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SUMMARY

PLUTONIUM AND CESIUM RADIONUCLIDES IN THE HUDSON RIVER ESTUARY

AND OTHER ENVIRONMENTS

The major purpose of this project is to deécribe the behavior
and:distribution~of plutonium and -other radionuclides in the Hudson River
estuary and to establish the important transport pathways for transuranics
and other radionuclides of intérest in the nuclear fuel cycle in estuarine
environments: - To accomplish this goal a substantial number of cores, grab
samples, suspended pafticles and water samples have: been collected through-
out the salinity fange of the Hudson, and in a variety of depositional en-
yi;onments.

The possibility of transuranic release from the reactor site at Indian
Point has been and will continue to be explored,'andythe distribution of
reactor-released gamma-emitting nuclides has been and will be employed to
obtain a better understanding of the eétuérine sediment transport and accumu-

lation patterns.which control the distribution of4239’240

The feasibility of using'238Pu to 239,240

Pu within the system.
Pu ratios as an indicator of trans-
uranic reactor releases has been established.and will bé explored in more
detail. Measurements in other aqueous environments, such as the Delaware
estuary, near two other reactors in coastal New Jersey and Connecticut, and
in lakés of unusual chemical environments véluable in radionuclide chemical
speciation studies, have been made and will be made to help describe the

most important environmental transport pathways of transuranics and other

radionuclides in natural waters.



PLUTONIUM, CESIUM AND URANIUM SERIES RADIONUCLIDES IN THE HUDSON

RIVER ESTUARY AND OTHER ENVIRONMENTS
ABSTRACT

We have measured radionuclide activites in a large number of sediment

cores and suspended particle samples ﬁhroughout the salinity range of the

Hudson River estuary. Activities of 137Cs,'l34Cs and 60Covdetermined by

239,240 238
Pu

- gamma specfrometry and and. Pu determined by alpha spectrometry

indicate reasonably rapid accumulation rates in the sediments of marginal

cove areas, and very rapid deposition in the harbor region adjacent to New

137 239,240

York City. General distributions of Cs and Pu are similar in

surface sediments and with depth'in cores, but there are deviations from

37C

the fallout ratio due to (1) addition of ractor 137Cs and (2) loss of 1 s

from the particle phases at higher salinities. Measurable amounts of

- reactor=derived 134Cs and-6OCo are found in nearly -all sediment samples
containing appreciable 13'7Cs between ls'Km upstream of Indian Point and
the downstream extent of our sampling about 70 Km south of the reactor.

239’240Pu in New York harbor sediments are more than an

Accumulations of
order of magnitude greater than the fallout delivery rate, probably primarily
due to the accumulation of fine particles containing fallout plutonium in
-the harbor which have been transported frnm upstream areas of the Hudson.
Depth profiles of radionuclides and variations of activitiés with particle

. size at low salinities in the Hudson indicate-the importance of orgdnic
phases, including large flocculent particles greater than 180u, in binding
plutonium, and no evi&enée of significant chemical migration within the

239,240,

sediments. Measurements of water column fallout u in a saline lake



with a high:éarbpnate ion concentration yielded activities about two
orders of magnitude greater than hasbbeen found for fallout plutonium
_in other. continental waters, indicating extensive.mobility in some

natural water environments.



PLUTONIUM AND CESIUM RADIONUCLIDES IN THE HUDSON RIVER

ESTUARY AND OTHER . ENVIRONMENTS

DOE-DIRECTED ACCOMPLISHMENTS

The primary area of our field research, the Hudson River estuary,
is a system which is heavily used for energy generating activities at
present and promises fo be utilized to an even greater extent in. the
- future. From our studies §f the present distribution of radionuclides
released over a numbér of years»from.Indian Point, we have established
that an appreciable amount of fine-grained sediments bearing reactor
. LY ) . .
nuclides acgumulate in New York harbor more than 60 Km downstream of
the release area. Thus any monitoring program for.Indian Point releases
shouid be designed with those findings incorporated. The large inventory
of 239’240Pu in the harbor sediments, although present in depth integrated
amounts about ;n order of magnitude greater than total fallout delivery,
was probably derived from fine4grained sediments containing fallout plutonium
from a considerable area upstréém, which was moved downstream toward the
harbor and deposited after many episodes of sedimentation and resuspension.

Depth profiles of radionuclides and variations of activities with
particle size at low salinities in the Hﬁdson indicate the importance of
organic phases, includiﬁg large flocculent particles greater than 180 microms,
in binding plutonium, and no evidence of significant chemical migration
within the sediments.

Several zones of rapid sediment accumulation in the tidal fresh water

reach of the Hudson have been identified which could be expected to accumulate



radionuclides if.éignificant sources in addition to félloutvwgre.to be

present in the future.. Thus, the pattern of large variations in radioﬁuclide
.»accumulation'rates which we have demonstrated for the saline intruded reach

‘ of the Hudson is also typiéal of the fresh water.tidal reach, and should be
incorporated explicitly in any radionuclide mogitoring'program for that portion

of the Hudson in the future.
' 239,240

Measurements of water column fallout Pu in a saline lake with a
high carbonate ion concentration yielded activities about two orders of magni-
tude greater than has been found:for'falléut»plutoniﬁm in other continental
waters, indicating extensive mobility of this element in some naﬁural water
environments.

Findings of our research related to the Delaware estuaryAand the

sediments near the Oyster Creek and Millstone Point reactors are. discussed

- in- last years summary of ERDA-Directed Accomplishments' (C00-2529-3).
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'PLUTONIUM AND CESIUM RADIONUCLIDES IN THE
HUDSON RIVER ESTUARY AND OTHER ENVIRONMENTS

H.J. Simpson and R.M. Trier

1. INTRODUCTION

This report'summarizes our activities during the period December
1, ;977 to November 30,-1978 under contract EY-76-S-02-2529. A compre-~
hensive daté,listing of radionuclidé measurements made during the first
thrée years of this contract was given in our last énnual report
(CO0-2529~3). Here we will provide a compilation of data collected
during the last year ahd a discussion of our most significant findings
during that period.

One of our primary research goals up to now has been to develop
a better understanding of the .behavior bf transuranics, especially
plutonium, in natural aqueous environmenﬁs. We began by attempting to
establish the preseﬁt distribution of plutonium in the sediments of
the Hudsén River estuary. The plutoniumAwas assumed to be predominantly
~ derived from fallout from nuclear weapons testing, with the primary input
to the Hudson by precipitation occurring during the early to mid 1960's.
Tﬁe.problemfof establishing the distribution of fallout radionuclides in
Hudson sediments is made more complex by the presence of a nuclear generat-
ihg station at Indian Point, approximately sixty kilometers upstream of
New York Harbor.

Most:of the data we have collected ub to now has been for samples of
sediment from the Hudson estuary. We are attempting to use this data, plus
that for sediments and water samples from other natural water enviromnments to
‘help understand the transport and accumulation processes which govern the

-behavior of radionuclides, especially transuranics in natural water systems.



II. SUMMARY OF REPORTS DISCUSSING OUR RESULTS TO DATE

Some of our conclusions have been presented in three previous
annual technical progress reports:

C00-2529-1 Plutonium and Cesium Radionuclides in the Hudson River
Estuary (Dec. 1, 1974-Nov. 30, 1975).

C00-2529-2 Plutonium and Cesium Radionuclides in the Hudson River
Estuary (Dec. 1, 1975-Nov. 30, 1976).

C06—2529-3 Plutonium and Cesium Radionuclides in the Hudson.River
Estuary (Dec. 1, 1976-Nov. 30, 1977).

In addition to these annual technical progress_reports; several

- appendices to those reports and reiated publications have. summarized

findings by our laborato;y resulting.from research carried out under

:this contract. A listing ofbthese reports and publications are provided

below, with reﬁort numbers assigned to conform with the procedure used for

our earlier technical progress reports. Most of the reports listed below

have been provided previously, and are not included as part of this docu-

ment. This list will be updated in the future, with publication citations

provided as information iéﬁreported in the literature.

COO—252§—4 Man-made Radionuclides and Sedimentation in the Hudson River
Estuary, H.J. Simpson, C.R. Olsen, R.M. Trier and S.C. Williams,
Science 194, 179-183, 1976.

C00-2529-5 ‘A Geochemical Analysis of the Sediments and Sedimentation in
the Hudson Estuary. C.R. Olsen, H.J. Simpson, R.F. Bopp, S.C.

Williams, T.H. Peng and B.L. Deck, Journal of Sedimentary
Petrology 48, 401-418, 1978.

C00-2529-6 Sources of Heavy Metals in Sediments of the Hudson River
Estuary, S.C. Williams, H.J. Simpson, C.R. Olsen and R.F.
Bopp, Marine Chemistry 6, 195-213, 1978.

C00-2529-7 - Cesium-137 as a Tracer for Reactive Pollutants in Estuarine
Sediments, H.J. Simpson, R.F. Bopp, C.R. Olsen, R.M. Trier
and S.C. Williams, USSR-USA Symposium and Report.on Marine
Pollution, (in press), 1978.



-C00-2529-8 (and C00-2185) ReactorrReleasedARadionuclides and Fine-Grained

- €00=-2529-9

Sediment Transport and Accumulation Patterns in Barnegat

. Bay, New Jersey .and Adjacent Shelf Waters, C.R. Olsen,
"P.E. Biscaye, H.J. Simpson, R.M. Trier, N. Kostyk, R.F.

Bopp,.Y -H. L1 and H.W. Feely.

Transport of Plutonium by Rivers, H.J. Slmpson, R.M. Trier

.'and C.R.. Olsen, to be included as part of the DOE/DBER
publication Transuranic Elements in the Env1ronment, TID-
122800 (ed. W.C. Hanson).
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III. TRANSPORT AND ACCUMULATION OF RADIONUCLIDES ‘IN HUDSON ESTUARYlsEDIMENTS_

Deposition of sediments in :the Hudson occurs in a complicated pattern,
which is 5oth time dependent and highly variable in rate. As-a result, map-
ping the distribution df plutonium in the sediments requires measurement of
a large number of samples (Figurell). We.haQe chosen to attack this pro-
blem by measurement of other man-made radionuclides.in.conjunction with
~plutonium.. There are several nuclideé in Hudson sediments dérivéd ﬁrom
fallout (137Cs) gnd reactor releases (137Cs, 134Cs and‘60Co)'which‘wethave
analyzed by gamma counting dried sediment samples with no chemical separa-
tions employed. We hévg found these nuclides to bg very effeétive as in-
dicators of the levels of plutonium in Hudson sediments. Using direct
gamma counting as out initial mapping approach, we héve been.abie to make
rapid progress in describing the present distribution of plutonium in the
sédiments of a large, complicated estuarine environment.

239,240

The activity of Pu per gram of‘sediment varies greatly from

-239,240Pu

place to place in the Hudson. The relative amounts of and

137Cs-'-have much smaller variation than the absolute amounts of either.

As discussed in our last annual report (C00-2529-3) the total reported

239’240Pu-to l37Cs ratios in Hudson sediment is 1 - 14% with

range of
most samples falling in the range of 3-10%.

A. Radionuclide accumulation trends in the lower Hudson estuary’

One of the piston cores we collected from the upper Bay (P-1.5E)
penetrates through a very thick sequence of sediments containing 137Cs
(Figure 2). Reactor-derived 134Cs and 60Co are apparently confined to the

upper half of the core (above 100-140 cm), where a broad peak in 137Cs occurs.,



FIGURE 1.

11

Locations of Hudson estuary céresr numbers indicate
miles upstream (or downstream for negative numbers)
of the southern tip of Manhattan; letters indicate
-direc;ion frombéenter decﬁannel~(east (E), west (W),

middle (M), eastern cove (EC)).
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FIGURE 2.
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137, 134

Cs,A Cs, and 60C0 as a function of depth in a
piston core collected from>New Yérk harbor (upper New
York Bay) at mile point - 1.5: ‘the broad peak iﬁ all
three nuclides is believed to correlate with the period

(1971) of maximum releases of reactor nuclides from
137

" Indian Point. The Cs in the lower half bf’the core

is believed to be derived predominantly from global fall-

out.
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erent than for Cs.. There is no evidence of a peak in

We believe this 137Cs peék reflects the period of maximum reactor releases,

while the sediments belowAcontain 137Cs derived predominantly from fallout.

239,240

The trend of Pu with depth (Figure 3) in the same core is quite diff-

137 239,240

Pu for correl-

ating with the peak in 137Cs. We interpret this as indicating thatAif re-

leases of 239’240Pu have occurred from Indian Point during the same périod

137

as the maximum releases of Cs, they were too small to be. observable in

the sediments of New York Harbor in the presence of the burden of fallout

239,240 238 239,240

Pu accumulating there. The ratio of Pu to Pu (Table 1) in

the same harbor core samples are shown in Figure 4. The samples near the

239,240

bottom of the core have lower amounts 01?38Pu relative to Pu than

those nearer the uppér half of the core. At present, we do not believe
that definite conclusions can be drawn about the sources of 238Pu ip New
York harbor sedimenfs.l

. After ouf initial survey of plutonium distributions in Hudson sediments .
in which the zone of major accumulation was discovered go be New York harbor,
we concentrated much of our effort on harbor ;ediment aﬁalysis to obtain
better estimates.of the total inventory of radionuclides in that area of
the estuary. From data obtained for several other harbor cores (-1.6E,
-1.5E, 0.1W, 0.1WM, 1.9W-C00-2529-3, Table 2; and P-0.4W listed in Table 12
of this report) we have clearly demonstrated that the,extreﬁely high rate

239’240Pu shown in

of accumulation of recent sediment containing fallout
Figure 3 is indicative of conditions for a substantial area of the harbor.

There is now little doubt that this area is one of the major zones of recent

"sediment accumulation in the Hudson estuary, and represents a significant

239,240

portion of the total inventory of fallout Pu present in the sediments

15




FIGURE 3.

239’Zao.Pu as a function of depth in the same piston core

shown in Figure 2. There is no evidence of an increase in

239,240

correlates with.the period (1971) of maximum reactor re-

leases of gamma-emitting.nuclides.

Pu in the depth range (50;126 cm) whiéh we believe -

16
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TABLE 1. Plutonium Isotopes in Piston Core - 1.5

239,240Pu 238, 238/239,240Pu

Location Sample Depth Dry Wt. % . Pu :

(Mile Point) ‘No. (cm) (gm) Yield " (pCi/Kg) (pCi/Kg) (pCi/Kg)

P - 1.5 1048A 0-10 50.7 44,2 19.240.9 0.8+0.2 0.042+.008

' B 10-20 38.5 . 25.3 © 33.0+1.5 . 1.540.3 " 0.046+.008

c 20-30" 43.4 20.0 25.0+1.8 1.6+0.3 . © 0.064+.014
D 30-40 45.5 24.9 29.3+1.6 1.240.3 0.041+.009
E 40-50 41.7 15.2 24.,442.0 1.540.4 0.061+.017
F- 50-60  37.2 19.0 33.3+2.4 2.440.5 0.073+.016
G . 60-70 38.3 62.8 40.9+1.4 2.140.2 0.051+.006
H 70-80 40.7 14.6 38.5+2.0 1.840.3 0.047+.009
I 80-90 33.8. 25.0 28.9+1.9 - 1.6+0.4° 0.055+.013
J 90-100 42,1 12.3 43.9+3.6 3.140.7 0.071+.017
K 100-110 38.2 32.4 51.3+2.3 2.840.4 © 0.055+.008
L 110-120 42,2 15.7 42.843.0 2.6+0.5 0.061+.013 °
M 120-130  57.5 12.4 26.2+2.2 1.740.4 0.065+.016
N 130-140 52.9 41.0 32.0+41.3 1.3+0.2 0.041+.006
0 140-150 = 52.1 20.7 35.7+1.5 2.140.3 0.059+.008
P 150-160 42.7 32.0 32.5+1.8 1.740.3 0.052+.010
Q 160-170 65.9 22.0 C29.9+41.9 1.8+0.3 0.060+.011
R 170-180 53.7 25.0 50.342.3 2,6+0.4 0.052+.008
S - 180-190 51.0 '17.6 42.3+2.5 2.940.4 0.069+.011
T 190-200 63.7 17.8 18.0+1.0 . 0.840.2 0.044+.009
U 200-210 59.6 16.7 37.442.0 1.0+0.2 0.027+.007
\' 210-220 46.7 45.9 48.2+1.4 1.5+0.2" 0.031+.003
W 220-230 50.5 10.2 53.9+2.5 1.740.3 0.032+.006
X 230-240 76.0 15.2 38.5+1.6 1.0+0.2 0.027+.004
Y 240~250 39.3 65.6 59.2+1.8 1.5+0.2 0.025+.003
z

250-260 84.0 . 16.2 4.240.4 - -

. 8T



FIGURE 4.
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of the Hudson.

B. . Radionuclide-accumulation near the upstream end of the salinity .

intrusion in the Hudson

Although the harbor is of»majo;.interest.for budget calculations,
and és an indicator of the rate of traﬂsport‘of recent sédimentS'alongAthe
axis of the estuafy, the combination of rapid- sediment accumulation rates
and dredging éctivities make it difficult to interpret vertical distribu-
tions of'plutonium in terms of possible mobility in the~éediments; fo ex-
amine the importange of thisAtypeiof process in the Hudson, we have turned
to areas in which recent sediments are,agcumulating more slowly than in the
harbor, and where the possibility of disturbance by dredging activities is
considerably less. One area for which we have considerable information is
Eoundry Cove, asmall embayment in the Hudson at mile point 54, about 18
kilometers upstream of the reactor site at mile point 43. From detailed
studies of the trace metal and radionuclide distribution iq a -number of
cores from that cove (C00-2529-3, Table 1) we have shéwn that recent
(last two decades) sediments are confined to approx&mately the upper 20;30
cm. We collected three cores from within a few centimeters of each other

in Foundry Cove and sectioned each of them into 1 cm intervals. These

samples were then gamma counted to determine if the 137Cs activity in

the depth sections were comparable in all three cores. When the activities
had been shown to be within thé counting error -of each other for all three
cores, the sectioris were combined for each depth interval, and then counted
for longer periods'to'obtain the data reported in Table 2. After the

gamma-emitting nuclides were measured, each oﬁ the depth segments were ana-
1§zed for plutonium isoﬁopes'(Tablé 3). Nuclide ratios for one centimeter

intervals down to 26 cm are given in Table 4. Data from Tables 2 and 3




TABLE 2. Gamma Emitt1ng Radionuclides in Core 54 EC (Foundry Cove)

60

Locationn Sample # Depth Dry Weight Cs137 Cs134 Co” K40
(Mile Point) ' (cm) (gm) (pCi/Kg) (pCi/kg) (pCi/Kg) (pCi/g)
. mp 54 EC 1240A 0-1 61 1530+38 28+13 73410 18.740.6
(March 1977) B 1-2 66 1610+44 47416 55+13 17.2+0.7
c 2-3 75 2000+48 75+16 98+13 120.040.7
D 3-4 62 2400+56 75+16 145+13 18.2+0.6
E 4=5 57 2240455 30+16 110414 119.440.7
F 5-6 62 2060+56 ~7413 89+15 18.2+0.7
G 6-7 67 2010+48 5410 67+12 17.8+0.6
H 7-8 62 2180+54 12+11 83+13 © 18.240.7
I. 8-9 70 2130+54 =7411 95+13 17.6+0.7
J - 9-10 73 1970+49 -7410 100+12 17.940.6
K 10-11 70 2120+50 1410 70+11 17.7+0.6
L 11-12 72 2130+59 -14+13 41+15 17.840.7
M 12-13 64 2170+57 -13+12 67+14 18.4+40.7
N 13-14 65 2140+68 -10+16 47419 18.0+0.8
0. 14-15 69 1990+48 -18+10 36411 18.4+0.7
P 15-16 68 1680+55 4416 43418 18.340.8
Q 16-17 71 1440+38 249 17410 . 18.940.7
| R 17-18 72 1160+42 -10+14 16+15 17.940.7
| S 18-19 69 770429 -8+11 ~4+14 18.0+0.7
T 19-20 68 580+29 ~11+9 -8+10 18.8+0.7
U 20-21 78 380+21 -5+11 24+13 19.640.7°
v 21-22 80 200+18 1411 13413 19.7+0.7
W 22-23 85 105+15 8+10 26+11 19,2+40.7
X 23-24 83 22412 . 8+9 ~14+411 18.7+0.6
Y 24-25 83 19411 -6+9 8+9 19.5+0.6
Z 25-26 85 ~9+13 -5+10 7

-6+10

18.7+0.

- ze



TABLE 3.

Plutonium Isotopes in Core S4EC

N.D, Not Detectable

(Foundry Cove) o
Location Depth . Dry Wt. 23?¢240P 238/239,240,
(Mile Point) (cm) (gm) (pCi/Kg)
0-1 -~ 51 27.9%1.4 1.1+0.2 .039+,008
B 1-2 51 .28.6%1.7 1.420.3 .049%,010
C 2-3 66 30.941.4 1.5%0.2 .049%,008
D 3-4 52 34.7+1, 1.740.3 .049%,010 -
E 4-5 48 35.4%1. 0 2.2%0.3 .063%.010
F 5-6 52 41,422, 2.3%0.5 .056%,012
G 6-7 . . :
H 7-8 52 47.5%2.2 1.6+0.3 " .034%,006
I 8-9 60 53.4%1.9 1.7+0.2 .032+.004
J 9-10 63 49.6%2.3 1.9%0.3 .038%,006
K 10-11 55 54.9£2.3 1.6%0.2
L 11-12 63 68.3%2.6 1.940.3
M ©12-13 54 73.8+2.0 "1.8%0.2
N 13-14 51 76.6%5.3 2.3%0.5
0 14-15 54 55,6%1.9 1.740.2 .031+.004
P 15-16 59. 53.1%2.1 1.7£0.2
Q 16-17 56 48.6%1.9 1.240.2
R 17-18 62 39,8+2.1 1.0%0.2 .025%.005
S 18-19 59 25.9+0.8° 0.6£0.1
T 19-20 58 20.4%0.9 0.4%0.1
U 20-21 68 - 12.5%0.6 0.4%0.1
-V 21-22 71 6.3+0.4 0.25%0.0 .040%.012
W 22-23 75 3.240.3 N.D. .
X 23-24 67 0.81%0.01 N.D. L
Y 24-25 73 0.47+0.1 N.D. .
z 25-26 75 0.22+0.1 ° N.D. L

e



TABLE -4

Nuclide Ratios in Core S54EC (Foundry Cove)
' 239,240 : 134 : 60
Pu Lo

: Cs Co
239,240 137 — ! ’
Location Sample Depth | Pu Cs | 137CS 137CS : 137CS
' - ' =2 =2 =2

(Mile Point) No. (cm) (pCi/Kg) (pCi/Kg) x 10 x 10 x 10 -
mp S54EC 1240A 0-1 27.9+1.4 1530+38 1.82+.10 1.83+.85 4.77+.66

B 1-2 28.6+1.7 1610+44 1.78+,12 2.9241.0 3.42+.81 -

C 2-3 30.9+1.4 2000+48 1.55+.08 3.75+.81 4.90i._66

D " 3-4 34.741.9 2400456 1.45+.09 3.13+.67 6.04+.56

E 4-5 35.441.9 2240455 1.58+.09 1.34+.72 4.91+.64

F 5-6 41.442.7 . 2060+56 2.01+.14 - 4.32+.74

G 6-7 - 2010+48 - - 3.33+.60

H 7-8 47.542.2 2180+54 . 2.18+.12 - 3.81+.60

I 8-9 53.4+41.9 2130454 2.51+.11 - - 4.46+.62

J 9-10 49.6+2.3 1970+49 2.52+.13 - 5.08+.62

K 10-11 54.942.3 2120+50 2.59+.12 - 3.30+.52

L 11-12 68.3+2.6 2130+59 3.21+.15 - 1.92+.70

M 12-13 73.8+2.0 2170457 3.40+.13 - 3.09+.65

N 13-14 76.6+5.3 2140+68 3.58+.27 - 2.20+.89

0 14-15 55.6+1.9 - 1990+48 2.79+.12 - 1.81+.55

P 15-16 53.1+2.1 1680+55 3.16+.16 - 2.56+1.1

Q 16-17 48.6+1.9 1440+38 3.38+.16 - - 1.18+.69

R 17-18 39.8+2.1 1160+42 3.43+.22 - -

) 18-19 25.940.8 7170+29 3.36+.16 , - -

T 19-20 20.4+40.9 580+29 3.52+.23 - -

U 20-21 12.540.6 . 380+21 3.29+.24 - -

v 21-22 6.3+0.4 200+18 3.15+.35 - ' -

W ©22-23 3.240.3 105+15 3.05+.52 - ' ' -

X 23-24 0.81+0.01 22412 3.68+2.0 , - -

Y 24-25 0.4740.1 19+11 2.47+1.5 - -

Z 25-26 0.22+0.1

-9+13 - - ‘ -

e
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are plotted as a function of depth in Figures 5 and 6,.respecﬁively.

The depth distributions of gamma-emitting nuclides and plutonium

' isotopes are consistent with the known history of both fallout delivery

éf_fadionuclides and reactor releases to the Hudson. Assuming uniform
sedimentation rates, and relatively little vertical mixing of the sedi-
ments by organisms or other processes, the average accumulation rate of
fine sediments in this core for the last two decades has been about 1 cm
per year. This sedimentation rate is about an order of'magnitude less
than we have observed.for New York harbor.

One of the most interesting features of the data in Figures 5 and 6
is the lack of indication of Ve;tical mixing processes. fhe measured

activites of 134Cs and 60Co (Figure 5) could have been detrived only aé

the result of upstream transport by tidal currents from the reactor site

18 km downstream. If significant vertical mixing in the sediments had

occurred, the activities of these nuclides would not show such large varia-
137

" 'tions with depth. The variations with depth of Cs (Figure 5) and plutonium

isotopes (Figure 6) also indicate that the specific activities of the sus-

pended particles at the time of deposition have been reasonably well pre-

served. The. peak in-l37Cs at 3-4 cm was prbbably derived from reactor re-
leaées (1971), based on thevﬁoincidence of peaks in 134Cs and 60Co at that
depth, while the initial rise iﬁ.137Cs p;aking at 12-13 cm was probably pro-
duced by the maximum in fallout deliﬁery (1963-65).

239,240

- The depth profile of Pu can be reasonably interpreted in terms

" of maximum fallout deposition for the interval 12-14 cm, and gradually de-

a2 . NP . :
creasing -39’240Pu specific activities -in the suspended load transported

down the Hudson since the peak fallout years, with present activities



- .FIGURE 5.

Gamma-emitting nuclide activites as a function of depth

in a Hudson estuary cotre 18 Km upstream of Indian Point.

The peak of 60Co, 134Cs activities and the uppermost peak

13

in 7Cs are believed to correlate with the period of

maximum'releaée of nuclides from the reactor (1971). The

initial rise in ;37Cs is believed to have resulted from

the peak fallout years (1963-65).
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FIGURE 6.

28

.

Plutonium isotope activites as a function of depth in a

Hudson estuary core 18 Km upstream of Indian Point. The

239,240

peak in Pu-activity is believed to have resulted

from the peak fallout years (1963-65).
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approximately one third of those in the years 1963-65. There does not

seem to be any reasonable likelihood of a significant source of 239’240Pu

for the Hudson sediments other than fallout and the gradual movement of

drainage basin soils into tidal water by erosion. The time trends in

239’240Pu suspended load activity indicated from the data for the low

salinity end of the estuary (Figure 6) are very similar to.that recorded

in the harbor.sediments at salinities of about 2/3 of sea water (Figure 3).

238

The depth profiie of Pu in Foundry Cove (Figure 6) is not so

straightforward to.interpret. The trend for 238Pu does not appear to be

239,240

the monotonic decline in Pu. activity.following the peak fallout years.

Considering the much larger counting error on our 23?Pu data than for-

239’240Pu (Figure 6), it is difficult to draw fifm'conclusions from the

depth trend of 238Pu, However, the variations in 238Pu to 239,240

Pu ratigs
with depth in the Foundry Cove core (Figure 7) are similar enough to the
trends observed for New York harbor (Figure 4) to suggest a consistent picture
for these two areas of the estuary separated by ébout 80 km. At present, it
is not possible to esfablish whether or not a second signifiéént source of
238Pu has contributed to the distribution of plutoniﬁm in Hudson sediments.

We plan to. continue our examination of this line of research.

C. Radionuclide analysis of size fractions in Hudson estuary sediments

The transport and accumulation of plutonium and other radionuclides
associated with particulate phases is influenced by the size and type of
particles involved. In very general terms, much of the particle transport
of‘plutonium is associated with fine particles rather than coarser material,
and sandy sediments have lower specific activities of a whole spectrum of

fallout and reactor-released nuclides than muddy sediments in contact -



FIGURE 7. Ratios of 2385, to 239,240, in Hudson estuary core

54 EC (Foundry Cove), located 18 Km upstream of Indian

Point, in the low salinity region of the estuary.
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with the same ambient water.l'Sincebesfuarine sedimeqts often show a-
large range in mean particle‘size f;om one depositional environment to
another, oﬁe caﬁ exéect to find major differepces in specific activities
of radionuclides,‘including plutonium and other trénsuraniés, from one
area to another. The hétedrogenity oprafticle size distribuﬁions and
depbsitional environment in the Hudson was one of the priﬁary reasons we
chose to use direct-gamma counting ofAsediments as a means of preliminary
screening of sample prior to radiochemiégl analysis. In general we have
found the distribution of 137Cs and other gamma-emitting nuclides in Hudson
sediments to be very useful in guiding us in selection of sediment sampies
for alpha specﬁrometry.v Much of our analytical work has been directed to-
ward fine—grainéd sediments in the Hudson because of their higher specific
activities, and greater pqtential for reconstructihg depositional histories.
Many ofvthé areas in the Hﬁdson with coarse sediments are in the main
navigation channel, and are predominantly lag deposits left by active
current scour.

The areas of the Hudson which have significant net deposition of recent
fine-grained particles (New York harbor,'subtidal banks, and marginal cores)

137

all have specific activities of Cs of the order of 0.5-2 pCi/g and of

239’240Pu of the order of 20-60 pCi/Kg. The suspended load activities

- of these nuclides throughout the estuary are similar to those of the fine-
grained sediments, although there is clear evidence for both desorption of
137 . . - ’ 137 .. .

Cs in the higher salinity areas and supply of Cs from reactor releases
in addition to that delivered from fallout. Thus, the predominant process

regulating the accumulation pattern of radionuclides in Hudson sediments is

the transport, deposition and resuspension of the suspended load.



- As part of our effort .to examine the-role of fine-particles in the
transport of radionuclides in fhe'Hudson, we have analyzed several size
fractions of a large sample of sediments from a marginal cove in the low

salinity region of the estuary. A composite sample was prepared by collect-

.ing a number of large grab samples from an area which was predominantly

fine particles (Foundry Cove, near the site of Core EC) to which was added

a few'large grab samples from a sandy area at the bottom of a nearby tidal
current channél (also in Foundry Cove). This large composite sample was
homogenized as well as possible immediately after collectiom, and then
size_frac;ioned by wet sieving through a set of decréasing mesh size
screens, f0116Wed by settling and centrifugation. The size fractions obtained
and the specific activities of several gamma emitting nuclides are listed
in Table 5. Of the total sampleA(several.kilograms dry weight - all size
fractioning was done while still wet), however, most of .the masé was

found in the 20-63u fraction and in the greater than 250u fraction, with
much of the la;ter consisting of coal and ash fragments typical of lag
deposits in the Hudson (Figure 8). Plutonium data and nuclide ratios

for the same size fractions are reported in Tables 6 and 7, respectively.

The specific activities of both the gamma-emitting nuclides and the

 plutonium isotopes were significantly higher in the silt (2-63u) and clay

(<2u). size fractions than in coarse sand (180-250u) as would be expected.
The activities in the size»rangé 63-180u &ere comparable to'the finer
particles indicating that much of this material was probably'aggregations
of the silf particles. We did not attempt to disaggregate the sediments
with ultrasonic agitation? or any other mechanical processes which are

sometimes employed in size fraction preparations of clay minerals because



TABLE 5

v-Emitting Radionuclides. in Foundry Cove

Size Fractions

137Cs ,

134

‘Composite Sample-

60Co

40

Sediment Size Sample' Cs K
(W) Mo, (pCi/Kg) (pCi/Kg) (1Ci/Kg) (pCi/Kg)
0-2 1352 G 810+30 96+21 60+15 . 10.1+0.5
'2-20 F 1575+38 26413 82413 20.140.7
20-63 E 1045+45 . 53+22 81+22 16.3+0.8

" 63-180 D 1100+33 39+14 67:I_-_14- " 15.440.6
180-250 C 1470+165 650:%-_142 : 515+142 11.3+1.6
(Floc) A ,

180-250 B 375+27 46+20 57+19 10. 7i0.6
(Sand)

;250 A 61+15 31+14 25_-t1-4 3.3+0.2

35



FIGURE 8. Photograph. of the composite sediment sample from
Foundry Cove illustrating the different size fractions
for which the gamma-emitting radionuclide and plutonium

activites are presented in Tables 5 and 6, respectively.
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-, TABLE 6 .

Plutonium Isotopes in Foundry Cove Composite Sample

239,240Pu

Size Fractions

239,240Pu

Sediment Size Sample - - 238Pu | ‘238Pu/
W No. (pCi/Kg) (pCi/Kg) (pCi/Kg)
0-2 | 13526 12;411.0 o.A71i.12 .'557i-011
2-20 F 20.5+0.8 - 0.86+.13 -.0421.007
20-63 E 19.0+1.2 0.70+.22 .037+.,012
63-180 D © 26.4+1.0 1.21+.15 . 046+ 006
63’-180 D-1 26.@2.’3 N.D.
180-250 (Floc) c 43.6+3.7 N.D
180-250 (Sand) B 20.7+1.8 . 0.96+.32 .046+:016
>250 A 3.740.3 | 0.14+.05 .038+.014




TABLE 7.

- Nuclide Ratios .in Foundry Cove Composite Sample Size Fractions -

‘ A . . 239,240, 134 60
Sediment Size Sample 239,240, 137 Pu _.Cs ' co
. 4 , 137 137 137
, o C§2 Cs_z_ ‘ Cs_2
() No. (pCi/Kg) (pCi/Kg) © x 10 x 10 : x 10 ©
0-2 13526 12.4+1.0 810430  1.53+.14 11.9+2.6 7.4+1.9
2-20. F ' 20.5+0.8 1575+38 1.30+.06 1.7+.9 5.2+0.8
20-63 0 E 19.041.2° 1045445 1.82+.16 5.142.1  7.8+2.1
~ 63-180 D 26.4+1.0. 1100433 - 2.40+.12 3.6+1.3 6.1+1.3
180-250 C  43.6+3.7 . 1475+165  2.96+.42 44.2¥10.9.  35.048.0
(Floc) .
180-250 B 20.7+1.8 375427 5.52+.63 12.3+5.4 15.2+5.2
(Sand) - ' :

~ >250 | A 3.7+0.3 61415  6.07+1.57  50.8426.1  41.0+25.1
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we wished to preser;e as much as possible the size-distribufion'of thé
sediments as tﬁey relate to transport potential in the estuary. The domin-.
ant size fraqtion collected by our procedures was 20463u, aCCOunting for more
- than 90%lof'the total sampleAlesg than 250yu.

One aspect of the détavreported'in Tables 5 and 6 which was somewhat
-surpriéing was the apparent decrease in specifié actiyity of most of the
nuclides in the_sméllest size fraction (<2u). This was most noticeable for

137 ;
Cs to a somewhat lesser extent.

plutonium, but was also indicated for
Sincé the dominant material <2u should be clay minerals, one possible in-
térpretation pf the lower Pu aétivity is that'brgaﬂic maferial may be

more important in contributing binding sites than clay minerals in Hudson
sediment. Further support of this interpretation ié indicated by the higher
specific activity in the 180-250u fraction designated as "floc". Sediments
which passed through the 250u sieve, bﬁt were trépped by the 180u sieve

fell into two quité &istinét categories. The sandy mineral grains settled
rapidly while a large quantity of orgénic floc rémained in suspension or
floated. This latter material accounted for about 10% of the dry weight

- mass of the 180-250u size fraction, and was higher in specific activity

for all the radipnuclides measured than any of the other fractions."Much

- '0of the radionuclide activity in the sandy ﬁbrtion of the 180-250u fraction
was probably also associated with this type of material since we didvnot
attempt to remove éll of the flocculant particles from the phase which
settled out fairly rapidly. Considering the high specific activity of
239,240 |

Pu measured for the large (180-250u) organic particles, it seems

reasonable to assume that organic phases play a significant‘role in the
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accumulation of plutonium'(and other radionuciides)bin'ﬂudsoﬁ sedimgntsi
Becauée‘bf thé binding between organics and mineral particles, especiaily
élay minerals; in estuary sediments, it is generally not possible-to
- separate theée two types of material mechanically'(except in re}atively
unusual situations such as that for the the lSO-ZSOﬂ particles described
here) gna,any chemiéal.seﬁaration procedure is likely to significantly alter
.the distribution of radionuclides which exists in the.sediments in a
natural water syétem. ‘Thus, although‘organic phases appear to be significant
in-thé sediment binding and suspended particle transport of radionuclides,
we cannot clearly establish from our work up td now the relative importance
!

of organic material and a variety of mineral phases in the sediments and

suspended load of the Hudson.

" D. Radionuclide analysis of sediments in tributaries of the Hudson estuary

To help characterize the supply of fallout nuclidés from the soils
of the Hudson drainage basin to the sediments of tﬁe estuary, we have collected
and analy.zed éamples of ﬁiﬁe—grained‘sediments from several of the tributaries
of the tidal'Hudsén. Dapa on gamma-emitting nuclides for two size fractions
are reported in Table 8.  In general, the sediments <63u have significantly
higher specific activities than those >63u, as would be expected. The same
size fraction trend is observed for plutonium isotopes in the tributary

sediments. (Table 9). - The activities of 137Cs and 233,240

Pu in the- <63y
fraction of all of the tidal water tributaries (Mohawk River and Catskill,
Esopus, . Roundout, Wappinger and Fishkili Creeks) are somewhat lower than
fine-grained Hudson estuary sediments from the areas currently accumulating

sediments .(harbor, subtidal banks, and marginal coves), but the primary

‘explanation may be a systematic difference -in mean grain size. The



Y—Emitting Radionuclide in Hudson Tributaries

TABLE 8

and Adjacent Bays

A

Location Sample # -Dépth Dry Weight Csl37 cst3 €00 K40
(Mile Point) (cm) (gm) (pCi/Kg) (pCi/kg) (pCi/Kg) (pCi/ g)
Mohawk River 1333C <63 112 680+22 o 17.0+0.6
(mp156) o 1333A >63u 125 270414 17.140.5
Catskill Creek 1334B <63p 87 565+23 15.340.5
(mp113) 1334A >63u 140 190+12 14.9%0.5
Esopus Creek 13358 <63 92 870+32 12.840.5
(mp102) 1335A >63u 112 280+16 8.6+0.3
Roundout Creek 13368 <63 102 585+24 11.740.5 |
(mp91) 1336A ©>63u 134 100+8 6.740.2 ‘
Wappinger Creek 13388 <63u 89 675+24 '15.9i0.5 f
(mp67) 13384 >63u 148 17010 12.5¥0.4 {
Fishkill Creek 13378 <63p 86 315+17 16.9+0.6 |
(mp60) 13374 >63u 144 145411 12.0+0.4
Newark Bay 1350A 0-5 75 220+16 649 6+10 14.440.5
13508 5-10 76 30+25 25+12 24+12 15.8%0.6
1350C 10-16 89 -3+21 13+8 15+8 15.8+0.5
Arthur Kill 1346A 0-2 8 345+54 -30+40 90+109 - 13.3+0.9
B 2-4 9 440%55 ~42%38 35460 13.1+0.9
c 4-6 11 495+47 2+29 99+61 14.1%0.9
D 6-8 9 470+49 -59+33 62+39 13.6+0.9 |
E 8-11 26 535432 16.610.8 |
F 11-13 20 490+40 ~7+23 29+26 15.3+1.0
G 13-16 28 510+36 _ 16.0+0.8 |
H 16-19 33 485+30 16.440.8
1 19-22 46 140+21 14.140.6.
J 22-25 60 245+16 15.040.6-
K 25-30 87  60+14 10.5+0.5
L 30-35 120 2+5 8.5+0.3-
M 35-40 88 ~11+10 17.140.6
Raritan Bay 1343A 0-7 67 70+13 ~12+49 16+17 14.3+0.6
B 7-11 94 -6+13 -7+8 4th 17.540.6
_East River 13408 <63u 30 825+40 84+17 61+15 17.4+0.8
(Hallet Cove) A >63u 66 38411 19+8 1748 8.6+0.4
East River 13398 <63y 31 '380+33 31+18 -8+19 14.4+0.8
(Hells Gate) A >63u 134 35+11 15+7 11+8 10.9+40.4



TABLE 9

‘Plutonium Isotopes~1n'Hudson‘Tributariés'and Adjacent Bays -

A_Location Sample A Deptb . Dry Wt. - % 239’240Pu. 238Pu ' 238(239?240Pu
(mile point) No. .. (cm) - -(gms) Yield pCi/Kg ’
Mohawk River 1333C <63u 92 . 30.5.  8.9+0.5 0.3+0.1. -0.030+.008
'(mp 156) = --1333A . >63yu 115 3.1 2.4+0.4 N.D. -

* Catskill Creek 1334B <63y - 77 24.8  10.240.6 0.4+0.1 0.039+.009
(mp 113) 13344 >63y 131 5.9 2.2¥0.3  N.D. -
Esopus Creek 1335B <63 81 28.0  11.040.6 0.7+0.1 - 0.059+.010
(mpl02) . .

Roundout Creek 1336B <63u .82 14.7 8.7+0.6 N.D. -
(mp 91) '
Wappinger Cr. 1338B <63p 79 10.5  10.4+0.8 0.5+0.1 0.047+.014
(mp 67) 1338A >63u %38 32.6 1.6+0.1 N.D. -
Fishkill Creek1337B <63u . 76 23.4  3.6+0.3  N.D -
(mp 60) ‘ ‘
East River : ‘
' (Hallet Cove) 1340B <63y 25 - 7.7 ©31.042.6 -1.740.5 .055+.016
o (Hells Gate) 1339B <63y 26 20.4 . 26.3%1.9 1.240.3 .046%.013 -

Long Island : . ]
Sound Grab 92 16.0 ‘20.419.8 0.9+0.1 - 0.043+.006




tributary samples were obtained in non-tidal waters where the cdrrentAregime
is quite different than in tidal'w;ters, being dominated by .spring maXimum '
flows followed bf moderaﬁe to low flows through most of the remaindérrof the
yéar; In gengral, the kind of depositionalAenvironﬁent in tidal waters;x
chara;terized‘by reversing current diréctions separated by periods of little
or no current vélocity,<$houldn't be reproduced in any of the tributaries.
The Mohawk River is ponded Behind tﬁe Troy dam on theAmain stem of the
Hudson somewhat'Be;pw the area from which’ouf sample was collected, so

. the depositional environment there should be more like that of a reservoir
than in the other tributaries discussed here. The specific activity of

137, g 239,240,

u in a buik sample produced by combining the two size
fractions for each of the tributaries would be significantly lower than for

- the <63y fraction aione,_and for fine sediments from the estuary. Since

the proportion of sample >63u is so much greater in-the tributary samples
than in fine sediments from the Hudson (see Tables 5, 6, 7 for Foundry Cove),
it is likely that the <63y fraction from the tributaries may also have
larger mean particle size than for the same size fraction in the estuary,

or be systemically different in some ofher property, such as the type or
amount of organic matter.

239,240 137
Pu

The ratio of to Cs in the tributary sediments (Table 10)

is comparable'to the fallout delivery ratio, indicating little or no syste-
matic difference in the mobility of these fallout nuclides in the drainage

basin soils. One simple explanation for the data is that both 137Cé and

239’240Pu are relatively tightly bound to the soil particles, and the
activities found in the tributary sediments reflect particle erosion of

drainage basin soils and transport of the nuclides by the particles into

Ly
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TABLE 10
Nuclide Ratios in Hudson Tributa;ies and Adjacent Bays
Location - Sample bepth 239’240Pu 137Cs. ‘ 2395?40Pu 134Cs 60Co
: . ' . 137CS L 137C§2 : 137C§2

(mile point) - No. (cm) pCi/Kg. pCi/Kg x 10. .x 10 x 10

Mohawk River1333C <63y '8.9+40.5  680+22  1.31+.08 = -- -

A(mp 156) 1333A - >63u 2.4+0.4 270+14 .89+.16 -- -

Catskill Cr.1334B >63p 10.2+0.6. 565+23 A1.81i,13 - --

.(mp 113) 1334A <63p 2.240.3 190+12 1.16+.17 - -
Esopus Cr. 1335B . - <63y  11.040.6 870+32 1.26+.08 - —--
(mp.lQZ) 1335A~ >63u : - 280+16 - - -

. RoundoutCr.1336B <63u 8.740.6  585+24 . 1.49+.12 - -
(mp 91) 1336A >63u. T 100+8 - - -
Wappinger 1338B <63u 10.4+0.8 675+24 1.54+.13 -— -

(mp 67) 1338A >63u - 1.6+0.1 170410 . 94+.08 - -
Fishkill Cr 1337B <63y 3.6+0.3 315417 ‘1.141,11 - -
1337A >63u - 145+11 - - : C -

. Newark ‘

Bay 1350A - 0-5 - 220+16 - - -
B 5-10 -- 30425 L—-— - .-
o 10-16 - -3+21 - - -
East River
(Hallet Cove) . o
' ' 1340B - <63u - 31.042.6 825+40 3.76+.36  10.1%#2.1 7.441.9
1340A >63u - ~ 38+11 - 50.0+25.5 44.7+424.7
(Hells ‘ _
Gate) 13398 <63u 26.3+1.9 380+33 6.92+.78 8.2+4.8 -

13394 - >63u - 35+11 - 42.9%24.1 -
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estuary with no significant loss of_either 137Cs orA2.39’240

Pu‘from'soil
bartiéles in the tidal fresh water reach of the Hudsonw |

" During the past several years we have been‘collectiﬁg a subs;antial
amount of‘data én the suspended load characteristics of the Hudson ‘estuary,
since this is'one of the primary factors controlling the tran;port and accumu-
lation of radionuclides in the Hudson. We are in the prdcess of preparing a
report on that study at the present time, and should be able to provide a
complete summary in our next annual report. One of our primary observations
'is that the suspended load mass concentration in the Hudson estuary are ex-
tremeiy variable in both space and time. Although it is ﬁossiblé to draw
some general conclusions about zones of fine particle sediment accumulation
and ranges of observed suspended load mass copéentrations, we believe it
is not going to be feasible to make much progess in using such data to
predict very precisly where radionuclides are likely to accumulate, and
what the net transport patterns are over many tidal cycles. We believe this
applies to both qualitative'analysis of the suspende§ par;icle mass data
and to numerical model simulations of the transport based on the same data.
Our general impreséion is that the major input of data for tuning
nume:ical model simulations of radionuclide transport by the particle load
should be from what are, in effect, long term tracer experiments in the
natgral water system of inﬁerest. Thus, the measured distribution of
tracers, such as the gamma-emitting nuclides from a reactor release area,
or .fallout nuclides in an area where such tracers are not already present,
offers a much better long-term average of particle transport properties in
a system of interest than any extrapolation of suspended particle mass

measurements can hope to provide.
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" We have begun to try to use the distribution of natural radionuclidés
in conjunctioﬁ with reactor and fallout nuclides to heip understand the
origin and net tranééort of fine-grained particlgs in thé Hudson. . Activities
of several.natural radionuclides in tributary sediments'are reported in
Table 11, based on gamma counting of 40K and of radioactive daughtefs:of
-226Ra and 228Ré. From these data, plus similar data for natqfal radio-
nuclides in the sediments of the Hudson~estuéry, wé believe that the trib-
Autafies of the tidal Hudson (Catskill, Esopus, Roundout, Wappinger and
Fishkill Creeks) make relatiVely small contribution to the total supply of
particles to the tidal Hudson, despite the fact th#t the drainage basin
dowﬁstream of the dam at Troy accounts for more than a third of the total
water budget. The major s&urce of particles, based on the natural radio-
clide data collected so far, appears to be the Mohawk River. We hope to -
éxplore further the potential of this type of fine-particle province in-
dicator as we ob;ain'samples from other parts of the drainage basin.

Data fof sediments from marginal areas of the iower Hudson estuary
are also reporﬁed in Tables 8-11. The East RiQer, a portion of the harbor

tidal complex, has definite activities - of reactor-derived nuclides (1340

and 60Co) which must have been supplied to the system originally at mp43

s

from Indian Point. Thus, from thevviewpoint of radionuclide accumulation
patterns, the pérts of the East River which have appreciable fine particle
sedimentation should be considered as part of the harbor zone of deposition
for nuclides supplied to the Hudson well upstream of the harbor compiex.
Other marginal areas of lower estuary for wﬁich we have samples (Newark
Bay, Raritan Bay and the upper East River leading to Long Island Sound)

’

do not show evidence of reactor gamma-emitting nuclides, but the specific




. - TABLE 11 :
Natural Radionuclides in Hudson Tr. :aries & Adjacent Bays

Location Sample # Dépth Dry Wt. Org.Matter 4OK 226Ra ‘ 228Ra'
(mp of Mouth) - ' (cm) (g) (%) (pCi/g) (pCi/Kg) (pCi/ )
Mohawk River 1333C <63u S 112 3.0 17.0+0.6 865+142 910+97
(mp 156) 1333A >63u 125 - 17.140.5 380+ 75 - 375450
Catskill Creek  1334B <63y 87 6.2 15.3ip;5 660+117 1050+122
(mpll3) 1334A >63p 140 14.940.5 - 445+ 84 755+82
Esopus Creek 1335B <63y 92 5.6 _12.8ip.5 825+150 1093i125
(mp 102) 1335A >63u 112 8.6+0.3 440+ 89 610+71 ,
Roundout Creek  1336B ‘ <63ﬂ 102 o 11.740.5 . 820+145 1020+112
(mp 91) 1336A >63n . 134 6.740.2 345+62 - 365+43
Wappinger Creek 13388 <63p 89 15.940.5 690+121 1260+133
(mp 67) 1338a >63u 148 . 12.540.4 220+ 54 665+71 :
Fishkill Creek  1337B <63y 86 6.9 16.9+0.6 - 905+145 1250+142
(mp 60) 13374 *63u 144 12.0+0.4 295+64 505+61
Newark Bay 1350A 0-5 75 14.4+0.5 655+116 980+118

B 5-10 76 15.84+0.6 _ 7404135 1145+140

C 10-15 89 15.840.5 740+122 10504120
Raritan Bay _ 0-7 67 6.4 14.340.6 565+98 910+127

- 7-11 94 5.7 17.5+0.6 560+107 1035+123

East River ' <63 30 17.440.8 810+135 1100+175 o :
(Hallet Cove) ' '
East River <63u 31 14.4+0.8 . 975+166 7754137

(Hells Gate)

81
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activities of 137Cs in our samples and the rates of recent sediment
'accumulétion are sufficiently low that it is difficult to establish the
- _lack,of-reactér contribution with much certainty;» Another paré of the
harbor complek, the Arthuf‘kill, is_definitely'a'zone.of'fairly rapid
recent sediment accumulation,'and there is some hint of reactor actiVity
(60Co), bﬁt the data obtained so far for that area are not sufficient to

draw any firm conclusions about the source of particles accumulating there.

E. Radionuclide data collected in the tidal Hudson during

the last contract year

A comprehensive summary of our radionuclide analytical data
Ifor Hudson estuafy sediments are given in Tables 1 and 2 of our last annual
report (C00-2529-3). Data cpllected during this contract year are given
in tables di;cussed éarlier in this report (Tables 2, 3, 4? 5, 6, 7, 8, 9,
10, 11). Additional data collected during this contract year, and not re-
ported in»Tablés 2-11 are included in Tables 12,'13’ and 14, The data
in these last three tables extends our sediment sample coverége over almost
the entire reach of the tidél Hudson. Several zones of rapid'sediment
accumulation in the tidal fresh water reach of the Hudson were identified
as a result of this initial susey (see cores 87.0C, 109.5WCI, P143.4 in
"‘Table 12). These cores, plus a few additional ones such as 91.8 indicate
..zones in which accumulation of radionuclides could be expected in the tidal
fresh water reach of the Hudson if significant sources in addition to fall-
out were to be present in the future. Thus, the péttern of large variations
‘ inA radionuclide accumulation rates which we have demonstrated: for the
saline intruded reach of the Hudson is also typical of the fresh water

tidal reach of the Hudson, and should be incorporated explicitly'in any



TABLE 12

y-Emitting Radionuclides in the Hudson River Estuary(l)

137 134 60

Location Sample # Depth Dry Weight Cs Cs Co K40
(Mile Point) (cm) (gm) (pCi/Kg) (pCi/kg) (pCi/Kg) (pCi/ g)
I'nner Harbor : A -
P-0.4W : 13754 0-10 51 ° 585+25 - 98+27 37425 16.0+0.6
(18 Oct. 1975) B 10-20 46 1030+35 185431 150+18 17.14+0.6
- ' C 20-30 49 1610+60 4 255451 190429 17.24+0.8
D 30-40 36 1030+45 - 130442 56+23 17.1+0.8
E 40-50 40 760+29 - 57+26 34415 17.04+0.6
F 1 50-60 . 44 985+34 170+29 . 85417 15.840.6
G 60-70 .55 545+24. 57+24 33+15 14.340.5
H 70-80 .39 710450 . 97453 2432 16.4+0.9
I 80-90 37 555+32 ~2+16 . 2+23 16.840.7
o J 90-100 60 250+19 12+11 18+13 14.440.6
K 100-110 83 275415 13+8 2248 15.140.5
L 110-120 81 245+16 14+9 ~2415 14.540.5
M 120-130. - 81 . 245415 548 13413 14.840.5°
N 130-140 - 85 235+17 1449 . 4+10 14.740.5
%0 140-150 73 520422 '57+22 92+15 15.440.5
P 150-159 51 © 320421 17412 45+28 14.440.6
Q 159-170 104 47412 =349 o -4+13 17.040.6
R 170-180 - 98 13+10 . 8+8 5+11 16.240.5
S 180-190 .95 . 21410 247 -2+11. 17.140.5
T 190-200 97 : 33+7 945 1245 16.8+0.5
U 200-210 82’ 8+12 : 249 -6+15 18.040.6
Piermont Marsh - o - o ’ '
PM #1-4 Surf 0-1 68 700+17 5247 17548 20.240.6
(May 20, 1977) Composite 1-2 71 ~ 775418 19+6 61+6 21,740.6
PM {1 1254A 2-5 58 845+42 ~6+18 S 344 17.440.8
(May 20, 1977) B 5-10 101 425427 ~13+14 24+14 16.8+0.7
c 10-15 84 110+18 10+11 ©84+9 16.840.7
D 15-20 - 95 21413 7+11 22412 17.140.6
E 17.140.7

© 20-25 105 16415 7+13 11416

0s



y-Emitting Radionucl

8 in the Hudson River Estuary

(1)

40

 100+19

TS

Location Sample # Depth Dry Weight Cs_l37 C8134 Co60 K '
(Mile Point) (cm) (gm) (pCi/Kg) (pCi/kg) (pCi/Kg) (pCi/g)
PM #2 _ 1255A 2-5 59 30+18 -10+16 22430 18.9+0.8
(May. 20, 1977) B 5-10 76 2+18 33+17 749 19.0+0.8
PM #3 1256A 2-5 51 . 330+29 -3+18 94422 19.1+0.6
(May 20, 1977 B 5-10 75 305+16 1349 41410 18.740.6
' c 10-15 75 425+31 37+17 42418 19.040.8 |
D 15-20 98 58+13 -11420 21416 18.840.6 : |
E 20-25 87 -3+20 -5+14 11+18 19.740.8 -
Tappan Zee - - o - :
30.84 1356A 0-2 34 1535460 45+29 350+29 20.040.9
(August 19, 1977) B 2-4 39 1440451 -31+18 240425 19.6+0.8 '
c 4-8 64 1035+32 -3+10 243 18.240.7 R
D 8-10 61 300420 -1+12 6+16 19.5+0.7
E 10-14 86 23+22 -6+11 21412 18.3+0.8 -
F 14-18 99 -7+421 -8+12 5+11 19.0+0.7 _
30.8B 1357A 0-4 .43 575+33 40423 70+20 18.340.8
(Aug. 19, 1977) B 4-8 91 87+15 26+12 12+15 19.0+0.7 o
30.8C 1358A 0-4 51 1265423 37+16 57+25 17.840.7 :
(Aug. 19, 1977) B 4-8 81 26+14 -9+11 2415 19.240.7
D 12-16 - 90 -10+12 249 0+13 18.340.7
36 E 1096A 0-5 75 425434 0417 40+40 21.4+1.0 '
(27 Oct. 1976) B 5-10 75 18+16 -3+12 -12414 21.8+40.8
C 10-15 83 1247 -3+6 347 19.440.6 .
39 E 1100A 0-7 107 88+12 448 1649 17.640.6
(14 Aug. 1975) B 7-12 89 -12+415 —_— S 18.140.7
' (e) c 12-16 78 +74+21 - - 20.440.8 .
SLOSH IIL € 1000Q-4  Oxidized layer 89 2700472 345+42 400+27 19.240.8
(June 11, 1975) . Organics >250u 20 2360+110 555+70 700+37 -10.940.5
SLOSH IV (June 11,1975) 1000D-1 0-10 67 520+35 24+19 50+19 20.6+0.8 ,
Lents Cove
43.2 ECI . 1264A 0-2 32 1090+51 82+25 96+21 '15.6+0.8
(July 11, 1977) B 2-4 27 1130+54 54+25 95+21 13.8+0.7
c 4-8 58 1730466 120+28 195427 13.340.7
D 8-12 57 4140493 395+29 420420 14.540.6
- E 12-16 71. 3220470 255+22 280+17 12.140.5
F 16-20 62 2200+46 160+12 . 17549 13.240.4
G 20-24 78 1590+43 78+14 115+14 12.840.5 .
H 24-28 61 1280+38 52415 190+16 14.0+0.6
1 28-32 75 970432 32413 99+14 14.340.6
J 32-36 71 860+41 15+16 15.440.7
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y-Emitting Radi...uclides in the Hudson River Estuary(l).‘

Location Sample # Depth Dry Weight cst3’ o oestH Co60'_ ' K40

(Mile Point) (cm) (gm) (pCi/Kg) (pCi/kg) (pCi/Rg) ~ ~ (pCi/ g)

Lents Cove cont'd. . ' :

| 1264k 36-40 55 1020+35 7413 145+16 . 14.540.6
L 40-44 82 845435 1959 130412 14.440.5
M 44-48 75 520435 4418 47419 . 14.8%0.8
N 48-52 85 410719 849 47711 16.4%0.6
0 52-56 76 255+21 11713 17%16 - 25.3%0.9
P 56-60 ~ 100 " 11%10 -9%9 - 349 14.970.5
Q 5

60-64 98 ~5+10 1448 =549 - 15.240.

Hudson River

72.6) ' 1281A

30 1020+160

0-2
(Luly 11, 1977) 1281B 2-4 ' 34 550+96
c 4-8 78 . 462+65
D - 8-12 88 57555
E 12-16 93 545+49
F 16-20 105 ~44%33
G 20-24 109 52432
83.2 ec?) 1284A 0-2 35 " 1158+165
(July 11, 1977) B 2-4 28 1328+81
c 4-8 60 1258+123
D 8-12 63 995+127
E 12-16 80 1248%100
F 16-20 77 537473
G 20-24 100 31%33
H 24-28 | -
1 28-32 101 543
87.04¢?) , 1287A 0-2 25 113894180
B 2-4 34 930+128
C 4-8 91 136+46
D 8-12 120 ~9%32
E 12-14 54 4144
g7.08¢® 1288A 0-2 47 38+65
(July 11, 1977) B 2-4 39 33472
~ c 4-8 . 91 ~24+39
D 8-1

-12 97 -17+40




y-Emitting Radionuci: i in the Hudson River Estuary(l)A

137 134 60 ' 40

Location Sample # Depth - Dry Weight Cs _ - Cs Co - K v
(Mile Point) ~ (cm) (gm) (pCi/Kg) (pCi/kg) _(pCi/Kg) (pCi/ g)
87.08(¥ cont 'a 1288E 12-16 98 26+38 ' : '
F 16-20 117 -30+33
87.0c? 12894 0-2 28 1382+141 ;
(July 11, 1977) C 4-8 50 833+105 i
: . D 8-12 66 942484 |
F 16-20 . 43 2809+150 |
H 24-28 62 51544200
J 32-36 56 2270496
L 40-44 56 21244134
N 48-52 64 1965+111
¢ 52-56 62 1941+98
P 56-60 72. 1949+138
Q 60-64 60 2604+159
91.8(%) 13294 .0-2 25 1049476
(July 12, 1977) B - 2-4 28 1115475
-C 4-8 66 1658+118
D 8-12 62 1776+140
E 12-16 66 1630+137
F 16-20 67 - 1486+129
G 20-24 68 1991+137
H 24-28 67 2335470 : }
I 28-32 70 1084+78 : -
J 32-36 67 36420 ' : o
K - 36-40 71 20445
10842 . 1321A 0-2 69 28425
(July 14, 1977) B 2-4 77 5+8 .
C 4-8 125 8+15
D - 8-12 119 19+10
10882 13224 0-2 56 152454
(July 14, 1977) B 2-4 38 - 90+18
: 4-8 110

53+12

I



y-Emitting Radionucl

()

in the Hudson River Estuary

137 134 © 60

Location Sample # Depth Dry Weight Cs Cs Co K40
(Mile Point) (cm) (gm) (pCi/Kg) (pCi/kg) (pCi/Kg) (pCi/ )
109. 5WCI 1319A 0-2 31 995+52 A 17+18 18.240.9
(July 15, 1977) B 2-4 27 950+42 ‘ 17414 19.540.9
c 4-8 65 895+26 8+8 17.840.6
D 8-12 62 950+32 4+2 '18.240.7
E 12-16 63 875+30 ' 18.140.7
F 16-20 65 780438 16.740.8
G 20~24 68 1140+40 16.140.7
H 24-28 78 1030431 -17.740.6
I 28-32 75 1420+35 18.240.6
J . 32-36 79 1790+38 - 19.640.6
K 36-40 87 1660+59 18.440.8
L 40-44 90 2870455 18.740.6
M 44-48 88 1600+44 19.6+0.7
N 48-52 82 1100+29 20.340.7
o) 52-56 78 1740+58 21.340.9
P 56-60 79 4560+100 19.6+0.8
P143.4 1298A 0-10 57 1452450
(July 14, 1977) B 10-20 72 1685+47
c 20-30 60 2120+61
D 30-40 51 2060+62
E 40-50 63 3165+76
F 50~60 45 2769479
G 60-70 50 159+27
H 70-80 46 89416
I 80-90 31 84425
J 90-100 39 67420
K 100-110 59 65+16
L 110-120 43 54416
M 120-130 42 7416
N 130-140 76 45412
1) 140-150 67 37+12
P 150-160 48 14+13
Q 160-170 55 8+11
R 170-180
S 180-190 65 6+10
T 190-200
U 200-210 75 -9+10
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| o ' TABLE 13.

. © -Plutonium Is_oto;;'es in the' ‘Hudson River Estuary
Location : $ample oo Dépth . Dry Wt. - % '239’2401’\1 | _ ?SSPu g 2V38/239"2M)1"u
(mile. point) No. : (cm) (gm) = Yield '
36 EC 1096A © 0-5- 74  .26.3-- 7.9+0.5  0.3+0.8 0.039+.011
B . 5-10 65 30.3 ' 0.3+%0.1  N.D. -
39 11004 0-7 - 7 13.7  1.040.2 N.D. .
40 WL 10954 0=5 67 42.5 33.1#1.3  1.440.2  0.043+.006
B 5-10 — — — -
c 10-15 55 20.4  2.5+0.2 S
109.5WCI 13198 56-60 69 25.1 40.1+1.6  0.8+0.1  0.020+.003
143.4A - 1298A 0-10 47 9.9 15.840.9  0.8+0.2  0.05L#.0l1
B 10-20 56 30.9  18.3+0.8 0.8+40.1  0.043+.007
C 20-30 45 15.5 20.4#1.4  1.6+40.3  0.081%.016
D 30-40 - - - - -
E 40-50 48 ~'4 23.3  34.9+41.8  1.740.3  0.048+.008
F 50-60 33 18.3  33.0+#2.3  0.8+0.3  0.026+.008
G . 60~70 - - - - -
H 70-80 35 37.1  0.840.1 N.D. -

I - 80-90 20 11.6  1.8+0.5 .  N.D. -
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TABLE 14

Nuclide Ratios in the Hudson River Estuary Sediments

: 239,240 134 60
. Location Sample Depth 239’240Pu 13705 _ “P“ : Cs - Co
4 Sk 137, 137 137

» : : C§2 Cs_ 77 Cs_

(mile point) No. (cm) pCi/Kg . pCi/kg x 10 x 10 - x 10
136 EC 10964 0-5 7.940.5 . 425434 - 1.86+.19 ~ -- -
' " B 5-10  0.3+0.1 18416 - - -
39 E 1100A . 0-7 = '1.040.2 88+12 -1.14+.28 - -
4OWC 10954 0-5  33.1+1.3 —- - - -
B 5-10 -- - - - g
C ©10-15  .25+0.2° S —— —
109.5WCI 13199 56-60 40.1+1.6  4560+100 ~ .88+.04 -- -
143,44 - 12984 0-10  15.8+40.9 1452450  1.09+.07 - -
B 10-20  18.3+0.8  1685+47  1.09+.06 - -
C 20-30  20.4+1.4 . 2120461  0.96+.07 - -

D 30-40 - 2060462 - -— -
E 40-50  34.9+1.8 3165476 1.10+.06 - -
' F 50-60  33.042.3  2769+79  1.19+.09 - -
G 60-70 - 159427 . -« —= - -
"H 70-80  0.8+0.1 89416  .90+20 - -

I 80-90  1.8+0.5 84+25  2.14+.87 - -
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radionuclide monitoring program for that poftiép bf the Hudson in the
future. The sampling sites in the tidal fresh water Hudson reported here
-should not Se_qqnsidefed-as.representative of the proportion of various
depositional eﬁvironments, since we were generally attempting to identify
.zéneé of most rapid sediment accumulation and chose our first coring sites
with that -in ﬁind.

One of the cores reported in Table 12 is from New York harbor
(P-0.4W). The depth profiles of 137Cs, 134Cs and 60Co show a large peak
at 20-30 cm which probably resulted from the peak reactor release year
(1971), much as we observed in core P-1.5. Thus, the pattern of rapid
recent accuﬁulation of sediments in the harbor which we hévelobservedlin
previous cores is found in this section as well. This core should be useful
in helping confirm the accumulation history of plutonium in the zone.of
highest deposition in the Hudson.

Several cores from a large marsh area situated at intermediate sal-
inities in the Hudson are also reported in Table 12 (Piermont Marsh). This
area is known to have been shoaling faifly'rapidly over the past century
and might reasonally be exﬁected to be an important accumulation zone for
radionuclides. From the core samples we have analyzed up to now, the
rate of radionuclide accumulation near Piermont marsh appears to be faster
than muéh of the total area of the estuéry, but is considerably lower than
the hafbor area and somewhat lower than for marginal coves further upstream.

One of the coring sites (43.2ECI) in a small marginal cove near the
reacfor appears to offer the most detailed and cdntinuous record of the
release of gamma-emitting nuclides from Indian Point of any site we

137 134

‘have located up to now. The peak in Cs, Cs and‘60Co activities

occurs at a depth of 8-12 cm in the core we collected, with a second




‘The general coherence in the pattern of "~ 'Cs a

- 458

smaller maximum in 137Cs and 60Co at 36-40 cm. The general shape of the

A - depth profile of -nuclides is very similar to the time release<history of

these nuclides which has been réconstructéd from dischargeAinformation._

As doéumented‘in An earliér report (C00-2529-3 - Table 12) we have
prepared a 1arge:compoSite sample of surface sediment froﬁ near the reactor
site .to be used primarily as a laboratory secondary standard for our own
quality control and for exchange with other ;aboratories. During the
initial preparation of this sample we‘removéd coarse organic debris by
screening through a 250y sieve. Analysis of tHis fraction by gamma speétro-
metry indicates specific ;ctivities of 137Cs, 134Cs, and 6060 as high or
higher than for the finer particles which passed through the sieve (Tables
12, Slosh III organics). Considering ﬁhat this fraction.contains a sub-
stantial portion of macroscopic plant debris such as root fragments, the
activity of gamma-emitting nuclides in the organic floc of this coarse
fraction is probably as high as any material we have analyzed in the Hudson.
This observation is similar to our-findingé for the coarse fraction organic
floc in Foundry Cove (Tables 2, 3, 4) and‘helps tovconfirm the importance
of coarse organic detritus in transporting radionuclides by particulate
matter in estuaries.

Data on plutonium isotopes for samples not discussed earlier are in-
cluded in Table 13, and a summary of isotope ratios is included in Table 14.

137 nd4239’24OPu activities found
up to now for Hudson sediment is also observed in these data. Sites of low

but measurable activity of 137Cs also had 239,240

Pu activities of a few
percent of that for areas of rapid deposition of recent fine-grained particles
(Table 13: - 36EC, 5-1Ocm; 39; O-7cm; 40WC, 10-15cm; 143.4A, 70-80 cm, 80-90cm).

239’240Pu to 137Cs in the tidal fresh water reach of the Hudson

Ratios of
(Table 14) were very similar to the fallout ratio of these nuclides, as in-

dicated for the tributary sediments (Table 10).
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F. Integrated radionuclide activities in the Hudson cores

One of the goals of our research in the Hudson is to establish
the présent distribution éf radionuélides in the sédimen:s.' This informa-
;ion is needed to estimate the total burden of radionuclides in the sedimegt,
and to help define thé tranéport and accumulation processes in estuaries
whiéh are important on the time scale of years to decades. Vertical profiies
of radionuclide activities in .sediment cores have beeﬁ discussed in previous
sections of'tﬁis'report. The total integrated activity for each of the cores
is also of interest for budget calculations and for deséribing the overall

~ . . . . s 137,
pattern of accumulation of radionuclides. The integrated activities of 3 Cs,

134, 60 4 239,240

Cs, Co an Pu for a number of Hudson cores are listed in Table 15.

The accﬁmulation rates of 239’240Pu

, expressed as mCi/sz, range from lOZ

of falléut delivery (&2 mCi/sz) to more than 30 times fallout delivery.

We believe the primary factor which is: responsible for this 1arge'range in-
accumulation of radionu;lides_per unit area is ;he hetefogenity in depositional
environments of fine particles. Some areas serve as very efficient settling
basins, probably because of decreased current velocities due to shore line
configuration ér large scale estuérine circulation features which serve to

trap or focus particle deéoSition'in restricted zones.. Other areas are.
scoured.of fine péfticleé by tidal curreﬁts, even théugh temporary accumulation
may occur for parts of each.tidal cycle or for much longer periods béforev
removal takes place. The dynamics of estuarine circulation are sufficiently
complicated in both space and time to defy detailed description of most of

" the processes which are important in establishing the net fine particle de-
positional pattern over the time scale of years to decades. The most reason-

able approach appears to be to use the observed distribution of nuclides to

deduce the iong—term transport features.
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TABLE 15

| | : : _ : » A
. o ' Integrated Radionuclide Activities (l) in the Sediments of the Hudson Estuary,

Adjacent Bays and Fallout

|

|

j 137 134 60, 239,240 u

| . ) )

T.ocation . Sample Cs 9. : Cs 2 Co 5

i (mile point) # (mCi/Km™) © (mCi/Km"™) (mCi/Km™) (mCi/Km™)

: ‘Fallout (2 1 | 116~ | - - 1.77

% Raritan Bay - 1343 . 2.0 o N.b.(S) N.D. -

| Arthur Kill 1346 42 : N.D. N.D. -
Newark Bay , 1350 , 7.1 N.D. N.D. 0.4

| -1.6e3) 1051 | 185 10 14 15

| p-1.58) 1048 822 53 42 64
P-0.4W . 1375 502 ©os2 34
0.1w®) 1066 344 32 32 10
0.1m(*) 1002 . 278 23 28 8.0
1.9W 1082 60 - 2.6 4.l 2.9
6.0W 1085 370 18 4k -
11.5W. 1010 1.7 N.D. 0.9 -
13.2M 1058 .9 N.D.  x.D. -
14.2M , 1005 .7 N.D. ' N.D. -

| 18.6-1M = ° 1229 8.8 N.D. N.D. -

! 18.6=3M 1089 12 1.3 2.3 -

| 18.6-5W L1232 4.7 N.D. N.D. -

18.6W 1090 22 2.7 2.2 -
c18. 6-5u® 1092 16 0.3 2.3 0.3
21.7M 1025 10 - 0.5 2.2 -
21.9W 1021 17 N.D. 3.1 -
PM#1 1254 55 'N.D. 3.3 -
PM#2 . 1255 . N.D. N.D. N.D. -
PM#3 1256 44 2.6 - 7.7 -
25.3W . 1086 71 N.D. 3.1 3.0
30.8A 1356 83 - 1.2 1 -
30.88 - 1357 ' 14 ' 1.4 1.6 -
30.8C 1358 | 6.7 . 1.9 1.5 -
33.8EC 1915 39 4.8 6.2 -
36E ' 1096 13 - N.D. N.D. 0.3
39E 1100 : 3.9 . N.D. N.D. 0.04 -
40WC 1095 - 116 4.9 1.9 2.3

€43 1043 . 11 1.3 2.5




Integrated Radionuclide

Activities

1)

in the Sediments of the Hudson Estuary,
Adjacent Bays and Fallout -
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" Location Sample ,137C82 1340s2 50¢, ) 239,260,
(mile point) # (mCi/Km") (mCi/Km™) (mCi/Km-)A',(mCi/Km )
' 43.2EC 1264 568 54 71 -
Cbk 1032 30 1.9 4.6 -
49.5W 1093 53 4.6 6.3 -
52.5EC . ' 1039 198 7.1 11.4 -
53.8EC 1052 121 1.1 1.2 3.
S4EC 1240 © 341 3.6 13

Foundry Cove FC CIIC 117 N.D. 6.0

FCBI 125 N.D. 2.1

56.4W 1069 32 N.D. 1.6

57.5M 1035 N.D. N.D. N.D.

59.7EC 1091 .52 N.D. N.D. 1.4
72.6 1281 80 - -

75.5 1259 113 N.D N.D.

76.1 1260 15 N.D N.D.

83.2EC 1284 152 - -

87.0A 1287 34 - -

87.0B 1288 N.D. - -

87.0c3 1289 585 - -

91.8 1329 363 - -

91.3 1261 N.D. - -

1084 1321 N.D. - -

10838 1322 7.6 - -

109, suc® 1319 773 N.D N.D.

P143.4 961 - - 9,

(1) Activities are integrated and corrected to October 15, 1975, small differences be-
tween the integrated values in this table relative to integrated values reported
previously, reflect corrections to a specific date rather than to the date of core

collection and also incorporation of a more exact measurement of the core diameter.

(2) As determined from monthly 137

Sr = 1.5 and

90

239,240

Pu/goSr = 0.017 at deposition.
(3) Sediment Core did not penetrate to sediments containing no
(4) Sediment record disturbed by dredging (see Olsen et al., 1978).

9oSr precipitation data for New York City assuming

137Cs activity.

(5) N.D. = No detectable activity, dashes indicate that the sample was not analyzed.

(6) Grab sample assumed'.sdiment density of 0.7 g/cm3.
Co, may reflect a local source for

Point.

(7) Local "hotspot" for

OCo othér than Indian

Cs/ -



The integrated acfivities of 137.Cs, 134Cs>and 6000 are also iisted in

Table 15. The large range in accumulation rates observed for 239’240Pu
appears to be typical of the gamma-emitting nuclides as well. Interpreta-
tion of the overall.distributions of these nuclides will be somwhat more

‘239’240P

difficult than for u. In the case of l37Cs there are two signifi-

cant sources, fallout and reactor-releases, and also clear evidence of some

desorpﬁion of 137

Cs from particles in the higher salinity region of thé
estuary. Thué, the ﬁeterogeneous.field of accumulation of fine particles
béa:ihg 137Cs must also be considered in terms of these other complication.
The distribution of ;3403 and 60Co are also somewhat more difficult to ex-

239’240Pu, although the only source is reactor releases, because

plain than
‘of the combination of a'cbﬁpli;ated time history of releases and relatively
short ha;f—lives (2 yfs and 5 yrs, respectiveiy)L 'We should be able to
place c?nstraints on a rumber of important transport processes for all of
these radionuclides,‘however, and will be summarizing some of these efforts
in our next annual report.

The major features of the variations in aééumulation of radionuclides
along the axis of thé Hudson can be seen in Figure 9‘;nd 10, which show

137 239,240

a log plot of the integrated activities of Cs and Pu as a function

of mile point. The zone of fine particle accumulation in the harbor is

evident as'high integrated activities for both l'37Cs and 239,240

Pu, even
though some 137Cs has been lost by desorption from the particles accumulating
in the harbor. Areas of high accumulation rate are also indicted for a few
localities in the tidal river portion of the Hudson (Figure 9).

| The present sediment iﬁtegrated activities of reactor-derived nuclides,

134Cs and 60Co,'are shown in Figures 11 and 12.. It is clear that the primary
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FIGURE 9.

» An updated version of the total 137Cs~depo$ition (mCi/sz)

along the axis of the Hudson Estuary. Note .that the vertical

“axis is in log scale and that the black columns along the

mile point baseline indicate no detectable activity. The

greatest accumulation of both fallout and reactor-released
137

Cs occurs in the inner harbor area of New York and in
coves (indicated by the letter C next to the column) upstream

along the estuary margin.
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FIGURE 10.

. ‘An updated verson of the tota1239’240Pu‘deposition

(mCi/sz)'along the axis of the Hudson Estuary. The

239,240 137

greatest accumulation of Pu (like that of Cs)

occurs in the inner harbor area of New York and in

coves upstream along the estuary margin.
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FIGURE 11.

Total 134Cs deposition (mCi/sz) along the axis of the

. Hudson Estuary. The greatest accumulation of reactor-
134 , .l
released Cs occurs in the inner harbor area of New
- York and in coves (indicated by the létter-C-next to

‘the‘columﬁ)'upstream,along the estuary margin. The

blank columns indicate no detectable 134Cs activities’

~at these locations.
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FIGURE 12.

Total 60Co deposition (mCi/sz) along the axis.of
the Hudson Estuary; The greatest accumulation of

0Co occurs in the inner harbor of New York and in

"coves along the estuary margin.
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‘area of accumulation of these nuclides is well downs;ream from the original

release point, and that the lack of significant integrated activities near
the reactor site is not indicative of removal of these nuclides from the
‘estuary. The most sensitive indicator -of the present distribution of

i o 60, . e
‘reactor gamma-emitting in the sediments is Co, in part because of its

134, v

half-life is lomger than Cs and also because.there doesn't seem to be
as much likelihood of'desorption loss from higher salinity sediments as

for 134CS‘.

LT
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IV. RADIONUCLIDE DISTRIBUTIONS IN MONO LAKE

A. - Introduction

One of the,obsérvations which.wé ﬁave discuséed in previous
annual reports is the relatively coﬁstant concentration of &issolved
fallout plutonium measured in a variety of naturél water systems, in-
4§luding the Hudson estuary, Hudson_RiVer, New York Bight sea wéter, New
York City tap water and the St. Lawrence Great Lakes. The range of sus-
peﬁded loads and ionic strengths of these Qaters is very large, yet the

239,240 Pu concentrations is relatively small, It is

spread of dissolved
important to establish what processes or chemical equilibria are résponsible
for iaintaining ﬁhevdissolved conceﬁtrations at the_observéd levels.

To help define what the critical processes are in determining the
dissolved concentrations of plutonium in natural waters, we have begun a -
limited program of measurement of fallout piutoniuﬁ and other radionu;lide
activities in a few upusual natural water systems which offer the potential
of providing signifiéant new insights. The.daté to be discussed here is
for Mono Lake, a highly alkaline closed basin lake, which offers an un--
usual opportunity to examine the possibility thaﬁ carbonate ions may play
an important role in complexing plutonium in natural wéters. As will be
discussed below, we believe that we have made a significant ad&ance in
understanding the environmental behaviér of plﬁtonium as the result of
this preliminary effort.

Mono Lake is located in a closed structural depression at the base

of the Sierra Nevada escarpment in eastern California. The lake overlies

a thick sequence of low-density lacustrine sediment and volcanic debris,



which fills the basin tofa‘deﬁth of ~ 1000 meters. . Mono Lake is the remnant’

of a<much-larger pluvial lake, and is fed}by streams draining plutonié and
metamorphic:ﬁerrain in the Sieéfa‘Nevada to the west, -as well .as by numerous
A'springs;:including thermal springs. The mést iﬁportaﬁt feéture of-Monb Lake
for the purpose of this research is its unusual.chemical composition. Due
to continual condentration by evaporétion of the fresh waters. supplying dis-
solved weatﬁering products ﬁo the basin, the lake has developed»a'major
elément chemistry quite unlike sea water, or mostAothér'saline lakes. In
Mono Lake, which has a total concentration of dissolved ions about twice
sea water, the dominant anions balancing the cations in solution are bi-
carbonate and carbonate and not chloride as is true for sea wa;er.A The |
total carbonate ion .concentration in Mono Lake is more than two orders of
magnitude. greater thanlih sea water. The pH of Mono Lake is ~ 10, and
the concentrations of Ca énd Mg are very low as the result of precipitation
of CaCOjjat the lakeAmargins and apparently the formation of authigenic mag-
ﬁesium silicate miﬁerals.

From previous work under an AEC contract at Mono Lake.about a decade

ago, we have measured several radionuclides in the lake water and tributary

streams. A summary of some of the characteristics of the lake, and an estimate

of fallout 137Cs delivery as of 1966 are given in Table 16. The measured

activity of 137Cs in Mono Lake in 1966 was very similar to that predicted
from the'regional_fallout data.and mean annual precipitation ovef the lake

surface.
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TABLE 16

Mono Lake-l37

'Surface elevation (1965)

Lake area (A)A(l965)

Lake volume (V) (1965) -

. Average depth (V/A)

Drainage basin areaA

Lake area/basin area

- Precipitation over lake (annual average)
'Precipitation over basin (annual average)
Deposition rate of 908r over lake? (1966)
Total deposition of 9OSr (1966)

90Sr dctivity (1966)

Predicted lake 137Cs activity

Predicted lake:

Measured 137Cs Surface Water (1966)

M&asured'l37Cs Deep Water (1966)

Cs Fallout Budget (1966)

3370

0.9
1.35

0.93
1.59

‘a) Deposition rate estimated from fallout data for sites in California,

. Oregon and Washington plotted as a function of mean annual precipitation.

b) Assuming 137Cs/gOSr = 1.5.

Th-
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B. Cesium-137 in Mono Lake Water (1978) -

During May of this year we collected a few pfeliminary samples

of -water and sediment from Mono Lake to analyze forvplutonium iéotopes and
o cher‘radionuclides. The field work‘waS’dénelin cooperation with Professor
Dohngammond aﬁd coworkers a? the University of Southern California. Oﬁr
major effort in thé.fiela Qas involved in collecting and.préqéssing water
at the lake site to facilitatevanalysis of large samples.

Samﬁles of water (v 240 liters) for 137Cs analysis wefe transferred
from the lake into portable processing_tanks using.a‘subﬁersible-pumﬁ and
about 30 meters of hose. The 1éke water was then acidified witﬁ concentrated

3405. After mixing with a large paddle and.

HC1 to pH ~ 2 and spiked with 1
allowing up to severai hours for equilibration. ammonium molybdophosphate
(AMP) , an‘ionlexchangé resin, was dispefsed in the sample, stirred for about .
half an hour and allowed to settle overnight. Tﬁe clear water wds pumped
away from the AMP in two steps, using a smaller container (80%) as a sécond
settling basin. The volume of AMP and water returned to the lab for
analysis was several liters per sample.

Measurement of 137Cs<was made.by gamma spectrometry using the AMP
resin (after drying) in dur standard sediment sample counﬁing geometry.
Yield'eStimafeS“werelmade on the basis of measured 134Cs activities.

Data for four lafge volume (v 240%) samples-are reported in Table 17..
The mgasured activity of 137Cs averéged'w 4.8 pCi/L, with one of the samples
consisting of a' composite of portions of threé other large samples which
had been previously proceséed for removal of plutonium. OQur primary goal
was to obtain'éamples for plutonium analysis, and only twolof the samples

137

(C1l and C4) were processed for Cs without having been previously stripped

of plutoniﬁm by iron hydroxide precipitation.




TABLE 17
137, , . .
Mono Lake Cs Activity in Water Samples

Amp Amp . '
Field _ Sample Volume activity - Amount Yield . Activity .
Notation . Number (liters) (pCi/g) : (g) (%) : (pCi/L) .
cl 1368 240 | 13.21  44.3 - 51,5 4.74+0.27
(ML #5). ~ : _
c2 - 1369 230 '5.32 47.4 ©20.6 . 5.3310.34
(ML#2) | , ' - |
c3 . 1370 240 5.45 42,0 : 24.0 . 3.9740.24
(Composite . _ .
ML#'s 1,3,4)
c4 13 - 240 3.5 49.7 14.4 ©5.08+0.35
(ML #6)

9L
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¢s in 1978 of ~ 4.8 pCi/L is about three

- The measured activity of

fimés fhaf for‘1966;.~The majof frgshvwater:stream tributaries of Monb Lake‘
have béén diverted from the basin sinée.tﬁe 1940's to prpVide drinking'

wafer fo; Los Angeles, and as é résult the lake level has decreased steadily
over thét pexiqd.: We estimate the lake‘volnmeain l978-t§ bé'less than ﬁalf ,
of that in 1966. Thﬁs the primarﬁ.explaﬁation of the incfeasé in 137Cs
activity in_Moné Lake'betweén'l966'and 1928 is prpgébly'evapofative concentra-

tion of-the lake water. We plan to treat the budget-of.137Cs in this lake

in more detail in a future report.
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C.: :Plutﬁnium isotopes in Mono Lake water

- Our ﬁain purpose in coliecting samples atxMonooLake duringlthis
preliminary survey effort was to analyze several large volume water sampleé
for.fallout plUtoﬂium isotopes to establish the approximate total concentra-
tion in the water column. We pﬁmped water from about a meter below the
surface into processing taﬁks on the shore and acidified the Qater to
pH ~3 with concentrated HCl. A yield tracer 242Pu and iron carrier were
added, the sémple was stirred thoroughly with a paddle and allowed to equi-
librate up to a few houfs, and then iron_hydrogide was precipitated by

adding NH,OH to raise the PpH to ~ 10. After the precipitate settled several

4
hours, or in some cases over ﬁight, the supermnatent wés pumped away and the
hydroxide precipitate transferred to a smaller se;tling tank, or directly‘
into shipping containers. The 1argé volume samples were generally pro-

cessed first to remove plutonium, and then reacidified and AMP was added to
concentrate 137Cs. Samples of a range of total volumes (80% to 2462).were

Aspiked.with the same amount of 2"zPu to vary the spike to sample plutonium

ratio. Data for plutonium isotopes in Mono Lake water are reported>in Table 18,
239,240

The measured values of Pu ranged from 19.0+0.7 to 22.9+7 pCi/lOOOl,
with an average value of ~ 20 pCi/1000%. The measured activity of 238Pu ranged
from 0.65+0.10 to 1.25+0.30 pCi/2, with an‘average value of ~ 0.9 pCi/1000%.
These activities of ‘plutonium are dramatically differentvfrom those found.

for fallout plutonium in other lakes and estuaries, being almost two orders

of magnitude-greater than the activities we.have measured in the Hudson.
Clearly fallout plutonium is found in the water column of Mono Lake to a

much. greater extent than would be expected on the basis of fallout data from

other .continental water systems.




TABLE 18

Mono Lake Plutonium Activity in Water Samples

Field Sample Volume Yield - 239,280, 238py 2385, ,/239,2405
Notation Number (liters) ' (%) (p€1/1000%) (pCi/10002) s :
Pl 1361 80 26,3 19.5+0.7 0.85+0.1 0.044+0.006

(ML #1) . ’ : :

P4 1362 80 | 26.9 19.0+0.7 0.65+0.1 0.03440.005 ~
(ML #4) : ‘

P2 1363 240 | 3.9 22.9+1.6 1.25+0.3 ' 0.055+0.012.-
oL #2) ~ | - -
P3 1364 160 17.1 19.140.8 0.7840.1 0.041+0.006

ML #3) - : :

6L,
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AsAdiséussed eariiér, the activity qu137Csain Moho_Lakevis? to the
first dpproximation, consistent_with'thévregional fallout. delivery data,.
asshming essgntially all of the ﬁallout arriving at the lake surface in

_ precipitation is stilliin solution and no additional signifiéanﬁ supply

© 239,240 137
Pu

from the drainage basin streams. The ratio of to Cs which

239,240

we measured in Mono Lake water is ébput 0.004 -(0.02 pCi/2 Pu/4.8

pci/g 137

Cs). This ratio is about 25% of the fallout delivery ratio,
decay corrected to 1975, indicating that a major portion of the fallout
plutoniumAié still in the water column in Mono Lake, and that probably
both the sediments and tﬁe water column in the lake account for significant
portions of the current inventory of fallout plutonium.

Our original purpose in measuring thé present disﬁribution of fallout
: plutonium in Mono Lake was'to ex#lore the possibility that carbonate ion
complexing méy be important in determining the amount of plutonium in the
aqueous phase of natural water systems. We now have very dramatic evidence
of increased mobility of fallout plutonium in. a natural water system with-
high carbonate concentrations (100 times sea water) and a high pH (v~ 10).
At present it is not possible'to establish from our data what the primary
factors are in maihtaining plutonium in the. water column of Mono Lake, but’
it . should be possible to further conétrain the méjor controlling processes
with further research.

One interesting observation about the data reported in Table 18 is
that the overallAyield of sample P2 is considerably lower than for the
other samples. For most samples we bubbled helium through the proceséing

tanks after acidification to strip out carbon dioxide before adding

NHAOH to raise the pH and precipitate iron hydroxide. The amount of




total inorganic parbon'id'our large'volumé samples was very great (requiring
N 14 liters of concentrated HCl per 240 liter- sample to -neutralize the

carbonate buffer capacity), and without removing CO, with a stripping gas,

2
significant amounts probably remained in solution unless the sample was
allowed to stand many hours before thé pH was incrgased again. Sample P2
was not étripped of CO2 with He, and the iron hydroxide precipitate fopmed
was considerably less flocculeﬁt than for other samples. We can't establish
a definite explanation for the unusually low yield of sample P2, but it may

have been related to the presence of significant inorganic carbon (primarily

as carbonate ion) during the latter stages of processing..

D. Cesium-137 in Mono Lake Sedimen;s

We collected a fe@ sediment samples during the period in which
we weré processing large volume water sampleé. At presént, the only ana--‘
lytical data for thelsediments which have been completed were determined'by
gémma cbunting; Data for 137Cs for a core collected a few hundred meters
off shore in Mono Lake are reported in Table 19. The specific activities
of 137Cs in the sediments are relative low, and are confined to the upper
3 cm of the core we‘analyzed. The integratéd activity of l37Cs per unit
are in the core is a few percent of the fallout delivery rate.

Considering the concentrations'of 137Cs in the water and the relatively
low activities in the-seaiments, it would appear that most of the faliout
l3ZCs'has'been retained in the water column of Mono Lake; Such.a finding
is consistent with the general understanding of the factors which control
the béhavior of 137Cs in natural waters, considering the relatively high
dissolved solids coﬁcéntration in Mono Lake. However, we cannot establish

budget terms very precisely at present with our limited information for

the sediments.:



TABLE 19

. Gamma-emitting Radionuclides in Mono Lake Sediments

- 137

82

Sample -.Dépth Dry Weight - ' Cs 40¢
No.  (em) _(gm) (pCi/Kg) _(pCi/g)
13734 o0-L 4.93 132450 15.8i1.3
1373 B - 1-2 7,00 '2753536 14.0+1.1
1373 ¢ 2-3 5.29 260+51 12.7+1.1
1373 D | 3«4 . 5.62 16+36 '12.6+1.0
1373 E 4-5 5.00 60+42 12.8+1.1
Grab® 120 1448 24.04+0.7
( ~ 0-6)
.va) Sample retrieved from anchor in nearshofe area:

Sediment much coarser and from a different locality than core 1373.
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V. Intercomparison and Quality Control Program

The most common type of samplé aﬁalyzed for transuranics in éur lab-
Qratory over the last four years has been fine—grained estuarine'sédiments.
We have discussed in our last annual report (CQOf2529—3) the preparation
and:repea;ed analysis in our laboratory of a large samplerf surface sedi-
ments in the Hudson estuary. Several other groups (WHOI,-EML-DOE; 0osu)
have helped us in our intercalibration efforts by analyzing portions §f
ourAlarge Hudson estuary's;mple in their own laboratories.. Some of that
data was discussed in our last annual report (COO-2529-3; Table 15). We
have continued to participate in intercomparison experimehts dufing this
past yeaf, and have been in the process of analyzing several éediment
sampLes provided us by WHOI, and the Enviromnmental Megsurements‘Laboratory

of DOE.  1In addition,lwe_héve been énalyzing other sediment standards.

" We have almost completed our analysis of these samples, but will discuss

them in our next annual report as part of a summary of all of our inter-
comparison sample data. At that time the results of the samples distributed

by EML-DOE to -a number of laboratories will be available.
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%
TRANSPORT OF PLUTONIUM BY RIVERS .

H.J. Simpson, R.M. Trier and C.R. Olsen

INTRODUCTION

A number of nﬁclear power plants are now located on rivers or estuaries
and many more probablyrwill be in the future. The only major reprocessing
facility currently operating in the United States is located on a small
tributary of the SaVannah'River. Thus, knowledge of the trénsport béthways
of trapsuranics in rivers is essential for proper monitoring of the routine
oﬁerations of these facilities and for developing<plans for dealing with any
abnbrmally large releases of ﬁransﬁranics which might occur, |

In pripciple, riversicanvcarry plutonium and other transuranics either
in solution or as part of the sﬁépended'load. These twé transport pathways
are probably strongly cbuﬁled by some type of quasi-equilibrium partioning
" between the two phases, and thus cannot really be considered separatély. As
with maﬁyvelements-which are reaqtive in natural waters, the classifications
of "dissolved" and "particulate" plutonium are based. largely oﬁ opefational
proéedures suqh as whether or not material will pass throﬁgh a filter of a -
certain nominal pore size. The';ctual species distribution of plutonium in
natural waters is probably some kind of continuum from small molecular weight
complexes through silt or sand-sized particles. To further complicate matters,
particles may be transported in suspension or as bed load in a stream, or
accumulated in depositional environments, and either buried or resuspended at
a later time.

There have been relatively few field studies of point source releases
of plutonium to fiver'systems{ Three areas in the eastern United States which
have received such attention are the Savannah River and its tributary downstream
of the reprocessing faciiity in South Carolina (Hayes & Horton, 1979), the Miami
River (a tributary of the Ohio River) downstream of Mound Labs in Ohio (Spruge-

land & Bartelt, 1978) and streams near Oak Ridge, Tenn. These river systems



are the focus of ongoing reéearch‘pfograms whicﬁ should ;fovide considerable
inform#tion about the transpoft by rivers of plutonium derived from poiﬁt
'sources.. The approach taken here will be to discuss the distribution of
féllout>plutonium in a few natural systems, including the Huason River and

' estuafy, and'attempt to derive some first-order principlgs‘by which the trans-
port pathways of plutonium in other river systems could be predicted. The
Hudson estuary is now the site of three nuclear reactors, and at least half a
dozen other units which are planned for the next two decades.

Plutonium in the Hudson River Estuary

The Hudson River discharges into éne of the>large estuarine systems.which
dominate much of the coéstal environment of the northeastern United States
(Figure 1). Thg ﬁudson haslan‘unpsually long, narrow reach of tidal water
(>2$0 km), most of which is usually fresh. Saline water intrudes only about
40 km from the coaét line during seasonal high fresh water discharge, and
reaches as far inland as 120 km-during summer and eariy fall months of drought
years. The near-surface suspended load of the Hudson is relatively low (10-20
mg/l), as it is for nearly all of the larger rivers in the northeastern United
States, except during maximum spring runoff and following major storms.

From studies of the distribution of fallout nuclides and gamma-emitting

86

nuclides released from Indian Point, the patterns of suspended particle transport

and recent sediment accumulation in the Hudson have been described (Simpson et al.,

1976; Olsen et al., 1978, Simpson et al., 1978). Much of the Hudson has relatively

little net accumulation of fine particles, while a few areas, such as marginal

coves and especially New York harbor, account for a major fraction of the total

deposition of fine particles containing fallout and reactor nuclides. The zone

of major sediment accumulation is more than 60 km downstream of the reactor site,

and the time scale of transport of fine particles labeled with reactor nuclides




FIGURE 1.

Location map of the major estuarine systems of the

northeastern United States:
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from the release area to burial in the harbor sediments varies from probably’

less than a month to years. At present there is no -evidence in Hudson sediments,

239,240

inéluding New York harbor, of releases of reactor Pu which are resolvable

in.the presence of the burden of fallout<239’240Pu.

239,240

Thus -the current distribution

of Pu in the Hudson appears to be governed primarily by the delivery of

global fallout to the drainage basin mostly more than a decade ago and_the

transport processes whiech have occurred since delivery.

239,240

-In Table 1 are given concentrations of Pu in large volume Hudson

water samples which have had the suspended load removed by settling for 24-48
hours or by passing through a continucus flow centrifuge followed by a 0.45
micron filter. The range of observed values for samples collected in 1975 and 1976

".was 0.12 to 0.88 fCi/l, with the median value about 0.3 fCi/l. The current trans-

239,240Pu

port of in the "dissolved" phase in the Hudson can be estimated to

be 5 x 10-3 Ci, assuming a concentration of 0.3 fCi/1l and a mean annual river

discharge of 550 m?/sec. This reﬁresents somewhat less than 0.01% of the fall-

239,240P

" out burden of u (v 80 curies) in the soils of the Hudson drainage basin

239,240

(~3.5 x lO4 kmz). Soluble phase release of fallout Pu from Hudson soils

thus has a half time of the order of lO4 years, and supplies an insignificant

239,240

amount of dissolved Pu to the coastal ocean, compared with that trans-

ported onto the shelf from surface waters of the deep ocean.

239,240

The suspended load activity of Pu for two of the Hudson samples

listed in Table 3 averaged ~ 20 pCi/kg (18.9 + 0.9 and 23.4 + 1.0 pCi/kg). The

239’240Pu between the dissolved phase and

suspended particles for those two samples was v 1.5 x 10—5.‘ Thus the transport

of 239,240

distribution coefficient ((KD) of

Pu by'suspeﬁded particles equals that in the dissolved phase when the
concentration of suspended particles is ~ 15 mg/l, a value which is reasonably
typical of moderate and low fresh water flow periods in the Hudson. During periods

239,240

of higher suspended load, the transport of Pu in the Hudson is predominantly

on particles.




Dissolved 3?’240 Pu in Continental Waters
Location 2 - 4 - fci/y ~ Volume (1) sample #
Hudson River (mp 61) (S) : 0.32+0.01 660 . 11778
Hudson Estuary (mp 19) (S) ~ 0.88+0.07 625 1175B -
Hudson Estuary (mp 18) (F) 0.47+0.03 - 490 1176
Hudson River (mp 47) (S) - ' 0.27+0.02 ' 570 - 1222a
Hudson Estuary (mp 19) (S) 0.12+40.02 570 . 1221a
Hudson Estuary (mp =8)(S) . = 0.15+0.02 570 - 11223A
Hudson Estuary (mp 24) (F) 0.3019303 1500  ' © 1115
New York Bight (S) ' 0.25+0.03 380 11798
New York Bight (U) - . . . 0.59+0.09 660 © 1102
New York Bight (U) A 0.68+0.05 - 660 . 1112
New York Bight (U) . 0.68+0.09 660 1107
New York Bight (U) ~ 0.68+0.09 660 | - 1113
New York Bight (U) 0.91+0.14 - 660 : 1111
New York Bight (U) : 0.95+0.14 660 | 1109
New York Bight (U) o 1.18+0.14 660 1104

New York City Tap water (1973-1975)° % 0.3
Lake Ontario (1973)S - n 0.3
Great Lakes (1972—73)d o ' ~ 0.5

. a) The pretreatment procedure of the large volume samples is indicated by one of
three letters: - '
" (U) - unfiltered » .
. (F) - filtered after passing through a continuous flow centrifuge.
(S) - suspended particles allowed to settle, usually for 24-48 hours
before the clarified water was transferred to another tank for
processing.- ' '

b) Bennett, B.G., 1976, USAEC Rep. HASL-306.
c) Farmer, Bowen, Noshkin and Gavini (C00-3568-6) .
d) 'Wahlgren, M.A. and Marshall, J.S., 1975, IAEA-SM-198/39, 240 (Table VI).




_vection of deep ocean fallout
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From the quantities of material dredged annually from. New York harbor
(2 x 106 T) the downstream transport of particles by the Hudson must be.

about a factor of four higher than indicated By multiplying typical near-surface -

~suspended load concentrations' times mean annual flow. The "extra" transport

of particles is probably accomplished b? some combination of very high suspended
loads coinciding with the highest fresh water flow rates and bed load transport,
which in the Hudson appears to consist largely of resuspension and deposition
of fine particles in the lowest meter of‘the water column on ﬁﬁe time scale of

. . 239,240, .
a tidal cycle. Thus in the Hudson the total downstram transport of - Pu is
approximately a factor of four greater than -that in the soluble phase, indicating

a half time for removal of fallout 239,240

Pu from the dréinage basin, largely on
particles, of '\le3 yéars. Similar calculations for the Savannah River (Hayes

and Horton, 1979) and the Greater Miami River (Sprugel and Bartelt, 1978) suggest
drainage basin removal times of 2 x 104 years and 2 x 103 years, fespectivély.
Again, this supply term to the coastal ocean is-not significant relative to ad-

239’240Pu onto the shelf. In the case of the

Hudson, most of the delivery of 239,240

Pu on particles to the coastal ocean is
accomplished by dumping of dredge spoils rather than estuarine discharge of

suspended particles.

Plutonium in the New Yofk Bight

239,240

The concentrations of dissolved Pu.in the coastal waters off the

New York City area are 2-3 times that in the Hudson (Table 1). The suspended

loads in the New York Bight are almost two orders of magnitude lower than in

the Hudson and fine-grained sediments in the Bight have activities of 239’240Pu

239’ZAOPu in the shelf

comparable to those in the Hudson. Thus the transport of
environment appears to be largely in the dissolved phase, in contrast to the

situation 'in the Hudson River and estuary.




Plutonium in Other Ffesh Waters:

£ 239,240

Data for the concentration o Pu in New York City tap water:

(Bénnett, 1976) afe avai1ab1e for the period 1973-1975 (Table 1). The water
supply for New York City is deri#ed from tributaries of the Hudson and Delaware
Rivers. The activities ranged'from-b.08 to 0.60 fCi/i, with a mean value of
n~ 0.3 £Co/1 (about 2% of the average rain éctivities during the‘same»périod).

239,240

The range and mean value of the tap water Pu concentrations are almost

identical with the values observed for the Hudson River and estuary. .
239,240

Farmer, et al., 1973 have reported Pu activities in Lake Ontario

(Table 1) that are in the same range as the data discussed here for the HudsonA

and New York Bight. During the period 1971 to 1973 the average 239’240Pu'activity

for the entire lake declined from ~ 0.8 fCi/l to ~ 0.3 fCi/l. The average
239,24

Pu activitylin all five Great Lakes (Wahlgren and Marshall, 1975;
Wahlgren et al., 1976) during 1972-1973 was ~ 0.5 fCi/l1 (Table 1).

Transport of Fallout Plutonjum to the Oceans

The data available indicate that the range of variation of soluble phase

239’240Pu in fresh waters is relatively small. The transport by rivers of

239,240

fallout Pu in "solution" can thus be estimated relatively easily, based

only knowing the rate of fresh water discharge. The concentrations in fresh

-waters appear to be '"buffered" to some extent by the large reservoir of fallout

'A239’240Pu in soils, and the relative uniformity of the specific activity of

239’240Pu on soil particles ‘and river suspended particles (v 20 pCi/kg). The

239,240

distribution of fallout Pu between soluble phases and particles in

rivers can probably be approximated by a partition coefficient of NIIO—S.

The total delivery of dissolved fallout 239’240P

u to the oceans by rivers is
probably about 10 Ci/year, assuming a discharge rate for all rivers of

n 106.m3/sec, and ‘a concentration of ~ 0.3 fCi/l. Since the global average

- of suspended load-ih“rivers-is about 600 mg/l, the transport of fallout




93

239’2.40Pu by rivers will clearly be dominated by pérticles; Assuming the

"specific activity of all river suspended matter is similar to surface soils,

239,240P

the total delivery of fallout u to the ocean by rivers is'v 5 x 10

Ci/year, about 50 times the soluble phase delivery. The specific activity of
particles in rivers with very high suépended loads is probably somewhat lower,

due to the presence of more large 'silt and sand sized particles, so a more

239,240

reasonable estimate for the total annual delivery of fallout Pu to the

ocean by rivers is probably 1-5 x lOZCi. «

Trénsport of Plutonium by Rivers Added at Point Sources
239,240

 The distribution of fallout Pu provides information about the
partitioning of plutonium between soluble and suspended particle phases in
rivers, and about the procesées by which transuranic transport occurs in rivers.
For point source addipion of.bluﬁonium to a river, the most important transport
pathway appears.to be binding to the suspended load and the'moBile portions

of .the fine-grained sediments, and downsfream.moyement wi;h the fine particles.
Sian the effective concentrations of suspended particles, including the upper
few centimeters of fine-grained .sediment, in a river will be far greater than
10-15 mg/1, the dominant transport of plutonium would be in association with
particleé. The kinetics and downstream transport pathways of a particular river
system will depend on many factors, such as the frequency and duration of déposi—
tion and resuspension episodes for the suspended particles. In the tidal reach
of the Hudson, the downstream movement of fine particles tagged with reactor
nuclides ié distributed such that ‘'some particles require several years to move
50 km While'others probably require considerably less than a few months. 1In

other rivers such as the Columbia above tidal influence, the downstream transport

of some portions of the suspended load is probably similar to the rate of water




transport, &hile‘other'pottions of the suspended particles are trapped for

léng periods, perhéps indefinitely, behind dams.‘

The distribﬁtiqn of fallout nuclides can provide valuable infofmation
about which areas of the bottom in a ri&er system aré actively scoured, and
which pqrtiohs accumdlate fine-grained sedimen;é rapidly,. but prob;bly cannot
.provide a very detailed picture of the kinetics of downstream transport qf fine
particles. A tracer added relatively uniformly to the earth's surface, as
was weapons testing fallout, is not very powerful for providing such information.
Fortunately, the river systems for'which the kinetics of fine.particle movement
aré most important tO‘undefsténd for predicting transport of transurancs are
also ones for which. point source tracers are available. AMany nuclear power
plaﬁts and reprocessing facilities relgase fiésion or activation products in
sufficient quantities during normal operations to be.useful as indicators of
fine pérticle transport pathways. The behavior of these fadibaétive tracers
cannot be expected to be identical to transuranics in river}systems, but some
of them are associated with particles sufficiently'to provide Very valuable in-
formation about the patterns and kinetics of movement and accumulaﬁion of fine
particles of most importance for evaluating the transport pathways of point

source releases of transuranics.
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