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1. INTRODUCTION. 

The investigation of decontamination under winter conditions, and some 
related phenomena, reported here, was performed as part of a Nordic 
project partially financed by th* Nordic Council of Ministers. Th* 
title of the main project it REK-1 'Large Reactor Accidents -
Consequences and Hitigating Actions.* 

When consequences of atmospheric releases caused by a large reactor 
accident are calculated, it is usually found that th* major contribu
tions to th* dose are via nutrition and exposure to radiation from 
radioactive materials deposited on ground. Accordingly, one of the ways 
in which the doses resulting from a large accident can be reduced, is 
by decontamination of urban and/or agricultural surfaces. When deconta
mination cost and feasibility has previously been assessed, it has up 
till now never been considered that the accident may take place when 
the ground is snow-covered. In the Nordic countries we have winter con
ditions * to 6 months a year. There are good reasons to believe that 
decontamination may be both simpler to perform and less costly during 
winter conditions. 

The project described in this report consist of two separate parts, 
addressing two different aspects of winter conditions. A third aspect 
of winter conditions (natural decontamination of roofs in winter condi
tions! is described in a separate report (Ref. QVJil. 

The first part of the project is concerned with decontamination of a 
snow-covered urban surface. A snow-covered parking lot was contami
nated, and the snow was subsequently removed, using standard snow-
removal equipment, the snow left behind was collected, and the content 
of contaminant determined. A non-radioactive contaminant was used. 

The second part is concerned with run-off from an agricultural 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. Cs-134 was used 
as contaminant. 

2. DECONTAMINATION EXPERIMENT. 

2.1 Description of the experiment. 

A small parking lot (30 m ) at the Institute was used for these experi
ments. On the asphalt was a layer of solid ice of thickness 1 to 7 cm, 
covered with ca. 5 cm of undisturbed snow. The snow was a mixture of 
fine- and coarse-grained. 

10.5 grams of Cu as CuSO ,5H 0 was dissolved in S liters of water, and 
sprayed onto a 15 m x 2 m area. A portable mist spray unit (ordinarily 
used for spraying pesticide) was used. The spray unit was cleaned with 
2x1 liter of water. The reason for using Cu as contaminant is that the 
required chemical analysis is simple and cheap. 
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The air temperature waa -J C when contamination wig earned out. The 
temperature in the enow waa aoanwhit lowrr, aa the air temperature had 
been down around -10 C the preceding night. 
Immediately after contamination, tht looae anow wa> removed from the 
area, uaing a tractor with a «hovel. Tht arte wia then tubdividtd into 
lm x lm aquarta. All remaining iflai* anow and let waa collected in each 
iquaro separately, put in plaatic bagt and weighed. 
100 ml from each (ample waa removed for determination of Cu content, 
uaing atomic abaorption method*. Sample» for background and standard 
were collected before contamination. 
The area was lying lengthwise in the Eaat-west direction, and the 
squares were, for the purpose of identification, numbered from I to 15 
together with N for North or S for South. Number 1 is in the Western 
end of the area. The collected data are shown in table 1. The amount of 
Cu in each sample was calculated from the measured concentration and 
volume of each sample. 

Z-*l Data on snow-fall.. 
Some data on snow-falls in the Oslo area have been collected, to help 
evaluate the importance of the results from the experiment. The data 
have been provided by the Meteorological Institute of Norway. 
The average number of days with snow per month at the meteorological 
station at Gardermoen airport is: 

September: 0.2 days 
October: 2.6 
November: 8.8 
December: 12.5 
January: 12.0 
February: CO 
March: 6.2 
April: 6.2 
May: 1.3 

Sum: 65.7 days 
At this station, which has a typical inland climata, ca. 20Z of the 
days of the year have some snow-fall. This is an average over the years 
1957 to 1977, and the total precipitation per year falling as snow is 
equivalent to 150 - 200 mm precipitation as rain. 
Some additional information has been obtained for another meteorologi
cal station, at Blindern in Oslo. These data, which are averages over 
the years 1941 to 1980, concerns the increase in thickness of the snow 
cover from one day to the next: 

Increase is 1 - 5 cm in 78.392 of 2K hour periods with snowfall. 
Increase is 6 -10 cm in 17.282 of 24 hour periods with snowfall. 
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U »»iulti and discussion. 

In total 91.S ag Cu w«» recovered I contained in «1.» litar» of wator). 
Thii i» equivalent to 0.471 of the contaatinent: which M M » that «or» 
thin 991 of th» eontaninint ha> bttn removed. Tablt I ihow» that th» 
concantration» in tha individual tampla* vary ovar a quit* wida ranga 
(from 0.1 to 12 ng/11. tn tha «quara» with tha highest concentrations. 
tha m o w that i» laft bahind aftar ahovalling, i» probably fro» tha 
original top liyar of «now. 

Tha dacontamination aehiavad by thi» experiment wa» ramarkably effi-
ciant. 8ut tha conditions wara in many way» favorabla. Tha imooth. hard 
ica covering tha <»phalt surfaca of tha parking lot n»da it relatively 
easy to remove much of tha looia snow with tha shovel. Condition \ can 
not be exptactad to ba as favorabla in a raal situation. 

Tha spray mist particlas froza whan thay cama into contact with tha 
cold snow, and stayad on tha surfaca of tha snow. This is also a favor
abla situation. If daposition takas placa with rain, tha dapositad 
material will panatrata into tha snow layar. By sub-zaro tamparaturas, 
howavar, tha materials will ba exptocted to stay on tha snow surfaca. 
and the conditions of tha axparimant givas a reasonable representation 
of the real situation. 

But, as mentioned, tha conditions of the ice and snow covering the 
surface, may often be such that decontamination can not be expected to 
be as efficient as in the conducted experiment. Main roads are most e< 
the time almost free of snow, due to frequent removal, mechanical or by 
spreading of salt. The proper authorities say that this is done on the 
main roads as soon as there is "a little snow". Otherwise it is perfor
med when the snow cover is 5 to 10 cm. 

On smaller roads and on sidewalks there is often a layer of hard-packed 
snow and ice, that can not be removed, except by use of different and 
more time consuming methods. And these methods may have a significantly 
smaller decontamination effect. Partial melting of the snow, due to 
rain or sufficiently prolonged above-zero temperature periods, will 
change the situation completely. Under such conditions the contaminant 
will rapidly penetrate the snow layer, and probably stick to the sur
face underneath; although it may also be removed with the melted snow. 
But this is a situation outside of the scope of the present report. 

The experiment performed was conducted under one out of a great number 
of possible conditions, both regarding ice, snow and weather condi
tions. A range of conditions ought to be investigated. If a high decon
tamination efficiency is found under many typical winter conditions, 
this fact ought to be taken into account in future evaluations of 
reactor accident consequences and/or evaluations of the cost and 
efficiency of mitigating actions. 
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3. EXPERIMENT ON MIGRATION IN SNON. 

It is a well-known fact that ceslun hat a strong tendency for being 
trapped in soil, and particularly in clay rich soils. Hany different 
investigators have found that cesium depositee.1 upon ground it still 
found in the upper (10 cu) layer of soil even after entended tiae 
periods, indicating slow vertical and horizontal migration. 

A large fraction of the year there are, however, winter condition* in 
the Nordic countries; and there is frost in the ground, and the ground 
is covered with ice and snow. The main project, of which the project 
described in this report is « part, is concerned with calculation* of 
consequences of large releases of radioactive materials to the atmo
sphere, as a result of hypothetical large reactor accidents. Especially 
in connection with deposited materials on ground, there is reason to 
believe that these calculations, as they are now performed, are not 
valid for winter conditions. 

Ory deposition or deposition with snow will leave the deposited materi
als in the upper layers of snow. But previous experiments indicate that 
the first melt water will bring the materials down to ground level. 
Since the ground is frozen, however, it is not sure that the cesium 
will be trapped, like under summer conditions. 

i J Description of the experiment. 

The experiment was performed in a lycimeter (Figure 1), put to our dis
posal 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.TS m x 20 ml. 
It is isolated from the surrounding soil on all sides and in the bot
tom. 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 sides, where all run-off water is collected in a large container. 

The experiment was initiated on the H . February 1984, The lycimeter 
was then covered with 12 - 15 cm coarse-grained snow with a hard, un
disturbed top lsyer of crusted snow. The ground was frozen. Highest air o temperature on this day was -3 C, and the temperatures in the preceding 
and following nights were below -10 C. 
The plot was contaminated with 100 uCi (. dissolved in 5 liters of 
water. About 0.01 mg i ictive Cs was used as carrier. The solution was 
sprayed onto the surface using a garden sprayer with fog nozzle. The 
lower 2 meters of the ^iot were not sprayed, for fear of contaminating 
the sampling position. The sprayer was subsequently cleaned, using two 
times one liter of water, which was also distributed over the plot. 

Melting of the snow started on the 5. April (7 weeks after contamina
tion), and lasted for 8 days, till 13. April, when all the snow was 
melted and the run-off stopped. The run-off water was collected, and 
one or two samples of 0.* - 1 liter were taken daily. 
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3.2 Measuring methods. 

Each sample, with 40 mg CsOH added a* carrier, waa kept acid by addi
tion of HNO . and waa evaporated down to a volum of about 200 «1. The 
sample was Ihen made alkaline by NaOH, and the Cs-13* was precipitated 
using sodiuatetraonenylborate. The precipitation was measured in a 
2.?5'x2.75" sodiumiodide well-crystal for 50 minutes. 

3.3 Results. 

Altogether 7890 liters of run-off water was collected. This is equi
valent to 105.2 mm precipitation on the plot. About 30Z of the dis
tributed cesium was contained in this water. The results of the actual 
measurements are shown in table 2. 

All numerical results in this report are normalized to refer to inac
tive cesium. If it is desired to relate the results to specific cesium 
isotopes, the proper radioactive decay should be applied. 

The measurements of content of radioactive materials were performed at 
the Institute for Energy Technology. 

The measured concentrations (shown in table 2) show that the first melt 
water contains the highest concentrations of Cs-134. This is in accor
dance with results (although referring to other elements) from the 
project SHSF I The Norwegian Interdiciplinary Research Program: Acid 
Precipitation - Effects on Forest and Fish). Relevant information can 
be found in (Ref. 0A?9, 0*7a, OAA0, J078 and SE80). 

Behaviour of the nuclides Sr-90 and Cs-tj'7 from weapons fall-out has 
been studied rather extensively in Norway, particularly in the late 
1950es. Some relevant references are (Ref. BE59 and LU621. 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 GO cm thick layer of snow. After a 
few days, the activity iiad 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, migration of the color in the snow could be fol
lowed. The horizontal 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 
weathor, the impurities will deposit on the surface of the snow crys
tals. 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 sometimes take place even if the 
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air t»stp*ratur» i» bolow th» fr»»nng point, and it 11 r»asonsbl» to 
I I I U H tnat th* presone* of th» lapuritio» hat cautad i local lowering 
of tn» aolting. point. 

*. CONCLUSIONS. 

Th» decontamination txpanmtnt performed wit remarkably efficient in 
removing th» contaminant. A ««contamination «actor exc»»ding tOO was 
obtained. 

It is. how»v»r. vory important to r»m»mb»r that th» condition! und»r 
which th» »xp*rim»nt was carried out, w»r» clot» to id»al froai a decon
tamination point of vi»w. Many further experiment* under different 
weather and snow conditions must be carried out before more general 
conclusions can be drawn. But it seems reasonable to expect that decon
tamination under almost all winter conditions will be more efficient 
than decontamination under summer conditions. 

The »xp»rim»nt has b»»n of value, in showing that extremely efficient 
removal of materials deposited on a snow surface is indeed achievable, 
using quit» simple and inexpensive removal methods; and also in demon
strating a way to carry out such experiments. 

The migration «xporiment shows a significant, but more modest, differ
ence between summer and winter conditions. Roughly 30Z of the Cs-134, 
with which the area was contaminated, ran off with th» melt water. 
Following an accident situation, this would have given a corresponding 
reduction in the longterm dosas. 

The migration experiments also ought to be repeated under varying con
ditions. 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 layeron the ground, under the 
snow cover. There are a great number of combinations, and in these 
experiments one just has to accept the conditions of one winter as they 
happen to be in that particular winter. 

A continuation of these or similar projects is actually planned, as 
part of the joint Nordic project "Activity release - outside of the 
cc.itainment", which will be carried out in 1985 - 1999, partially 
funded by the Nordic Council of Ministers via the Nordic Liaison 
Committee for Atomic Energy. 

8oth of these experiments demonstrate that consequence calculation 
assumptions, as they are currently applied to large accident assess
ment, tend to overestimate the consequences resulting fror, an accident 
taking place under winter conditions. 
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ISaMDlt Cu-cone. Saaplt Cu i n 
1 no. t i»o/ l ) vol.(11 • • • p l * 

(mgl 

ts 0.2 i.tsa 0.29 

2S fl.l t . i t i O . l l 

3S 0.4 2.023 0.91 

«S 0.7 2.StO 1.76 

SS 0.9 1.226 1.10 

ES 0.8 0.984 0.7S 

7S 0.9 0.830 0.75 

BS ( . 0 1 .310 5.26 

9S 4.5 0.9TO 4.37 

1 OS «.5 1.618 7.28 

us 3.3 1.392 4.59 

12S 3.0 2.410 7.23 

I3S 1 .6 1 .547 2.48 

HS 0.8 2.677 2. 14 

15S 1.4 2.010 2.81 

Sum 24.08 41 .8 

SlBPl» Cu-eonc. Sampl* Cu in 
no. I m g / l l wol. i l ) •ample 

(mg) 

IN 5.2 1 . 4 2 5 7.41 

2N 0.0 0 . 6 3 4 0.51 

3N 0.6 0 . 6 4 3 0.39 

4N 1 .7 0 . 0 6 2 1.47 

5N 2.9 1 . 0 4 8 3.04 

6N 10.7 1 . 3 6 0 14.6 

7N 12.0 1 . 3 0 9 15.7 

8N 0.7 0 . 7 1 1 0.50 

9N 2.7 0 . 6 6 5 1.80 

ION 0.2 1 . 1 4 3 0.23 

1 IN 0.6 1 . 3 9 7 0.84 

12N 0.7 1 . 0 2 2 0.72 

13N 0.5 1 . 3 3 4 0.67 

14N 0.2 1 . 9 8 2 0.40 

15N 0.7 2 . 172 1.52 

Sum 1 7 . 7 1 49.7 

Table 1. Oecrntamination experiment measurements data. 
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Oata 
11964) 

Kun-off 
watar 
(ma) 

Stapla 
«ol. 
(1) 

Ct-134 
in sampl* 

CnCi) 

Cone. 
(nCi/1) 

(•covered Ci-tl« 
Oata 
11964) 

Kun-off 
watar 
(ma) 

Stapla 
«ol. 
(1) 

Ct-134 
in sampl* 

CnCi) 

Cone. 
(nCi/1) (uCD (Cua. Z c* 

addad act.) 

Apr. 9 

Apr. 6 

Apr. 7 

Apr. 8 

Apr. 9 

Apr. 10 

Apr. 10 

Apr. 11 

Apr. 12 

Apr. 12 

Apr. 13 

3.5 

S.1 

6.9 

16.3 

6.9 

12.9 

13.7 

7.7 

13.7 

12.0 

6.9 

0.715 

0.365 

0.455 

1.04 

0.505 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

10.9 

3.69 

2.74 

6.64 

2.64 

2.J7 

1.97 

2.11 

2.00 

1.42 

1.20 

13.S 

9.6 

6.0 

6.5 

5.2 

2.4 

2.0 

2.1 

2.0 

1.4 

1.2 

3.64 

3.67 

3.12 

6.04 

2.71 

Z.29 

2.02 

1.22 

2.06 

1.26 

0.59 

3.64 

7.31 

10.4 

16.5 

21.2 

2J.5 

25.5 

26.7 

28.8 

30. 1 

30.6 

Sum 105.2 30.64 30.6 

Table 2. Collected data from run-off experiment. 
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Figur» 1. Contamination of th* lycim»t»r at th* Agricultural 
University of Norway. 
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