a]so beginning -to study) through the Niagara River is
vrprov1ng suggest1ve of a number of generalizations, and part]y because its re-
ceipt of nuclides leaking from the Nuclear Fuels Scrv1ces operat1on at Spr1ngv1]]e,
New York, is enab]1ng us to look at curium in an environment context as well as,
-we now believe, a ‘two-source Pu 238 experiment. As noted last year, we a]so
believe that because of 1ts term]na1 position in the Great Lakes Chain, Lake
Ontario prov1des the most sens1t1ve test of any mode]s of transuranic nuclide

: transport through the 1akes

Bibliographic Summary

1. Only one report under this contract is, fina]tx now in press;~$e=$s=iﬁeﬁﬁeed

8999E§_§99_§§§§_13 Livingston, H. D. and V. T. Bowen. Contrasts between the
marine and freshwater biological interactions of plutonium and americium.
Presented at the‘Internationa]VSymposium "Interaction between Water and

Living Matter", Odessa, USSR, October 1975. Our 1atest information is that




; ;’the sympos1um papers w111 be pub]1shed f1rst in Russ1a, in Russ1an trans—
H]at1on and subsequent]y in Europe or u. S. A 1n the or1g1na] 1anguages '

1f Professor G. G. Pollkarpov, the Edltor, can comp]ete the arrangements

The Abstract that 1ed to th1s report was - 1nc1uded as Report C00- 3568 7 :;7;

:w1th ]ast year s Progress Report

2. A]so enclosed is ‘the f1na] form cons1derab]y rev1sed of the fo]]ow1ng, .
‘ﬁ;fwh1ch was enc]osed, in second draft w1th last year s Report o

'“:?5Report C00- 3568 6: Farmer J G V T Bowen. and V E Noshk1n Long 11ved

It Lt el

e art1f1c1a1 rad1onuc11des in Lake Ontar1o I Supp]y from fa]]out and concen—'jf'"
trat1ons 1n ]ake water of p1uton1um amer1c1um, stront1um 90 and ces1um 137

Th1s has been subm1tted to L1mno]ogy and Oceanography

"fff?f3; Other reports are st1]1 in preparat1on

'fV{,Farmeri,J G V T Bowen and V E. Noshk1n Long 11ved art1f1ca1 rad1onuc11des

1n Lake 0ntar1o 2 P]uton1um, amer1c1um, stront1um 90 and ce51um 137 1n

BT P sed1ment cores

5*“JVolchok H. L F1na1 report of samp11ng and ana]ys1s of env1ronmenta] mater1a1s

7"4j from around Mound Laboratory

e
,_;

' Qﬁgaf}Farmer, J G Pb 210 dat1ng of Lake Ontar1o sed1ments

f"fﬁfarmer, J G .D1str1but1ons of Pb 210 and stable 1ead 1n Lake 0ntar1o sed1ments., G

“'Farmer J. G- D1str1but1on of trace e]ements 1n Lake 0ntar1o sed1ments

'Bowen and V E Noshk1n Pb 210 dat1ng and fa]]out rad1o— fﬂi;;é7f

T

"illmFarmerlfd G

:‘ nuc11de prof11es 1n Lake Ontar1o sed1ments



Collecting Program

’“5‘5:&1535 e - In-~1975-1976 -two -cruises were undertaken to collect samples for~thi§ progrémé :g:;-:é
A. In July, on the R.V. C. A. DAMBACH, of the New York State University College N
--° it BUffalo, sampling was done as shown in Figure 1, in Lake Erie and in Lake =« - -
Ontario. As shown, operations were successful except that at Station 2 no.
corable bottom could be found. The "muddy bettom water”, indicated at Statiq@ngi
eme oo ‘vwaS'an"attempt-to-fo]]ow—up‘on our accidental finding (see 1974-75 Progress _ _. . ..

Report) of high Pu,and high 238Pu to 239’240Pu ratio, in the fine sediment

stirrédup*by banging the water sampler on the bottom.

B; In October- November on the first cruise of R. V OCEANUS, of Woods Hole Ocean-
ographic Institution, sampling was done as shown in F1gures 2, 3 4, 5 and 6,
.in Lake Erie, Lake Ontario, and the St. Lawrence R1ver-Gu1f of St. Lawrence.
As discussed'ih the'1975—76'Proposa1 it was possible to do this work at very
Tow cost because the vessel was coming’ down the iakes and the St. Lawrence
Seaway, anyway, on the way to Woods Hole from Sturgeon Bay, W1scons1n where
she was built. This cruise was a]so very successful, in sp1te of 1nterrupt1on
to go into drydock near Quebec for correct1on of a des1gn defect

The dredges, and the extra cores, that were co]]ected were sieved to re-

move benthic b1ota, both for taxonomic and biomass study, and for transuranic .

nuclide analysis.

In add1t1on, through the good offices of Mr G. C LeTendre, of the Cape
V1ncent Fisheries Station, New York State Department of Environmental
Conservation, we obtained a considerable number of fish samples. These
are listed in Table le. Fina]]y,'and also listed in'Taele la, we have
obtained, after many vicissitudes, two muskrat samp]es-(less the hidej;

these were collected through the good offices of Mr. William Pearce.



" Mrs.oCe M.'Laﬁsbn,:ofgour group, onra trip to pick up fish from Me..
T 1eTendre, collected a setof algae, and one eel grass sample, as listed in .
- - Table=lb+ -Fhese-are--intended as ‘supplemerit and follow up to tﬁe series of - -7 °-

aﬁgae.co]]ected in 1973-74. The "site" identifications by-1étter refer- to the

1ocation<maprinc]uded.in the 1973-74 Progress Report.



- ANALYTICAL PROGRAM

There has been no substantial change in any of our radiochemical methods;
those for the transuranics have recently been described in Report C00-3563-27:
Livingston, H. D., D. R. Mann and V. T. Bowen, 1975. Ané1ytica1 procedures :
:for transuranic etements in seawater and marine~sedinents. Pages 124-138
“'jg.Ana1ytica1 Methods in Oceanography, Advances in ChemistryASeries, No. 147
(ACS, Washington). |

Recently there was published an intercomodrison of our methods for trans-
uranium nuclides versus those of the National Bureau of Standards, of the |
ERDA Hea]th and Safety Leboratory, and of the ERDA'Hea]th Services-Laboratory
(Mr. C. W. Si]])f Noyce, J; R. et a],'1976. "Development of a National Bureau
of Stahdards‘énvironmenta] radioactivity standard:Ariver sediment.“ Annals
of the institute,of E]ectrfca] andvE1ectronics Engineers 75 CH1004-1 19-5
pages 1-9. The WHOI data for Pu 239 + 240, Am 241 and”?u 238 agree well with
those of other ]aborator1es or with the cert1f1ed value; our va]ue for Cm 244 .
does not agree with that reported by HSL, but we are st1]1 conf1dent 1n our
data.

A good deal of data generated under this proaect were recent]y pub11shed
without spec1f1c authorsh1p, in the text of the Internat1ona1 Atomic Energy
Agency Technical Report No. 169, "Reference Methods for Mar1ne Radioactivity
Studies II. Iodine, Ruthenium, Silver, Zirconium and the Transuranics E]éments".
IAEA, Vienna. Our data deal especially uith the 1nc1usion'of surface sediment
(as shown by high Cs 137 values) {h the nose-cone-matertal of our 21-cnidiameter
corer (ibid, p. 8), and wtth the 1eaching of Pu 23§,2A0 from fresh water.sedi-
_ments with either HNO or HNOg-HCI (ibid, p. 16). | R
Severa] relatively minor changes in rad1ochem1ca] procedures have proved

unexpected by effect1ve in increasing both the mean y1e1d of pluton1uw and the
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1} un1form1ty of y1e1d we intend to report this, in'a Brief note, short]y' A]so 'h

‘we have found that a change in the method of measur1ng the f1na1 recovery of '

- 2Y-90,- for.countlng, in stront1um 90 rad1ochem1stry, makes an- 1mportant im~ ool

" provement by using iron (rather than yttrium or a 1anthan1de) as carr1er for

 the Y-90, ‘and by measur1ng not the iron recovered on the count1ng planchet,

" but the iron rema1n1ng 1n the other phases we get a more sensitive and accurate o

est1mate of the Y-90 losses in this final step There has been one unfortunate o

byproduct of this 1atter advance it has led to a reassessment of the eff1c1ency o

, factors of all of our beta counters, S0 that for about 10 months we have been

.unab1e to report any f1na1 Sr 90 va]ues This bott]eneck has f1na]1y been -

'broken, but has left us w1th an enormous back]og of calcu1at1on and reca]cu]a— _:

t1on that is an effect1ve bott]eneck itself.



DATA

New data are at hand for several cores, and for the 1975 plankton samples.

In Tables 2-4 are shown_the analytical profiles for cores 74-1, 74-4, and
74-6; in Tables 5-8 are shown those for cores 75-1, 75-5, 75-8 and 75-11.
Also, in Table 9, are shown the analyses so far completed on four 1975

plankton samples.



DISCUSSION

Because so many of our data are in various stages of preparation for

publication, we wish here to address only a few points -f special interest:

Of the cores tabulated in this report, 74-1, and 75-5, we believe should
}have shown the effects of the Lake Erije supply of nuclides to Lake Ontario;
core 75-1,‘from Lake Erie, must represent at least a part of the raw-material
for this supply. These cores should all be considered in comparison with Lake
Ontario cores 72-4, 72-5, 73-1, 73- 5, and 73 6, data from wh1ch were reported
in our last two Progress Reports. . ' , ‘
We have recently reported (L1v1ngston and Bowen, Report C00-3563-47, 1976) -
data that indicate that in sha]]ow water marine sediments fallout p]uton1um
sTowly so]ub1]12es and moves upward, w1th1n the sediment column, while Cs . 137
probab]y does not move except as a resu]t of mechanical reworking of the sedi-
ments. Partly to explore this pOSSJb]]ty in the case of fresh water sediments,
and partly in the expectation that a Cs 137 to Pu 239+240 ratio different from ‘.
that in fallout would characterize any pulse of rad1onuc]1des ]eak1ng from the
Nuc]ear Fuels Serv1ces p]ant at Spr1ngv11]e N. Y., we calculated the Cs 137
to Pu 239+240 ratio versus depth in core for each of the nine cores listed
“above. These values are shown in Table 10. For each oore the depth of the
maximum in fallout. Cs 137 concentration, such'as might indicate the 1963-1964
peak in delivery rate, is shown by an asterisk. We were surprised that the
result of this exercise suggests so strong]y an upward movewent of Cs 137 in
' these cores, and one that was so slow as to be percept1b1e in the time span
1972 to 1975. But the evidence is quite strong:
1) Both the 1972 cores show. the maximum ratio at depth (5-6 cm) in the core,
- although in both the concentration maxima are at the swrface, in the

0-1 cm slice.



2) By 1973 the three cores each shows its maximum rafio neaf tﬁe surface
(between 0 and 3 cm), although the concentration maxima are at surface
~in two of the cores (73-1 and 73=5), but at considerable depth‘(lo—llcm) :
in 73-6. |

3)' The four 1974-1975 cores show maximum ratios at or near the surface fn
~each case.

4) whereasAcore 73-6, the only 1972-1973 core showing a clear subsdrface
maximum in fallout Cs 137, shows its Pu 239+240 maximum at this same
depth, the 1974—1975 Ontario cores with subsurface maxima in Cs 137

show the Pu 239+240 maximem deeper than that in Cs 137. As far as the
data go, the 1975 Lake Er1e core and the 1973 Lake Ontario core agree
in having both Cs 137 and Pu 239+240 maxima at the same depth.

We do not be]1eve there have been any major changes in the ratio Cs 137
to Pu 239+240 1in fa]lout although there is disagreement-what-the ratio actual]y
has been. Thomas and Perkins reported 0.008 as the mean ratio Pu 239+240 to

Cs 137 from 1902 to 1972 in,grohnd Tevel air at,Rich]and, Washington, whereas

Harley repbrted 0.012 as the value preferred at HASL§ these'convert, respectively

to 125 or 83 at the ratio Cs 137 to Pu 239+240. Inspection of Table 10 suggests

thaf,(even though the disagreement is still without resolution, all the cores
show a broad deficiency in Cs 137, whichever ratio is chosen to represehf the
source. This deficiency could, of course, be explained by a less efficient

mechanism for transfer of.Cs 127 fhan of Pu to the lake sediments. Taken in

. conjunction with the year-by-year tendency of the maximum ratio to move higher

in the cores, and with the upward d1sp1acement, in some 1ater cores, of the
Cs 137 maximum vs the Pu maximum, the Cs 127 def1c1ency suggests one more piece
of evidence that, after depos1t10n in fresh water sed1ments, Cs 137 migrates

up'to.the sediment surface and finally leaves the sediment. - It is tempfing to

»
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relate thisrremobilization to an expected increase in the ionic strength of
the sediment interstitial water resulting from diagenetic processes at depth.
But whatever the explanation, it appears clear from these-data~that-we cannot

hope, from systematic fluctuations in sediment ratios of Cs 137 to Pu 239+240

to infer anyfhing useful about changes in sources of supply of these nuclides

.\to the:]akes.

It would be not unreasonable to expect that any Nuclear Fuels Servicesl
leakage would exhibit different transuranic ratios, either Pu 238 to Pu 239+
240 or Am 241 to Pu 239+240. In fact, we suggested this in last year's Progress
Report in connection with our finding of Curium 244 in the upper parts'of core
73-6. | | |

With respect to Pu isotope ratios, the new data agree with this idea, or
are easily explained away: | | |
a) Core 74-1 must, relatively recently, have had all its upper layers scoured'

away; its 238 to 239+240 ka%io 1s characteristic of pre-SNAP 9A fallout.

b) Core 74 4, apparently from an area of lower rate of sediment accumulat1on
than was core 73- 6, still shows evidence of elevated 238 to 239+240 ratlos

. beg1nn1ng just above the 1963-1964 fallout maximum and extend1ng to the
surface. . Allowing for compression of all the.detail in core 74-4, it
looks amazingly ]1ke core 73-6 in respect to 238 to 239+240 ratio.

c) Core 75-5, allowing both for difference in sedimentation rate and an 1ncom-
p]ete pattern of analyses, also exhibits most of these details; the top of ’
th1s core, however, shows definite reduction of 238 to 239+240 rat1o Th1s
could, of course, be exp1a1ned by both the h1gher sedimentation rate than
that of 74-4, and the two years more accumu]atfon than in 73-6. - ‘

d) Core 75-1, from LakelErie,‘a1so exhibits'higher 238 to 239+240 ratios

beginning well above the fallout peak. There is no evidence that the ratio



has begun. to diminish, but this could indicate simply that this core has

3 low sedimentation rate, quite Tike that of 74-4.

With respect to Am 241 to Pu ratios, the argument goes less swimmingly,
possibly because there are fewer data. As we noted last year, in the sections
of core 73-6 that contained Cm 244, we were struck that the ratio Am 241 to
Pu 239+240 was Tower than in most sediments: 0.15 to 0.17 rather than the 0.20
we expected. In core 75—1 from Lake Erie, the Am 241 to Pu 239+240 ratios, and

the Pu 238 to 239+240 ratios, from sections so far-analyzed, are as follows:

0 - lcm An241 to Pu 0.21  Pu238 to 233 0.08
2 3em o2 - 0.08
4-5m o2 - 0.03
6 - 7cm ' - 0.30 S 0.03

The change in the Pu isotope ratio, then, appeared between 3 and 4cm down . the

core, while that in Am fo Pu ratio appeared between.5_and_6cm_down. Evident1y L.
thé two -arameters were not, as we had suggested, causally connected. None of
Pu's core so far has shown any Cm244 at all, so it is quite possible that it

was not from an area contaminated by the Nuclear Fue]s'Serviceé'leakage. In

-that case by juggling the SNAP 9A'debris (as source of excess Pu238) and the

differences between Am and Pu behavior in'fresh water (described, for biota, in

report COO—3568-10), the profiles observed are exp]afnab]e.
Fragmentary as they still are, these data confirm us in the opinion that

sedimentation and sediment redistribution in eastern Lake Erie and western

" Lake Ontario can be Undekstood'on1y with the aid of Caréful measurement'of:a]1

possible transuranium nuclides.
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We have now cored several times in the deepest part of Lake Ontario; cores

71-5, 73-13A, 73-13B, 74-9, and 75-10 represent this area. Although some of

these cores remain unanalyzed, enough data have accumulated to reveal a quite

puzzling picture. It had been our expectation that sedimentation in this deep

hole would have proceeded undisturbed, yielding a uniform accumulation of layers

that would be readily interpretable in temporal terms -- as, in fact, aré cores

73-6 and 75-5 from the Niagara River Fan. The data now at hand, summarized in

Table 11 show the situation was quite otherwise:

1.

Core 71-5, in 215m of water, revealed a Cs 137 peak at 4-5 cm depth, and
a curve of great irregularity below that, with sizable secondary peaks'
at 14-15 and 18-20 cm, and lesser ones scattered at random in between.

The Pu239f240

curve was simijar, but with a good_ﬁeal of difference in
detail; this was even more true of the Sr 90 curver—And—the Pu 238:239,
240 ratio distribution was quite unintérpretab]e.- , '

Core 73—13A, in 250m of water, was quite a<sh6rt one and only the top -
has been ana]yzed; Even so, the Cs 137 cufvéAstakts out pecu]iakly,
the increase in concentration at 3;4 cm being’much greater than seems
reasonable. The Pu 239,240 concentration at the surface is one of the
highest that we have seen in the lake.

Core 73-13B, in 245m of water, was qufté different from both the others:
the top of the core was the richest in fal]ohtfof any 6f the 1ayefs, Wifh

9800 and 307 dpm per kg for Cs 137 and Pu 239,240 reSpectively.‘ These

_concentrations diminish quite steadily with depth in the core, Cs 137 show-

ing one good secondary maximum at 8-9 cm, and another of questionable
significancé at 20-22 cm; Pu 239,240 shows a‘féw more inflections than

does Cs 137, but nothing that appears notably interpretable.
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4. Comparison of the Cs 137 to Pu 239,240 ratios from these cores, with
those of Table 10, is also surprising: nowhere in any of these three cores
do we see a ratio as high as 50, -and-the—mean ratios are.in the 30's;
there is a tendency for more high ratios in core 71-5 than in the two 1973 -
cores. Evidently a much greater proportion of fallout Cs. 137 is missing
from sediments in this part of the lake than was missing from Lake Erie
or from- the Niagara River Fan, and it is difficult to avdid'the impression
that a good deal of this missing €s 137 was just not deposited in the mud,
rather than having‘diffused~upward and out, as appears to have happened |

" further west.

We do not Be]ieve than any of these cores can be ihterpreted as indicating
horma], confinuous, sediment deposition. A sedimentation rate so slow as tb‘ﬂ;ﬁ‘
retain the "fallout peak" in the top layer would not allow any fallout penetra—'
tion as deep as 20422 cm; whereas a sedimentation rafe'thatL< pTaced thé 1957-
58 fallout maximum at 18-20 cm, would have to place the.1963—64 maximum around b
9 cm (not about 4-5 cm as Suggésted by core 71-5). - : |

By good fortune and fhaﬁks to the skill of Dr. H;‘H; Hoskins,. on cruise 1 -
of R.V; Oceanus, we 6btained a‘véry high resd]ution‘bathymetric profile, with
considerable sub-bottom detai], as the vessel was approaching station #7 in the
deep part of Lake Ontaffo's ééstern basin. A éectipn of this profile is shown
" as Figure 7. It appears to us that these subbottom and bottom contours‘élérify
a godd deal what must be the'sediment pattern in this part‘of thé lake. Evi—f
dent1y'é cbnsiderab]e amount-of faulting has(occurréd, on rather closely spacéd
' centers, and with substahtia] amounts of sediment tréns]ocation, laterally,
either at the same time or subsequently. In several places the éontours‘feSUIt-
ing are such that subsequent éediment accumulations coula confidently be ex-

pected to move down slope either by plastic flow or by periodic s]umpihg.
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Clearly, even with a detailed survey of this sort, pin-point accuracy in core
placing would be needed to ensure a "normally sedimented" samle, and without
such a survey,-hitting on:such a place by luck-would be unlikely indeed. It is,

of course, also true that we have only the one profile, and so can on]y‘gdess at

the 3- d1mens1ona1 patterns of relief.

We are no 1onger surprised at the data shown in Table 11, but are now very
eager to obtain a more extensive survey, to see whether anywhere in this part

of the lake there exists a "good" basin for coring.

C. Fallout nuclides in Gulf of St. Lawrence sediments:

e e v e i e e o e e s T e e R e e e e e e e e =

Preliminary data are at hand from several of the cores taken on R.V. OCEANUS
cruise 1, in the Gulf of St. Lawrence. This work was done as an extension of the
Lake 0ntar1o program because of both our increasing certainty that the lake has

reta1ned on1y about half of the Cs 137 or Pu 239,240 that it has rece1ved and

~ our curiosity to establish where the rest of these nuclides have gone. We also.

have begun to ander about the nuclear materials introduced at various times and
in var1ous ways to the Ottawa River. |

In Table 12 are set out the values so far determ1ned for sections of cores
Oceanus 11, 13, and 14, As is our custom, every other slice has been ana]yzed
In the lower half oflthe tab]e are shown the ratios of Pu 238 or of Am 241,

respectively, to Pu 239,240.

That these_ére "salt water cores" immediately strikes the eye fram the Cs 137 | :

to.Pu 239,240-ratios{ heré'these run 2.5 to 6at;mo§t,in sharp distinction frdm'*

the 80 or 125 expected in fallout, or the 30 to 120 that we observe in the Lake |
Erie or Lake Ontario cores. Sé]inities are high endugh everywhere iﬁ the GQ]f
and the‘Sf. Lawrenée estuary'so tﬁat the action of stable Cs and of K,as hold-
back carriers, has retainzd Cs 137 in solution, or displaced it from particle
associations established upstream. Any Cs 137 Tost from the Great Lakes will

not be found in sediments of the Gulf.

“a
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- Qverall these three cores give an:impression of considerable sediment
translocation. Although two, #11 and #14, show modest subsurface concentration
_maxima in the curves of Cs 137 and of Pu 239,240, the concentrations indicated

are too small, compared with those'in the top of the sediment; to support inter-
pretation of these maxima in terms of the history of fallout delivery. Further—
more, the Pu 238 to 239,240 ratios appear.a]most randomly distributed ancére #14,
and show the SNAP 9A effect too soon and too 1ittle in core #11. Also the Am 241
to Pu 239,240 ratios suggest‘an odd mixture of qufté young with very p]d layers.
At the same time, the variétions of Cs 137 to Pu 239,240 ratio, ahd Qf Pu 238 or
Am 241 to Pu 239,240 ratio, versus depth in cores do not suggest that there has
been vertical redistribution of any of thesé nué]ides after sediment deposftion.

It‘wou1d be possible to argﬁe that the frequency of high ratios of Am 241
to Pu 239,240 suggests asecond source of Am 241: either its re1ease'at Chalk
River 1h.significant amounts or-its preferential remobilization from the lake
or river sediments. There are still foo few data %QF*H§~ESMBE_E£teg5}%ca1'About
thfs; certa%n]y so far none of the Am fractions has shown evidence of Cm 244,
which we would rafﬁer expect to accompany any Am from a reactor-complex ré]ease.

At this stage it is not'possib]é, eithér, to argue that the.jnventories of
Cs 137 or Pu 239,240 suggest any other than a faT]out.source fof these ndc]ides..

This could well be clarified by éna]ysis of the remaining alternate sections, or

of course by that of the other cores collected.in this area. At the present we =~

have a large number of unanswered questions.-

e e e N T R LU Pp P U pphipeng Ay

Core 75—8 was taken near the reactor at Putneyvf]]e,'N. Y{, asic1ose.as'soft

bottom could be found. Core 75-11 was taken in the same sort of proximity to the

reactor at Nine Mile Point. It is evident that neither of these cores represents

a sedimentation regime very suitable for revealing the accumulation of reactor-

kv e e s I e o o B o e an s e e e A - mn = -
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U_‘fre]eased nuc11des A good deal of sed1ment ‘scour is suggested and the curves
: of Cs 137 to Pu 239, 240 ratios suggest a]so d1ffus1on out of the sed1ment of

S most of the Cs~137. The ratios Pu 238 to 239 240 in the core- tops are norma]

compared to the other sha]]ow water Ontario cores. MWe hope there may be some.

'_1nterest1ng information in the careful measurements of Am 241 and of Cs 134 to ?;}<_

"'; Cs 137 rat1o that are st11] in progress But it looks as 1f 1t will be prof1t--~

'f'where the affected sediments f1na]1y do accumu]ate

able to make a- rea]]y detailed survey around one of these reactors to ascerta1n j




TABLE 1
Biological Samples from Lake Ontario, 1975

Table la - Fish and Mammals:

Collection Wet : Co]]ection

Sample_Identification Date-1975 " Weight-kg _Location
Minnows 3-7/0ct. ? Mouth of Oswego River.
White Sucker ' " 8/0ct. ~2 Henderson Harbor
Rainbow Smelt ‘ 10/0ct. ~2 Charity Shoal |
Gizzard Shad ‘8/Aug. ~2 vHenderson Harbor
White Perch A 8/Aug. ~2 | " Henderson Harbor-
White Perch 23/Sept. ~2 | - Lake Ontariobl
Yellow Perch : 23/Sept. ~2 | Lake Ontario~

~ Rock Bass ‘ 23/Sept. ~2 | Lake Ontario -
Rock Bass - -+ 10/Sept. -2 - Chaumont Bay
Brown Trout " 25/Apr.  0.74(1 fish) . Wilson, N.V.
Lake Trout 10/Sept. ~2(2 fi;h) | Henderson Harbor
' Lake Trout o o/0ct. -2 Charity Shoal °
‘Chinook Salmon : iA16/0¢t. .2 ‘“. ~ Salmon River.
Coho Satmon : © 25/Mug. ~2(1 fish) - off Salmon River
Coho Salmon . 28/Oct. QZ(who1e;fish) Lake Ontario
.>v !,Coho Salmon i o - 30/0ct. 0.5W1sceréon1y) Lake Ontario
Coho Salmon ‘ ? - 0.5(visceraonly) Laké Ontario -
uf:'Muskrat . S . 20/ April | ~2fwhole,skinned) Point Peninsula,Town ofALyme

" Muskrat - 21/April ~2(whole,skinned) Point Peninsula,Town of Lyme



TABLE 1

. Table 1b -'P]ant Material

Collection Wet Collection °

L@mpl@_lggni:ifiséi:ign . Date-1975_ © Weight-kg _Location_ L
Cladophora ~ ~ 3-7/0ct. -+ . 2 ©site I(westofpbwé_r Plant)

: C]adophéra - “ B 3-7/0ct. ? Site'H(SandyPointC&rners).

e Cladophora , 3—7/Oct;‘ ‘ ? iA - Site B (Wilson's Pofnt) o
"1;'C]adophora ‘ o 357/0¢t.  ” 2;:1" - Site D (Burnham State Park)
" Eel Grass _ . | 3-7/0ct. 2  5_: _ Site D' (Burnham State Park)




TABLE 2

LAKE ONTARIO SEDIMENT CORE - STATION 74-1
RADIONUCLIDES IN DPM/KG DRY SEDIMENT

Core Collection Date: 25 June.1974

Location: 43°24'N; 79%25'W
Water Depth: 105m
Depth in -
Sediment Wet/Dry
M " {em) Weight 137¢ 233p,, 281y, 238p,,239,
1608 0-1 3.36 63028 111 "\ 038
1-2 -
1609 2-3 3.53 864 2.3:0.7 , -
3-4 - , ‘ |
1610 4-5 3.66 " 3513 0.08+0.08 -
5-6 ‘
1611 6-7 3.40 1043 <0.07 -
7-8 . - S
1612 8-9 3.32 1345 0.07:0.07 | -
9-11 , . _ | ‘
1613 11-13 3.59 . -5+6 0.22+0.12 -
1614 " 16-17 3.56 -0.9+6 0.13+.09 | | -
17-199 | . : S o :
1615 19-20 3.42 , -5+6 . 0.06%.06. -
~ 20-21 | | o
1616  21-22 3.36 -0.746 - <0.06 ' -
22-23 . o o SRR
1617 23-25 3.30 . -8%7 0.010.07 -

- 25-27




TABLE 3.

RADIOCHEMICAL ANALYSES OF LAKE ONTARIO SEDIMENT CORE -- STATION 74-4
RADIONUCLIDES IN DISINTEGRATIONS PER MINUTE PER KG DRY SEDIMENT

31-35

Sediment contained red worms down to ~15 cm

Core Collection Date: 6/26/74

Location: 43920'N, 79°

Water Depth: 53 m

Core Cross-Sectional Area: 285 cm’

Depth in ' _ : ,

Sedient Wet/bry DYMION) oy 1w, @y, M, 2,0,
0-1 2.78 8710£20  94.9:3.6 0.089
1-2 2.88 12600+130 135 %7 - 0.102
2-3 2.83 16700+170 285 +10 . . 0.042
3-4 2.71 16000£160 301 +10 0.035
4-5 - 2.68 11379+26 228 6 -0.026
5-6 2.66 19209:25 207 +6 '0.033
6-7. 2.56 6828+20 196 26 0.027

- 7-9 2.45 3540+35 1064 0.016
9-11 2.34 - 1610:15  36.3%1.7 . 0.020

11-13 2.33 40143 970%076 " 0.044
13-15 . 2.15 1032  3.4#0.3 0.047
15-17 2.03 28+1 . 0.8+ .2 -
17-19  1.82 60£2 0.420.1 --

S19-21 . L.71 2.4+1., 0.10.7 --

21-23  1.63 3.2¢1.1  0.07:0.4

-23-25 1.61 62 0.2+0.1 -

25227 - 1.54 -2.3+1.3 . 0.04£.03

27-29 1.51 " 0.4%1.2  0.04+.03

29-31 . 1.46 =1.51, 0.06+.04
1.54 © <0.06



TABLE 4

LAKE ONTARIO SEDIMENT CORE - STATION 74-6
RADIONUCLIDES IN DPM/KG DRY'SEDIMENT

" Core Collection Date: 26 June 1974

Location: 43026'N; 78°w
Water Depth: 100m
Depth in -
Sediment Wet/Dry '
Mg (cm)  Meight B¢s B, 2y 238y 2%,
1618 0-1 7.05 1425421 31.1%3.0 . 0.045%,019
1-2 ‘ | . o
1619 2-3 3.39 38+10 7.421.2 -
3-4 .
1620 4-5 3.92 157+7 3.420.9 : 0.04 +.05
5-6
1621 6-7 3.82 3346 10.39+0.25 .-
S 7-8 , - . |
1622 8-9 3.53 : 164 0.87+0.18 ' -
9-10 - o - |
1623 10-11 3.15 17+4 © 0.60%0.15 -
. 11-13 : ' S
1624 13-15 . 3.39 : 0.34 0.0420.04 --
©15-17 ) o .
1625 17-19 ~ 3.35 _ -3.6x4.4 - 0.01£0.02 -
19-21 ' ‘ ,
1626 21-23 3.47 1.0%3.5 0.16%0.12 —
23-25 o o ' R
1627 - 25-27 3.01 ©1.821.1 © - <0.14 L e
| 27-29 . - .
1628 . 29-31 3.05 . - . 7.3%2.1 <0.13 : S -
‘ 31-33 : : o
33-37
37-41
- 41-45
45-49
- 49-53
53-57
' 57-61
61-65
65-69

. 69-71



“Core Collection Date:

‘Location:
~Water Depth:

;ﬁ£~
1657
. 1658,
1659
' i660
. 1661
1662
1663

1664

TABLE 5

LAKE ERIE SEDIMENT CORE - STATION 75-1
RADIONUCLIDES IN DPM/KG DRY SEDIMENT

15 July 1975
42°38'N;79%11'W

22m
Depth in
Sediment  Wet/Dry
{cm) Weight
0-1 1.99
1-2
2-3 1.89
3-4
4-5 2.08
5-6
. 6-7 1.81
7-8
8-9 1.82
9-10
10-11 1.68
11-12
12-13 1.64
13-14
14-17 1.45

137CS

. 436020 '

.7046il7
16160+42
4147+16
447+7
86x4
1043

2+3

239Pu

54.3%4.,6
11145
329424
10810
11.3:1.1
1.6£0.5
to be counted

to be counted

241, 238, 239,
11.4:0.7 0.08
24 .5+1.2 0.08
71.2:3.1 0.03
32 1.4 0.03
0.02



TABLE 6

LAKE ONTARIO SEDIMENT CORE - STATION 75-5
RADIONUCLIDES IN DPM/KG DRY SEDIMENT

Core Collection Date: 17 July 1975

Location: 43°21'N;79°04' W
Water Depth: 59m
Depth in ' A .

: Sediment Wet/Dry

M (cm) Weight 137 239p, 281, 238p,,23%,

1629 0-2 2.22 L 5850220 - 57.6%3.4 0.055
2-3 S ,

1630 3-4 2.20 16440420 . 58.9:3.4 0.076
4-5 | ~ .

1631 5-6 2.16 7111221  75.8+4.2 ’ 0.084
6-7 | | | ,

1632 7-8 ' 2.40 7422425 111.1%6.0 | 0.054
8-9 - .
9-10 | | ,

1633 10-12 2.17 - . 5658+25 112.6+6.0 0.026
12-14 | 4 o | :

1634 14-16 2.10 2789+16 77.9+4.7 » 0.013
16-18 . . ' '
18-20 | . -

1635 20-24 2.02 - 19.73+5.80  0.84:0.26 | --

- © 24-28 - | o _ - _

1636 . 28-32 1.78 0.655.55 <0.07 --

S 32-36 g , o L
36-40

40-44



(~ 1-3/4 mi. offshore the nuclear power plant at Putneyville,

Core Collection Date: -19 July 1975

Location:
Water Depth:

M#
1637
1638

1639

1640
1641
1642
| 1643

1644
1645

LAKE ONTARIO SEDIMENT CORE - STATION 75-8

. TABLE 7

RADIONUCLIDES IN DPM/KG DRY SEDIMENT

43°19'N; 77%17'y

38m

Depth in -
Sediment Wet/Dry

(cm) Weight

0-2 1.29

2-3

3-4 1.32

4-5

5-6 1.31

6-7

7-8

8-9 1.29

9-10 ‘
10-12 1.33
12-14

14-16 1.30
16-18

18-20 1.32
20-22 E
22-26 - 1.42
'26-30 - 1.32

137Cs

326749

1.8+1.8

_5.4%2.4

 .3.6%2.2

-0.4%2.3

©0.10.2

0.1:0.2

2.05+1.57
1.43+1.62

2395,

31.8+2.1

4,6+0.5

0.11£0.10

- <0.08

0.18+0.12

0.04+0.05

0.02+0.04

0.11:0.04 .

'0.03+0.04

?41Am

238, ,239

Pu/"~"Pu




TABLE 8

"LAKE ONTARIO SEDIMENT CORE - STATION 75-11
RADIONUCLIDES IN DPM/KG DRY SEDIMENT

-}z~ 1 mi. offshore from Niagara Mohawk Nuclear Power Station at Nine Mile Point)

Core Collection Date: 20 July 1975

Location: 43°33'N; 76%23'W
Water Depth: 40m '
Depth in
Sediment Wet/Dry
M#1 (cm) Weight : 137 239, 241Am 238Pu/239Pu
1646 0-2 1.55 3985+16 52.2+3.0 0.06
2-3 : -
1647 3-4 1.43 66827 12.542.2 --
: 4-5 o . ‘
1648 5-6 1.48 - 34#4 0.71#0.21 --
| 6-7
1649 - 7-8 1.49 ©1.9%5.6 © 0.03:0.04 --
» 8-9 -
|
1650 9-10 1.52 1.243.1 0.41+0.16 -
10-12 ..~ |
1651 12-14 1.52 - -2.0%3.3 <0.08 “—
- 14-16 - - 4
1652 16-18 1.52 ' 2.1#3.2 <0.07 .-
. 18-20 - . :
11653, 20-22.  1.45  3.922.9 0.14+.09 -~
- - 22-26 | - .
1654 - 26-30  1.49° °  1.1#2.9 _  <0.06 -
: " 30-34 ' 4 |
1655. 34-38 -1.43 - 1.6+2.9 . .05 --

1656 38-41 - 1.38 - 9.5z1.4 0.1420.09



TABLE 9

LAKE ONTARIO PLANKTON 1975
RADIONUCLIDES IN DPM/KG WET MATERIAL

. Wet Wt. Dry Wt. 137 ' |
ME Station kg . kg Cs - 239, 281y, 238y 239y,
1668 75-3 0.1171  0.0005 18.8+1.5  <0.04 R
1669 75-7 0.2776 0.0082 1.0+£0.7 being fecounted | , --
1670 75-8 0.1417  0.0032 . 5.2¢1.2 0.12+0.04 -

1671 75-11 0.2686 0.0095  1.3#0.8 0.05+0.01 : --



TABLE 10
Cs137 to Pu233+240 Ratio in Sediment Cores of
western Lake Ontario and Lake Erie

Cs137 op pu239+2do

Concentration too ]ow for s1gn1f1cant ratio.

Depth LAKE_ERIE LAKE_ONTARIO |
n .
Core-Cm ©75-1 | 72-4- 72-5  73-1  73-5  73-6  74-1  74-4.. .. 75-5
0-1 80 29% 36% |45 60* 84  B7% . 9 101
{39 J '
1-2 NA 146 : (4.9) 96 NA 93 T ‘
2-3" 63 36 60 56 46 100 37 59* NA |
71 ) . ) |
3-4 NA 32 68 95 49 93 NA 53 109 ‘
4-5 49* 30 34 72 NA 9% - - 50 NA -
5-6 NA 110 75 43 50 86  NA 45 94
6-7 38 57 39 - - 42 81 - 35 . NA
7-8 NA - 28 39 . 40 72 NA },33 67
8-9 39 - - - 53 60 - LM
9-10 NA 33 - - 53 62 NA !}‘44 - NA
16-11 54 | - - - - '*}57* - A'} 51
11-12 NA - - - - ) NA } a5 <
12'13 NA - I - - }57 NA . .
13-14 NA - - - - 4 '} 30 NA.
14-15 NA - - - - }'61 T e
15-16 - - - - ) | },35' N
16"18 - - - - } 49 : ‘ | | -
17-18 - - - - | ‘1}150 o N
18-19 - - - - -} 36 O }_23-
119-20 - - A :
20-22 36
22-24 36
. 24-26 38
126-28 52
28-30 51
30-32 14
* = Ind1cates depth of the h1ghest 05137 concentratlon
'NA = NOT_YET ANALYZED.
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. TABLE 11

Deep-water Cores from eastern Basin of Lake Ontario
Cs137and Pu239,240%profiles

Depth in Core 71-5
Sediment 215m
(cm) - Cs-137 Pu-239
0-1 10338 ‘ 27.6x1.4
1-2 94517 ‘Jz 40.9+3.7
2 -3
3-4 1402+10 48,2+2.2
4 -5 237743 49,845.6
5-6 994+ 9 37.8+2.3
6 -7 490+30 28.2+2.3
7-28 640+20 20.4x1.9
8-9 268+10 9.0%1.2
9 - 10 139+5 4.6+0.6
10 - 12 21148 7.5+2
12 - 14 . 44248 11.5+1.5
14 - 16 .967+10 10.9+5
16 - 18 - lost lost
18 - 20 135020 36.6%4
.20 - 22 5175 16.2+1.3
22 - 24 764+5 21.5%1.6
24 - 26 - 704+6 23 1.6
26 - 28 - 560%4 15 1.7
28 - 30 . 6934 22 *1.8
3 5094 11 1.6
34 - 36 '
36 - 38 36415 8.2+1.1
38 - 40 g
.40 - 42
42 - 44
44 - 46
46 - 48
48 -. 50
50 - 54
54 - 58
58 - 62
62 - 66
66 - 70
70 - 74
74 - 78
78 - 82
*

Core -73-13A Core 73-13B

-1+
2+
3+
4+

-2+

-4+
3

-1+

-1+
1+
0+

16+

A A AN A A
COOOOO0OOOOOOOOOOOOOCOOO
+ I+
OO
— -

O PN IS b = U] = e

. 250m 245m ———
Cs-137 Pu-239 . Cs-137 Pu-239 -
10,400+50 338+18 9796+31 307.3+12.7 -
6,240x30 - 186+ 4 206114 59.6% 5.5
2,290+20 80+ 2 1672+10 . 60.9+ 4.8
4,560+50 131+ 3 1054+14 .25.3t 5.1
959+ 9 33.8+ 1.9
769+ 9 24.0% 1,5
. 380+ 9 13.1+ 1.4
238+ 9 6.5+ 0.8
612+ 9 17.6% 1.6 -
245+ 9 8.4+ 0.8
96+ 5 4.6 0.6
- 35t 5 1.2+ 0.3
8+ 5 0.4+ 0.1
4+ 5 0.3+ 0.2
0+ 4 0.1 0.1
18t 4 0.2+ 0.1
4+ 5 <0.1
4+ 4 0.3+ 0.1
7t 5 = - <0.3
3+ 5 2+ 0.1
4+ 3 9+ 0,2
3+ 5 .12 0.1
0+ 4 2+ 0.1
2+ 4 <0.1
-1+ 4 <0.1
-2+-5 4+ Q.2
3
3
4
5
4
4
3
4
4
4
7
4

M+
lelaoNoYoNe)
WN =N



TABLE 12

R. V. OCEANUS, cruise 1, cores from the St. Lawrence Estuary and Gulf.
Nuclide values in dpm per 100 kg dry sediment.

__Depth " CORE 11 . __CORE13 o CORE 14 L
“"Core-cm Cs137 = Pu239,240* ~  Cs137 © Pu239,240 Cs137 Pu239 240
0-1 - 3887 143 . 36644 80.4+6 19956 1439
2-3 1894 54.6 - 175%4 31.4+1.9 52446 97:8.5
4-5 . 232+4 68.9 . 66.4x3.7 10. 941 35245 61+3.3
6-7  123%3 48.5 43.13.9 9.7¢0.9 . 1583 36+3.1
8-9 99.5+3.4 33.2 8.9+3.9 6.1:1.3?  163%3 342
10-12 35.322.8 10.5 243 1 0.4 19343 . 43:2.8
14-16 19+2 0.1 0+3 1.3:0.4 2543 . 5:0.6
18-20 212 0.3, 12 1°0.240.2 3
22-24 ©1#3 - <0.3 -
o e e m————— e ——————— 2
Notes: - * = Pre11m1nary data only.

1 = Core length 22 cm; See Figure 4 for Position; Water depth 215m.

2 = Core length 47 cm; See Figure 5 for Position; Water depth 390m.

3 = Core length 20 cm; See Figure 5 for Position; Water depth 132m. -

Pu238/ 939 200 . A241/pyg39,200  PU238/p39 200 AT pypsg, 240 U238/ 239,240 A 2L,

0-1 0037 . 0.047 - 0.39 0.043 - .0.18
2.3 .0.08 . ~ 0.041 0.3 0.5 - Tost
4-5 0.0s1 - © . 0.046 0.0 0026 . 0.4
6-7 0.015 | ' - " 033 0,023 0.40
g9 0.022 . . R
10-12 10.03 | . ©0.03 - 0.28

14-16 - S e e T 0.56
18-20 - o - o S
22-24 R . . . -
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G. A. DAMBACH.cruise July 1975
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F1gure 2
R. V. OCEANUS, cruise 1, October—November 1975
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) - Figure 3 | : ;
R V. OCEANUS cruise 1, October-November 1975 ,?
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Figure 4 . 4
- QCEANUS, cruise 1, Octdber-November 1975 ’
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- . . Figuref 5 : ’
R. ¥. OCEANUS, cruise 1, Pctober-November 1975 : )
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Figure 7
Short ping-length bathymetric profile of Lake Ontario; made on R.V. OCEANUS
Cruise 1, just west of Station 7
: ’ . See Figure 3
Depth interval 10 fm, nominal




