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Abstract

A method to determine the total inventory of a heterogeneously distributed contamination of marine
sediments is described. The study site is the Bylot Sound off the Thule Airbase, NW Greenland,
where marine sediments became contaminated with plutonium in 1968 after a nuclear weapons
accident. The calculation is based on a gamma spectrometric screening of the 241Am concentration
in 450 one-gram aliquots from 6 sediment cores. A Monte Carlo programme then simulates a
probable distribution of the activity, and based on that, a total inventory is estimated by integrating
a double exponential function. The present data indicate a total inventory around 3.5 kg, which is 7
times higher than earlier estimates (0.5 kg). The difference is partly explained by the inclusion of
hot particles in the present calculation. A large uncertainty is connected to this estimate, and it
should be regarded as preliminary.

Introduction

Bylot Sound off the Thule Airbase, NW Greenland, was contaminated with weapons plutonium
January 1968 when a US strategic bomber crashed on the sea ice with 4 nuclear weapons. Part of
the weapons plutonium was released to the environment by conventional chemical explosions and
further distributed in the fuel fire following the crash. The plutonium was present in an insoluble
oxide form, and mainly associated to particles with an average size of 2 micrometers (USAF, 1970).
During the months following the accident a clean up program was performed where most of the
debris and contaminated ice was removed from the area. However, the impact caused a hole in the
ice and it is possible that some of the weapons plutonium went through this crack initially and down
to the sediment. In the following summer, during ice melting, the ice sheet drifted in a northerly
direction in Bylot Sound causing a contamination of the sediments north of the impact point. More
detailed descriptions of the accident are published elsewhere (i.e. Aarkrog 1971, 1977, 1984, 1997,
Eriksson et al., 1999)

Earlier estimates of the 239240Pu inventory have been centred around 1- 1.6 TBq or approximately
0.5 kg (Aarkrog 1971, 1977, 1984, 1997, Eriksson et al., 1999). Although the inhomogeneous
nature of the plutonium contamination was observed, no special attention was paid to the hot
particles. The earlier works are solely based on radiochemistry and alpha spectrometry. Due to
limited resolution of the alpha spectrometric equipment used, the 239241Pu peak will in some cases
be growing into the 242Pu tracer peak for "hot" samples. These spectra were impossible to evaluate
and was for that reason omitted in the inventory calculations.
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The present work is a preliminary result based on a gamma screening experiment with sediment
samples collected at the Thule-97 expedition. A method to determine the total inventory in
sediments when the activity distribution is heterogeneous is described.

Methods and material

Aware of the problems with the hot particles that cause a heterogeneous activity distribution in the
Thule area, we have tried to improve the inventory calculations for such sites.

A screening experiment has been performed which involves six sediment cores taken at the Thule-
97 expedition. These cores were carefully selected with accordance to distance from the point of
impact. From every 1-cm section of the well mixed freeze dried sections, five sub-samples were
selected. Every sample was measured in a HPGe detector for 3600 seconds for determination of
241Am. In total there were 450 samples. A constant 24'Am/2 P241pu ratio was assumed. The 24 Am
gamma measurements were "calibrated" to 239,240Pu by dissolving and chemically separating the
plutonium from 20 of the measured sub-samples, followed by a ha spectrometric determination of
239240 Pu. From this set of samples it is possible to combine 5 sediment cores at every location,
where N is the number of sections in the core from one location. A Monte Carlo program was
written to simulate core selections of the set of sub-samples. The program was calculating the
inventory (Bq m-2) at each location and the inventory distribution was plotted. In this study 10 000
simulations were carried out. The total inventories were calculated from these results by fitting the
data to a bi-exponential function and integrating over the area. It was assumed that the
dissemination was equal in all directions and for that reason the integral could be simplified, as seen
in equation 1, where A(r, 6) only depends on the distance from the impact point, r. The integration
limit was determined in Eriksson et al, 1999.

I = ffA(x, y)dxdy = fJA(r, 0)rdrd0 Equation 1.

Results and Discussion

In Figure I the inventory distributions from each of the selected sites can be seen. At location V2
(point of impact) and location P (4.01 km from the impact point) it can be seen that the inventory is
highly dependent on the hot particles. In location V2 there are many particles but two particles
dominates that represent peak 2 and 3 in the inventory distribution. Peak 4 at location V2 represents
the distribution if both of these two particles are sampled. At location P there are 4 particles, but
three of them are located in the same section, i.e. they can not be sampled in the same core, and
furthermore, they are grouped in two activity intervals. Peak 2 represents the distribution around the
first lower interval and peak 3 the higher interval. Peak 4 is the distribution of one from the higher
interval with one or the other of the two particles from the lower activity interval. Peak 5 is the
distribution when both of the two particles in the higher activity group are sampled. At location Ny-
3 most of the sub-samples were below the detection limit and only two samples were detectable.
Earlier determinations of the inventory are in the lowest distribution peaks for location V2 and P
and within the distributions for the other locations.

In Figure 2 the total simulated inventory distribution for the Bylot Sound can be seen. The median
value is 9.47 TBq of 139 241Pu which can be compared with the last estimate of 1.8 TBq (Eriksson et
al., 1999). This is a significantly different result. The reason for the present higher estimate may be
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explained by two factors. At first, earlier activity determinations have mainly omitted hot particles.
and secondly by using an in-sufficient chemical separation method that does not totally dissolve
plutonium in an oxide form. With the gamma measurements it is possible to include the hot
particles, and there are no solubility problems. Another explanation can be that in this work a bi-
exponential function was fitted to the data to calculate the total inventory rather than a single
exponential function. The higher inventories calculated in this work might be somewhat biased as
the calibration assumes constant ratio of 241Am/ 39240Pu in the debris, however recently published
data (Ikaheimonen et al., 2000) show that the ratio is not constant in the debris.

Future work will be to study which equation should be used as the best fit for the measured data and
to analyse more samples for the "calibration" between gamma measurements of 241Am and alpha
measurements of 239240Pu.
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Figure I. The inventory distributions at the six locations are shown as the result output from the
simulation program. The scale on the x-axis is Bq m-2 . The explanation for the distributions at
location V2 and P is that the hot particles are domninating the inventory distributions.
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Figure 2. The distribution of the calculated inventories as a result of integration a bi-exponential
function. The mean value is 9.48 TBq and the median value is 9.47 TBq.
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