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1. INTRODUCTION. 
The investigation reported here was performed as part of 
the Nordic Cooperation In Nuclear Safety, managed by the 
Nordic Liaison Committee for Atomic Energy and partially 
financed by the Nordic Council of Ministers. 
Reactor accident consequence calculations for very large 
accidents show that the major contributions to the dose 
are via nutrition, and by exposure to radiation from 
radioactive materials deposited on ground. Accordingly, 
one of the ways in which the doses resulting from a large 
accilent can be reduced, is by decontamination of urban 
and/or agricultural surfaces, either by artificial or 
natural means. In consequence calculations it is usually 
assumed that the radioactive materials stay where they are 
deposited indefinitely. The only reductions will then be 
due to radioactive decay and a certain "weathering 
effect", caused by slow downward transportation of the 
materials in the soil. This transportation is, however, 
assumed to be extremely slow, and the reduction corre
spondingly of little effect. These assumptions will in 
most conditions assure conservatism in the calculations. 
They are, however, probably not physically correct. It is 
reasonable to expect a portion of the radioactive mate
rials to be removed with run-off water. This portion might 
be considerably larger if contamination took place during 
winter conditions than during summer conditions. Under 
winter conditions considerable portions of the contaminant 
might flow with melt-water without coming in contact with 
the soil. 

The project described in this report is a continuation of 
previous work. The present experiment is concerned with 
the run-off of strontium deposited upon a snow surface. A 
previous experiment was concerned with the same effect for 
cesium. The previous experiment is reported in (Ref. 
QVS1*). Another, but related aspect of winter conditions 
(natural decontamination of roofs in winter conditions) 
is described in another report (Ref. QV84a). 
In the experiment we have examined run-off from an agri
cultural surface which has been contaminated while covered 
with snow. A lycimeter, kindly provided by the Norwegian 
Agricultural University, was used for this investigation. 
A stable layer of ice and snow was allowed to form before 
contamination. The run-off water was collected at each 
thaw period until all snow and ice was gone, in late 
Spring. Sr-89 was used as contaminant. 



2. EXPERIMENT ON MIGRATION IN SNOW. 
In the winter 83/84 an experiment on cesium run-off was 
conducted. Cesium gets trapped in soil, and particularly 
in clay rich soils. Many different investigators have 
found that cesium deposited upon ground is still found in 
the upper (10 cm) layer of soil even after extended time 
periods, indicating slow vertical and horizontal migra
tion. A large fraction of the year there are. however, 
winter conditions in the Nordic countries. There is frost 
in the ground, and the ground is covered with ice and 
snow. If cesium is deposited under these conditions, one 
can expect that the cesium does not, or only to a limited 
extent, come in contact with soil material, even during 
the melting period. The 83/8'' experiment showed that run
off of cesium with the melt water was indeed somewhat lar
ger than what would be expected during summer conditions. 

In the winter/spring 1986 the experiment has been 
repeated, but with strontium as contaminant. 

2.1 Description of the experiment. 
The experiment was performed in a lycimeter (Figure 1), 
put to our disposal by the Agricultural University of 
Norway, and situated at their facilities at As, roughly 30 
km Southeast of Oslo. This lycimeter is routinely used for 
run-off studies. The plot is 75 m (3.75 m x 20 m). It is 
isolated from the surrounding soil on all sides and in the 
bottom. It contains clay soil, and the vegetation is 
mainly various types of grass (mostly timothy, but also 
some meadow fescue and clover). The slant of the plot is 
1:20. The lowest part of the plot is at one of the short 
sided, where all run-off water is collected in a large 
container. 

The experiment was initiated on the 18. March 1986. The 
lycimeter was then covered with about 35 cm coarse-grained 
snow with a relatively thin top layer (1-2 cm) of light, 
new snow. The ground was frozen. The air temperature was 
+2 C, calm, overcast and some mist. 
The plot was contaminated with 18.5 MBq (500 yCi) Sr-89 
dissolved in 5 liters of slightly acid (nitric acid) 
water. The solution was sprayed onto the surface using a 
garden sprayer with fog nozzle. The lower 2 meters of the 
plot were not sprayed, for fear of contaminating the samp
ling position. The sprayer was subsequently cleaned, using 
one liter of water, which was also distributed over the 
plot. 
Melting of the snow started on 21. March and lasted to 5. 
April, followed by somewhat colder weather. All the snow 
had then melted. The next precipitation came 23. April, 
and was also collected. It contained very little activity, 
and the experiment was terminated. 
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2.2 Measuring methods. 
Sr-89 has a half-life of 51 days and emits B-particles of 
energy 1.46 MeV (100X) and some Y-radlaCion of energy 0.91 
MeV I 0.01X). A liquid scintllation counter was used for 
measuring the samples. To 8 ml of the water sample was 
added 12 ml scintillationn cocktail (INSTA-GEL) and then 
counted for 3 hcurs. The results are shown in table 1. 

2.3 Results. 
Altogether 15^50 liters of run-off water was collected. 
This is equivalent to 206 mm precipitation on the plot. 
About 5**% of the distributed strontium was contained in 
this water. The result? of the actual measurements are 
shown in table 1. 
All numerical results in this report are normalized to 
refer to inactive stronium. If it is desired to relate the 
results to specific strontium isotopes, the proper radio
active decay should be applied. 
The measurements of content of radioactive materials were 
performed at the Institute for Energy Technology. 

2.*t Discussion. 
The measured concentrations (shown in table 1) show that 
the first melt water contains the highest concentrations 
of Sr-89. This is in accordance with results (although 
referring to other elements) from the project SNSF (The 
Norwegian Interdiciplinary Research Program: Acid Preci
pitation - Effects on Forest and Fish) . Relevant infor
mation can be found in (Ref. DA79, DA78, DA80, JO78 and 
SE80). 
Behaviour of tho nuclides Sr-90 and Cs-137 from weapons 
fall-out has been studied rather extensively in Norway, 
particularly in the late 1950es. Some relevant references 
are (Ref. BE59 and LU62). One of the observations made is 
that the deposited materials in the different layers of 
snow were relatively stable as long as no melting of snow 
occurred. But as soon as melting or rain happened, the 
activity was rapidly washed down through the snow, 
increasing the concentrations in the bottom layers. 
In (Ref. LU62) is also described an experiment in which 
carrier-free Sr-90 and Cs-137 was sprayed onto a 60 cm 
thick l'ayer of snow. After a few days, the activity had 
migrated through the snow layer. 
In connection with the aforementioned SNSF project an 
experiment was performed, in which a color compound was 
sprayed on snow. By cutting out vertical samples, migra
tion of the color in the snow could be followed. The hori-



il 

zontal migration was also observed. It was found that the 
color could migrate sideways several meters, along the 
horizontal layers of icy snow in the snowpack. 
The rapid migration of impurities in snow under melting 
conditions can be explained in the following way. When 
deposition takes place in cold weather, the impurities 
will deposit on the surface of the snow crystals. When 
melting starts, the outer layers of the crystals will melt 
first, and the impurities follow this water down through 
the layers of snow. The melting process is found to some
times take place even if the air temperature is below the 
freezing point, and it is reasonable to assume that the 
presence of the impurities has caused a local lowering of 
the melting point. 

3. CONCLUSIONS. 
The migration experiment shows a significant, although not 
very large, difference between summer and winter condi
tions. Roughly 5**% of the Sr-89, with which the area was 
contaminated, ran off with the melt water. Following an 
accident situation, this would have given a corresponding 
reduction in the longterm doses. 
The migration experiments also ought to be repeated under-
varying conditions. The run-off can be expected to depend 
not only on the weather conditions after, but also upon 
the conditions before contamination was carried out. One 
important aspect is probably the absence or presence of 
frost in the ground, and of an ice layer on the ground, 
under the snow cover. There are a great number of combina
tions, and in these experiments cne just has to accept the 
conditions of one winter as they happen to be in that 
particular winter. 
The experiment demonstrates that consequence calculation 
assumptions, as they are currently applied to large acci
dent assessment, tend to overestimate the consequences 
resulting from an accident taking place under winter 
conditions. 
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Date 
(1986) 

Run-off 
water 
(nun) 

Sample 
vol. 
(1) 

Recovered Sr-89 
Date 
(1986) 

Run-off 
water 
(nun) 

Sample 
vol. 
(1) 

(MBq) 1 (Cum. X of 
added act.) 

21-22/3 
23/3 (1) 
23/3 
23/3 (2) 
25/3 
27/3 
29/3 
30/3 
31/3 
2/4 
3/4 
5/4 
23/4 

22 
17 
20 
It 
17 
17 
9 
17 
10 
26 
17 
17 
3 

1650 
1275 
1500 
1050 
1275 
1275 
675 
1275 
750 
1950 
1275 
1275 
225 

5.13 
0.53 
0.62 
0.42 
0.66 
0.36 
0.19 
0.30 
0.25 
0.75 
0.44 
0.29 
0.03 

27.77 
2.84 
3-35 •) 
2.28 
3-59 
I.96 
1.05 
1.60 
1.36 
4.08 
2.39 
I.56 
0.16 

Sum 206 15^50 9-97 53-99 

Table 1. Collected data from run-off experiment. 
*) Overflow, night between 22. and 23. 
(Two corrections (Qven.) made 6. nov.) 



Figure 1. Contamination of the lycimeter at the 
Agricultural University of Norway. 
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