Should we measure plutonium concentrations in marine sediments

near Fukushima?

R. Periafiez - Kyung-Suk Suh - Byung-Il Min

Abstract Pu contamination originating from Fukushima
accident has not been detected in marine sediment samples
collected outside a 30 km circle around the plant. Itis shown,
by means of numerical modelling, that if any impact from the
accident has occurred, this would remain in a very close area
to Fukushima because of the low Pu mobility in the marine
environment. Since the situation inside the 30 km zone
remains unknown, further studies on the determination of
Pu isotopes in sediments within this area are required.
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Introduction

A number of reports on '*’Cs distributions in the marine
environment, resulting after the March 2011 Fukushima
accident, have been published [1, 2]. Also, several mod-
elling studies on the dispersion of this radionuclide have
been reported. As an example, a comparison of the per-
formances of some of these models may be seen in [3]. All
models consider Cs as a perfectly conservative radionu-
clide, neglecting water/sediment interactions. Recently, the
137Cs contamination of marine sediments off Fuskushima
has been successfully simulated considering uptake/release
reactions between water and sediments [4].
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Much less information is available in the case of plu-
tonium isotopes. Trace amounts of Pu isotopes originating
from the accident have been identified in soil samples
[5, 6]. While it is know that atmospheric releases of Pu were
several orders of magnitude lower than those from Cher-
nobyl accident [6], no information on Pu isotopes in the
liquid direct releases to the sea is available [7]. Pu isotopes
have been measured in marine sediments outside a 30 km
radius circle around Fukushima. Results do not show any
contamination due to the accident [7]. Instead, Pu isotopes
here detected are attributed to global fallout. However, the
situation inside the 30 km zone remains unknown. It could
be possible that Pu isotopes entered this coastal area from
the direct release of contaminated water in early April 2011.
The objective of this work consists of showing, by means of
numerical modelling, that, if Pu contamination originating
from the accident would be present in sediments of the close
area to Fukushima, contamination would not reach areas far
from the plant. Contamination would be restricted to the
close area because of the low mobility of Pu. Thus, it would
not be detected if samples are not collected there. Conse-
quently, further studies on the determination of Pu isotopes
in seawater and sediments within the 30 km zone would be
required.

The used model, which has already been applied to
37¢s [4], is described briefly in the next section since
details may be seen in the indicated references. Results are
discussed in section 3.

Methods

Daily averaged three dimensional wind and density driven
currents have been obtained from the JCOPE2 (Japan
Coastal Ocean Predictability Experiment 2) model in the



time frame from March 12th to June 30th. The area studied
extends from 140.46° to 142.04° longitude and from 35.96°
to 39.54° latitude. There are 23 vertical levels and spatial
resolution is 5 min of arc. As an example, surface currents
corresponding to March 12th may be seen in Fig. 1. The
Kuroshio current -flowing to the NE- is clearly appreciated.
Currents are weak in the area of Fukushima and flow
southwards. To the south of Fukushima an anticyclonic
eddy may be seen.

The dispersion model consists of a 3D advection/diffu-
sion equation with terms describing the adsorption/
desorption reactions between the deepest water layer, in
contact with the seabed, and bed sediments. These pro-
cesses are formulated in a dynamic way, in terms of kinetic
transfer coefficients. A detailed description of such for-
mulation may be seen elsewhere [8—10]. There has been
evidence to suggest that uptake takes place in two stages:
fast surface adsorption followed by slow migration of ions
to pores and interlattice spacings [11-14]. Thus, a 2-step
model has been used. It considers that exchanges are
governed by two consecutive reversible reactions: surface
adsorption is followed by another process that may be a
slow diffusion of ions into pores and interlattice spacings,
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Fig. 1 Surface currents produced by the JCOPE2 model for March
12th

inner complex formation or a transformation such as an
oxidation. k; and k, are forward and backward rates for the
first reaction; and k5 and k4 are the corresponding rates for
the second one (Fig. 2). Thus, sediments are divided in two
phases: a reversible and a slowly reversible fraction. It has
been shown that the 2-step model reproduces both the
adsorption and release kinetics of plutonium in the Irish
Sea, where it is released from Sellafield nuclear fuel
reprocessing plant [15]. It has also been used in our pre-
vious ¥7Cs dispersion simulations [4] for Fukushima. A
detailed formulation of the kinetic model may be seen
elsewhere [15, 16], thus it will not be repeated here.

Results

Kinetic rates already used for plutonium have been applied
[15]. Although it is true that these parameters are site-spe-
cific, there is not information about them for Japan coastal
waters. On the other hand, this approximation is enough for
our purposes since we do not want to compare model pre-
dictions with observations, but only assess the behavior of
plutonium in these coastal waters. Details on the other
parameters involved in the model may be seen in [4]. Also,
Pu may be present in the marine environment in different
oxidation states. The reduced Pu [Pu(IIl) and Pu(IV)] is
highly particle reactive and has been shown to possess a k,
that is approximately two orders of magnitude higher than
that of the more soluble oxidized Pu [Pu(V) and Pu(VI)].
Different rates should be used for oxidized and reduced Pu.
However, we will use effective rates representing the
potential mixture of oxidation states, as done in previous
works [8, 17], due to the lack of data. Redox reactions could
be simulated if information were available [15].

Atmospheric deposition has not been considered since
Pu fallout from Fukushima is characterized by a high
241py/239+240py activity ratio. Since 2*'Pu is not detectable
in sediments offshore Fukushima, it was concluded that the
atmospheric deposition of Pu from the accident is negli-
gible in marine sediments [7], at least in a scale of the order
of 100 km.

For direct liquid releases to the ocean, the same timing
and magnitude as in the '¥’Cs simulations have been used
[4]. It must be taken into account that the magnitude of
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Fig. 2 Scheme representing the applied kinetic model for water/
sediment interactions
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Fig. 3 Calculated concentrations of plutonium in bed sediments for
June 30th, normalized to the maximum value in the domain. The
30 km circumference around Fukushima is shown. Black dots
indicate points were Pu concentrations have been measured in bed
sediments [7]

such plutonium direct release is totally unknown. As
commented above for kinetic rates, this arbitrary source
magnitude does not affect the conclusions of this study.

The computed distribution of plutonium in bed sedi-
ments for June 30th may be seen in Fig. 3. These con-
centrations are normalized to the maximum calculated
value since the release magnitude is arbitrary (Cs value).
Pu concentrations in sediments decrease by more than one
order of magnitude within a 30 km circle around Fuku-
shima. Measured sediment concentrations of 2*°*2*°Py in
points indicated in Fig. 3 are in the range 0.48-3.53 mBq/g
and are attributed to nuclear weapon test fallout [7]. We
cannot assess if some of this plutonium is coming from
Fukushima, but it is clear that Pu concentrations in sedi-
ments within the 30 km circle would be more than two
orders of magnitude larger than those eventually detected
in the indicated sampling points. The impact of Fukushima
releases, with respect to Pu, is restricted to a small zone
well within a 30 km radius around the power plant. Pu
measurements in this area would be required to assess if
any impact has been produced.
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Fig. 4 Computed Pu inventory in the model domain for the water
column and the bed sediment

Finally, the flushing time of plutonium has also been
evaluated. The Pu inventory in the water column has been
calculated each time step. The temporal evolution of this
inventory may be described as an exponential function
[18]:

1(t) = Lye /" (1)

where I is the initial inventory and t is flushing time.
From numerical fitting of the temporal evolution of the
inventory (once it has started to decrease, i.e., some
40 days after March 12th) to an exponential decay func-
tion, it was obtained that flushing time is 246 days. This
value is significantly longer than that previously estimated
for *’Cs from the shelf [18], which is 43 + 16 days. This
again reveals the longer persistence of Pu contamination in
comparison with Cs and the relevance of marine sediment
as a long-term delayed source of previously radionuclides.
Such an effect has been occurring in the Irish Sea with
Sellafield releases. Computed inventories in the water
column and the bed sediment are shown in Fig. 4. After the
inventory peaks, they start to decrease very slowly because
of the low Pu mobility in the marine environment.

Conclusions

Numerical modelling indicates that Pu contamination
originating from the accident could be present in marine
sediments near Fukushima, although it has not been
detected in samples collected outside a 30 km radius from
the plant (opposed to the case of '*’Cs, radionuclide for
which contamination was measured). To confirm if any
impact from the accident has occurred, Pu isotopes should
be measured in a close area to Fukushima, since they
would mostly remain in this zone because of the low
mobility of Pu in the marine environment.

Flushing time of Pu from the model domain has been
evaluated, resulting 246 days, significantly longer than that
of *’Cs.
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