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Sediment Movement on the Continental Shelf

near Washington and Oregon

Abstract. The nuclides zinc-65 and cobalt-60 associated with river-borne particu-
late matter are incorporated in sediment on the Continental Shelf near the Colum-
bia River. Changes in the relative concentrations of zinc-65 and cobalt-60 and in
the ratio of the activity of zinc-65 and cobalt-60 suggest that radioactive sediment
moves northward 12 to 30 kilometers per year along the shelf and 2.5 to 10
kilometers per year westward away from the coast.

A large and relatively constant sup-
ply of radionuclides has been added to
the Columbia River by the Hanford re-
actors over a period of many years. This
makes it possible to study the movement
and distribution of water (I) and
sediment (2) in the river and in the
adjacent northeast Pacific Ocean (3, 4).
Sediments on the Continental Shelf
near the Columbia River contain Znb5
(4), half-life 245 days, and Co%, half-
life 5.3 years. The activity of each nu-
clide is greatest in the sediment near the
river mouth and decreases with increas-
ing distance. We believe that this change
in activity is due in large part to radio-
active decay of the nuclides after they
become associated with river-borne
particulate matter which is later de-
posited on the Continental Shelf. The
decrease of activity with time permits
us to estimate the rate of movement
of sediment. We have calculated the
results by means of two simple models
that provide estimates of the minimum
and maximum rates of sediment move-
ment.

With the simplest model it is as-
sumed that the change in radioactivity
with increasing distance from the river
mouth is due solely to radioactive de-
cay and that there is no mixing with
previously deposited sediment. There-
fore we can estimate the minimum rate
of movement because the model slightly
overestimates the time involved.

The second model is based on
the variations in the activity ratio
[A(Zn%5)/ A(Co%%)), which is not af-
fected by mixing with nonradioactive
sediment because the activity of each
nuclide per gram of sediment is dimin-
ished by the same relative amount,

The half-period of the activity ratio,
approximately 280 days, is long enough
to provide useful information about
the movement of the sediment for
several years preceding its collection.
The elapsed time is less than that given
by the simpler model; consequently
the calculated rate may be a maximum.
By comparing the variation in the ac-
tivity ratio with changes in the relative
abundance of Co%, we can estimate
the amount of mixing with nonradio-
active sediment necessary to cause
the change.

To meet the requirements of the sim-
plest model where only the radioactive
decay of Zn% or Co®® is considered,
certain conditions must be satisfied:
(i) the Columbia River must have been
the main source of the nuclides; (ii) the
radionuclides must have been injected
into the river in relatively constant
amounts for several years preceding the
sample collection; (iii) the nuclides
must have been associated with particu-
late matter in the river before they
entered the ocean; and (iv) there must
have been no major removal or addi-
tion of either nuclide, other than decay,
after the particulate matter was in-
corporated in the sediment.

We believe these conditions were
satisfied reasonably well. Although Zn65
and Co®% occur in atmospheric fallout
(5), comparisons of the abundance of
these two nuclides relative to fission
products (such as Zr%-Nb®%) in the
sediment (4) indicate that from 1962
through mid-1964 (6) fallout was a
smaller source of Zn% and Co%® than
the Columbia River was.

The annual average rate of transport
of Zn% (7) as it passes Vancouver,

Washington, has been relatively con-
stant: 1961, 44 curie/day; 1962, 29
curie/ day; 1963, 28 curie/day. We have
no comparable data for Co%. Both
nuclides are associated principally with
riverborne particulate matter (Fig. 1A)
by the time they enter the ocean.

The Zn% and Co%® associated with
Columbia River sediment are not
easily removed by ion exchange (8).
The wuptake of Zn% by Columbia
River sediment is largely an irrevers-
ible process and the Zn% is not easily
removed. by mixing with salt water
(9). Zinc and cobalt behave similarly
when associated with many clay min-
erals (10). Hence we assume that
neither Zn% nor Co% is readily re-
moved from the sediment after it
enters the ocean.

The decrease in Zn% activities in the
sediment (4, 11) outside the area of
rapid shoaling (Fig. 2) suggests that
the rate of sediment movement is be-
tween 20 and 25 km/yr north and
south, parallel to the coastline, and 12
km/yr westward away from the river
mouth, A similar calculation for Co%
suggests that the rate of sediment move-
ment northward is 12 km/yr and 2.5
km/yr south and west of the river
mouth. The relative abundance of both
nuclides decreases by a factor of three
to ten within the area of rapid shoal-
ing, presumably because of mixing
with nonradioactive sediment.

In order to use the activity ratio to
determine rates of sediment movement
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Fig. 1. (A) Relative amounts of Zn® and
Co® associated with river-borne particulate
matter in 1964. (B) Activity ratios for
water and particulate matter from the
lower Columbia River during 1964.



we must first demonstrate that the
two nuclides are supplied to the river
in relatively constant proportions and
that the activity ratio of the river-
borne particulate matter is relatively
constant at the time it reaches the
ocean.

From 1960 through 1964, the Han-
ford reactors (7) released Zn%3 and
Co%® to the river in relatively constant
proportions. The average activity ratio
of reactor effluent was 45; yearly aver-
ages ranged from 41 to 59. Within any
given year the activity ratio of reactor
effluent undergoes large seasonal
changes for unknown reasons.

Studies (2, 8, 12) of water and sus-
pended particulate matter from the
river indicate that in 1964 the activity
ratio of suspended particulate matter
was relatively constant [4(Zn%)/ A4 (Co-
60) ~50] and changed little downstream
from Hood River, Oregon, approximate-
ly 340 km from the reactors (Fig. 1B).
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During very high flow of the Colum-
bia River, the water, and presumably
its suspended sediment, travels this dis-
tance in about 2.5 days; during low
flow it requires about 11 days to travel
from the reactors to Hood River,
Oregon (7).

The activity ratios of particulate
matter in the river and in the marine
sediment accumulating near the river
mouth are similar. The activity ratio
does not change drastically after the
particulate matter leaves the river and
is incorporated in marine sediment on
the Continental Shelf (Fig. 1B).
Hence, it appears that little Zn% or
Co% is removed after the Columbia
River sediment enters the ocean. We
assume an initial activity ratio of 50 in
sediment recently derived from the Co-
lumbia River.

The activity ratio of the sediment
is greatest near the river mouth and
generally decreases with increasing dis-
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Fig. 2. Sample locations of sediment containing Zn® and Co®. The activity ratios
are shown as a function of distance from the area of rapid shoaling (shown by the
large circle) near the river mouth. Samples from north of the river mouth shown
in (A), west in (B), ard south in (C). The upper straight line in (A) and (C)

indicates the change in the activity ratio corresponding to an apparent velocity of

0.1 cm/sec; the lower line corresponds to 0.05 cm/sec. The straight line in (B)
corresponds to 0.025 cm/sec. Activity ratio shown by: solid circle, greater than 20;
open circle, 10 to 19; solid triangle, less than 10.

tance from the river (Fig. 2). The
largest activity ratios occur in the area
where rapid shoaling has occurred
since 1877 (I3). The decrease away
from the river mouth can be explained
if we assume that the maximum rate
of sediment movement is 30 km/yr
parallel to the coast and 10 km/yr
away from the coast toward the edge
of the Continental Shelf.

Comparison of the activity ratios
and the abundance of Co®® suggests
that within the area of rapid shoaling
1 volume of radioactive sediment mixes
with 2 or 3 volumes of nonradioactive
sediment in less than 2 months. Simi-
larly, the radioactive sediment farthest
from the river has apparently mixed
with 15 equal volumes of nonradio-
active sediment within approximately 2
years.

The activity ratio is obviously af-
fected by the type of sediment. For
example, Co% was not detectable in the
sands (mean grain size 90 to 180 u)
within 20 km of the coast. This pre-
cludes the use of the activity ratio
to determine rates of sediment move-

ment in that area. The presence
of Zn% in these nearshore sediments
(4) indicates, however, that they

probably receive some Columbia River
particulate matter. The sediment con-
taining both Zn% and Co% is muddy
sand, generally containing more than
30 percent silt- and clay-sized material
and more than 0.5 percent organic
carbon. There is no evidence of a
progressive change in grain size, in sort-
ing, or in organic-carbon concentration
that could cause the observed varia-
tions in the activity ratio.

The data do not indicate whether
the entire sediment mass or only frac-
tions of a certain size are moving along
the Continental Shelf. Studies of Colum-
bia River sediment (8) suggest that
much of the radioactivity in the sedi-
ment is associated with the silt- and
clay-sized fractions. Qur data suggest
that the same situation probably pre-
vails in the marine sediment. It is con-
ceivable, therefore, that variations in
the activity ratio result from the move-
ment of only a small part of the sedi-
ment.

Unfortunately, we lack other data
on sediment movement or near-bottom
currents to check our results, but we
can compare them with the relatively
well-known movements of surface wa-
ters in this region (/4). During late
spring and summer these waters move
southwestward at speeds between 5 and



20 cm/sec, averaging 8 cm/sec. Dur-
ing the remainder of the year the sur-
face waters near the coast flow north-
ward at speeds between 10 and 20
cm/sec. Thus the apparent maximum
speed of particle movement is approxi-
mately 0.02 to 0.01 that of the sur-
face waters (15).
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