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ABSTRACT 

Radionuclides originating from the Chernobyl accident in April 
1986 were deposited over large areas of Sweden. The distribution 
and migration of the radionuclides during the first months after 
deposition were measured in a comprehensive survey within two 
study sites, Gidea in Angermanland county and Finnsjon in Uppland 
county. The sites are previously investigated in the SKB site 
characterization programme and well defined regarding geology and 
hydro 1 ogy. 

The survey w~s concentrated to a ~mall sub-area in each study 
site, 0.9 km in Gidea and 0.7 km in Finnsjon. The 
measurements performed will, together with environmental 
conditions, primarily constitute the basis for budget 
calculations of radionuclide redistribution within the studied 
areas. The aim is to utilize the results in radioecological and 
geohydrological migration modelling in the time perspective of 
several years. 

Sampling and measurements in situ were carried out on five 
occations from June 1986 to February 1987. A total of 374 samples 
of soil, rock, vegetation, water and sediment were taken at 85 
sampling sites and analysed by garmna spectrometry and 
autoradiography. Soil profile samples were characterized 
regarding; texture, geological classification, organic matter, pH 
and trace element composition. Measurements in situ of the ground 
surface deposition were performed at 46 sites by gamma 
spectrometry and along 65 lines at 32 sites by exposure rate 
measurements. 

Radionuclides analysed are; Mn-54, Co-60, Sr-90, Zr-95, Nb-95, 
Mo-99, Ru-103, Ru-106, Ag-llOm, Sb-125, I-131, Cs-134, Cs-136, 
Cs-137, Ba-140, La-140, Ce-141 and ce2144. The Cs-137 surface 
activ~ty gave a range of 30-100 kBq/m in Gidea and 20-40 
kBq/m in Finnsjon. 

Radionuclide migration is observed in soil profiles, groundwater 
and rock fissures. An active transport by surface water is also 
evident from sediment samples. Radionuclides have been absorbed 
in different types of vegetation. In October 1986 five months 
after the deposition on the ground surface, radionuclides were 
found at 20 cm depth in soil profiles. A faster and different 
manner of migration for Sb-125, Ru-106 and Co-60 compared to 
cesium is also observed. Nine month after the deposition Ru-106 
is found in fairly deep groundwaters sampled in artesian drill 
holes. In a shallow well was, beside Ru-106, also Ag-llOm, Cs-134 
and Cs-137 found five months after the deposition. 

Keywords: Chernobyl fallout, radionuclides, redistribution, 
m1grat1on, sampling, measurements in situ, rock, soil, water, 
sediment, vegetation. 
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1. INTRODUCTION 

After the Chernobyl accident in April 1986 large areas of 

Sweden were exposed to precipitation and dry deposition 

containing considerably amounts of radioactive nuclides. In 

spite of the many questiones that appeared, especially in 

agriculture, this gave an opportunity to study the migration 

and sorption behaviour of the many radionuclides in biological 

and geological systems. 

In this study radionuclide deposition, redistribution and 

migration within geologically and hydrologically well defined 

areas with sufficient activity are measured. The aim is to 

utilize the results of these measurements, together with 

important environmental conditions, in radioecological and 

geohydrological migration and turnover modelling in the time 

perspective of several years. The results are also intended to 

constitute the basis for budget calculations on radionuclide 

redistribution. Comparison with radionuclide migration from 

deposits and in laboratory experiments will be feasible. 

Two sites previously investigated in the SKB programme for site 

characterisation have been selected for the study of deposition 

and migration of the fallout from the Chernobyl accident. The 

sites are Gidea in Angermanland county c. 30 km north-east of 

Ornskoldsvik and Finnsjon in Uppland county c. 140 km north of 

Stockholm (Fig. 1.1). 

Relevant data for recent conditions are presented and since 

environmental conditions and the composition/deposition of the 

radionuclides are essential in redistribution and migration 

processes, these are subject to a comprehensive description in 

this study. 

Together with other associated projects concerning the 

scientific basis for the storage of high-level radioactive 

waste in deep underground repositories the results of the 

present study will hopefully give relieable data of 

radionuclide redistribution and migration in relation to 
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important environmental conditions and thus enhance knowledge 
on radionuclide migration and sorption in naturally complex 
environments. 

STUDY SITES 

C 100 ii:"' 

Figure 1.1 Location of the Gidea and Finnsjon study sites. 
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2. CHARACTERIZATION OF THE FALLOUT 

This chapter will surrmarize the present knowledge about the 

fallout in Sweden, especially with concideration to the Finn

sjon- and Gidea areas. A more detailed report about the trans

port process from Chernobyl, fallout mechanisms and the fallout 

pattern over Sweden is given by Liljenzin et. al. (1987). 

2.1 Introduction 

On Monday April 28, 1986 at 7 a.m. a worker passing a contami

nation monitor at Forsmark 1 nuclear power plant got an alarm 

for radiation from his shoes. This started a search for the 

activity source both inside and outside the plant. This search 

soon showed that release from the plant could be excluded. 

Shortly afterwards reports from other Swedish facilities indi

cated similar situations as Forsmark. Early gamma spectra sho

wed a Cs-134 to Cs-137 ratio which proved that the origin of 

the fallout over Sweden was a nuclear reactor with a fuel burn

up of 7-10 MWd/kg. The ratio between I-133 and I-131 gave the 

result that the release came from a shut down late night April 

25 or early morning April 26 Swedish daylight saving time, 

assuming a thermal power reactor. 

2.2 Meteorological Conditions 

The presentation of meteorological conditions during the trans

portation time for the radioactivity from Chernobyl to Sweden 

are based on data presented by Persson, Rodhe and De Geer 

(1986). 

Warm air from the southeast reached southern Sweden on April 27 

behind a warm front, and then continued up over central Sweden 

during April 28. A rain area was generated over middle Scandi

navia during April 28 due to interaction between the warm front 

from the southeast and a cold front approaching from the west. 
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The rain moved to the north and reached northern Sweden on 
April 29. During this time there was just a weak wind. On April 
30 a weak cold front passed over Sweden carrying in air from 
the west. 

On May 1 a new high-pressure area formed over southern Scandi
navia and the weak winds from the west moved over southern and 
central Sweden. The high-pressure area moved slowly in a north
east direction and on May 3 winds from the southeast began to 
blow over Sweden again. At the same time the winds from the 
Chernobyl area were still of northerly direction. A low-pressu
re above the British Islands and a high-pressure above the Bal
tic areas permitted air from the Chernobyl area to reach Scan
dinavia again during May 5-6, which is clearly indicated when 
the activity increases in the air-filters again (c.f. Fig. 2.4). 

On May 8 most of Sweden was covered with warm air from the 
southeast. A cold front through Denmark and Norway moved in 
over Sweden from the west and caused rainfall in the southwes
tern part of the country. This caused the essential deposition 
on the west coast. 

In the evening of May 9 the air from the west had covered sout
hern and central Sweden and from May 10 it covered the whole 
country. After this, no further activity of importance reached 
Sweden from the Chernobyl area. 

2.3 Radionuclide Transport and Deposition Processes 

The main part of the cloud formed at the explosion on April 25, 
2123 GMT, rose to an altitude of about 1000 m. During April 26, 
when the active cloud passed White Russia, a strong vertical 
mixing from the surface up to 2000 m occurred. Early on April 
27 when the cloud left the eastern coast of the Baltic Sea, it 
seems likely that the cloud was split in at least two parts. 
Most of the upper part, at an altitude of 1000-2000 m, moved 
towards Finland and the lower part towards Sweden. 
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The deposition of activity can occur principally by three pro

cesses, namely wet deposition, dry deposition by sedimentation 

and finally sorption where small particles and gasses are 

adsorbed on surfaces. 

A qualitative description of the transportation and fallout 

processes of the initial relese from Chernobyl is presented in 

Figure 2.1. 
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Figure 2.1 A qualitative description of transport, dispersion 

and fallout for the initial release from Chernobyl 

(Persson, Rodhe and De Geer, 1986). 

©Copyright SMHI, 1986. 

Middle 
Norrland 

Except for some showers that occurred in northern Ukraina 

during April 26-27, no precipitation occurred which could remo

ve airborne activity until parts of the very stable air mass 

reached the eastern part of Sweden. The first activity in Swe

den was recorded in Uppland at 1200 GMT on April 27. 
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During the afternoon and evening of April 27 there was a consi
derable increase in air activity in the southeastern part of 
Sweden (eastern Gctaland and Svealand). The fallout from this 
time was characterized by a high concentration of refractory 
elements such as Mo, Ba, La, Ce and Np carried by particles 
with high deposition speed. This can be seen in the nuclide 
composition in the Finnsjcn area, where a high concentration of 
Ce-144 can be found, cf. Table 2.3. 

On April 28 the active cloud was spread over central Sweden. 
Airplane sampling at 300 m altitude during the evening showed 
that the concentration in the air was high, especially of vola
tile elements such as I, Te and Cs. The highest concentration 
could be measured at the east coast of central Sweden (the 
coast of Uppland). During the night a heavy rainfall was gene
rated primarily over the eastern part of central Sweden, as 
mentioned in section 2.2. In the night between April 28-29 the 
rain moved to the north. The total precipitation in (mm) for 
the period April 28 0600 to April 30 0600, Swedish daylight 
saving time is presented in Figure 2.2. A comparison between 
the surface contamination map for Cs-137 (Fig 2.2) and the 
precipitation map (Fig 2.3) shows a striking resemblance 
between the isocurves. Measurements of the Cs-137 activity in 
the precipitation recalculated to activity per area unit do, 
however, show some variations compared to the ground surface 
activity. The ratio between water activity per area unit and 
the real ground-surface activity in different places in Sweden 
varies between 30-170%. The lower ratio which is observed for 
the area close to Finnsjon, can be interpreted in such a way 
that a large fraction of the fallout was dry deposited. Higher 
ratios, however, are more significant in the central east to 
northeast of Sweden. This might be explained either by high 
local variations in the fallout, or by the fact that the 
surface in this area, which also includes the Gidea area, was 
covered by approximately 0.5 m snow during the time of activity 
deposition. Later on, when the snow was melting, there might 
have been a substantial transport of the activity by water from 
these areas. Deposition on snow is further discussed in section 
2.6. 



7 

N 

,I, 

N 

l 

Precipitation 

(April 28 0600 GMT
April 30 0600 GMT) 

{f 
0 

>80 k8q/m2 

60·80 

30·60 

10·30 

3·10 

2·3 

<2 

Snow border (10cm) 
April 29 0800 GMT • 

) 

200km 

(J 
0 

Figure 2.2 Deposition of Cs-137 computed from air surveys, 

using 2-4 NaI detectors with a volume of 4.2 

liters. The map is based on data from measurements 

performed between May and October 1986 by Swedish 

Geological Company on corrrnission by the National 

Institute of Radiation Protection. 

Figure 2.3 Measured precipitation (mm) over Sweden during 

April 28 0600 to April 30 0600, Swedish daylight 

saving time. (Data from Persson,Rodhe and De Geer, 

1986). North of the snow border, Sweden was covered 

by more than 10 cm snow on April 29 0800 GMT. 

©copyright, SMHI 1986. 
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As mentioned in section 2.2 a weak cold front passed over Swe
den on April 30 carrying fresh air from the west. At this time 
the air activity decreased considerably which could be seen at 
sampling stations for airborne activity (cf. Fig 2.4). The 
Soviet report to IAEA presents the daily release of radioactive 
substances to the atmosphere (IAEA,1986). There we can see that 
the initial release on April 26 was followed by a decreased 
emission of activity for five days until May 2. Then a new 
release occurred which is about 70% of the initial release. 
After May 5 a sudden drop in the emission is observed. 

From air filter data, cf. Fig 2.4, we can see that a new, small 
increase in air activity is obtained around May 3 containing a 
large amount of iodine. Not until May 8 another activity 
increase in air filters is observed. This time the element 
ruthenium was present in high concentrations. 

The transport of activity during the period May 8-10 was made 
possible by warm air like the active cloud on April 27-28. No 
rain interfered with the second cloud until it arrived in Swe
den. This time trajectory maps show that the active cloud ente
red Sweden from the southeast and moved up through the country 
during May 8. 

On May 8-10 a cold air mass with rain moved in to Sweden from 
the west and a new washout of activity occurred. This could be 
observed especially on the west coast of Sweden on May 8. After 
May 10 no further activity of importance reached Sweden. 
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2.4 Composition of the Fallout 

A short su1T111ary of the known composition of the fallout is 

given below. The nuclides that have been observed in the 

fallout are su1T111arized together with the half lifes in Table 

2. 1. 

Table 2.1 Nuclides identified in the Chernobyl fallout. 

Nuclide Half life Nuclide Half life 

Mn-54 312.2d Cs-134 2.06y 

Co-60 5.3y Cs-136 13.16d 

Zn-65 244d Cs-137 30 .17y 

Zr-95 66d - Nb-95 35d Ba-140 12. 75d - La-140 40.3h 

Mo-99 66h - Tc-99 6.0h Ce-141 32.Sd 

Ru-103 39.4d Ce-144 284.4d 

Ru-106 368d - Rh-106 30s Eu-152 13 .3y 

Rh-105 35.Sh Eu-155 4 .96y 

Ag-llOm 249.9d Pu-238 87 .Sy 

Sb-124 60.3d Np-239 2.36d 
4 

Sb-125 2.77y Pu-239 2.4 10 y 

Te-129m 33.6d Pu-240 6550y 

I-131 8.02d Pu-241 14.4y 

Te-132 76.3h - I-132 2.3h Arn-241 433y 

I-133 20.8h Cm-242 163d 

Crn-244 18. lly 

2.4.1 Airborne activity 

Since 1957 Sweden has a continuous surveillance program for 

monitoring particulate radioactivity in air. Today there are 

seven places with sampling stations in Sweden, see Figure 2.4. 

These stations collects airborne activity on a 0.6 x 0.6 m 

glass fibre filter. The air is pumped through the filter by a 

high capacity centrifugal pump with a rate of about 24000 

m3/day (Vintersved and De Geer, 1982). A survey of the air 

filter data published by the National Defence Research Institu

te has been made (De Geer et al, 1986). Data from five of the 

stations are presented in Figure 2.4. 
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The most complete set of data is from the Stockholm station. 
All activities have been decay corrected to April 25, 2123 GMT. 
Usually the filters are changed more seldom than during this 
time. 

As mentioned before, the meteorological conditions have a 
marked influence on the air activity. The first pulse of 
activity during April 28-30 is best followed by the Stockholm 
station. The second activity pulse, which was quite small, 
reached Stockholm on May 3. It was followed by a much larger 
pulse around May 7-9. 

When comparing activity ratios of other nuclides to the activi
ty of Cs-137, cf Fig 2.4.b.c., we can get a rough idea of how 
different elements behave. By comparing the ratio between the 
chemically identical Cesium isotopes Cs-134/Cs-137 we can 
observe that the ratio has varied a great deal. To some extent 
this variation depend on uncertainties in the gamma spectromet
ric measurements and variation in particle size etc. But it 
can, however, also be interpreted as showing the burn up of the 
fuel. 

During the initial phase a relatively low burn-up fuel (low 
Cs-134/Cs-137 ratio,~0.5) arrived in Sweden. It increased to a 
maximum on April 30 (N0.65), before it dropped again around May 
2. These variations in the cesium ratio are observed until May 
15. After this a more or less stable Cs-134/Cs-137 ratio of 
0.57 is obtained. If these observations are correct there could 
be small local variations in the Cs-134/Cs-137 ratio in 
different places in Sweden. 

The ratio of I-131/Cs-137 showed compared to other volatile 
elements, which include cesium, that the first activity that 
reached Umea contained a large amount of iodine. It could 
possibly have been transported by parts of the higher altitude 

cloud moving in the direction towards the west coast of 
Finland. All air filter stations show an increase in the I-131/ 
Cs-137 ratio on May 2-3. 
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The ratio between I-133/I-131 (decay corrected to April 25, 

21.23 GMT) shows a new small increase during May 2 to May 3 at 

the Stockholm air filter station. Other similar observations 

were made at the Forsmark nuclear power plant showing a 

I-133/I-131 ratio higher than observed any time before. This 

indicates that a second criticallity did occur in Chernobyl 

between May 1 and May 4. That might explain the heating-up of 

the reactor which led to a new release during May 2-5. It must 

be observed that the air filter values just show the amount of 

particulate iodine. Studies e.g. at Studsvik AB (Norrman and 

Devell,1986) and the Finnish Center for Radiation and Nuclear 

Safety (Sjoblom, 1986), show that 60-85% of the iodine activity 

passes a glass fibre filter but can be trapped on a charcoal 

cartridge. 

On May 7-8, when the last activity reached Sweden, the air 

filter measurements show that a large amount of ruthenium was 

present. This element belongs as a pure metal to the refractory 

elements. It is, however, possible that the metal has been 

oxidized to a volatile oxide, which left the reactor when it 

became warm again. 

The other elements Zr, Ba, and Ce which belong to the nonvola

tile elements, show a remarkable similarity in behaviour at the 

different air filter stations, see Fig. 2.4.c. The largest dif

ference between these elements and Cs is observed in the cent

ral and south of Sweden. The same tendency is also observed 

when comparing surface contaminations, cf Table 2.2, between 

the southern, central and northern part of Sweden. 
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2.4.2 Surface activity 

The data base created by the National Institute of Radiation 

Protection (SSI), concerning grass samples collected during the 

first weeks after the accident, was first concidered to be used 

in this study for determining the nuclide composition in the 

surface deposited activity. However, these data could not be 

used, primarily explained by uncertainties during sampling 

procedures, and by the fact that a lot of important information 

is missing in the data base. The data base contains almost only 

I-131 and Cs-137 values. Therefore it has been necessary to do 

a small survey within this project, in which surface samples 

were taken and the activity ratio of different nuclides was 
compared to that of Cs-137. Except for the Finnsjon and Gidea 

areas, five other locations have been selected in the most 

contaminated parts of Sweden. The surface contamination at the 

locations selected are presented in Figure 2.5. The dominating 

tendency is that the refractory elements, especially cerium, 

are found in high concentrations in the southern part around 

Finnsjon and to some extent in the mountain areas at Gaddede. 

This might be explained by the fact that during the night 

between April 28-29 a part of the active cloud moved towards 

Norway while some of it moved back to the east coast of the 

central and northern part of Sweden and caused a high fallout 

during the rain- and snowfall. Finnsjon is also covered by a 

large amount of ruthenium. Analysis of the ruthenium activity 

shows that it is found to a high extent as particles. High 

amounts of ruthenium can also be found at N. Tannflo. 

Some deductions about the chemical behaviour of the radionucli

des can be made by studying the behaviour in the soil samples. 

The high mobility of ruthenium observed in soil profiles (see 

section 3.3 and 4.3.) together with the relatively high 

activity concentration found in surface waters (see section 

3.5. and 4.5.) contridicts the fact that ruthenium ''hotspot" 

samples were impossible to dissolve even in strong acids (see 
Appendix C.3). There seems to be two chemically different forms 
of ruthenium, one insoluble form which stays where it was 

deposited and one soluble form which is transported with water. 
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High mobility in soil profiles is also observed for cobalt and 

antimony compared to cesium (see section 3.3. and 4.3.). Cerium 

on the other hand seems to be detained in the very upper layer 

of the soil (see section 4.3.), which could be expected if 

cerium exists as a cation. 
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Figure 2.5 Surface contamination at some locations in Sweden, 

marked with filled squares (Finnsjon 6022N 1754E, 

Trodje 6049N 1711E, Brunne 6242N 1731E, 

Ornskoldsvik 6315N 1840E, Gidea 6328N 1903E, 

N.Tannflo 6323N 1657E, Gaddede 6430N 1408E). The 

diagram shows the Cs-137 surface activity and the 

relative percentage occurence of Ru-106, Ag-llOm, 

Sb-125, Cs-134 and Ce-144 compared to Cs-137. All 

activities have been decay corrected to April 26, 

1986. The open square marks the location for snow 

sampling at Stocksjo (6346N 2009E), see Figure 2.8. 
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2.5 The Finnsjon area 

The fallout in the Finnsjon area consists, as mentioned before, 
of a high amount of refractory elements. The similar behaviour 
for these elements can be seen in the air filter measurements, 
cf Fig. 2.4, which, possibly, indicate that they were transpor
ted together. During the time in May, when Sweden was reached 
by activity for the last time, a group at Studsvik AB performed 
measurements on particles in air taken with a particle size 
fractionating sampler (Chyssler and Devell, 1986 and Chyssler 
1986). The analysis shows a somewhat nuclide dependent size 
distribution. The nuclides studied were Ru-103, I-131, Cs-134 
and Cs-137. The particles studied have a size distribution bet
ween 0-10 um with the dominating activity below 3.3 um. An 
investigation from Oslo, where they have studied the particula
te activity in rain water (Norges Offentlige Utredninger, 
1987:1), showed that a high amount was washed out by the rain. 
These particles had a molecular weight >104 u, see Table 2.2. 

Table 2.2 Fraction of particulate activity in rain water from 
Oslo May 6, 1986. 

Nuclide 

Zr-95 

Ru-103 
l-131 
Cs-134 
Cs-137 

Ba-140 

Ce-141 

4 
% fraction with molecule weight >10 u 

80 

75 

50 
75 

75 

65 

90 

To get an idea of the activity distribution in the very small 
scale, rock samples were taken on outcrops exposed to the 
fallout and analysed by autoradiography, see Fig 2.6. Gamma 
spectrometric measurements of the rock samples show the same 
nuclide composition as can be seen in soil samples and gamma 
spectrometric measurements in situ from the same location. 
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During this rock sampling we found some very active particles 

on a vegetation free outcrop, from which the soil cover had 

been removed and the bare outcrop washed a few weeks prior to 
. 2 

the fallout. By searching an area of 9 m (Appendix A) with 

small contamination instruments we found seven active small 

areas (cm2). By using a portable diamond drill we could 

remove two of the active spots. The drill cores were put on the 

X-ray film for 1-55 hours and could thereby be identified as 

point sources, see Appendix A. By gammaspectrometric 

measurement we could identify these hot-spots containing Ru-103 

and Ru-106 with an activity of 10-20 kBq Ru-103 (ref date April 

26, 0000 GMT) and an activity ratio Ru-103/Ru-106 = 6.5. By 

optical microscopy it was also possible to show that the 

particle size is <5 um. 

0 5cm 

Figure 2.6 Picture showing rock sample (left) and autoradio

gram (right) from Finnsjon, sampling site F8 

(October 1986). Exposure time about one month. 

Analysis of a soil sample collected June 24 1986, on a bowl

shaped, vegetation free, outcrop at Finnsjon (sampling site F8) 

shows the radionuclide composition presented in table 2.3. 

(Skllberg et al, 1986). 
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Table 2.3. Analysis of the radionuclide content in a soil 

sample collected at Finnsjon (sampling site F8), 

June 24 1986, (Skalberg et al, 1986). 

Nuclide Activity* Nuclide Activity* 

(kBq/kg) (kBq/kg) 

Sr-90 0.17 Sb-125 2 

Zr-95 22 I-131 6.2 

Nb-95 41 Cs-134 10.5 

Ru-103 18 Cs-137 22.2 

Ru-106 16 Ce-141 8 

Ag-ll0m 0.6 Ce-144 33 

* recalculated to the sampling time 

A soil sample from sampling site F8 was analysed even with 

respect to Sr-90 activity. As can be seen the Sr-90 activity is 

present to about 0.8 % to that of Cs-137. To investigate the 

activity distribution in the very small scale, approximately 

0.4 g of the sample was distributed over an adhesive tape, 

which then was placed close to a X-ray film and exposed for 33 

days. The result is shown in Figure 2.7. It is obvious that an 

essential part of the activity is present as particles. 

Figure 2.7. Autoradiogram of 0.4 g soil sample from Finnsjon 

(sampling site F8) taken at a bowl-shaped vegeta

tion free outcrop. The sample was distributed over 

155-235 rrrn adhesive tape. The exposure time was 33 
days. 
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2.6 The Gidea area 

During the fallout in the Gidea area there was a snow cover of 

approximately 0.5 m thickness. The fallout activity will reach 

the ground either by migration through the snow or at the time 

when the snow is melting. A snow profile has been taken and 

analyzed, from an area about 80 km north of the Gidea area, see 

Figure 2.10. The sample was taken after a heavy rainfall and 

the snow was very wet. It gave approximately 0.7 l water per 

litre snow. 

Cs, 137 

(kBq!m2 ) 

2 3 4 

Activity ratio to Cs,137 

(cm) 

5 

10 

~ 

a. 15 .. 
C 
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25 

l 
0 
C 

u, I 
Figure 2.8. Snow profile taken at Stocksjo (63 46 N 20 09 E) on 

May 2 at 1700 Swedish daylight saving time (see 

Fig. 2.5). All data are given as log(Bq/kg) and 

recalculated to the sampling time. 

The snow depth was 30 cm and separated from the ground by an 

ice layer. This and other investigations (Sundblad, 1986) show 

the same tendency. The iodine activity has moved through the 

snow and was found in the bottom layer. On the other hand 

cations seems to be cought in the top layer, except for 

ruthenium, which could be found in the same amount in the 

bottom layer. These observations can be interpreted in the way 

that ruthenium is to some extent deposited as hydrofilic 

species or as an anion which was transported by water. The high 

activity of the other cations in the top layer can be explained 

by particles or colloids caught by the snow. Another 

explanation might be that the cations are hydrated and thereby 

integrated in the ice structure in the snow and thus stopped in 

the top layer. 

10 
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When the snow was melting the activity reached the ground by 
water transportation. This might explain the different 
appearence of autoradiograms from Gidea compared to Finnsjon, 
see Figures 2.6. and 2.11. It was difficult to find rock 
samples without lichen at Gidea. Therefore it is difficult to 
compare these autoradiograms. However, we can see that a lot of 
the activity was caught by the lichen (c.f. Figs. 3.2.6, 
3.2.7). Small areas free from lichen on the same stone show, 
however, very little activity. 

This observation indicates that the activity has been dissol
ved, at least to some extent, before it reached the ground. 

3291 Q 5cm 

Figure 2.9. Picture showing rock sample (bottom) and auto
radiogram (top) from Gidea, sampling site G26 
(October 1986). The exposure time was 48 days. 
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2.7 Summary 

The fallout is different in the Finnsjon and Gidea areas with 

respect to radionuclide composition and the amount of activity, 

depending on the content in the plumes, deposition and surface 

conditions. 

Substantial local variations in the ground surface deposition 

are observed both within Finnsjon and Gidea areas. 

The total surface deposition of Cs-134 and Cs-137 is about twi

ce as high in Gidea compared to Finnsjon, which also was valid 

for I-131 the first month. 

The fallout within the Finnsjon area contains a lot of refrac

tory elements like cerium, which is not found in Gidea. The 

activity per area unit of Ce-144 in Finnsjon is comparable to 

that of Cs-137. 

Investigations of early samples from Finnsjon indicate that an 

essential part of the activity was deposited as particles. 

The Gidea area was covered by snow during the fallout, which 

could dissolve some of the deposited particulate activity befo

re reaching the ground surface, which is indicated in this 

investigation. 

When looking into the chemical behaviour of the fallout it 

seems as two chemically different forms of ruthenium occur, one 

insoluble which stays where it was deposited and one form which 

is transported by water. 

The mobility of cobalt and antimony in soil profiles is higher 

compared to cesium. Cerium, however, seems to be detained in 

the very upper layer of the soil, indicating that cerium exists 

as a trivalent cation. 
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3. DEPOSITION AND MIGRATION WITHIN THE GIDEA STUDY SITE 

To be able to perform accurate budget calculations and mathema
tical model calculations of radionuclide migration and redist
ribution, based on a limited nunt>er of field measurements, the 
Chernobyl fallout study has been concentrated on two smaller 
sub-areas within the Gidea study site: 

o Orrmyrberget catchment area 
o Gi 2 area 

2 
(0.74 km ) 

2 
(0.14 km) 

The deposition and migration of the radionuclide fallout in 
biota, soils, surface waters, shallow groundwaters and on out
crops within the sub-areas have been traced by measurements in 
situ and sampling (followed by laboratory measurements) on 49 
sites at several occasions since June 1986. The sites (Fig. 
3.1.1) represent different geological. hydrological and biolo
gical domains within the area studied. The measurements in situ 
and sampling performed are sun111arized in Table 3.1.1. 

The surface deposition was measured at 24 sites by gamma 
spectrometeric measurements in situ, with 50 % of the count 
rate arising from activity within a radius of 3 mat a typical 
site. At nine of these sites soil profiles have been sampled 
for gammaspectrometric analysis at the laboratory to provide 
direct measurements of the activity distribution in the soil 
profile, and secondly to be used in comparison with the 
spectrometric measurements in situ for determination of the 
absolute surface deposition. On the outcrops drillcore samples 
and rock surfaces picked by hammer were collected for 
autoradiographic studies. 

To get a rough estimate of the rate which the radionuclides 

might migrate in the soils, eight sites were selected for 
repeated gammaspectrometeric measurements in situ and soil 
profile sampling and analysis. Measurements and sampling were 
performed in June and November 1986. 
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Surface- and groundwater were sampled for analysis of nuclide 

composition, environmental isotopes and physico-chemical 

parameters. Surface water was sampled at five sites in the 

system of creeks which drains the Gidea study site. Groundwater 

were sampled in a shallow dug well and from two discharging 

artesian drill holes. One of the drill holes was sectioned with 

two rubber packers to study nuclide migration in shallow, 

intermediate and deep groundwater. 

, ,, 
,!' 
'I 

- --:: ___ ... ~,,.,,,,.,'•'-- .. •. 
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-=-Brook 

............._Watershed 
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N 
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41 

0 500m 

Figure 3.1.1 Sampling sites within the Gidea study site. 

To be able to estimate the removal of radionuclides from the 

Gidea area, not only water but also sediment samples were taken 

in the creek which drains the area. 



24 

The sediment samples were taken at four sites down stream (out
side the area) where the water velocity was slow enough to 
allow suspended particles to settle out. 

Vegetation samples were taken at several sites and some of them 
coincided with sites for gamma spectrometric measurements in 
situ. The aim was to get a rough estimate on the distribution 
of radioactivity between surface cover and uptake by the 
vegetation at this early stage. Lichens, mosses, dwarf shrubs 
and trees (especially leaves and needles) were collected and 
analysed. 

Table 3.1.1 Sampling and measurements in situ within the Gidea 
study site. 

Site Soil y -spectr. Water Sediment Vegetation Rock 
In situ 

Gl 
G2 
G3 
G4 
GS 
G6 
G7 
GB 
G9 
Gl0 
Gll 
G12 
Gl3 
G14 
G15 
G16 
G17 
GlB 
G19 
G20 
G21 
G 

G 

22 
G23 

24 
G25 
G26 

27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 

39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

A 

A 

A 
A 
A 

C 
C E A 
C 
C 
C 
C 
C 
C 

A 
A 
A 
A 

D A 
A 

D A 
A 
A 
A 
A 
A 
A 
A 

E 

C 

B 

A 25-26 Jun 86 
B 7-11 Jul 86 
C 18-19 Oct 86 
D 4- 5 Nov 86 
E 17-19 Feb 87 

D 
D 
D 
D 

D 
D 
D 
D 
D 
D 
D 
D 

D 

D 
0 
0 
D 

C 

C 

BC E 

A 
A 

A 

A 

C 
C C 

8 
C 

A8 0 B B 
0 

A COE 
E 

C 
C C 

A8 

B 
C 
C 

COE 
C 
C 
C 

C C 
A 
A 

B 
A 
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3.1 Site Description 

3.1.1 Geology and topography 

The Gidea study site is situated in the northern part of 

~ngermanland county c. 30 km north-east of Ornskoldsvik, see 

Figures 1.1 and 3.1.2 (mapsheet 19 J Husum NW). A geological, 

geophysical and hydrogeological description of the Gidea area is 

given by Ahlborn et. al. (1983). 

Figure 3.1.2 Location of the Gidea study site. 

The study site is located on a flat plateau surrounded by major 

fracture zones which can be observed as dominating lineaments in 

the terrain. A topographical map of the study site, including 

locations of fracture zones at the surface, is presented in 

Figure 3.1.3. 

The study site is forested interchanging with minor mires. The 

soil cover consists primarily of till and sand, overlain in 

depressions by peat. 

Geologically the area belongs to the Sveco-Karelian mega unit. 

The dominating rock type is a more or less migmatized gneiss of 

sedimentary origin. In a smaller scale the gneiss consists of a 

fine-grained biotite rich paleosom and a quartz-feldspar rich 

neosom. Pegmatite bodies as well as veins of pegmatite have been 

found within the test site. The youngest rocks in the area are 

the cross cutting mostly E-W striking dolerites. A geological map 

for the Gidea study site is presented in Appendix A. 
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Among the fracture zones indicated at the surface within the test 
site, the following three zones are the most prominent: Zone 1 

and 2 striking NNE dipping 40° SE and 70° NW respectively, 

situated in the eastern part of the area and Zone 5 (E-W/subver

tical) in the northern part of the area (Fig 3.1.3). It can be 

noted that subhorisontal fractures dominate within the site. 

WIDTH OF FRACTURE ZONES 
0 SOOm GIOE.A 

--- 15-SOm lnt~l cl. contO<Kiones ·2m 

---- 5-15m 
)%,, 

/ Ooamond cr,tled borehole 

Figure 3.1.3 Topographical map of the Gidea study site. Major 
fracture zones are marked with broken lines. 
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Within the study site two smaller sub-areas have been selected 

for the Chernobyl fallout study: 

1) The Gi 2 area; This consists of the area within the radius of 

influence from the groundwater discharge of the artesian 

drillhole Gi 2 (Fig. 3.1.4). The area is characterized by moss 

and lichen covered outcrops, till and outwashed sediments. 

\ 
I . 

Orrmyrberget catchment area 
Gi 2 area o soom .______._ _ _.__.L-__.,_....J 

0-_ DIAMOND DRILLING Interval of contourtines-2m 

EB PERCUSSION DRILLING 

Figure 3.1.4 Sub-areas selected for the Chernobyl fallout study, 

Gidea study site. 
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Figure 3.1.5 Areal view of Orrmyrberget catchment area, Gidea 
study site (photo towards north-west from site G26). 

2) The catchment area Orrmyrberget (Figs. 3.1.4 and 3.1.5); The 
catchment area is dominated by a seventeen-year-old clearcut. A 
large part is covered with grass and widely scattered pine trees. 
The recharge parts of the area are dominated by till and outcrops 

mostly covered with moss and lichen. The recharge character of 
the area is shown e.g. by the presence of Fe-coatings (probably 
FeOOH) on the fissure walls found down to c. 25 m core length in 
drill hole 5. 

Since the whole area is situated below the highest coast line the 
soils are all reworked by the regressing sea. This has resulted 
in old shore lines of shingle. On the slopes till with washed 
surfaces is found. In the lower, central part of the catchment 
area there is sand and outwashed sediment. In the south there is 
a small fen dominated by sphagnum peat. Fracture zones within the 
sub-area are, except for the above described Zone 1 and 2, 

10 (N-S/90°) which connects Zone 1 and Zone 2. Additionaly 

zone striking E-W, dipping 70° N (Zone 9) is identified in 
area. 

Zone 

one 

the 
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The areal distribution of quaternary deposits and outcrops within 

the Orrmyrberget catchment area and the Gi-2 area is given in 

Table 3.1.2 and Figure 3.1.6. The distribution is preliminary 

determined from air-photo interpretation and field checks. The 

distribution of clearcut, fen and forested areas is given in 

Table 3.1.3 and Figure 3.1.7. 

Table 3.1.2 The areal distribution of quartenary deposits and 

outcrops within the Orrmyrberget and Gi 2 areas 

(preliminary determined from air-photo 

interpretation). 

Orrmyrberget area 73.6 ha 

Outcrop 

Peat 

Ti 11 

Sand 

Gi 2 area 

Outcrop 

Til 1 

Sand 

18.2 

0.8 

29.6 

25.0 

14. 0 ha 

6.8 

1.6 

5.6 

100 'l; 

25 'l; 

1 'j; 

44 'l; 

30 'l; 

100 ';; 

49 'l; 

11 'j; 

40 'l; 

Note 

Fen in central part 

Partly with a thin peat 

cover, especially in the 

lower central parts. 

Note 

Partly with a thin peat 

cover 

Table 3.1.3 The areal distribution of forest, clearcut and fen 

within the Orrmyrberget and Gi 2 areas. 

Orrmyrberget area 73.6 ha 

Forest 20.6 

Clearcut 52. 2 

Fen 0.8 

Gi-2 area 14. 0 ha 

Forest 2.7 

Clearcut 11.3 

100 i 

28 i 

71 i 

1 'j; 

100 'l; 

19 'l; 

81 'l; 

Note 

Old conifer, with lichens, 

some mosses and dwarf 

shrubs, dry. 

Including outcrops, see 

Figs. 3.1.6, 3.1.7. Grass 

and scattered pine trees. 

Clearcut 1970. 

With sphagnum peat. 

Note 

Old conifer, with lichens, 

some mosses and dwarf 

shrubs, dry. 

Including outcrops, see 

Figs. 3.1.6, 3.1.7. Grass 

and scattered pine trees. 

Clearcut 1970. 
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Figure 3.1.6 Quaternary deposits and outcrops within the Gi-2 Figure 3.1.7 

area and the Orrmyrberget .catchment area, Gi dea 
study site. 
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The areal distribution of Forest, Clearcut and Fen 

within the Gi-2 area and the Orrmyrberget catchment 

area, Gidea study site. 
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3.1.2 Hydrological and meteorological conditions 

The Gidea study site is located on the water divide between two 

drainage basins. The small local catchment area Orrmyrberget, 

selected for the Chernobyl fallout study, in the south-east 

part of the Gidea study site, is drained towards the north-east 

by small streams to the stream Husan (Fig. 3.1.2) which ultima

tely drain into the Baltic sea, after 19 km. 

The comparatively elevated position of the study site in the 

terrain, in relation to its surroundings, implies that it can 

be regarded as a recharge area. Minor local discharge areas are 

found in low-lying parts, in most cases consisting of peat 

bogs. 

Hydrological and meteorological data and conditions in the 

Gidea study site are based on statistical information obtained 

from SMHI (the Swedish Meteorological and Hydrological 

Institute). The meteorological station at Ornskoldsvik airport 

approx 10 km south-west of the Gidea study site has been 

regarded as representative for the study site. Precipitation, 

temperature and snow depth have been registrated there since 

1971. The station is situated at 103 m.a.s.l. which coincides 

well with the mean altitude of the Gidea site, 107 m.a.s.l. 

The mean monthly precipitation at Ornskoldsvik airport is 

specified in Table 3.1.4. Monthly precipitation during the 

period April 1986 throughout February 1987 is specified in 

Table 3.1.5. Compared to the mean precipitation the actual 

period had an excess precipitation of 14 ITITI (+ 2 %) i.e. very 

close to the mean value. This is also valid for the period 

May-October 1986, i.e. from the event of fallout and surface 

deposition to the last gamma spectrometric measurements and 

soil profile sampling before the winter, 364 m c.f. 371 ITITI 

(-2 %). However, in April and May there was 60 % more 

precipitation than the monthly mean values (122 ITll1 c.f. 76 rrrn) 

and in June there was 68 % less (17 c.f. 53). 
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Of the annual mean precipitation, 33 % is in the form of snow. 

Snow cover duration data have been obtained from measurement 

stations Mellansel and Nordmaling. At Mellansel, the ground is 

snow-covered for 160 days and at Nordmaling for 167 days. 

During the winter 1985/1986 the ground was snow covered until 6 

May at Ornskoldsvik airport and from 4 December 1986 there was 

again a durable snow cover. The duration of the ground frost 

period per annum is c. 143 days according to data from the Kasa 

meteorological station. 

Table 3.1.4 Estimated monthly mean precipitation (mm) at 
Ornskoldsvik airport. 

Precipita- J F M A M J J A s 0 N D Year 

tion 

unadj 46 37 ~ 38 38 53 73 81 65 61 73 61 660 

adj 55 45 41 46 46 62 73 92 74 73 87 71 765 

i snow 92 92 87 37 2 12 ~ 70 

Table 3.1.5 Monthly precipitation (mm) at Ornskoldsvik airport 

April 1986 - February 1987. 

Precipitation J F M A M J J A S 0 N D 

unadj 1986 
unadj 1987 

64 58 17 69 73 100 47 91 73 

When estimating the temperature conditions at the study site, 

data from Ornskoldsvik airport, and the neighbouring stations 

Hemling and Kasa have been utilized. Table 3.1.6 shows monthly 

mean values. The annual mean temperature at Ornskoldsvik air

port is c. +2.7°c. Monthly mean temperatures during the 

period April 1986 through-out February 1987 are shown in Table 

3.1.7. During this period April was colder than the normal mean 
0 0 

value (-0.6 C c.f. +0.5 C) and there was a warm November 
(+0.4 c.f. -2.6). 
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0 
Table 3.1.6 Monthly mean temperature ( C) at Ornskoldsvik 

airport, Hemling and Kasa. 

Station J F M A M J J A S O N D Year 

Hemling -10.7 -9.5 -5.l 0.3 6.3 12.3 13.9 12.4 7.5 1.9 -4.0 -7.8 +1.5 

Kasa -7.5 -7.8 -3.8 0.9 6.8 12.7 14.8 13.6 9.0 3.8 -1.8 -5.0 +3.0 

0-vil<.s -8.5 -8.7 -4.4 0.5 7.0 13.2 15.1 13.7 8.8 3.3 -2.6 -5.8 +2.7 

airport 

0 
Table 3.1.7 Monthly mean temperature ( C) at Ornskoldsvik 

airport April 1986 - February 1987. 

J F M A M J J A S 0 N D 

1986 -0.6 8.0 15.2 14.9 10.8 6.0 4.2 0.4 -8.5 

1987 -15.8 -9.0 

Values of potential evaporation have been obtained from the 

Bredbyn and Vannas meteorological stations. Values of the 

actual evaporation in the Gidea site have been interpolated 

from the isoline evaporation chart of Sweden (Eriksson, 1980). 

The potential evaporation amounts to 420 rrrn/year, the actual 

evaporation has been estimated at 410 rrrn/year in the Gidea 

area. Table 3.1.8 specifies the estimated actual evaporation as 

monthly mean values. 

Table 3.1.8 Estimated actual evaporation in the Gidea area. 

Station J F M A M J J A s 0 N D Year 

Adjusted 
Gidea 0 0 5 20 75 110 100 65 28 7 0 0 410 
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There are no runoff observations for the Gidea study site prior 
to the Chernobyl fallout study, but setting out from observa

tion data from other water courses with similar hydrological 

conditions the runoff pattern during a c. 50-year period has 

been simulated (Timje, 1983). These estimated run-off values 

which should be regarded as approximate are used for comparison 

with the runoff from the small catchment area Orrmyrberget mea

sured once a month. In Table 3.1.9 estimated runoff per month 

is specified. The annual mean runoff amounts to 11 1/s km2 

(345 nm/year). The runoff is low during the winter, in March 
and in August. Except for a peak, 50 1/s km2, in May, the 
runoff is comparatively evenly distributed, between 8 and 12 

2 
1/s km, during the remaining part of the year. 

2 
Table 3.1.9 Monthly mean runoff (1/s km ) for the GideA 

study site. 

Monthly mean 
runoff J F M A M J J A S 0 N D Year mean 

2 
1/s Km 3 2 2 11 50 11 10 6 8 12 10 7 11 

Discharge measured once a month in the small stream which 
drains Orrmyrberget catchment area are shown together with run 

off in Table 3.1.10. The measurement started in October 1986. 

During February and March 1987 measurements were impossible due 

to ice. The discharge for these months was estimated to one 

litre per second. 

Table 3.1.10 Discharge and runoff measured once a month for the 

Orrmyrberget catchment area within the GideA study 
site. October 1986 - March 1987. 

Discharge/ J F M A M J J A S 0 N D 

Runoff 

1/s 2 
1/s Km 

1/s 
2 

1/s Km 

1.1 ice ice 

1.5 1.4* 1.4* 

*estimated values 

6.2 9.2 11.8 

8.4 12.4 15.9 
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The water balance at the study site is determined by the 

following factors: precipitation, evaporation, runoff, change 

in storages and groundwater flow through the boundaries of the 

area. The precipitation amounts to the total of the other 

factors. The water balance of the Gidea site for the period 

1951-1980 has been calculated to (Ahlborn et al, 1983): 

Adjusted precipitation 

Actual evaporation 

Runoff 

765 !_ 25 rrm/year 

410 + 25 rrm/year 

345 !_ 10 rrm/year 

The annual precipitation exceeds the sum of the actual evapora

tion and runoff by about 10 rrm which is about 3 % of the 

runoff. This may be a function of the uncertainty caused by the 

estimated basic values and should thus be regarded as 

acceptable. Groundwater drainage through the boundaries of the 

study site is considered to be negligible. 

3.1.3 Groundwater conditions 

Within the Gidea site, the existing groundwater conditions have 

been determined 1) by measuring the hydraulic properties of the 

bedrock by means of water injection tests in 13 .drill holes and 

by test pumping in 5 drill holes and 2) by monitoring the 

groundwater table and the groundwater pressure at different 

depths in 37 drill holes (Timje, 1983). 

The data obtained have together with the hydro-meteorological 

conditions constituted the basis for numerical modelling of the 

groundwater flow (Carlsson et al 1983). According to the 

numerical modelling the groundwater percolation rate to the 

bedrock has been calculated to approx. 75 rrm/year. Consequently 

the major portion (270 rrm/year) of the runoff is circulated in 

the soil horizon and the uppermost part of the fractured 

bedrock. 

In the Chernobyl fallout study the groundwater table has been 

measured once a month since October 1986 in 13 selected 

drill holes within the local catchment area Orrmyrberget. 
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These groundwater level data coinside well with the previous 
observations and the following general description of the 
groundwater conditions in the Gidea site is regarded as repre
sentative for the 0rrmyrbrget catchment area. 

The position of the groundwater table is at its lowest in 
January through March. During snow melting the groundwater tab
le rises towards the end of March, reaching its maximum in 
April. From May through early August, the ground-
water table continues to subside, even though there may be a 
couple of minor recovery periods. In the middle and end of 
August there is a marked recovery and a new maximum is reached, 
due to low evaporation in combination with precipitation on the 
ground which has not yet become impermeable due to freezing. 
After that, the groundwater table is highly situated and 
comparatively stable until the beginning of December, when it 
again starts to subside. 

The measurement results are well in accordance with the normal 
annual variation of the groundwater table in southern Norrland, 
where there is, apart from the groundwater recharge in late 
spring, a secondary period of recharge during the autumn 
(Knutsson and Fagerlind, 1977). 

In general, the profile of the groundwater table reflects on a 
much smoother scale the topographical relief. In the Gidea area 
the groundwater table is located 1-3 m below the ground surface 
although in the more hilly parts and adjacent slopes the depth 
to the groundwater table can exceed 10 m. As a consequence the 
groundwater level varies between 100-120 m above sea-level in 
the 0rrmyrberget catchment area. Groundwater discharge areas 
are found at topographical low points in the central part of 
the catchment area, in conjunction with fracture zones 1 and 2. 
The discharge areas are shown in Figure 3.1.8. The areal dist
ribution of recharge and discharge areas are shown in Table 
3.1.11. In the recharge areas there is a downward oriented 
gradient for the groundwater, whereas an upward oriented 
gradient characterizes the discharge areas. 
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Table 3.1.11 Groundwater recharge and discharge areas within 

the Orrmyrberget catchment area and the Gi-2 area, 

Gidea study site. 

Area Distribution of recharge and discharge areas 

0rrmyrberget Total area 

Recharge area ea 

Discharge area* ea 

Gi-2 area Total area 

Recharge area 

Discharge area 

* The discharge areas in the near 

are not included. 

====Public road 

-=--Brook 

.,&...&..U..l,.Watershed 

---l!L-£1evation curve 

ffi2J Groundwater discharge 

., .. 
D Groundwater recharge area 

0 

73.6 ha 100 't 

65.6 ha 89 i 

8.0 ha 11 i 

14.0 ha 100 't 

14. 0 ha 100 't 

vicinity of the narrow creeks 

soom 

Figure 3.1.8 Groundwater discharge and recharge areas within 

the Gi 2 and Orrmyrberget catchment area, Gidea 

study site. 
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The sum of the discharge areas within the Orrmyrberget 

catchment area is c. 8 hectars which is about 11 per cent of 

the area. 

Drill hole 20, located in a discharge area, is artesian 
(Fig. 3.1.4). In drill hole 15, located on the boundary of 

another discharge area, the pressure gradient changes which 
indicates the near vicinity of the drill hole being a discharge 

area during the surrmer and a reacharge area in the autumn. 
Otherwise the areal extent of the discharge areas seems to be 

fairly constant through-out the year. 

Drill hole Gi 2, located just outside the catchment area in a 

slope of a high rock section, is also artesian and the 

groundwater pressure has been measured to 4.8 m above ground 

surface. However, the artesic water flow is probably caused by 

the drill hole itself intersecting and short-circuiting hydrau

lically conductive horizontal fractures. It can be noticed that 

results from the local hydraulic flow model show water flow 

directed downward (Carlsson et al, 1983). 

In drill hole Gi 2 the section 97-106 m was sealed off with 
rubber packers during June 1986 exclusively for water sampling 

in the Chernobyl fallout study. The drill hole is cased down to 

28 m and both the 28-96 m and the 97-106 m section is artesian 

and have been sampled for groundwater on three occassions. 

Geoghysical logging has been carried out in all the diamond 
drilled holes and is reported by Stenberg (1983). The tempera

ture as well as the resistivity logging show an inflow of fresh 

water at c. 100 m level in drill hole Gi 2. Results from the SP 

(self-potential )-logging and the core mapping show the presence 

of pyrit in the upper part of the drill hole. This combined 

with the presence of calcite coating within the fractures all 

along the drill hole indicate that no extensive inflow of oxy

genated water of low pH has occured in the undisturbed system. 
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3.2 Gamma Spectrometric Measurements 

Gamma spectrometric measurements have been performed in Gidea 

on two occasions, in June and November 1986. The method is 

described in Appendix C.l, the sites are presented in Figure 

3.2.1. 

Site Description 

Gl Till covered by moss and grass 

G2 Gravel plane at road cut 

G3 Moor 
G4 Till covered by moss and grass 

G6 Shallow till and outcrop 

G7 Outcrop at borehole H22 

GS Peatland outside the catchment area, 
700 m to the east 

G9 Gravel plane at borehole Gi2 

GlO Boulder rich soil 

Gll Outcrop 

Gl2 Bog 

Gl3 Bog 

G14 Moor 

GlS Shallow peat on till 

Gl6 Outcrop 

G17 Moor covered by grass 

G18 Till, grass 

G19 Moor 

G20 

G21 
G22 
G23 
G24 

G25 

Moor 

Till overgrown by grass 

Till 
Outcrop 

Outcrop 

Outcrop at borehole GiS 

===~Public road 

--=-Brook 

~watershed 

~Elevation curve 

• Sampling site 0 

Figure 3.2.1 Gamma spectrometric sites, Gidea study site. 

The measurements represent an average deposition of a circular 

area. The contribution is decreasing with increasing distance 

from the detector. The distance, where the fraction of the 

total photon fluence is 50 %, is approximately 3 m for a 

typical site. The corresponding value for a perfect infinite 

disc source is approximately 8 m. 

N 

l 

500m 



Table 3.2.1 Estimation of surface deposition with spectro-metric measurements in situ, given as k8q/m2 (~ 1 s). Compensated for shielding effects due to surface roughness and migration of activity. Measuring time: 2000 seconds. Reference date 1986-04-28. 

SITE DATE K 40 ZR 95 NB 95 RU103 Il31 
G 1 861105. 56.3 - 2. 50 0.0 - 0.00 o.o - ' o. 00 0.0 - 0.00 0.0 - 0.00 G 2 861105. 95.1 - 5.60 0.0 - 0.00 0.0 - 0.00 o.o - o.oo o.o - 0.00 G 3 861105. o.o - o.oo o.o - o.oo 0.0 - 0.00 0.0 - 0.00 o.o - 0.00 G 4 861105. 98.3 - 5.92 o.o - o.oo 0.0 - o.oo o.o - 0.00 o.o - 0.00 G 6 861105. 64.7 - 4.72 o.o - o.oo o.o - 0.00 o.o - o.oo o.o - 0.00 G 7 861105. 84.4 - 5.39 o.o - o.oo o.o - o.oo o.o - o.oo o.o - 0.00 G 8 861106. o.o - o.oo o.o - o.oo o.o - o.oo 0.0 - 0.00 0.0 - 0.00 G 9 860625. 99.9 - 4.41 2.1 - .27 3.5 - .26 14.7 - .57 166.7 - 26.78 9 861104. 93.5 - 4.45 o.o - 0.00 0.0 - o.oo o.o - 0.00 0.0 - 0.00 G 10 860625. 103.2 - 3.97 2.1 - .78 4.0 - .40 15.6 - .78 281.3 - 36.27 10 861104. 102.5 - 8.27 0.0 - o.oo o.o - 0.00 o.o - 0.00 0.0 - 0.00 G 11 860625. 99~4 - 3.91 o.o - 0.00 1.9 - .42 15.1 - .80 295.1 - 35.93 .;,. 

0 11 861104. 87.4 - 5.31 o.o - 0.00 0.0 - 0.00 0.0 - o.oo 0.0 - 0.00 G 12 860625. o.o - 0.00 2.2 - .58 4.8 - .58 16.3 - 1.50 554.5 - 74.38 12 861104. o.o - 0.00 o.o - 0.00 0.0 - 0.00 o.o - 0.00 0.0 - 0.00 G 13 860625. 15.7 - 2.51 o.o - o.oo 3.1 - .47 18.8 - 1.25 496.0 - 62.10 13 861104. 16.7 - 2.83 0.0 - 0.00 0.0 - 0.00 o.o - o.oo o.o - 0.00 G 15 860625. 9.8 - 2.34 o.o - o.oo 1.8 - .53 12.0 - .99 366.6 - 79.78 15 861104. 9.8 - 1.19 0.0 - o.oo 6.1 1.42 0.0 0.00 0.0 0.00 G 22 860625. 24.0 - 2.86 ~-7 - .23 4.7 - .26 28.1 - 1.18 2429.2 - 77.85 22 861105. 12.8 - 1.40 o.o - o.oo 5.2 - 1.30 0.0 - 0.00 0.0 - o.oo G 24 861106. 86.4 - 7.11 0.0 - 0.00 0.0 - 0.00 0.0 - o.oo 0.0 - 0.00 G 25 861105. 58.3 - 4.42 o.o - 0.00 0.0 - 0.00 0.0 - 0.00 0.0 - 0.00 

error due to counting statistics only(± 1 Sigma) given in the right column 
Q.O = not detectable 



Table 3.2.1 cont Estimation of surface deposition with spectro-metric measurements in situ, given «s 
kBq/m2 (+ 1 s). Compensated for shielding effects due to surface roughness and 
migration of activity. Measuring time: 2000 seconds. Reference date 1986-04-28. 

SITE DATE CS134 CS137 SB125 LA140 AGll0M 

G 1 861105. 27.8 - .70 47.4 - 1.31 0.0 - o.oo o.o - o.oo o.o - 0.00 
G 2 861105. 26.2 - .64 44.9 - 1.14 o.o - 0.00 o.o - 0.00 0.0 - 0.00 
G 3 861105. 25.0 - .53 42.2 - .92 o.o - o.oo 0.0 - 0.00 o.o - 0.00 
G 4 861105. 59.9 - .90 99.8 - 1.82 o.o - 0.00 o.o - 0.00 0.0 - 0.00 
G 6 861105. 29.4 - .73 51.3 - 1.22 o.o - o.oo o.o - 0.00 0.0 - o.oo 
G 7 861105. 20.6 - .65 38.2 - .89 o.o - o.oo o.o - o.oo o.o - o.oo 
G 8 861106. 19.1 - .46 33.5 - 1.26 0.0 - o.oo o.o - 0.00 0.0 - 0.00 
G 9 860625. 29.8 - .60 50.9 - 1.32 0.0 - o.oo 38.8 - 3.77 .8 - .14 

9 861104. 26.5 - .61 45.0 - .93 0.0 - o.oo o.o - 0.00 0.0 - 0.00 .i::,. 

G 10 860625. ·32.4 - .69 56.8 - 2.80 0.0 - o.oo 41.8 - · 4.53 .9 - .33 
10 861104. 27.9 - .82 50.2 - 1.30 o.o - o.oo 0.0 - 0.00 o.o - 0.00 

G 11 860625. 32.9 - .48 57.7 - 2.03 o.o - o.oo 44.9 - 5.64 .8 - .22 
11 861104. 33.1 - .82 59.8 - 1.11 o.o - o.oo o.o - 0.00 o.o - 0.00 

G 12 860625. 32.8 - .91 63.8 - 2.95 0.0 - o.oo 51.9 - 8.08 1.1 - .38 
12 861104. 28.8 - .57 50.8 - 1.10 o.o - o.oo 0.0 - 0.00 0.0 - 0.00 

G 13 860625. 34.4 - .95 60.3 - 2.10 0.0 - o.oo 52.8 - 7.22 .9 - .26 
13 861104. 27.8 - .63 46.9 - 1.58 0.0 - o.oo o.o - 0.00 0.0 - 0.00 

G 15 860625. 25.7 - .58 61.0 - 2.16 0.0 - o.oo 37.8 - 10.65 0.0 - 0.00 
15 861104. 20.7 - .34 36.8 - .58 o.o - o.oo o.o - o.oo 0.0 - o.oo 

G 22 860625. 31.7 - .75 68~3 - 2.39 1.7- .23 127.0 - 8.60 1.4 - .08 
22 861105. 30.8 - .40 52.3 - .84 o.o - o.oo o.o - 0.00 0.0 - o.oo 

G 24 861106. 57.7 - 1.32 104.7 - 2.37 0.0 - o.oo o.o - o.oo 0.0 - o.oo 
G 25 861105. 37.9 - .69 65.5 - 1.14 0.0 - o.oo o.o - 0.00 0.0 - 0.00 

error due to counting statistics only (± 1 Sigma) given in the right column 
0.0 = not detectable 
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A problem with this technique is the obvious influence of the 
surface roughness, thus causing an underestimation of the mea
sured surface deposition due to shielding effects. A method to 
compensate for this effect and comparison with soil samples is 
given in Appendix C.1. 

The nunt>er of spectrometric sites is limited. However, to be 
able to study the variations in a microscale (decimeter to 
meter) exposure rate measurements have also been performed 
around the different sites and along lines (Fig. 3.2.1). 

Results of the spectrometric measurements are presented in 
Table 3.2.1 covering the two periods in June and November 1986. 
Due to the half-life of the radionuclides and the measuring 
times used, it was possible to detect I-131, Cs-134, Cs-137, 
Ru-103, La-140, Sb-125, Zr-95, Nb-95 and Ag-110 m in June, and 
C-134, Cs-137 and Nb-95 in November. K-40 is also presented in 
the table and represents a measure of the mineral content of 
the site. 

The gamma spectrometric measurements are sunmarized in Table 
3.2.2. The variation between different sites and nuclides is 
shown for the two cesium isotopes. The coefficient of variation 
(CV) is around 10 % for Cs-134 and Cs-137, around 30 % for the 
other nuclides except I-131, which has a CV of 120 %. 

Table 3.2.2 Gidea, gamma spectrometric measurements, sunmary. 
Measuring time: 2000 seconds. 

Coefficient 

Mean of variation 
2 ('I,) Date Nuclide (kBq/m ) 

1986-06-25--26 I-131 655 121 

(7 sites) Cs-134 31.3 9 
Cs-137 59.9 9 

La-140 61.8 50 

Ru-103 17.2 30 

Nb-95 3.5 35 

1986-11-04--05 Cs-134 31.4 38 
(16 sites) Cs-137 54.3 ~ 



43 

Gamma spectrometric measurements were also performed on a 

relatively homogeneous surface to study the variations in a 

larger scale. A gridnet with the gridpoints 50 m apart was 

chosen. The number of points was nine. The result is shown in 

Table 3.2.3. The coefficient of variation is around 30 %. 

Table 3.2.3 Surface deposition (kBq/m2) in grid net (3x3 

sites, 50 m separation), Gidea. Reference data 

1986-04-28. Measuring time: 2000 seconds. 

Coefficient 

Nuclide Min Max Uncertainty Mean of variation 

(1 sigma t.) (t.) 

I-131 230 750 10 470 31 

Ru-103 10 22 8 15 23 

Cs-137 39 95 3 58 27 

Cs-134 22 53 3 32 28 

Nb-95 1.3 4,2 10 2,8 32 

La-140 13 73 15 52 33 

In Figure 3.2.2 the variation in activity between the two 

periods for site Gll, outcrop, is shown. The activity of cesium 

is almost the same, while there is a decrease of 60-80 % for 

site Gl5, shallow peat on till, see Figure 3.2.3. 

-e- Cs134 -e- Cs 134 

~ Cs137 ~ Cs137 

SurFoce deposition (k89/m2) SurFoce deposition (k89/m2) 

60 

40 

20 

Fig 3.2.2 Surface deposition 
site Gll, outcrop, 1986. 

60 

40 

20 

Days oFter Chernobyl 

Fig 3.2.3 Surface deposition 
site Gl5, shallow peat on 
till, 1986. 
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In Appendix C.1 it is shown how a decrease of photon fluence 
between two measurement occasions could be interpreted as an 
increase of the relaxation length or the half value depth of 
the soil profile. A decrease of 10 % of the photon fluence will 
correspond to an increase of the half value depth by 30 %. A 
source of uncertainty is the change of density of the upper 
soil layer due to change of water content, which will cause a 
equivalent reduction of the photon fluence. 

The ganrna spectrometric measurements in situ will only give the 
radiation pattern in a mesoscale. However, it is important to 
know the variations in a micro scale also. These variations in 
a microscale will give information of the initial deposition 
pattern and the redistribution after the deposition. One way to 
study this, in a simple way, is to measure the exposure rate 
(uR/h). The measurements were carried out by following two 
perpendicular lines, meeting at the spectrometer site. Comple
mentary measurements, randomly distributed in the quadrants 
were also done. 

The exposure rate at the different sites was measured in 
November, by large volume scintillation detector, and the 
results are presented in Table 3.2.4. The variation within the 
sites is smaller than that between the sites, CV is equal to 
10 and 20 % respectively. 

Table 3.2.4 Exposure rate (uR/h}, Gidea study site, 
November 1986. 

Site GI G2 G4 G6 G7 GB G9 G10 GIi G12 G13 GfS G22 G23 G24 G2S Mean CV 

uR/h 24.2 27.4 23.S 24.3 23.6 13.4 21.9 24.0 25.4 19,4 19.3 18.0 22.4 22.4 35.5 23.8 23.0 20% 

The exposure rate was also measured along a 800 m line from 
site G9 to G22, see Figure 3.2.4. The measurements were done 
every two metres, at a height of 0.7 m above the ground. 
These measurements represent the exposure rate including the 
natural background radiation. 
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Figure 3.2.4 Exposure rate along a 800 m line from site G9 to 
G22. Measured every two metre, at a height of 0.7 

m above the ground. 

The background values for the Gidea area are about 8-10 uR/h, 

obtained from the content of uranium, thorium and potassium-40 

in soil and bedrock. In Figure 3.2.4 the values are shown and 

the seven different sites are marked. The increased average 

23.6 uR/h (CV= 13 %) is due to the surface deposition. 

In Figure 3.2.5 an example from a "hot spot" is shown. The two 

curves are perpendicular to each other. The exposure rate above 

the "hot spot" is about two times as high as in the 

surroundings. 

G? 

DISTANCE CH) 

• • IOITH • SMJi 
EJ. tAS'T • VEST 

Figure 3.2.5 Exposure rate along to perpendicular lines 
(north-south and east-west) intersecting at site 
G2. Measured every two metres, at a height of 0.7 

m above the ground. 
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In Figures 3.2.6 and 3.2.7 the exposure rate from a outcrop 

area partly covered with lichen is shown. The two lines are 

perpendicular to each other and meet at the cross. It is evi

dent that the lichen holds higher content than the outcrop, 

especially in the lower part of the outcrop area, the right 
side of the figures . 

.. 
38 

29 

G 23/24 

X 

LICHEN 

18 a .zs .S ,7S I 1.25 1.5 1.75 2 2.25 2.S 2.7S 3 J.25 3.S 3.75 4 4.2S 4.S ,t_,s 5 

DISTANCE CH) 

Figure 3.2.6 Exposure rate from a outcrop area partly covered 
with lichen at site G23/24 . 

• 

21 
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X 
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Figure 3.2.7 Exposure rate from a outcrop area partly covered 
with lichen at site G23/24. 

To get a statistical value of the variation of the radiation 

pattern is to study the covariation between adjacent points in 
a series of values. This is done by calculation of the 
autocorrelation of the series. The result from these 
calculations is presented in Figures 3.2.8 and 3.2.9. 
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The autocorrelograms in Figure 3.2.8 correspond to the line G9 

- G22, with the measuring point distance of 2 metres, see 

Figure 3.2.4, and two perpendicular lines at site G2, point 

distance 1 metre, see Figure 3.2.5, respectively. The 

interpretation of the correlogram is that points within 25 to 

30 meters, in line G9 to G22, are correlated at the 95% 

confidence level. The corresponding distance is 3 to 4 meter 

for site G2. 
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Figure 3.2.8 Auto-correlograms corresponding to the exposure 

rate along the line G9 - G22 (Fig. 3.2.4) and the 

perpendicular lines at site G2 (Fig. 3.2.5). 

These two examples of correlograms presented in Fig. 3.2.8 

represent two different radiation patterns. One pattern with 

big differences within a short distance and the other with a 

more slowly fluctuating pattern. 

Another way to measure gammaradiation, in macroscale, is by an 

airborne divice. This has earlier been done in different parts 

of Sweden for prospecting purposes. Unfortunately no 

measurements have been performed directly over the Gidea site. 

However, an area only 5 km north-east of the site and with the 

same type of bedrock has been measured prior to the Chernobyl 

accident in 1984 by Swedish Geological Company. 

Results from these flight-lines are presented for thorium and 

uranium (potasium was negligible) together with line G9 - G22. 



48 

The correlation for the measurements from the airborne device 
is higher, as can be expected because of the difference in 
resolution. However the line G9 - G22 can be divided into two 
parts. The first part, representing the point difference of 0 
to 15 meters, has a fast decline. The second part, point 
separation greater than 15 metres, has a slower decline 
comparable to the flight-line correlogram. The interpretation 
of this can be that the first part reflects the deposition 
pattern superpositioned on the background correlation from the 
bedrock, corresponding to the second part of the correlogram. 

GIDEA 
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Figure 3.2.9 Auto-correlograms corresponding to the exposure 
rate along the line G9 - G22 and flight-lines for 
uranium and thorium. 

The correlogram can be locked upon as a "finger-print 11 of the 
radiation pattern. Repeated measurements and calculation of the 
autocorrelation can describe the redistribution of the gamma 
emitting nuclides. 
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3.3 Soil Profiles 

The use of soil profiles is twofold. Firstly, they provide a 

direct measure of the activity distribution in the soil, from 

which the relaxation lengths and half value depths can be 

estimated. These data can be compared with each other and with 

literature data, and they provide a foundation for a discussion 

of transport mechanisms. 

Secondly, soil profiles have been used in comparison with the 

gammaspectrometric measurements in situ for estimation of the 

absolute surface deposition. The technique of soil sampling and 

the comparison with the spectrometric measurements are 

described in detail in Appendix C.2. 

Soil profile samples have been taken in June, October and 

November 1986. The sites are presented in Figure 3.3.1. 

Site Description 

Gl Till covered by moss and grass 

G2 Gravel plane at road cut 

G3 Moor 
G4 Till covered by moss and grass 

GS Fen, with sphagnum peat 

G6 Shallow till and outcrop 

G7 Outcrop at borehole H22, 

with thin soil cover (5 cm) 

GS Peatland, outside the catchment area, 

700 m to the east 

G15 Peat,on clay 

G36 Ti 11 

G4S Till 

G46 Till 

G47 Gravel 

..............iwatershed 

-"-' Elevation curve 

• Sampling site 0 

Figure 3.3.1 Soil profile sampling sites, Gidea study site. 

500m 
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Site Gl5 sampled in June and November and sites Gl, G2, G3, G4, 
G6, G7 and GB sampled in October coincide with sites for gamma 
spectrometric measurements in situ. The activity of the samples 
are presented in Tables 3.3.1-3.3.3. Some of the radionuclides 
measured within the soil profiles are: Cs-137, Cs-134, Sb-125, 
Ru-106, Co-60, Ag-llOrn and in some cases also Zr-95. The 
results are exemplified in Figures 3.3.2-3.3.12 showing soil 
activity profiles. 

The results show that the nuclides migrate faster in peat than 
in till and sand. In till and sand profiles most of the 
nuclides are caught in the vegetation and the raw humus layer. 
However, a migration into the mineral soil can be detected. 

The activity ratios are very useful to compare the distribution 
and migration of the nuclides. A small decrease in the 
Cs-134/Cs-137 ratio can be observed versus depth, from 0.53 to 
0.43, indicating old bomb-test derived Cs-137 still present in 
the soil. In the profiles Sb~125, Ru-106 as well as Co-60 
mostly exhibit increased values related to Cs-137 versus depth. 
This increase does not apply to the Cs-134/Cs-137 ratios 
indicating a faster and different manner of migration for the 
other nuclides compared to cesium. This difference is more 
pronounced in the till and sand profiles compared to the peat. 

The soil profile measurements from site Gl5 and G36 have been 
used for curve fitting with least square approximations to 
different analytical functions, exponental and power curve 
together with direct integration of the total activity in the 
different layers. The results are presented in Table 3.3.4. 

Direct integration provides the best estimate of the total 
activity, used for comparison with the spectrometric 
measurements, and the power and exponential curve have been 
used for estimation of the half value depth. The power function 
provides the best fit to the experimental data, for sites G15 
and G36 indicating other transport mechanisms than pure 
diffusion. The uncertainty in curve fitting is however high, 
due to the limited number of data. 



Table 3.3.1 Activity in soil profile samples (Bq/kg d w) from Gidea study site. Sampling 1986-10-18--19. Reference date same as sampling date. 
Nu■ber Supl, dncrlplion1 Dlt• ol sa ■plinq O.t, of •n'1ysh 0.pth Cul Arta 1111 pH 1 H20 Dry •ght 6,01 Vghl lq- ■ I 

11: ■ •11:1t11::i:1:11:1:::::1:•:•11:':l•11•••••1n: ■■ 11::■ 2:11:11:••=1::1::::s11:1:1::i::r::e.:r:::c•=11:•11:•::•11:r:cs11:11::i:za:z:1::c::11:1t11:!l:ccr:11:1:1::i:s::rr:1:arr.:11: ■ 1::::i::s11 ■c11:11:1::a:::11::1:1:::11a11:a••z•••••••••••••••••••••••••• ■ 1t ■■ 11: ■ 11: ■ 11:11:11 ■ •■ •••11:c■ c ■ 11: ■ 11:■■■■ 

61, li!t,r hll lncl. surhCf v,g,htion looss, grass, hlgsl. 861018 870207 0-7 ,0625 81,30 53,,o " SOO 18,60 
Root c upel, r awhu1us 861018 070107 7-10 ,0625 1,45 eo,,o 87,60 " SOO n,,o 
Rohu■us 861018 870207 10-12 ,0625 77,U m,~o " SOO 126 
A1whu1us 861018 870208 12-14 ,0625 78 283,40 " SOO 138 
Ra•hu■u• lncl. 9ravtlly till. 861018 870313 11-16 ,0625 72 m " SOO 1'8 
Gravelly till 861018 870313 16-22 ,0225 4,45. 31,,0 11'0,60 " 500 657,80 

7 62, lit\,r fall incl. surhct vt9,htlon lgra,sl. 861018 870216 0-4 ,0625 77,30 10, "500 ,6,SO 
B Root urpd, rawhu1us 861018 870217 H ,0625 68,SO 242,50 ft 500 m,10 

' R1whu1us 861018 870114 HO ,0625 1,so 52 356,BO "500 32, ,60 10 Sand - bi uch•d hor h on 861018 870214 10-12 ,0625 20,20 ,eo ft SOO 781 II lllttr hll lncl. 1urhCf vtg,tatlon lgrusl 861018 870m 0-10 4,SO 47,30 2,s, 10 ft 500 2,5, 10 12 Sand - bi uchd hori rnn 861018 870227 IHI 4,60 II, 70 ,08, ,o B 250 m 13 Sand - bhachod horizon 861018 870228 17-25 1,,0 17 753,40 B 250 157 ,20 14 Sand - tnrichoent layer 861018 870228 25-37 1,,0 21,30 753~60 8250 482 IS Sand • tnrich■tnt layer 861018 870301 40-18 S, 10 56,?0 130,30 9 250 380 16 s,nd • bluch•d horhon 861018 870302 SO-SI s,10 

17 63, Sphagnu■ ,p. lncl •. Vfgthtion lhuthtr I higsl, 861018 870213 0-8 ,0625 91,30 14 " 500 37 18 Sphagnuo put 861018 870113 8-15 ,0625 n,so 110,50 " SOO IS 19 Sphagnuo p .. t - de9rtt of dtco■positlon H3' 861018 870211 15-18 ,om . n,10 153,BO " SOO 62,30 20 Sphagna■ put - d,grtt of dtcooposition H3' 861018 870216 18-22 ,0625 91 116,SO " SOO 86 21 Sphagnuo put · d,grtt of deco1position H3' 861018 870215 22-27 ,0625 ?S,70 '1,70 " 500 BB 11 Valer snpl• lroo 9round .. ter ,urfatt, 861018 870326 27- 100 " SOO m Ul 
23 Resldut' fro■ •ater •nplo 1bov, IJ2l prestn!td in IBq/1 oattrl, 861018 8703111 27· B60 m 
24 61, litter fall incl. surface vegetation lgrass, ooss and llngonberry hlgsl. 86101' 870218 ~· ,0625 73,40 86,20 " SOO 77,IO 
25 Root carpf! lncl. SOit ,tones, r,.hu■us 86101' 87021' l·B ,0625 4,60 51,20 470 ft 500 m,so 
26 Ra•hu■us 86101' 87021? B·.12 ,om 1,70 4' 150 6'9 ,30 ft 500 32B 27 Stony undy till - •nrich1tnt lay,r 861019 87021' 12-16 ,0625 19,10 1074 ft SOO 806 
28 Stony sandy ti II - tnrich■enl hytr 861019 870219 14-21 4,?0 12 180 1063,29 " 500 ?82 

2, 65, Sphagnuo sp. 86101' 870223 0-10 ,0225 31M vs,10 41 110 IISOO 30 
30 Sphagnu■ put - dtqrtt of decoopo,t tl on H2·H3 • 861019 870222 10-20 ,0225 93,60 41 ftSOO II 31 Sph19nu1 put • degrtt of dtcooposl lion H2-H3' 86101' 870212 2~30 ,om ,.,,o 3',30 "500 3',30 
32 Sphagnuo put - dt9ru of decoopositlon H2·H3' 86101' 870211 30-50 ,0225 95,70 37 ft500 35 33 Sphagnu■ put - dtgrtt of dtcooposl lion H2-H3' 861019 870220 50-70 ,om ,s,10 3',60 "soo 3',60 31 Sphagnuo pul • dtgrtt of decooposl tl on H2-H3' 86101' 87021' 70-,0 ,0115 '6,70 32 "soo 32 

35 66, lltttr hll lncl, surhct v,g,tatlon !lichen, ooss, huthtr higsl, 861019 870211 0-2 ,0625 35,SO m " 500 Ill 
36 Rootcarp,t, roohuous 86101' 870211 2-4 ;om SB,70 170,30 " 500 161 37 Ra•hu■us 86101' 870216 4-5 ,om IS, 10 :zos,,o B 250 187 ,60 38 Sindy till - bluchtd horhon 861019 870212 5-6 ,0625 20,10 717 180 " 500 676,BO 39 Sandy till • bluch,d horlton 861019 870212 6·8 ,0625 21,10 B?B, ,0 " SOO 780 
10 Sandy ti II - lbluch,d horizonl • ,nri ch ■ent hytr. 861019 870325 B-10 ,0625 3,,o 21,.10 13" " SOO 684 
II 6rmlly till • ,nrichoent. laytr. 86101' 870324 10-13 ,0625 1180 17,10 ,m " 500 831 12 6ravtll y tl II · enrl ch1tnl layer. 861019 870213 11-21 10,20 1180 "500 1071,BO 

13 67, Li tltr hit incl. veg,tatlon llichenl. 861019 870220 0-1 ,0625 71 182,70 B 250 115,SO 
41 Rawhutus 861019 870220 2-3.S ,0625 56,30 389 B 250 m 
CS Rnhu1us 861019 870220 3.S-1.S ,0625 1,20 18,60 U0,70 B 250 213,50 

C6 68, Sph1gnu1 put - cultivated, drained, 861019 870301 0-10 ,06 7',70 178,40 " SOO ,0,10 
47 Sphagnu■ put • cultivated, drlined, 861019 010m lo-20 ,0625 78,10 &12,60 ft SOO 76,U 
18 Sphagnu■ put - cultivated, duintd, 86101' 870301 20-30 ,0625 86,SO m " 500 76,10 

· According lo von Post 11'211, 
., Spha9nu1 put · cultivat,d, dr1ined, 861019 870302 30-10 ,01 BB,SO 313,20 ft SOO 100,30 

• Filttr piper, rtltntion 25 uo. so Sphagnuo pe,( • cultivated, drained. 861019 870227 40-50 ,01 87,60 398 N SOO 171 
SI Sphagnuo put - cultivated, drained. 861019 870126 SHO ,04 3,70 85,40 417,30 ft SOO 241,30 



Table 3.3,1 cont. Activity in soil profile samples (Bq/kg d w) from Gidea study site. 
Sampling 1986-10-18--19. Reference date same as sampling date. 

liutb,r l·IO hot I, in-51 hoe h C.·60 lune I, lr·9S tune h Ru-103 lune h Ru-106 tune h Ag-110• lune Is Sb-125 tune h C\-131 tune h t,-117 lune h Ct·III lune h 
1111 •••I•• lil:11 II• 1t 1111: 1111:1111111:11:at: I r2 ••c= •• •• S:t • ir••••• r•t•t:•••• a11•• ••••••••1ta1ttr ■ ll!ll 1t:: sra •~a•c••• ••airs•••••• 1 • ■ 1:tr1111 a1t 11: 1111a11•• cc 1 •• atarasea 111t11111ra 1,: r•• • •r.:: ae • • 11111 t 11:1t• •,.,11 ••• a •2 1:11 as n■ • a a11e.t1:!il 11111, aa II aa •• • •• •w•s•" 1ra II a 2 !2 • a 1111s :r.1r t • at 

1 
8 

' 10 
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311,70 
301 120 
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11,60 
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l,SO 
! 16{\ 

J2 
5,60 
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4,50 

3 

,M 
,,8 
,ll 

,54 

31 
19,I~ 

Jl 

15 

12,90 
31,iO 

l,OV 
1,01 

,95 
,la 

1,n 
182 

,10 2,,, 

31 ,10 
20,50 
n,eo 
42,30 

20,so 
52 130 

62,70 
11,10 

5,21 n,s~ 
s,n n 

8,55 11,20 21,56 16,10 5,41 !7,90 10,5! 14,50 m,10 ,60 m,10 ,,o 
IS,10 10,vo 50,t9 s,,o 1,11 11!,M ,,,, 1,90 m,,o ,40 m,so ,JO 
b,% 11,40 16 185 I 1,51 7 l2l ,30 275,30 ,20 

5,7l 11, 10 l ,11 40,40 31,5, 1,30 17,JS ,ao 
2,15 60,VO 1,51 10,90 6,27 S,30 20,18 2 

1,11 41,SO ll,91 2,&0 

12,n 28,20 20,20 14,lO 8,10 20,JO 215 ,so SM,10 ,lo . -- ---

6,81 37,70 5,9J lO,JO 141,20 ,VO Jll,60 ,60 
I0,2l J0,60 2,41 36,10 38,71 1,90 Ill, 10 ,90 
3199 21,50 l,t\4 _ -17 18,12 I 61,79 ,40 

23175 18,lO 3,3' 15 100 t,OI 22 190 275,20 ,40 lll,50 ,70 
I,,~ 7190 11 193 l,30 

1,09 20,,0 
,31 26, 70 

15,U 11,90 11 17 ll,80 ' 12 152 2J,JO l,ll 20,10 7,86 18,SO 161 ,10 l!5 1JO ,SO 

10,79 1,,0 ,21 33,90 4,12 20,40 1,65 15,20 25,13 ,70 57,23 ,so 
1,61 12,20 s,s1 22 110 t,55 44,80 n,J6 1,,0 56,91 1110 

10 109 II 131 41 170 415? 35 160 13 142 lb J,30 19,SO 35,65 1130 91 113 180 

10 152 13160 ,26 77190 9,99 23,SO 2,11 31,70 24 189 2 59,'1 1,20 
,J6 29,80 

1 11 75180 3119 28,40 ,56 II 6,94 2120 15,60 1,20 

17 18? 10,JO 2,96 
m,so J,so ,81 
m, 10 i,io ,32 
674,20 1,10 
871,80 ,90 ,11 &&,70 

11,,e 
12,11 
7,J8 
5101 ,,,s 
7,Jl 

e,20 
!9 ,80 
7,80 
7,JO 

,60 

Zl,20 27 ,8J 22 120 54 171 11,20 20,06 7, 10 21,55 10,50 365 150 ,SO BIS 130 .. 

50110 s,,s 21,70 3,VO 61,JO 5,55 21,lO 118,60 I 288,10 160 
89 1111 3V 110 21 176 2180 61,76 1130 

,n 

1,97 
,12 
,15 

,o, 

30 1 16 1190 
179 6? 2118 IS,10 1167 J,60 

83 160 51 197 1130 125 150 ,BO 
65,VO ,ll 11,20 S,78 2,10 1e,o, I 
BV,10 ,83 8160 2,Bl 3120 

,12 19110 1,vo ,,10 
139 13,20 1125 1120 

87,60 ,3l 16 190 ,VJ 51VO 

• ··20,es-··jo:20--··-,,;~. 37 180 6158 13,50 6,91 17,10 24 140 36,60 78,ll 8,30 Jl,81 10,80 Im ,JO m7 ,10 

51,H 2110 ,te 21 150 2,01 II 6,27 31,BO 27,16 5,50 11,11 7,80 29',50 ,20 688,40 ,20 

15108 2,10 115 77 120 ,SS ll,60 10191 12,90 3,26 19,SO 107,JO 150 m,70 ,JO 

Mo,10 1,so ,ss u,00 51,11 1110 m,Jo ,ao 
808,10 1,10 11,21 2,40 82,46 ,vo 

338,20 1,90 ,78 36,90 135 72 150 1,71 10,90 ,Sl Ol,50 10,87 l,20 15,ll ,VO 

529,10 190 2,87 60,50 ,85 51,10 ,71 52,lO 27,58 I 

Y\8 140 1,10 6191 48,10 2,lt 30 190 30,86 1,70 

ll:01··· io:so····· ··-. 10:10 II lV,21 47 150 142,10 13 160 J2,27 10 ll,99 17,60 2209 120 4967 ,10 

87,60 S,VO 1,99 19 52,H 21,10 16,37 21,10 1934 130 4175 120 

107,lO 5 1128 26110 54,ll ll,80 17,03 37,80 ll,11 26,80 ISb,60 140 218\ 120 

11;10 "" ,i,3o·-- ,,o 19,lO 10,M JV,10 1,16 lJ,90 . 1,14 21,VO U,80 1,10 160. -- ,eo . -
6,11 10,30 1,01 45,70 2,32 3,70 12,J3 1,70 

8,91 7130 ,Sl lt,70 9,50 1,10 

7,01 16 6,71 l,DO 

10 105 5140 174 19 160 1,97 1,70 

9,07 7,lO ,07 )8 7,~0 l 

(J"1 

N 



Table 3.3.2 Activity (Bq/kg d·w) in soil profile samples, taken 1986-06-25--26. 

Reference date 1986-04-28. 

No. Site Type Depth Area Water Organic Zr-95 Ru-103 Ru-106 Ag-110m 1-131 Cs-134 Cs-136 Cs-137 Ba-140 Ce-141 Ce-144 
content content 

(cm) (m2) ('t, ww) ('t, dw) 

9 Gl5 B Grass 76 l.17E3 1.13E3 3.00E2 l.32E3 2.52E~ 2.40E3 l.03E3 1.lOE2 

6 Peat 0-3 65 4.20£2 1.30[3 7.87[2 1.57E3 1.00E2 
7 3-10 56 3.20E2 7 .85El 1.54E2 
8 10-20 72 l.42El I. 98El 2.83El 

G36 A Litter 0-2 0.075 13 7 .4El 1.66E3 7.47E2 8.0El ,5_56E4 4.65E3 2.25E2 8.99E3 6.0E3 I. 9El 1. 71E2 

2 Raw humus 2-4 0.025 8 9. 70El l.90E3 1.61E2 3.15E2 U1 
w 

3 llumus 4-6 0.025 14 6.54El 1. 77E2 3.46E2 

4 Soil ,eluvial 10-13 0.025 5 3.27El 2.52[2 4.55E2 

5 ,illuvial 20-23 0.025 6 6.55El l. 79E2 3.67[2 

12 G4S K Grass 0.5 76 13 2.41E2 2.74E3 8.66[2 l. 70E2 3.02[3 5.57E3 6.72[3 8.30E2 

21 G4S L Litter/grass 53 l.66E3 5.12E2 3.90El 4.30E4 2.32E3 4.44[3 

27 " Soil 3-6 0.045 17 3.41E2 l.15E2 8.50E3 2. 77E2 5.40E2 

25 G46 K Soil/moss 0-3 0.045 58 1.33E2 l.13[3 2.66E2 1.31E3 2.60E3 
26 " Soil 3-6 0.090 33 1.08[2 4. 75El 1. 27E2 3.36E2 

28 G47 N Gravel 57 4.16El 2.58El 6.66El 1.22E2 



Table 3.3.3 Activity (Bq/kg d·w) in soil samples, taken 
1986-11-04--05. Reference date 1986-04-28. 

No. Site Type Depth Water Cs-134 Cs-137 Cs-134/ Cs-137 
content 

(cm) ('!',, ww) 

201 Gl5 Peat 0-3 69 2.4E3 4.2E3 
202 3-4. 5 74 3.2[2 2. IE2 
203 4.5-6 69 4.4[2 3.3[2 
204 6-11 68 <6.0EI 6.4[2 
205 11-16 72 3.5 El 1.5 E2 
206 Clay 16-21 35 <2.0 Et 2.0 El 
207 21-25 20 1. 1 E2 1.0 E2 

208 Gl5:2 Peat 0-1 69 1.4[3 3.0EJ 
209 1-2 68 1.8[3 2.5E3 
210 2-3 77 4.5E2 1.1[3 
211 3-5 73 3.0[2 1. 1E2 
212 5-7 71 3.0E2 9.4E2 

(JI 213 7-10 74 <2 .OEl l.1E2 .p. 
214 10-13 63 <2 .OEl l.3E2 
215 13-16 67 <2.0EI 7.0El 
216 Clay 16-19 60 <2.0El <2.0EI 
217 19-22 54 <2.0EI <2.0El 

218 G36 Utter 0-2 59 4.0[3 6. 7[3 
219 2-3 57 3.2E3 6.0E3 
220 Till 3-4.5 60 l.7E3 2.0[3 
221 4.5-5.5 59 2.5E2 1.lEJ 
221A 5.5-6.5 61 1.5E2 4.7[2 
222 6.5-7.5 55 <2.0El 2.2El 
223 7. 5-11 23 <2. OEl 3.5[1 
224 11-13.5 31 <2.0El <2.0El 
225 13.5-18.5 56 <2.0El <2.0El 
226 18.5-23 20 <2.0 El <2.0 El 



Table 3.3.4 

SITE TIME NLAY NUCL 

G 36 860625 5 CS134 
CS137 
RU103 

G 15 860625 3 CS134 
CS137 
RU103 

G 36 861106 6 CS134 
CS137 

G 15 861106 3 CS134 
CS137 

G 15 861106 5 CS134 
CS137 

Soil profile evaluation. Spectrometer estimation of activity based on an 
efficiency with 1/alpha = 2.0. Least square approximation with large weights 
on upper layer points. A zero value for quotient SPEC/SAMP means that no 
spectrometer measurements was available. 

EXPONENTIAL PROFILE POWER PROFILE SURF ACT. D 1/2 INT. ACT. R2 · SURF ACT. D 1/2 INT. ACT. (BQ/KG) (CM) (BQ/M2) (BQ/KG) (CM) (BQ/M2) 

2.17E+03 4.4 2.22E+05 .49 2.95E+03 1.8 3.05E+05 4.31E+03 4.8 4.74E+05 • ·45 5. 70E+03 1.8 6.68E+05 l.41E+03 4.0 1.30E+05 .68 1.59E+03 1.9 2.20E+05 

DIRECT INTEGRATION 
R2 INTACT. QUOT. 

(BQ/M2) SPEC/ 
SAMP 

.78·2.40E+05 0. 

.76 4.73E+05 0 . 

. so· 1.04E+os 0. 2.28E+02 3.6 l.91E+04 .91 4.43E+02 1.7 2.44E+04 1.00 2.07E+04 1.2 7.33E+02 2.5 4.15E+04 . 92. 1. OOE+03 1.6 3.57E+04 1. 00 3. 91E+04 1.6 l.97E+02 2.9 1.32E+04 .85-2.53E+02 1.7 1.18E+04 .98 1.10E+04 1.1 2.86E+03 1.7 1.14E+05 .86 l.95E+03 2.2 2.39E+05 .64 1.26E+05 0. 4.96E+03 1.7 l.92E+05 .86 3.44E+03 2.1 1.12E+06 • 66 ·. 2. 41E+05 0. 1.57E+03 1.3 4.64E+04 .85 l.37E+03 1.5 3.58E+04 .91 5.30E+04 .39 2.92E+03 1.3 8.91E+04 .90 2.27E+03 1.7 l.07E+05 .83 8.64E+04 .43 3.99E+02 -12. l.13E+05 .03 4.47E+02 3.76E-06 6.78E+03 . 01 1. 26E+05 .16 1.02E+03 2.5 6.00E+04 .76 6.95E+02 3.7 2.39E+04 .78 8.35E+04 .44 
Table 3.3.5 Half value and quarter value depth in soil profiles, October 1986. Determined 

by curve fitting, with a logarithmic function, to experimental data from large area (25x25 cm) soil profile samples. 

Site Soi 1 prof i1 e # of points Cs-134, 1/2-depth 1/4-depth # of points Ru-106, 1/2-depth 1 /4-depth 

G1 Till, medium, sandy (podsol) 4 7.2 9.0 4 7.2 9.3 
G2 Sand 5 3.8 4.5 4 3.7 5.5 
63 Peat 3 5.5 11.1 2 10.3 27.2 
G4 Till, coarse, gravel {podsol) 3 2.8 4.4 2 3.4 4.8 
GS Peat 4 7.6 10. 7 0 
G6 Till, medium, sandy {podsol) 6 1. 7 2.5 4 0.8 2.9 
67 Organic-leachen 3 2.4 3.7 3 1.9 3.0 
G8 Peat 3 6.8 9.8 2 5.4 16.1 

Ul 
Ul 
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The half value depths, presented in Table 3.3.4, are generally 
between 1 and 2 cm. 

Half value and quarter value depths have also been determined 
in the soil profiles Gl - G8, from large area (25x25 cm) soil 
profile samples. Cs-134 and Ru-106 depths were calculated. The 
cesium isotope Cs-134 was chosen because it is not present in 
the soil before April 1986. 

The depths have been determined by curve fitting to a 
logarithmic function which provided the best fit to the 
experimental data. The results are presented in Table 3.3.5. 
The 1/2-value depth is approximately similar for Cs-134 and 
Ru-106, except for the peat profile G3 where the 1/2-value 
depth was 5.5 and 10.3 cm respectively. The 1/2-value depth is 
approx. 7 cm in the peat profiles GS and G8 and 4 cm in the 
till and sand profiles. Interestingly the 1/4-value is 
generally deeper for Ru-106, which is more pronounced in the 
peat profiles, indicating the existence of a fast migrating 
chemical form of Ru-106. 

From the results presented in Table 3.3.4 and Figures 3.3.10-
3.3.12 one can conclude that it is difficult to compare profi
les, because of the variation in the initial surface 
deposition. Profile G36 shows that the activity has decreased 
by 50 % from June to November. The conditions are the opposite 
for profile G15, where an increase has been observed. The G15 
and G15:2 profiles taken in November show a difference of a 
factor of two in spite of the fact that the profiles are taken 
only 0.5 m apart. 

Thus, it is obvious that single profile samples are not enough 
for studying the migration of activity in soil, especially when 
the time development is in focus. Cumulative samples from 10-20 
profiles, taken within a radius of a few meters will be another 
sampling technique, to be used in the future. This technique is 
being developed. 
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Surface activity at sites Gl - GS determined from large area 

(25x25 cm) soil samples is presented in Table 3.3.6. The 

relative distribution (per cent) between the activity in the 

uppermost layer and the complete profile is also given. 

The activity of soil and some vegetation samples from June 1986 

is suJTITlarized in Table 3.3.7.The Cs-137 activity of the diffe

rent soil layers (0-3 cm, 3-6 cm and 6-10 cm), lichen and grass 

is shown in the su1T1T1ary table as well as the activity ratio in 

relation to Cs-134. 

The mean surface activity of Cs-137 is 5500 Bq/kg d w. This is 

equivalent to grass samples, while the lichen holds about 10 

times higher activity. 

In 1982 Studsvik AB (Sundblad and Bergstrom,1983) measured the 

activity levels at the Gidea study site. The Cs-137 content of 

the upper soil (0-25 cm) varied between 10 to 30 Bq/kg d w. The 

content in grass was 5 Bq/kg d w. 
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Table 3.3.6 
2 

Surface activity (kBq/m ) in soil profile samples 

taken 1986-10-18--19. 

Surf1ce ICtivlcy w1th1n G1del ,,... 

Act1v1cy k8q/m2 (saq,11ng date) Ratio 

Site Date Aro Depth Zr-95 ltu-103 Ru-105 Ag-lllkn Sb-125 Cs-134 Cs-137 Ce-144 Co-60 Hn•S-1 Cs-134/Cs-137 

61 861018 25"25 c:a 0-22 ea 0.2 0,6 2.0 0.2 0,5 9.23 21.79 0,07 0.06 o.~z 
+ 0•7 cm 48 27 24 47 34 33 30 29 0 

GZ 861018 25x2S ea 0,12 Clll 0.2 0,8 0.3 8.01 19.58 0,05 0.41 

+ 0•4 cm 100 49 46 55 52 65 

G3 861018 · 25x25 C111 0-27 Cir, 0.1 l.l 0.08 0,4 6.17 14.22 0.04 0.43 .. 0-8 Cl\! 0 22 100 39 50 49 53 

64 861019 2Sx25 cm 0,16 cm 0.2 0,5 l.l 0.5 0.6 10.95 26.64 0.09 0,0 

+ 0-4 an 0 100 87 75 71 60 56 59 

66 861019 25x25 cm 0-13 cm 0.2 0,9 3,4 0.05 l.5 43.26 98.48 C.3 0.l o.~ 
+ 0-2 cm 100 88 75 0 78 80 78 77 61 

67. 861019 25x25 cm 0-4.5 cm 1.0 6.6 l.6 1.4 133,5 302,6 0,6 0,44 

+ 0-2 cm 100 55 51 65 42 42 43 

68 861019 25"25 cm 0-60 cm l.2 0,4 0.4 5.99 17 .55 0,05 0,34 

+ 0-10 cm 81 100 100 94 80 100 

+ Percent 1et1v1ty w1thin the first layer 

Table 3.3.7 Surrrnary of soil, lichen and grass samples taken 

1986-06-25--26. Reference date 1986-04-28. 

Cs-137 Ratios to Cs-134 

No. of 
Type samples Mean CV {%) Cs-137 Zr-95 Ru-103 Ru-106 I-131 Ba-140 Ce-141 Ce-144 

Soil 
(0-3 cm) 9 5 500 74 1.89 0.05 0.62 0.20 15 1.3 0.08 0.13 

Soil 
(3-6 cm) 5 260 BO 2.32 0.85 0.42 21 

Soil 
(6-10 cm) 3 63 65 2.28 1.30 0.59 53 

Lichen l 60 000 - 1.93 0.03 0.33 0, 11 21 1.0 0.09 0.04 

Grass 5 5 120 85 1.96 0.28 0,67 0.22 2.5 0.32 0.08 
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3.4 Outcrops and Fractures 

Drillcore samples were collected from the outcrop at sampling 

site G25. One of the drillcores consists of finegrained biotit 

rich paleosom and the other core was drilled in medium grained 

granitic neosom. Additionally seven samples of more or less 

exfoliated rock surfaces were picked by hammer at sampling sites 

G26,G28,G33 and G34. At sample site G44 another 4 drillcore 

samples were collected. All samples consist of the sedimentary 

gneiss which dominates the area. The sample collection and 

analysis is described in more detail in Appendix C.3. The 

sampling sites are presented in Figure 3.4.1 and the results of 

the analyses are presented in Table 3.4.1. 

Site 

G25 
G26 

G28 
G33 

G34 
G44 

Description 

drill core 
rock surface 

" 

" 
II 

dri 11 core 

s..cnuprlvet road 

~s,ook 

~watershed 

--!.!!-Elevation curve 

• Sampling site 0 

Figure 3.4.1 Drillcore and rock surface sampling sites on 

outcrops, Gidea study site. 

N 

l 
/ 

soom 



Table 3.4.1 Results from analyses of drillcore and rocksurface 
samples, taken 1986-10-18--19. 

Nuner ~•pll! description Dall! of sa■plin9 Date of analysis lichen co,er Autoradiogra■ Exposure ti ■e 

I 625, Dri II core 861018 861103,871013 No Yes 360 h, 298 d 
2 Drill core 861018 861103,870205 No Yes 360 h1 4B d 

3 6261 Ha■■er rocl sa■pl e 861018 861103,870205 Yes \'es 360 h, 48 d 

Re1arks1 

Ill Very lll!ak blacbnin9. 121 lleal blackening •Ith a spot. 
II, 21 One slrong black spot. 

11,21 leal uneven bhdenlng. 

----------------·---------------------------------------·-------------·---------------4 628, Ha■■er roct s11ple 861018 861103,870205,871013 No Yes 360 h, 48 d, 209 d 11 12131 Veat blact,ning •ith uni! llhct strong spot. 5 H11■er rocl s11ple 861018 870205,871013 No Yes 48 d1 209 d 11,21 Neat blackening Mith 3 sull discrete spots. 6 H11■er rod Sllpl e 861018 870605 Partly Yes 79 d lleak.blackening with one spot. 

----------------------------------------------7 633, Ha■■er rod sa■ple 861019 861103, 870205 Yes Yes 360 h1 48 d Ill Weak blackening. 121 lleak blickening, aany s■all spots. 

8 634, H11■er rock saeple 861019 870205 No Yes 48 d Neat blackening, 
9 Ha■■er rock s11p h 861019 870205 No Yes 48 d No blackening. 

10 644 1 Drill core 861019 860705 No Yes 79 d lleak blackening. 
II Drill core 86101'1 No No 
12 Drill core 861019 No No 
13 Drill core 861019 860705 No Yes 79 d lleat blackening with one s■all spot. 

-...J 
0 
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The autoradiographic study of the rock surfaces indicates an even 

coating, but with high radioactivity on lichen covered surfaces 

and very low activity on rock surfaces without moss and lichen, 

see Figure 2.11. However, most of the rock surfaces are covered 

with mosses and thin layer of lichen. 

From exposure rate measurements it is also evident that lichen 

holds higher activity than the uncovered outcrop area (cf. 

Figures 3.2.6 and 3.2.7) 

This sorption by lichen indicates that the activity has been 

dissolved in the snow cover, at least to some extent, before it 

reached the rock surfaces, c.f. section 2.6. 

No differences in activity can at present be correlated to 

different mineralogical composition or grain size of the rock 

samples. 

Gamma spectrometric measurements in situ have also been performed 

on outcrops (cf Fig. 3.2.1) and the results from the sites G7, 

Gll, G24 and G25 are presented in Table 3.2.1. 

Exposure rate measurements at the spectrometer sites (Table 

3.2.4) show somewhat higher values on the outcrops (sites 

G7,Gll,G23,G24 and G25), e.g. the more elevated parts, than the 

surroundings. Since the study site was snow covered during the 

time of deposition and snow cover is usually thinner on the 

elevated parts in a hilly area, the migration/transportation of 

the radionuclides by melting snow, may have been smaller from 

these parts. 
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3.5 Water and Sediment 

Within the study site surface water, groundwater and sediment 
were sampled for analysis of nuclide activity. In some samples 
also environmental isotopes and physico-chemical parameters 
were analysed. The sampling sites are presented in Figure 3.5.1 

Site Description N 

,t 
G9 water, dri 11 hole Gi 2 

G15 B water, brook 
.:.:.:: 

43 
42 

G29 water, brook 41 

G31 water, dug well 

G32 water, dri 11 hOle 20 

G37 water, dug pit outside the 

area 700 m to the east 

G40 water, brook 

G4S water, rock crevice 

G49 water, brook outside the 

area 500 m to the nortn 

G38 sediment, from brook 

G39 

G41 

G42 

G43 
====Public road 

--=-erook 
~watershed 

~Elevation curve 

• Sampling site 0 soom 

Figure 3.5.1 Water and sediment sampling sites, Gidea study 
site. 

Groundwater was sampled in a shallow well (site G 31) in the 
central part of the Orrmyrberget catchment area, with a depth 
to the groundwater table of c. 0.40 mat the end of October. 
Discharging groundwater was also sampled from the artesian 
drill holes 20 and Gi 2 (sites G 32 and G 9). Nuclide activity 
in groundwater samples and samples from the creek which drains 
the Orrmyrberget catchment area (site G 158, G 29, G 40 and 
G 49) is presented in Tables 3.5.1. and 3.5.2. 

,, ,, 
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In Table 3.5.2 also activity in water and sediment from river 

Gidealven is presented. In Table 3.5.3 radionuclide activities 

in sediments, sampled within the Gidea study site, are presen

ted. 

It is observed that: 1) many of the fallout nuclides are found 

in the brooks, draining the catchment area, and 2) the activi

ties decrease from June to July. 

Ruthenium, though in very low activities, are found in water 

sampled from drill hole Gi 2 level 97-106 m (site G9) and from 

drill hole 20 (site G32). Ruthenium is also present in water 

from the shallow well {site G31) in the area. In the well also 

Ag-llOm is found. 

Analysis of the ruthenium activity (cf. section 2.4) shows that 

it seems as if two chemically different forms of ruthenium 

occur, one insoluble form which is detained on outcrops and in 

the uppermost layer of the soils and one form which is 

transported by water, e.g. high mobility in soil profiles. 

Ruthenium found in the well and the drill holes gives further 

indications on the existence of the latter form. 

In the sediment samples {Table 3.5.3) activities of naturally 

occuring K-40,reflecting the weathering processes of the bed

rock and soils, are found. The activities of Ru-106, Ag-llOm, 

Cs-134 and Cs-137 indicate transportation by water from the 

study site of these radionuclides. 

According to the physico-chemical analysis the water sampled at 

the 28 to 96 m section within Gi 2 can be described as a 

HC03-Na-Ca water of pH 7.7. The water is not saturated in 

respect of CaCO. Compared with analyses of the artesic 
3 

groundwater sampled at 178 m core length, reported by Laurent 
2+ 

(1983), the water shows a lower content of Fe as well as 
2-

higher content of SO indicating less reducing 
4 

conditions than in the deeper groundwater. 



Table 3.5.1 Activity in water samples (mBq/1, sampling date) from Gide~ study site. 
~u,brr Suplr dr,criplion, o.t, of u1plin9 Dato of andysls Yolu1t Ill pH 6,01 Co-60 Iunc h lr-95 lune h Ru-103 lune h Ru-106 lune h Ag-1101 lune Is Sb-115 lune h 

10 
II 

12 

15 
II 

15 
16 
17 
18 
19 

20 

~utbtr 

10 
II 

12 

15 
II 

15 
lb 
I 7 
19 
19 

20 

69, gruund .,1,, fro, lrvrl 18-96 •· 860711 B70J21 
ground otrr fro• hvrl 91-106 •• 860711 870322 
9ruund •ilrr fro, lrvf! 107- •• 860711 870321 
9round "''" lroo hvrl 18-96 •• 861019 870317 
gruund .. 1., fro• lnrl 28-96 •· 870218 870319 
9round ••Irr fro, lrvrl 97-106 ,. 870216 870320 

619, brool .. 1., 860615 071028 
brook ulrr 060108 870906 

95 
47 
13 
m. 
115 
ilS 

10 
10 

8 

NSOO 
11500 
11500 
NSOO 
NSOO 
NSOQ 

~OJ 
860J 6,16 20,M 105 28,30 brool uhr 060710 070317 24 9750 169 ll,80 540 I toe 16,90 55,BO n,10 45,70 11150 

6)1, st.gn•nl u!rr fro, • wrll, 861019 0103j5 100 7 ,s NSOO I, 14 54,50 st,gn,nt ulrr lro, a rrll, 870224 070327 m NSOO 

652, drillhol, utrr 870218 870119 125 NSOO 

657, dug pit, io sandy till, collfding Inflow ••Irr, 860710 070915 10 B60J S,29 23,90 dug pilr in s1ndy till, collrclin9 inflow nlrr, 860710 870515 24 mo 
610, brool Mllrr, oediu ■ last How. 860707 870904 to B60J 6,14 brool ••Irr, ■rdiuo fast flow. 060710 070316 48 8250 l,U brool wattr, ■ ,diu ■ last How. 061001 870314 50 NSO-O brooi water, ■ tdiu, fast flow, 86101V 870312 100 s,1 NSOO brook ••trr, slo• flo• under ice. 870218 870330 100 NSOO 

618 1 stagnant ••ler fro, 1 crrvice. 860708 870908 10 860J 7 ,01 

Cs-Ill lune Is Cs-Ill lune Is c,-111 lune Is c,-n11r,-m Reurh: 

1,91 73,80 

,36 63,90 

m I ,SO 1170 ,eo ,49 
HB 1,10 918 ,60 ,49 
m 1,20 m 2,10 ,10 ___________ ,. ______ ,.. __ .., ----·---·----.......................... ------m 1,30 191 ,70 ,37 

75 1,10 222 ,60 ,JI V,lrr supl,d by S-[ Westrrin htrr in lrbruary. ·----------------·-.. --------·-------------------------·-----------·--------... ------------------------

m 
166 

I ,10 
1,90 

SIS 
m 

,6-0 
2,30 

,16 
,40 --------------------------------------------------------------------------------------------,-----------------------293 1,40 619 ,70 ,47 

217 3,50 520 1,00 ,12 
79 4,so 221 2,10 ,36 

69,30 2160 201 1,10 ,JI 
63,40 1,so 195 ,10 ,53 ·---------------------------------------------------------------------------------------------------------

,80 711 ,(o ,48 

24,90 
66,60 

11,90 

3,99 96,50 

1,51 73,50 

112 21,70 
110 I 

140 I 
51, 10 32,20 
28,70 32,80 

IY 22,30 

109 18,50 

I htr of aulym Aug 1'86, 

11,90 
S,20 

21, 10 
29,70 

35 56,50 

37 52 
18,10 41,70 
IS,20 21,90 
l ,3) 23,20 

llusurrd ,nd analyad by a 151 HP6r·dehctor fFVlffl 1,9 lrYI, 
connectrd to a 81Vl-channrl Srilo [616 NCA, calibratrd by I 
Aoershu ,irrd shndard solution, 

14,90 31,90 

1,93 53,6-0 
3,84 35,70 

18,90 21,30 



Table 3.5.2 Activity in water (Bq/kg) and sediment samples 
(Bq/kg d w) from Gidea study site and from the 
river Gidealven.Sampling 1986-06-25--26. Reference 
date 1986-04-28. 

Water Organic 
No. Site Type Depth Area content content 

(cm) (m**2) ('t, ww) ('J,, dw) Zr-95 Ru-103 Ru-106 Ag-llOm 1-131 Cs-134 Cs-136 Cs-137 Ba-140 Ce-141 Ce-144 

34 G9 Water 0- 96 m 
35 Water 97-106 m <l.OEO 
36 GIS B Water, creek 5.2El 1. 20EO 
39 G31 E Water, dug well 8.60[-1 2 .30EO 
37 G49 Water, creek 4.70[-1 2 .30EO 
38 Gidealven Water 6.80[-1 <l .OEO 
40 " Sediment 0-2 74 5 2,32[2 7.84[2 1.81[3 
41 " 2-4 60 4.lOEl 
42" 0-4 2.8[-3 3. 21 El 6.80El 

'-l 
u, 



Table 3.5.3 Activity in sediment and residue from water, GideA study site. Reference date same as sampling date. 
Nu■brr Suplt d"criptionl o.t, of u1plln9 0.tr of analysh Arra l H10 Dry wght 6to■ V9ht lg-tl 

1!11 6J80 R,sidu, fro• ••ltr l(JI Hilltr P•Ptr, rrltnlion 15 u•l (Pq/1 •lltrl. 
1111 Residur lroo ••Irr 1m !glass libtr lllltr, rrlenllon 1,2 ••I !Bqli ultrl. 

861019 870111 ,08 
861019 870128 ,oo 1131 W.!tr colltcltd log•lhtr with ,edl .. nt, llltrat,d, 861019 8)0811 ,00 J(IJ Sfdilfnl ts,nd ,nd dud ••9•!1\lonl. 861019 870110 ,00 

1!11 6l9, R,sidu• fro, ••lrr 2rn Hillrr ·p,ptr, relrnlion 2S uol !Pq/1 uteri, 86!019 810113 ,08 2111 Rrsidu• fro, ••I" 2m !911,s li~tr lillrr, rrtrnlion f,2 u ■ I f!q/1 ••t,rl, 861019 870116 ,00 21ll W.lr< colhcl•d log•lher with Sfdi ■ •nl, ltllralrd, 861019 870812 ,00 2(0 S•dilfnl h•nd 1nd dud veg,tallonl. BUOl9 870!0'I ,OB 
JIii 641, Rrsidu• fro, utrr Jm Cliltr< paprr, rrtrnlion 25 u•l IPqll ulrrl. 86!01' 870511 ,u 3121 Rrsldut !roe ulrr JIJI l9hu ilbtr 111hr, rthntlon i,2 u ■ I 18qll ••l,rJ, 861019 870508 ,u Jlll Viler coll,cted !ogrlhtr •i lh srditrnl, Ii llra!rd, 861019 870810 ,16 3111 Stdi ■ rnl fund and dud ngrhtlonl. 861019 870410 ,u 
IHI 642, Rrsidur lr01 ••ltr ,m, lncl, prtcipllatlon lllltrr p,prr, rrltntlon 25 VII IBqll .. trrl. 8&1019 870111 ,o, 1121 Rttldur fro, o.trr 4131, lncl. prtelplhtlon l9las1 flbtr lllttr, rt!rntlon 112 u ■ I 18qll uhrl, 861019 870513 ,09 4(31 v,trr colltthd togdhtr with ndilfnt, filtrated. 861019 870812 ,09 110 Srdllfnt (sand and dud ngthtlonl, 861019 870113 ,09 
SIil 613, Rnidu• lr01 uhr sm, Intl. prtcipihtlon !filter paper, r,trntion 25 u,I !Bqll waltrl. 861019 870115 ,06 5121 R"ldu• fro, •o!rr 5131, incl, prtclpil1tlo• l9hn libtr llltrr, rt!ention 1,7 ual 18qll uteri, 861019 870501 ,06 sm Viler eolhettd togelhtr with sodhent, llltrattd, 861019 871109 ,06 5111 Sediarnt I sand 1nd dud vr9,htlonl, 861019 871108 ,O& 

Nu ■brr lr·95 lune h Ru-106 lune h A9-II01 lune Is Sb-125 lune h Cs-Ill lune h Cs-137 lune Is Ce-111 lune Is lll/C1-ll7 R,urht •c••••••••••••..-=•1:cac•••as1a:acca1:ca1:•r•t:1:a1:1:a1s1:aca•1:••••r••r11••• .. ••••••••1:1:aaaasa1:rc1:11:11:ast:c1:••••1:•c•••••1:••••••••• .. •••c••••••••••'c•••c■u■■ tr■■ cl:a■ r ■ ••••• 1111 
I (11 
(<JI 
1111 

1),10 

20 

,99 29,20 

J0,80 

10,82 
,so 

283 

5,70 
32,30 

15,56 
1,31 
3,20 

700,20 

l,40 
9190 

21,90 
,so 

,42 
,37 

,40 
2111 S,63 11,!0 12,12 6,10 • ,17 2121 14,21 17,10 1,91 28,20 ,61 U,70 2131 

5, 10 JS,60 2(11 10,60 52,80 26,70 12,SO 398,10 ,10 980 ,20 ,41 
JIil l,80 10,70 8,65 1,10 ,II ------3121 
Jill 
JIil 

4111 
1121 
m, 
1111 

5111 
5121 
Slll 
5(11 

5,10 52,20 18,50 7, 10 m,10 
2,90 

,20 581,50 
10,50 

,10 ,10 
1,21 - --~ao _____ e;i6 ---1: 10 - ,19 -- ---

,19 JI 
1,10 10,90 

3,so u,10 m,ao ,4o 1146,60 120 ,u 
- -- -- -- ,ii ____ is;io _____ i;i9 _______ 0 - - ,12 --------

,10 
m,10 

38,80 1,70 
,SO IOSJ,20 

8,50 
,JO 

,H 
,41 

860 
860 

P250 88,20 
11,70 716 mo m 

860 
P60 

mo 54 
18,80 746,20 mo 551,20 

860 
860 

1250 106 
18 698 mo 513,80 

860 
860 

1250 156 
19,10 m,so 8250 m 

860 
860 

mo 152,80 
28,10 !OJ 860 Bl,BO 

K-10 lune h Co-60 lune Is 

56,50 11,60 
6l,60 2,SO ,12 23,20 

122,60 6,90 
508,20 2,90 1,60 58,JO 

---------------------------- ---- -- -----87, 91 1,10 
91,70 J,90 ,97 23,70 

136,l-O 11,60 
612,20 1,10 2,20 21,10 

SI ,VO 7,50 
19,50 12,50 

100,10 7,70 
516,20 ,70 I ,JO 16 

----------------·------ -- --- ----------8,76 6,70 
JS,21 6,90 
10,10 11,90 

rn ,BO 1,80 28,80 

------·--------------------------------10,15 12,90 
14,15 6,20 
',,o 12,70 

976,30 1,23 3,JO 26,80 

" a, 
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2-
This is also demonstrated in the lack of measurable S • 

However, there is no evidence from the drillhole of extensive 

oxidation of pyrite in the undisturbed system. It should also 
2-

be pointed out that the SO content can be of antropho-
4 

gene origin. The upper section (28-96 m) also shows a higher 
2+ 2+ 

content of Ca and Mg than the deeper sections 

sampled. This is typical for a near-surface water as ion 

exchange processes will progressively decrease especially the 

Mg-content in deeper groundwaters. The salinity, in terms of Cl 

and Na content, is higher in the water sampled in sections 

below 100 m core length. 

The tritium content (Table 3.5.4) indicates a more recent water 

discharging from drill hole Gi 2, sections 97-106 m and 28-96 m 

than the water discharging from drill hole 20. A noticeable low 

tritium content in the well (site G31), especially when 

considering that activities of Ag-llOm and Ru-106 from the 

Chernobyl fallout are found in this water. Groundwater mixing 

seems as a reasoneable explanation. 

Table 3.5.4 Tritium content (T.U.) in water samples from 

Gidea study site, November 1986. 

Site Depth/Note Date Tritium (T.U.) 

G 9 28 - 96 m 8611D5 28 

G 9 28 - 96 m 870218 28 

G 9 97 - 106 m 861105 25 

G 9 97 - 106 m 870218 30 

G 31 Shallow we11 861105 18 

G 32 0 - 100 m 870218 8 

G 40 Creek 861105 26 



Type 

Lichen 
Birch 
1 eaves 

Grass 
Pine 
needles 
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3.6 Vegetation 

Vegetation samples were taken at several sites and some of them 
coincided with sites for gamma spectrometric measurements in 
situ. The aim was to get a rough estimate on the distribution 
of radioactivity between surface cover and uptake by the 

vegetation at this early stage. Lichens, mosses, dwarf shrubs 
and trees (especially leaves and needles) were collected and 

analysed. Some of the collected samples are specified in Table 
3.6.1 and the activity is presented in Tables 3.6.2, 3.6.3 and 
3.6.4. 

Table 3.6.1 Example of vegetation samples collected within the 
Gidea area. 

Mosses: Polytrichum strictum 
Racomitrim microcarbon 
Pleurozium scheberi 
Sphagnum russowi i 

Lichen: Cladina rang1fer1na 
Cladina sp. 
Cetraria 1slandica 

Schrubs:Empetrum nigrum 
Juniperuc Communis 
Calluna vulgar1s 

Trees: Pinus s11vestr1s 
Picea abies 

The activity of Cs-137 in grass and pine samples is c. 4 000 
Bq/kg d w, while the lichens holds about 10 times higher acti
vity. The birch leaves have 1 500 Bq/kg d w. This can be 

explained by the fact that the leaves were not exposed to the 
initial deposition. 

Table 3.6.2 Gidea suITITiary from June 1986. Cs-137 (Bq/kg d w) 
and ratios (Cs-134). Reference date 1986-04-28. 

Cs-137 Ratios to Cs-134 

No, of 
samples Mean CV (i) Cs-137 Zr-95 Ru-103 Ru-105 1-131 Ba-140 Ce-141 Ce-144 

60 000 - 1. 93 0.03 0.33 0.11 21 1.0 0.09 0.04 

l 500 2.02 

5 5 120 85 1.96 0.28 0.57 0.22 2.5 0.32 0,08 

1 4 370 0.04 0.51 0.20 1.8 0.14 



Table 3.6.3 Activity in vegetation samples (Bq/kg d w) from 

Gidea study site. Sampling 1986-06-25-26. Reference 
date 1986-04-28. 

Water Organ le 

No. Site Type Depth Area content content 

(cm) (m**2) (i, ww) (l, dw) Zr-95 Ru-103 Ru-106 Ag-llOm 1-131 Cs-134 Cs-136 Cs-137 Ba-140 Ce-141 Ce-144 

29 Gl3 D Moss 18 5.75EI I. 99E3 3.43[2 1.01E2 7. 20E3 1.85[3 1.38[3 3.42E3 
17 Gl4 C Birch leaf 57 7. 44[2 I. 50E3 

22 Peat/grass 27 l.07E3 5.67E2 4. 50E4 2. 20E3 3. 97[3 

10 Gl 7 F Grass 0.5 85 2.92E2 2. 50[3 4.43[3 1.60[2 

20 Litter/grass 20 2. IOE2 1. 58E3 8.11E2 1. 53E2 6. 20[2 2. 58[3 4.79[3 

18 G22 M Pine needle 63 1.02[2 1.18[3 4. 53E2 1.56[2 2.31E3 4.10E3 3. 20E2 
19 · L fchen 64 1.03[3 l.02E4 3. 32E3 l.06E3 6. 60[4 3 .12E4 2.09[4 3 .OOE4 3.90[3 1. 30[3 
11 Gidea Bruk Grass 0.5 72 91 l.82E2 4.21[2 8. 26[2 

--.J 
I.D 



Table 3.6.4 Activity in vegetation samples {Bq/kg d w. sampling 
date) from Gidea study site. 

Nu1ber Sup!• description Ditt of sup! ing Date of analysis l H20 Dry •ght 6•o• Wgh! !9·11 
I: E• 1111:. 11: I: 11: It I: z.•: 'll: S:: a •• It :t: It S ¥.II: I:: 1C. ll 1n::i: 'i'Z. 'C Ill:. & 'll:C It St C Z. I: ••••• t: SI: lll'll 1: 'C-: :! •cs :I :t I:._ 11: 11: SI: .r,;,: :::: I: I: Z. 1:•1:1:,: u: :I ::::t 11::,: 11: l:Z: JI: :J Cl:: lil:: 111::: 3: It:: I: :1:,: i: z.::: 1: I: 1: :r:::,: S 

Vrge!ati on 
61, Juniptr twigs 861018 870321 52, 90 SI ,80 8250 51 ,BO 2 Pint needle, shoots of this y.,r 861018 870J21 n,0O 27 8250 11 J Pinr needle, older l•igs 061018 870J22 70,80 42 mo 30 Hut her 861018 870322 52, 90 48 mo 18 Cro,berry, ·higs 861018 8703/J t7,i0 42 nso 12 Li ngonbrrry, ·twi 9s 861018 810504 84 110 8,20 PbO b Spruce hi 9s 861018 870323 69 75,JO mo 59,50 
""'' ,nd I ichen 

Polytrlchu• strictu, 861018 870JIJ 9J,JO 29,80 NSOO 29 ,BO Chdin, sp 861018 870322 64,80 106 mo 9J 10 Cl1din1 rangilrrin, 861018 870J72 SB, 10 88,50 BJSO 69 

Vrgrhtion 
II 616, Hulhtr 861018 870108 Jl,20 49,80 8250 49,80 12 Cro•btrry, ·higs 861019 870325 60,20 48 9250 48 IJ Spruce higs 86101' 870326 SJ,90 50,JO mo 50,JO 14 Pin, twigs 8610!9 870326 48,20 JS,90 8250 68,20 Noss and lichen 
IS Rnotitrh1 •icrocupon 861018 870407 77,JO 53,YO 8250 41 ,70 16 c,nlrirh hhndic1 861018 870505 67 190 12 860 9 17 Cl1din1 •P 861018 870407 52,40 n mo 69 

OJ 18 Plruroliu1 •chrrbtri 861018 870408 84,20 14,20 8250 14,20 C) IY Chdln1 sp 86101Y 870408 55,60 59,50 8250 59,50 

Nos, ind lichen 
20 627, Pol ytrl chu1 sp 860625 860527 5 • 3,80 860 ~,80 21 Cl 1din, sp 860625 860529 I I ,JO 11,80 860 11 ,eo 

~os, 1nd Ii chrn 
22 629, Polytrichu• strictuo 860625 860529 72,60 17,70 860 11,20 

V,9,htion 
23 635, Hulhtr, prrchrd 860710 870527 16 55,SO 8250 40,20 "°" 1nd lichen 
24 Sph1gnu1 nuorru1 860625 870527 80,40 15,50 8250 25 Cladin, r1n9ilerin,, slellarh 860101 870529 60,20 61,SO 860 16,80 26 Polytrichu, sp 860710 870527 46,20 24,iO 8250 22,80 27 Cl1dln1 r1n9ilerin1, strlhris 860710 870527 19, 10 m 8250 57 180 



Table 3.6.4 cont. Activity in vegetation samples {Bq/kg d w, sampling date) 
from Gidea study site. 

Nuab,r K-40 lune ls ftn-54 tune h Co-60 tune Is Zr-95 tune ls Ru-lOJ tune h Ru-106 lune h A9-II01 lune h Sb-125 tune ls Cs-Ill tune h Cs-lJ7 tune h C.-111 tune h Cs-lJI/Cs-rn Auarh: 
• -•••• ,.r.rs r.:i: c:c11:r. er. r 1: z:c•::: = ::c :1: a=• z:•1::••:: • •••1:• 1: •c t:••1: r.s1r.ar.1t11:::c z:1:11 r. .,., •• r.11: •= cc 1u:a:11: 1: ::i, • = c 1ts:: s r. a:1: r.z:::lf:: cs::11:::c:::: :cc"':: 1:111: :s 1: :c ::r ;- 1:11: r. t: t::: z:r r.s•:: r.:sa ,c a r.1:11 r.s1:1:E1: 1:::1t:::: :s • er:: 1::: :::r: r. t: r,c:: :ctn:: "••= =• r.1: .,,.,.., • ., 1: 1: 1:c r.csz:: •• 1:1: r.1: • et 1:s c1t1:a:11:r::-c: •:: :i: 1: r. as• 1: ~•••••car. 

I 26,JO 22,40 62 54,90 II 17, 70 405 J,70 770 2,10 ,41 1 572 22,60 25 64,30 m 51,10 1374 3,40 mo 1,70 ,40 m 19,40 20 17 282 59,20 JOI 25,80 m 36,50 2m 1,40 sm ,80 ,40 I 28J 26,JO 29 51,20 m 45 JB8 22,80 164 42,20 ms l,JO 10517 ,10 ,42 5 235 2J,50 21 42,70 20J 60,10 m 26,70 IJ7 29 ,50 1962 I, 10 7260 ,60 ,41 6 7b0 21,50 1727 2,30 3862 1,10 ,45 
7 197 26, 10 20 45,90 154 78,20 263 27,50 Ill 38,JO 2m 1,40 5787 ,so ,41 

8 111 54,20 73 n,60 563 36,90 924 12,10 191 31,70 5732 ,90 l5J39 ,so ,JI 
114 24,90 71 U,90 m 19,40 164 11,80 181 25,70 11399 ,JO 27129 ,10 ,41 

10 184 17 81 17,90 352 JI ,80 m 16,JO 253 20,10 9573 ,so 31232 ,JO ,ll 
---------------------- ------------------ ------------------- ---------------------------------------------------------------------------------------------- OJ 

II 94 51,20 27 35,30 221 69,30 552 16,30 m 36,10 3488 1,10 9094 ,60 ,38 
12 127 15,60 II 211,SO m 18,20 m 9,40 " 18,60 1309 180 2708 ,40 ,48 
13 m 12,80 18 30,70 111 33,80 239 19,60 128 21,10 2451 ,so 5968 ,50 ,41 
14 m 16150 9S se,10 62 17,50 42 38,20 425 2,so 1082 I ,40 ,37 

15 Ill 46,50 S7 25,40 412 57,10 1045 12,40 208 32,20 6719 ,BO 17873 ,40 ,38 
16 902 12,70 87 12,70 940 22,70 281 29,80 248 41 11656 ,70 26978 ,40 ,43 
17 66 56,40 39 22,50 m 30,80 682 11,10 151 26,60 mv ,80 11343 ,40 1m ll,SO ,37 
18 320 44 147 25,90 1797 31,70 2720 12,30 220 22,SO 16331 ,90 41486 ,so ,37 
19 110 31,90 21 31,70 304 35,90 412 13,70 86 34 2499 I 6724 ,so ,37 

----------------------------------- ---------------------------------------------------·---------------------------------------------------------------------------------------------------- ----
10 1891 22,20 21695 19,70 6655 23,10 7360 25,SO mm ,60 mm ,40 ,so 
21 607 24,10 236 21 ,40 2772 16,70 588 · 34,40 31856 ,60 64136 ,40 ,50 

-------------------------------------- ---------------------------------------------------·------------------------------------------------------------------------------------------------- -------
22 m 13,10 JS 47,40 4J54 1,20 88S4 ,10 ,49 

·-----------------------------------------------------------------------------------------------------·----------------------- ------------------------------------------------------------------------------
23 493 11 77 25,70 1894 21,JO 1706 18,90 m 18,30 11585 ,90 25746 ,so ,45 

24 585 45,50 6215 66,40 10050 35,SO 81475 1,30 181050 ,70 ,45 
25 484 18,90 42 799 18,80 328 18,90 4533 1,10 9854 ,70 ,46 
26 477 26 150 14 1987 26,60 1029 24,40 m JZ 7171 I ,SO 16079 ,BO ,45 
27 163 37,30 44 775 49,30 635 21,20 208 37,90 5272 1,20 11886 , 70 ,44 
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3.7 Nuclide Deposition, Distribution and Migration; Summary 

The radionuclide deposition within the Gidea study site is 
summarized in the following items: 

Within the study site there was a deposition of different gamma 
emitting radionuclides which are possible to trace in the time 

perspective of several years (e.g Co-60, Ru-106, Ag-ll0m, 
Sb-125, Cs-134, Cs-137). 

The Gidea area was covered by approximately 0.5 m snow at the 
time of radionuclide deposition, which seems to have influenced 
the chemical behaviour of different elements in the fallout, 
however, in a more easily conceiveably way. The radionuclide 
migration in a snow profile (c.f. section 2.6) indicates a 
dissolution of particulate activity, e.g. ruthenium, before it 
reached the ground surface. 

Substantial local variations in the ground surface activity are 
observed, e.g soil profiles taken close to each other can 
differ by a factor of two in radionuclide content. This shows 
that an essential variation of radionuclide deposition has 
occured even in the very local scale. 

The ground surface deposition, determined from gamma spectro
metric and exposure rate measurements in situ and from labora
tory measurements on large area (25x25 cm) soil profile samples 
are sulTJTlarized in Tables 3.2.2 - 3.2.4 and 3.3.6, 3.3.7 where 
the following data is given. 

o The total surface deposition mean values were in June 1986 
2 2 

31 kBq/m of Cs-134 and 60 kBq/m of Cs-137, measured 
by gamma spectrometry in situ at 7 sites. The coefficient 

of variation (CV) was 9 % for both nuclides. 

o In November 1986 measurements in situ at 16 sites gave 
2 mean values of 31 and 54 kBq/m of Cs-134 and Cs-137 

respectively, with a CV of 38 %. 
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o The surface activity of Cs-137 is c. 5500 Bq/kg d w. This 

is equivalent to grass samples, while lichen holds about 

10 times higher activity. 

o In 1982 Studsvik AB (Sundblad and Bergstrom, 1983) 

measured the activity levels at the Gidea site. The Cs-137 

content of the upper soil (0-25 cm) varied between 10 to 

30 Bq/kg d w. The content in grass was 5 Bq/kg d w. 

o In June 1986 also 9 sites, in a grid net with 3x3 sites 

and 50 m separation, were measured with gamma spectrometry 

in situ. The coefficient of variation was around 30 % for 

all nuclides measured, e.g I-131, Ru-103, Cs-134, Cs-137, 

Nb-95, La-140. 

o The mean activity of the refractory elements La-140 and 
2 

Ru-103 was 62 and 17 kBq/m respectively, according to 

measurements in June 1986. 

o The mean surface deposition of 1-131, measured in June 
2 

1986 was 650 Bq/m. 

o In November 1986 the exposure rate was measured on 16 

sites, at a height of 0.7 m from the ground. The mean 

value was 23 uR/h and CV was 20 %. The background values 

for the Gidea area are about 8-10 uR/h, obtained from the 

content of uranium, thorium and potassium-40 in soil and 

bedrock. The increased average is due to the surface 

deposition. 

o Auto correlation analysis of exposure rate (measured every 

2nd metre at 0.7 m from the ground along a 800 m long 

line) shows that measuring points situated closer than 25 

metres are significantly correlated (on 95% significance 

level). 

o In the smaller scale auto correlation analysis of exposure 

rate measurements on an outcrop area (every 0.1 m and 0.1 

m from the ground) shows that points closer than 1.0 metre 

are significantly correlated. 
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In summary the distribution and migration of the radio
nuclides are described in the following items: 

o Some of the radionuclides measured within the soil profi
les are: Cs-134, Cs-137, Sb-125, Ru-106, Co-60, Ag-llOm, 
and in some cases also Zr-95. 

o The radionuclides migrate faster in the peat than in the 
till and sand profiles. Within the till and sand profiles 
most of the nuclides are caught in the vegetation and raw 
humus layer. However, a migration into the mineral soil 
can be detected. 

o A faster and different manner of migration is indicated in 
the soil profiles for Sb-125, Ru-106 and Co-60 compared to 
cesium. 

o In some soil profiles fallout from Chernobyl is found 
below 20 cm depth after 5 months, indicating other 
transport mechanisms than only diffusion. 

o In October 1986 the 1/2-value depth for Cs-134 and Ru-106 
was approx. 7 cm in the peat profiles and 4 cm in the till 
and sand profiles. The 1/4-value depth is generally deeper 
for Ru-106, which is more obvious in the peat profiles 
indicating the existence of a fast migrating chemical form 
of Ru-106. 

o The autoradiographic study of rock surface samples 
indicates an even coating, but with high radioactivity on 
lichen covered surfaces and very low activity on rock 
surfaces without moss and lichen. It is also evident from 
exposure rate measurements that lichen holds higher 
activity than the uncovered outcrop. 

o The sorption by lichen indicates that the activity has 
been dissolved in the snow cover, at least to some extent, 
before it reached the rock surfaces. 
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o Exposure rate measurements at the spectrometer sites show 

somewhat higher values on the outcrops i.e. the more 

elevated parts, than the surroundings. 

o Relatively high concentrations of radionuclides are found 

in samples from the brook which drains the studied area. 

Also in stagnant water from rock crevices and shallow 

groundwater, sampled at the bottom of the dug pits remai

ning from the soil profile sampling, relatively high 

concentrations are obtained. 

o Already in February 1987 Ru-106 could be detected in 

fairly deep groundwaters sampled in the artesian drill

holes Gi 2 (97-106 m) and 20 (1-100 m). 

o In a shallow well also Co-60, Ag-llOm, Cs-134 and Cs-137 

was found, besides Ru-106 in October 1986. 

o Ruthenium found in the well and the drill holes gives 

further indications on the existence of a water soluble 

fast migrating chemical form of ruthenium. 

o The sediment samples show that an active transport of 

radionuclides (Ru-106, Ag-llOm, Cs-134 and Cs-137) has 

occurred by water. The nuclides have later been 

coprecipitated with other types of sediment. 

o The vegetation samples show that radionuclides have been 

absorbed in different types of vegetations. 

o The activity of Cs-137 in grass and pine samples is 

c. 4 000 Bq/kg d w, while lichen holds about 60 000 Bq/kg 

d w. The birch leaves have 1 500 Bq/kg d w. This can be 

explained by the fact that the leaves were not exposed to 

the initial deposition. 
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4. DEPOSITION AND MIGRATION WITHIN THE FINNSJCN STUDY SITE 

Within the Finnsjon study site the deposition and migration of 
the Chernobyl radionuclide fallout have been intensively studied 
in two smaller sub-areas: 

o Brandan catchment area 
o Gavastbo area 

2 
(0.59 km) 

2 
(0.14 km) 

The deposition and migration of the radionuclide fallout in 
biota, soils, surface waters and on outcrops have been traced by 
measurements in situ and sampling (followed by laboratory 
measurements) at 36 sites on several occations since April 1986. 
The sites (Fig. 4.1.1) represent different geological, 
hydrological and biological domains within the studied area. The 
measurements in situ and sampling performed are sunmarized in 
Table 4.1.1. 

The surface deposition was measured at 22 sites by gamma 
spectrometric measurements in situ, with 50% of the count rate 
arising from activity within a radius of 3 mat a typical site. 
At 10 of these sites soil profiles have been sampled for gamma 
spectrometric analysis at the laboratory to provide direct 
measurements of the activity distribution in the soil profile, 
and secondly to be used in comparison with the spectrometric 
measurements in situ for determination of the absolute surface 
deposition. On the outcrops drillcore samples and rock surfaces 
by hammer were collected for a autoradiographic study of the 
exposed surfaces. 

To get a rough estimate of the rate to which the radionuclides 
might migrate in the soils, gamma spectrometric measurements in 
situ and soil profile sampling and analysis were repeated at 3 
sites. Measurements and sampling were performed in June, October 
and November 1986. 
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To be able to perform budget calculations of radionuclide 

redistribution, surface water was sampled at 6 sites in the 

system of creeks and bogs which drains the Brandan catchment 

area. To determine the removal of the radionuclides by water 

transportation also sediment samples were taken at 4 sites. 
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Figure 4.1.1 Sampling sites in the Brandan and Gavastbo areas, 

within the Finnsjon study site. 

Vegetation samples were taken at eight sites of which six coin

cided with sites for gamma spectrometric measurements in situ. 

The aim was to get a rough estimate on the distribution of 

radioactivity between surface cover and uptake by the vegetation 

at this early stage. Lichens, mosses, dwarf shrubs and trees 

(especially leaves and needles) were collected and analysed. 
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Table 4.1.1 Sampling and measurements in situ within the 
Finnsjon study site. 

S1te Soil In situ Water 
-spectr. 

Fl*- BCDE 
F2'" D 
F3'" B DE 
F4• D 
FS• D 
F6• D 
F7• DE 
F8• B D 
F9,... 
no-
Fll..., C 
Fl2 .... C 
Fl3 .... 
Fl4,.... 
Fl5'" 
Fl6 BC 
Fl7• 
na• 
Fl9" 
no• 
F21" 
F22" 
F23• 
F24• 
F25"' 
F26"' 
F27 
F28 
F29• 
F30 B 
F3l* B 
F32• B 
F33" B 
F34 
F35""' 
F36•• 

A 29 Apr 86 
B 24-28 Jun 86 
C 1-2 Oct 86 
D 14-15 Oct 86 
E 6-7 Nov 86 

Gavastbo area 
Brandan area 

BC 
C 

B E 
E 
E 
E 
E 

C 
BC 
C 
C 
C 

BC 
C 

BC 
B E 
C 

E 
E 
E 

B 

B 

M, D 

A 
D 

B D 
D 

/.2 
A 
A 

Sediment Vegctati on Rock 

E 

B D D 
D D 

C 
C 
C 

E E 
BC 

E 

E 
D 
DE 
0 

E 
B 

B 
B 

D 
0 
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4.1 Site description 

4.1.1 Geology and topography 

The Finnsjon study site is situated in the northern part of Upp

land county.see Figures 1.1 and 4.1.2. The area has been descri

bed e.g. by Almen et.al. (1979) and 0lkiewicz & Arnefors (1981). 

Finnsjon study site 

...., 
-0 
C> 

Figure 4.1.2 Location of the Finnsjon study site. 

The area is characterized by a relatively flat topography. Peat 

deposits are widespread, particulary in the central parts. A 

sandy silty clay with 10-20% CaC0 is the most common 
3 

sediment. As the area is situated below the highest coastline the 

till is washed out and sand deposits are found in the depressions 

e.g. at Gavastbo. The area is mostly forested with exceptions for 

more swampy parts. There are also parts that are old clear-cuts 

and culturally influenced areas. 

The bedrock at Finnsjon is of Svecokarelian age, about 1800-2100 

Ma and consists mainly of four rock types; leptite, metabasite, 

granodioritic gneiss and a late orogenic granite. The granodioric 

gneiss dominates in the sub-areas chosen for the Chernobyl 

fallout study. Hydrothermal alteration has produced hematized 

zones that often coinside with the hydraulically defined fracture 

zones. 
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Most of the lineaments found within the investigated area trend 
N-S and N50-60W. The Gavastbo fault, striking NNW, situated in 

the eastern part of the area is one of the most prominent 
lineaments. Within the Fracture Zone Project the Brandan zone 

area has been investigated in detail (Ahlborn et. al., 1986). 

Fractures within the area mostly show vertical to subvertical 

dips. However, a major sub-horizontal fracture zone has been 
encountered at depths ranging from 100m to 300m. 

Two sub-areas within the Finnsjon test site have been sampled for 

the Chernobyl fallout study; 1) The area close to the Gavastbo 

fault and 2) The Brandan catchment area, see Figure 4.1.3. 

.,_,__._ 

0 

0 

Gavastbo 

Public road 

Privat road 

Brook 

Watershed 

Elevation curve 

Borehole 

500m 

Brandan 

Figure 4.1.3 Gavastbo and Brandan areas, Finnsjon study site. 
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The recharge area within the Gavastbo area is dominated by 

outcrops while in the discharge area, around drill hole HGb 9, 

the quartenary deposits have a maximum depth of about 5 m. The 

rock is overlain by till, clay and on the top a thin layer of 

peat. The areal distribution of quarternary deposits and outcrops 

within the Gavastbo area is presented in Table 4.1.2. 

The Brandan area is dominated by exposed rock in the middle and 

south-western parts. Between the outcrops, the thin soil cover 

primarily consists of till and peat. Under the peat there is 

generally a thin layer of sand, sometimes resting on clay. The 

clay is always underlain by till. In the eastern part of the 

Brandan area the percentage of outcrops is much smaller than in 

the western part. Instead till, bogs, clay and outwashed material 

are more dominant. The areal distribution of quartenary deposits 

and outcrops within the Brandan area is presented in Table 4.1.3. 

Table 4.1.2 The areal distribution of quartenary deposits and 

outcrops within the Gavastbo area. 

Total area 14. 2 ha 100'1 

Outcrop 5.7 40. l 

Ti11 6.7 47.2 

Clay 0.3 2.1 

Glacial clay J.l 7 .8 

Sand 0.4 2.8 

Table 4.1.3 The areal distribution of quartenary deposits and 

outcrops within the Brandan catchment area. 

Total area 59. 3 ha 100'1 

Outcrop 35.7 60.2 

Peat-covered outcrop* 0.8 1.3 

Ti11 4.6 7.8 

Peat-covered till 10.8 18.2 

Peat-covered sand o. 7 1.2 

Glacial clay 0.1 0.2 

Fen peat 0.3 0.5 

Bog peat 6.3 10. 6 

.. Peat layer less than 0.5 m thick 
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4.1.2 Hydrological and meteorological conditions 

The Finnsjon study site is located within the drainage basin of 
river Forsmarksan in northern Uppland county. The topography is 
relatively flat, with levels between 20 and 44 metres above the 
sea level. The site which is of marked north-westerly extension 
is located on a slope dipping slightly towards the north-east. 
Calculations and field mapping showed that about 30 % of the 
study site consists of areas for groundwater discharge 
(Carlsson and Gidlund, 1983). Flat lands, even at "high" 
altitudes, are water-logged due the humid climate and 
insufficient drainage. Consequently swamps and peat bogs are 
found there. 

Hydrological and meteorological data and conditions in the 
Finnsjon study site are based on statistical information 
obtained from SMHI (the Swedish Meteorological and Hydrological 

Institute). Two meteorological stations have been regarded as 
representative for the study site, Lovstabruk approx. 1 km 

north of the site and Films Kyrkby 11 km south of the Finnsjon 
study site. At Lovstabruk only precipitation is measured. 

The mean monthly precipitation at Lovstabruk, based on 1931-60 
values, is specified in Table 4.1.4. Monthly precipitation 
during the period April 1986 throughout February 1987 is spe
cified in Table 4.1.5. During the 1931-60 period relatively 
large fluctuations in monthly precipitation were noted, but 
still a comparison of monthly precipitation April 86 - February 
87 with the mean monthly values may be considerable. 

Compared to the mean precipitation, the actual period had an 
excess precipitation of 216 llTTI (+ 39 %). During the period 

May-October 1986, i.e. from the event of fallout and surface 

contamination to the last gallTTia spectrometric measurements and 

soil profile sampling before the winter there was 43 % more 

precipitation than the monthly mean values (482 11111 c.f. 336 
mm). 
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Table 4. 1.4 Monthly mean precipitation (mm) at U.ivstabruk. 

Precipi- J F M A M J J A s 0 N D Year 

tat ion 

unadj* 46 30 28 35 32 49 63 77 60 55 59 48 582 

adj+ 60 40 40 40 40 50 80 80 70 60 70 60 960 

* 1931-60 
+ interpolated values from isoline precipitation charts (Eriksson, 1980) 

Table 4.1.5 Monthly precipitation (nm) at Lovstabruk and Films 
Kyrkby Apri 1 1986 - February 1987. 

Precipita- J F M A M J J A s 0 N D 

ti on unadjusted 

Lovsta 1986 70 39 31 109 186 86 31 47 87 

Film 1986 50 43 27 106 173 55 29 44 99 

Lovsta 1987 56 28 
Film 1987 48 28 

The precipitation is generally in the form of snow from the 

middle of November to the middle of April. The proportion of 

snow is about 35 per cent of the annual mean precipitation. The 

durability of the snow cover varies considerably between 

different years. In general, the durability of the snow cover 

is about 110 days. During the winter 1985/86 the ground was 

snow covered until 24 April at Films Kyrkby and from 13 

December 1986 there was again a durable snow cover. 

The annual mean temperature in northern Uppland is about 

+5.5°c. The temperature is below o0c for almost five months 

of the year. Monthly mean temperatures during the period April 

1986 throughout February 1987 are shown in Table 4.1.6. 

0 
Table 4.1.6 Monthly mean temperature ( C) at Films Kyrkby 

April 1986 - February 1987. 

J F M A M J J A S 0 N D 

1986 1.5 12.4 16.1 16.0 12.3 7.2 6.0 3.7 -2.9 

1987 -13.7 -6.0 
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Both the potential and the actual evaporation vary substatially 
during the year. The potential evaporation (valid in discharge 
areas) is 540 nm/year and the actual evaporation (recharge 
areas) has been estimated to 380 nm/year in the Finnsjo area 
(Eriksson, 1980). 

There are no long-term runoff observations for the Finnsjon 
study site, but water discharge measurements have been carried 
out during 1973-1979 in the river Forsmarksan and since 1925 in 
the river Tarmaran north of the Finnsjon study site. In Table 
4.1.7 runoff data from these drainage basins are specified. 

Table 4.1.7 Monthly mean runoff (1/s km2) from the river 
Forsmarksan and river Tamnaran drainage basins. 

Drainage J F M A M J J A s 0 N D Year 

basin 

Forsmarks-
an * 5.3 4.6 6.0 9.3 8.3 4.0 3.3 3.3 4.3 3.6 6.3 9.3 5.6 

1973-79 
Tamnaran + 8.3 8.0 8.1 16.0 12.2 5.2 3.1 3.3 3.9 4.5 7.7 9.3 7.5 

1931-60 

2 
* Drainage basin 302 km, Lake area 6.9 i 

2 
+ Drainage basin 1176 km, Lake area 4.2 i 

Discharge in the small stream that drains the Brandan catchment 
area has been measured on three occations during 1986: June, 
October and November. At the end of June there was no 
measureable flow. In the middle of October there was about 1.8 
1/s which corresponds to c. 3.1 1/s km2 and in the beginning 
of November there was about 3.2 1/s, i.e. runoff was c. 5.6 1/s 

2 
km. 

The water balance of the Finnsjon study site has according to 
Carlsson and Gidlund (1983) been calculated to: 

Adjusted precipitation 
Actual evaporation 
Runoff 

670 nm/year 
430 nm/year 
240 nm/year 
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The evaporation is slightly higher than in the Gidea study site 

and the precipitation is about 100 rrrn/year less. Consequently 

runoff is lower, 2/3 of that measured in Gidea, which is 

evident in a comparison between the duration curves for the 

sites. 

4.1.3 Groundwater conditions 

Within the Finnsjon site the hydraulic properties and ground

water conditions have been determined by 1) numerous water 

injection tests, test pumpings and tracer tests in and between 

drill holes in the bedrock and 2) by measuring the groundwater 

pressure at different depths in drill holes and groundwater 

table monitoring in bedrock and soil. 

The hydraulic properties and groundwater conditions in the 

Finnsjon study site have been described by, among others Ahlborn 

et al (1986, 1987), Carlsson and Gidlund (1983), Gustafsson and 

Klockars (1981, 1984) and Larsson and Jacobsson (1982). 

The Finnsjon study area is like the surrounding region very 

flat. This, in combination with a humid climate which entails 

ample access to groundwater recharging precipitation, implies 

that the depth down to the groundwater table in the area is 

small. This also means that the hydraulic gradient in the area 

is generally small. 

The general rule applies that the groundwater table is largely 

conformal with the ground surface. In the low-lying parts of 

the study area, the groundwater head is in general at, or 

slightly above, the ground surface. These parts constitute 

discharge areas for groundwater and as a rule coincide with 

tectonic lineaments in the underlying bedrock. The more 

elevated parts of the area usually constitute recharge areas 

for groundwater and the general depth down to the groundwater 

table is greater here than in the case of the discharge areas. 
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In the recharge areas there is a downward oriented gradient for 
the groundwater, whereas an upward oriented gradient 
characterizes the discharge areas. 

The relation between altitude and depths to the groundwater 
table in 36 observation points within the Finnsjon study site 
are shown in Figure 4.1.4. This is assumed to apply to an ideal 
profile through the study site. In reality, local depressions 
in the terrain may constitute local discharge areas. The small 
catchment area Brandan, selected for the Chernobyl fallout stu
dy, in the north-west part of the study site has a plateau cha
racter (26-32 m.a.s.l) with a mosaic-type surface of exposed 

bedrock, bogs and till-filled depressions. As a consequence, 
the water drainage system is very diffuse. The discharge areas 

are estimated to approx. 6 hectars which is about 10 per cent 
of the catchment area. 

DISTANCE TO GROUND 
WATER LEVEL Im) 

,,,.,,,.,,,..,,,.,,,.---
. : .!,.!............ . 

.,. __. ... 

. .,. . .. ...,.,.,,.,,..,.._~ ... . .,., •:,,.,,. .,., ..,.,...-. 
---- ALTITUDE l 11.A.s.L ) .,., .,., . 

0 -1--,4----.L-...----.-----,--..-----r---.-----,-...----.-----r--..----
11 20 22 24 26 21 30 32 34 36 31 40 42 44 

Figure 4.1.4 Relation between altitude and observed depth to 
the groundwater table in the bedrock within the 
Finnsjon study site (Carlsson and Gidlund, 1983). 

In the Finnsjon study site the groundwater table normally is on 
its minimum level in late sul1lJler August-September. A maximum is 

reached during November-December due to heavy precipitation and 
low evaporation. After that, the groundwater table slowly 

starts to subside but during snow melting it rises and a secon
dary maximum is reached in April-May. Then it declines to the 
minimum level in late sul1lller. 
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4.2 Gamma Spectrometric Measurements 

Gamma spectrometric measurements have been carried out within 

the Finnsjon study site on three occasions; in June, October, 

and November 1986. The sites are shown in Figure 4.2.1 and 

described in Table 4.2.1. 
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Figure 4.2.1 Finnsjon gamma spectrometric sites. 

The results of the gamma spectrometric measurements are presen

ted in Table 4.2.2 and surrrnarized in Table 4.2.3. 

The decrease of photon flux from cesium is about 20 % from June 

to November, which corresponds to an average increase of the 

half value depth by about 60 %. The coefficient of variation 

between the different sites is 15 to 30%. See also Figures 

4.2.2 and 4.2.3 as examples of these variations. 
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As a complement to the gamma spectrometric measurements the 
exposure rate was measured around the spectrometer sites to 
give the radiation pattern in a microscale which will give 
information of the deposition pattern and the redistribution 
after the deposition. 

The measurements were carried out by following two perpendic
ular lines, meeting at the spectrometer site . Complementary 

measurements, randomly distributed in the quadrants were also 
done. The results are presented in Table 4.2.4. The average for 
all sites is 16.6 uR/h (CV= 20 %). Measurements of the 
background radiation were unfortunately not performed in the 
Finnsjbn area prior to the Chernobyl accident. 

Table 4.2.1 Finnsjon gamma spectrometric sites. 

Site Description 

Fl Till, forest old conifer 
F2 Till, forest pine 
F3 Muck soil, discharge area in forest opening 
F4 Bog, recharge area with scattered pine trees 
F5 Fen, moss-rich conifer forest with shrubs 
F6 Fen, vegetation see F5 
F7 Till, forest pine 
F8 Outcrop 

F9 Outcrop 
FlO Outcrop and moor 

Fll Clay, narrow forest opening 
Fl2 Clay, forest conifer stand 

Fl3 Till, forest opening 
F14 Forest mixed stand 

Fl6 Sand clay, pasture 
Fl7 Till, forest conifer 
Fl8 Outcrop 
Fl9 Till, bog forest mixed stand 
F2O Outcrop 
F21 Till shallow, lichen and heater 
F32 Bog 
F36 Till, forest conifer 



Table 4.2.2 Estim~tion of surface deposition with spectrometric measurements in s itu, given as kBq/m (t 1 S). Compensated for shielding effects due to surface roughness and 
migration of activity. Measuring time: 2000 seconds. Reference date 1986-04-28. 

SITE DATE K 40 ZR 95 NB 95 RU103 Jl31 

F 1 860627°. 79.2 - 4.20 19.6 - .94 28.0 - 1.02 29.9 - 1.54 384.0 - 57.39 1 861001. 58.9 - 5.90 18.5 - 1.88 36.0 - 2.16 28.6 - 5.99 o.o - 0.00 
1 861107. 58.7 - 4.80 23.1 - 1.44 39.8 - 1.45 29.7 - 4.94 0.0 - 0.00 F 2 861001. 48.6 - 4.20 13.1 - 1.68 26.2 - 1.94 18.9 - 3.71 o.o - 0.00 F 3 860627. 87.2 - 5.30 13.8 - 0.80 21.6 - 1.06 21.8 - 1.18 367.5 - 59.20 
3 861001. 53.5 - 4.50 16.2 - 2.80 33.8 - 2.75 0.0 - 0.00 0.0 - 0.00 F 4 861106. 0.0 - 0.00 14.7 - 2.10 29.1 - 2.62 29.0 - 6.47 o.o - 0.00 F 5 861106. 41.0 - 4.02 12.6 - 2.02 27.0 - 2.57 0.0 - 0.00 0.0 - 0.00 F 6 861107. 39.6 - 4.36 16.5 - 2.36 30.8 - 2.59 0.0 - 0.00 o.o - 0.00 

F 7 861106. 63.6 - 2.00 14.3 - 1.09 27.4 - 1.18 20.8 - 3.46 0.0 - 0.00 \.0 F 8 861002. 115.2 - 6.13 11.3 - 2.03 23.9 - 2.05 9.4 - 5.27 0.0 - 0.00 \.0 

F 9 860627. 122.7 - 7.33 17.5 - 1.12 26.3 - 1.26 27.3 - 1.62 393.5 - 72.71 
9 861001. 118.5 - 6.01 15.8 - 1. 79 34.9 - 2.20 21.3 - 4.23 0.0 - 0.00 

F 10 861001. 74.5 - 4.99 16.5 - 1.78 33.9 - 2.13 32.8 - 4.23 0.0 - 0.00 
F 11 861001. 72.6 - 5.26 19.1 - 1.80 28.9 - 2.02 31.4 - 4.42 o.o - 0.00 
F 12 861001. 64.9 - 4.55 11.8 - 1.77 25.8 - 2.32 22.6 - 4.87 0.0 - 0.00 
F 13 860627. 118.0 - 7.32 19.0 - .89 29.5 - 1.28 32.0 - .84 425.2 - 29.15 

13 861001. 86.1 - 5.38 18.7 - 2.05 32.3 - 2.28 25.4 - 5.13 0.0 - 0.00 
F 14 861001. 70.5 - 5.32 11.1 - 1.68 24.1 - 2.05 15.8 - 3.99 0.0 - 0.00 
F 16 860627. 90.6 - 7.32 20.9 - 1.03 30.2 - 1.06 33.5 - 1.42 434.0 - 97.14 

16 861001. 71.9 - 4.83 13.4 - 1. 71 29.6 - 2.08 17.6 - 4.28 0.0 - 0.00 
F 17 860627. 57.3 - 4.55 16.2 - .80 25.2 - .97 29.5 - 1.31 363.1 - 65.45 

17 861106. 62.6 - 4.48 0.0 - 0.00 24.9 - 3.66 0.0 - 0.00 0.0 - 0.00 
F 18 861002. 103.7 - 5.82 19.5 - 1.91 36.2 - 2.29 31.6 - 4.30 0.0 - 0.00 
F 19 861106. 32.1 - 3.98 19.6 - 2.78 25.3 - 2.36 0.0 - 0.00 0.0 - 0.00 
F 20 861106. 108.9 - 5.89 16.5 - 3.00 34.6 - 2.95 0.0 - 0.00 0.0 - 0.00 
F 21 861106. 63.2 - 4.74 19.4 2.79 31.0 - 3.05 43.3 - 8.78 0.0 - 0.00 
F 22 860627. 0.0 - 0.00 15.3 - .78 22.8 - .90 25.7 - 1.63 247.4 - 80.23 

error due to counting statistics only (± 1 Sigma) given in the right column 
0.0 = not detectable 



Table 4.2.2 cont. Estimation of surface deposition with spectrometric measurements in situ, given as k8q/m2 (~ 1 S). Compensated for shielding effects due to surface roughness and migration of activity. Measuring time: 2000 seconds. Reference date 1986-04-28. 

SITE DATE CS134 CS137 SB125 LA140 AGll0M 

F 1 860627. 17.0 - .76 31.0 - 1.09 0.0 - 0.00 62.7 - 7.90 o.o - 0.00 1 861001. 15.4 - .48 28.6 - .82 o.o - 0.00 0.0 - 0.00 0.0 - 0.00 1 861107,. 15.1 - .29 26.6 - .41 o.o - 0.00 0.0 - 0.00 0.0 - 0.00 F 2 861001. 12.7 - .45 21.7 - 1.24 o.o - 0.00 0.0 - 0.00 0.0 - 0.00 F 3 860627. 13.8 - .50 24.2 - 1.25 0.0 - 0.00 37.7 - 7.62 0.0 - 0.00 3 861001. 11.2 - .47 22.2 - .70 0.0 - 0.00 0.0 - 0.00 0.0 - 0.00 F 4 861106. 12.6 - .42 21.0 - .67 0.0 - 0.00 0.0 - 0.00 0.0 - 0.00 F 5 861106. 13.4 - .63 24.8 - .74 o.o - 0.00 o.o - 0.00 0.0 - 0.00 F 6 861107. 12.4 - .49 21. 7 - .69 0.0 - 0.00 0.0 - 0.00 0.0 - 0.00 F 7 861106. 13.2 - .25 23.1 - .36 1.1 - .38 o.o - 0.00 0.0 - 0.00 F 8 861002. 13.0 - .48 22.3 - 1.21 o.o - 0.00 o.o - 0.00 0.0 - 0.00 F 9 860627. 17.5 - .61 31.9 - .88 o.o - 0.00 40.7 - 12.11 1.1 - .46 9 861001. 16.7 - .47 29.6 - 1.09 0.0 - 0.00 o.o - 0.00 0.0 - 0.00 F 10 861001. 16.1 - .53 27.7 - 1.08 o.o - 0.00 0.0 - 0.00 0.0 - 0.00 F 11 861001. 15.0 - .53 25.8 - .82 0.0 - 0.00 0.0 - 0.00 0.0 - 0.00 C> 
C> F 12 861001. 12.3 - .50 23.0 - .71 0.0 - 0.00 0.0 - 0.00 o.o - 0.00 F 13 860627. 19.5 - .39 35.5 - 1.50 o.o - ·o.oo 72.1 - 7.48 0.0 - 0.00 13 861001. 15.4 - .43 26.1 - .77 0.0 - 0.00 0.0 - 0.00 o.o - 0.00 F 14 861001. 10.5 - .42 19.6 - .99 0.0 - 0.00 0.0 - 0.00 0.0 - 0.00 F 16 860627. 21.2 - .63 37.9 - .89 o.o - 0.00 67.3 - 7.26 0.0 - 0.00 16 861001. 15.2 - .50 28.0 - 1.00 o.o - 0.00 0.0 - 0.00 0.0 - 0.00 F 17 860627. 16.2 - .73 30.9 - 1.41 0.0 - o.oo 60.1 - 7.14 0.0 - 0.00 17 861106. 13.1 - .58 25.3 - .75 0.0 - 0.00 0.0 - 0.00 0.0 - 0.00 F 18 861002. 19.9 - .47 35.1 - .92 0.0 - 0.00 0.0 - 0.00 0.0 - 0.00 F 19 861106. 13.3 - .45 25.9 - 1.06 0.0 - 0.00 0.0 - 0.00 0.0 - 0.00 F 20 861106. 16.2 - .53 29.5 - 1.19 o.o - 0.00 0.0 - 0.00 o.o - 0.00 F 21 861106. 17.9 - .54 31.4 - .89 0.0 - 0.00 0.0 - 0.00 0.0 - 0.00 F 22 860627. 14.2 - .61 23.6 - 1.57 0.0 - 0.00 42.7 - 12.22 .9 - .53 

error due to counting 
0.0 = not detectable 

statistics only ( ± 1 Sigma) given in the right column 
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Table 4.2.3 Finnsjon, gamma spectrometric measurements, 

summary. Measuring time 2000 seconds. 

Date Nuclide Mean Coefficient 
2 

(tBq/111 l of variation (\) 

1986-06-27--28 l-131 127 17 

(7 sites) Cs-134 17 15 

Cs-137 31 18 

La-140 S8 22 

Ru-103 29 u 
Nb-95 27 12 

1986-10-01--02 Cs-134 15 16 

(11 Sitl!S) Cs-137 26 17 

Ru-103 23 32 

Nb-95 31 16 

1986-11-06-07 Cs-134 14 14 

(10 sites) Cs-137 25 13 

Ru-103 -31 • 

Nb-95 31 15 

• 4 sites. 

Table 4.2.4 Exposure rate (uR/h), Finnsjon study site. 

November 1986. 

Site F1 F2 F3 F4 F5 F6 F7 F8 F11 F12 F14 F17 F18 F19 F20 F21 

Mean 16.3 19.0 14.8 11. 1 1 5. 5 15.0 16.0 24.1 16.2 15.5 15.3 16.3 15. 9 13.0 21.7 18.7 

CV (%) 8.8 8.3 5.4 9.5 10.6 6.4 6.9 9.3 5.7 8.0 13. 1 6.6 12.2 5.4 13.8 
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1 DO ...---.-----,----.----,-----,------.----r-----, 

t-
I .. 

10 ____ ....._ _ __, __ ___. __ ~ __ _._ _______ _ 

0 100 200 300 400 
Days aFter Chernobyl 

Figure 4.2.2 Gamma spectrometric measurement in situ at site 
F1 (Til 1 ) , Fi nnsj on study site. 

-e- Cs!34 
-A- Cs137 

SurFoce deposition (kB9/m2) 

I DO ,----,-----,----.----,-----,-----,----,----, 

. 

-

ID.._ __ ....._ _ __, __ ~ __ _._ __ __.__ __ ....._ __ _,_ _ __, 

D 200 300 400 
Days aFter Chernobyl 

Figure 4.2.3 Gamma spectrometric measurement in situ at site 
Fl6 (Sand, clay), Finnsjon study site. 
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4.3 Soil profiles 

Soil profile samples have been taken in June, October and 

November 1986. The location of the sampling sites are shown 

in Figure 4.3.1 and they are described in Table 4.3.1. Fifteen 

sites have been sampled of which 13 sites coinside with sites 

for gamma spectrometric measurements in situ. 

N 

l 

Brlndan 

::::Public road 

::--:::Privet road 

-=-Brook 

"-'-'--'Wateraed 

-•-• Elevation curye 

==== Public road 

:===== Privat road 

---e,ook 
O Borehole 

• Sampling site 

~ Water5hed 

-" - Ete vaUon cune 

O Borehole 

0 500m • Sam~lln9 site 

0 

Figure 4.3.1 Soil profile sampling sites, Finnsjon study site. 

The activity in the soil profile samples are presented in Tab

les 4.3.2 - 4.3.5. Among the radionuclides originating from the 

Chernobyl accident the following nuclides have been measured at 

depth in the soil profiles: Cs-137, Cs-134, Sb-125, Ru-106, 

Co-60, Ag-110 m, Zr-95 and Ce-144. The results are exemplified 

in Figures 4.3.2 - 4.3.8 showing soil activity profiles. 

,, ,, ,, 
" II 

" ,, 

N 

l 

500m 
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The results show that most of the nuclides are caught in the 

upper layer of vegetation and humus. Except for solitary 

recordings of Ru-106 and Cs-134 at 10-12 cm depth, only Cs-137 

has been found below 10 cm depth in the soil profiles. This is 

very well demonstrated in the till profiles Fland F2 (Figs. 

4.3.2 and 4.3.3). 

Concerning the nuclide/Cs-137 ratios the available data are 

unsufficient for any detailed interpretation. However, the 

present data indicate in some profiles a correlation between 

the Ru-106, Sb-125 and Cs-134 compared to Cs-137. This can be 

due to a common transport for all these nuclides, i.e. the 

observed difference of cesium compared to the other nuclides as 

observed in Gidea is not that pronounced within Finnsjon. 

Table 4.3.1 Description of soil profile sampling sites. 

Site 

F1 

F2 
F3 

F4 

F5 

F6 
F7 
FB 

Fll 

Fl2 

Fl6 

F30 

F31 

F32 

F33 

Description 

Till, forest old conifer 
Till, forest pine 
Muck soil, discharge area in forest opening 
Bog, recharge area with scattered pine trees 

Fen, moss-rich conifer forest with shrubs 

Fen, vegetation see F5 
Till, forest pine 
Outcrop, thin soil layer 

Clay, narrow forest opening 

Clay, forest conifer stand 
Sand clay, pasture 

Ti 11 
Fen 
Outcrop, thin soil layer 

The soil profile measurements from site Fland F16 have been 

used for curve fitting with least square approximations to 

different analytical functions, exponential and power curve 
together with direct integration of the total activity in the 

different layers. The results are presented in Table 4.3.6. 



Table 4. 3. 2 Activity in soil profile samples (Bq/kg d w) from Finnsjon study 
site. Sampling 1986-06-27--28. Reference date 1986-04-28. 

Water 
No. Site Type Depth Area content 

(cm) (m**2) ('J., w w) Zr-95 Ru-103 Ru-106 Ag-l!Om 1-131 Cs-134 Cs-136 Cs-137 Ba-140 Ce-141 Ce-144 Cs-134/Cs-137 

JO Fl** Litter 0-3 0.045 16 3.03[2 4 .11E2 1. 37E2 4.70E3 2.95E2 6.63E2 3. 39E2 2.42E2 0.44 
11 Fl** Til 1 3-6 17 1. 42El 8.06EO 4.08El 0.20 
12 Fl** Til 1 6-10 13 2. 93El l.09El 9.16EO 2.85El 2 .12El 0.32 
13 F3** Tf 11 · 0-3 0.045 20 2.60E2 3.79E2 9. l!El 2.83£2 5.64E2 2.87E2 1.84£2 0.50 
18 F8* Moss 0-4 0.045 37 1. 84E3 3.13E3 9.46£2 6.43El 4.22E4 2 .01£3 3.94E3 2 .11E3 l.27E3 0.51 C> 

u, 
3 F16 Litter 0-3 0.045 25 2.62E2 5.39E2 2.20E2 I. 78El 3.18E2 6.10E2 3.63£2 l.86E2 0.52 
4 F16 Sandy clay 3-6 15 2.02El 2. 29El l.43El 5.19El 0.27 
5 F16 Sandy clay 6-10 13 1.44El J.88El 9.76EO 3. 35El 4. 52El 0.29 
6 F30 Litter 0-3 0.045 21 2.14E2 4. 72E2 7. 20El 3.48E2 6.67E2 2.10E3 3.29E2 l.04E2 0.52 
9 F31* Litter 0-4 0.045 31 7.48E2 l.01E3 4.50[2 l.20E4 5.97E2 1. 22E3 7.64E2 4.61E2 0.49 
14 F32* Bog 0-5 0.045 86 3.62E3 4.25E3 l.OOE3 3.02[3 5.82E3 4.43E3 2.45E3 0.52 
19 F32* Till 0-3 0.045 47 l.17E3 l.87E3 5.79E2 5.50El 2.57E4 l.47E3 2.87E3 1.20£3 8.84[2 0. 51 
20 F32* Moss 0-3 0.045 76 1.44E3 l.86E3 3 .10E2 1.l6E4 9.56E2 1. 74E3 l.39E3 l.12E3 0.55 
21 F32* Peat 3-10 80 9.65El l.61E2 7. 70El 4.42E3 l.03E2 2.31E2 0.45 
22 F32* Peat 10-20 88 9.13El 2.30E2 2.64El 7 .35El 7 .39El 0.36 
8 F33* Moss 0-4 0.045 57 8.08E2 1.75[3 4 .17E2 3.20E4 9.26E2 1. 77E3 l.12E3 6.61E2 0.52 

** Ghastbo area 
• Brandan area 



Table 4.3. 3 Activity in soil profile samples (Bq/kg d w) from Finnsjon study 
site. Sampling 1986-10-01--02. Reference date 1986-04-28. 

Water 
No. Site Type Depth Area content 

(cm) (m"'*2) ('t, w w) Ru-103 Ag-U0m Cs-134 Cs-137 Ce-141 Ce-144 Cs-134/Cs-137 

106 Fl** Sedge 60 4.00El 1.98[2 3.64£2 l .56E2 0.54 107 Fl/0 L1 t ter /humus 0-5 0.032 65 4.96[2 8.34[2 5.40E2 0.59 108 Fl/3 Moss sphagnum 0-6 0.032 63 4.39£2 1.10£3 3.34E2 0.40 109 Fl/3 Grass/clay 0-10 0.032 36 1.88[2 2.58[2 0.73 110 Fl/3 Grass/clay 0-6 0.032 43 6. 55£2 3. 70E2 1.66[2 1.77 111 Fl/8 Raw humus 0-5 0.032 34 2.08E2 3. 71E2 0.56 112 Fl/8 Raw humus 0-11 0.032 45 1.05£2 2.72[2 0.39 113 Fl/8 Till 0-6 0.032 45 2.38£2 4.56[2 0.52 
C> 
0-, 

114 FI** Tfll 0-3 0.045 83 4 .30£3 1.13£3 2 .13E3 9.45£2 0,53 us FI** Raw humus 5-9 0.045 83 J.08£1 6. 19[1 0.50 120 Fl6 Pasture (non cut) 0.5 97 1. 79£2 2.75E2 0.65 121 F16 Utter 0-3 0.040 40 2.96[2 5.35E2 0.55 122 Fl6 Sandy clay 3-6 0.025 28 1.97[1 5.13El 0.38 123 Fl6 Sandy clay 6-11 0.020 24 8.80[0 2.48El 0.35 124 Fl6 Sandy clay 12-17 0.005 22 1.68£1 2.56£1 0.66 102 Fll** Needle, spruce 0.45 56 3.97E3 8. 77El 2.35[3 4.26E3 3.06[3 1.93E3 0.55 103 Fll** Grass 0.5 79 4.75E2 9,02E2 7.48[2 0.53 101 FU** Grass roots 0-3 0.04 38 3.47E2 6.28E2 2.15[2 0.55 105 Fl2** Needle on ground 0.25 66 2,53E3 1.33[2 I. 72£3 3. l6E3 1.49[3 0.54 104 Fl2** Raw humus 0-3 0.045 31 l.36E2 2.46E2 0.55 

** GAvas tbo area 
* Drandan area 



Table 4. 3. 4 Activity in soil profile samples (Bq/kg d w) from Finnsjon study site. 
Sampling 1986-10-14--15. Reference date same as sampling date. 

Nu■b..- Suple d"cription: Date of suplin9 Date of ana I ysi s Depth lctl Area 1•21 pff I H20 6eo• Dry •ght Nght 19-11 
a:1:::1:::11::z::.s::===1::e1:1:c•1:11:ccw:cc1:z:•s1:z:1:::E:::;l:'l:==i::=c==1:1:.tt1<1:=::===i:::s::::::1::1:s::ee::1::t::::=1:=1::z:::::::::=====::1:::::c1::1:::::s:::::1:::1:::11:c::e-c=::1:e::c~s::=cc::::::::::::::=====-==============e=::z:::1:::::::s::1::•=1:==rw:::c1::r:::::::::11:::1:e::1:11: 

I FI, li tt..- hll, lncl. root urpet and surhc, ve9ehtion looss, grass I. 861011 870210 0-3 71,20 106,20 N500 106,20 
2 Rawhu■us incl, gr.velly till - bleached horizon. 861014 870210 MO 4.8 25,20 332, 10 8250 2'10,M 
3 Nor11I till - bleached horizoo. 861014 870210 10-20 4. 7 16 498, 70 8250 418 
4 Not11I till - fflricho .. t hyer. 861014 870211 20--30 5.2 23,70 426,50 8250 376,50 s Norod till - parffll Hterhl, 861014 870211 30-40 5.3 21,20 464,20 8250 464,20 
6 Litt..- hll Intl. surhce vegetation. 861014 870209 0-2 ,0625 67,'IO eo,so ft500 80,50 
7 Rooturpet, r1Nhu1us 861014 870209 2-4 ,0625 43,40 480,50 "500 399 
8 R .. huoas 861014 870210 4-6 ,0625 5.0 30,90 501,SO N500 501 150 
9 Tube profile, vt9ehtlon - tlll 861014 870427 0-10 ,0034 43,20 112,40 860 39,20 
10 Tube profile, vegetation - ra"'1u1us 861014 870515 o-5 ,0034 41 242,30 8250 230,80 

II F2, litt.r hll Ind. surface vegetation looss, grass, higsl, 861014 870220 0-2 ,0621 71 105,50 8250 5'5,30 
12 Rooturpet, r ••h•••• 861014 870220 2-4 ,0621 4,45 71,60 l3S 8250 68 
13 Ratthuous 861014 870221 4-S.5 ,0621 4,lS 71,50 178,50 8250 87,50 

Cl 14 R1"'1u1us 861014 870222 5.S-8 ,0621 4,25 72,60 236 8250 236 --..J IS R1"'1u1us 861014 870221 8-10 ,0621 4,30 69,50 197,20 8250 128 
16 Sandy till, leached horizon. 861014 870222 10-12 4,40 27,70 385,to 8250 343,50 
17 S.andy till, fflrich■ent hyer. 861014 870223 12-22 4,50 23,90 480,20 8250 430 
18 Sandy till, fflrlchoent hrer, 861014 870221 22-32 4,60 32,70 505,50 8250 437,50 

19 FI, Spha9nu1 sp, 861015 870218 0-5 ,0625 96,30 26,30 ft500 26,30 
10 Sphlgnuo put - degree of decotpositlon H2". 861015 870218 S-7 ,0625 94,20 36,60 !!SOO 34,80 
21 Sphagnuo pell - de9ree of deco1posi tion H2'. 861015 870218 7-10 ,0625 95,30 46,50 ft500 36 
22 Sphagnuo put - degree of decotposi lion H2". 861015 870217 10-12 ,0225 93,20 46 "500 46 

23 F6, litter hll Intl, surface vegetation. 861015 870223 0-3 ,05 73,50 143,40 8250 67,40 
24 Root carpet 861015 870223 H ,05 67 236,20 mo 126 
25 Ratthuous ind. sandy till. 861015 870223 6-9 ,OS 52,70 ll02,50 N500 588 

26 F7, litter hll incl. surface vegetation (grass, bigsl. 861015 870217 0-4 ,0625 72,30 27,20 em 27,20 
27 Root carpet 861015 870217 4-6 ,0625 70 107 B250 107 
28 Ratthuous Ind. undy till. 861015 870216 6-7.5 ,0625 4180 55,50 225,20 B250 215,80 
29 Tube profile vegetation - till 861015 870217 0-IS ,0034 25,50 m 8250 353 

• According to von Post 119211. 



Table 4.3.4 Activity in soil profile samples (Bq/kg d w) from Finnsjon study site. 
Sampling 1986-10-14--15. Reference date same as sampling date. 

Nu1ber K-40 lune Is ftn-54 lune Is Co-60 lune Is Zr-95 lune Is Ru-103 lune Is Ru-JM Iune Is Ag-110• lune Is Sb-125 lune Is Cs-134 lune Is Cs-137 lune Is Ce-lH lune Is 
I 
2 
J 
4 
5 
6 
7 
8 
9 
10 

II 
12 
13 
14 
15 
16 
17 
18 

19 
20 
21 
22 

23 
24 
25 

26 
27 
28 
29 

44,08 
286,10 
406,70 
409, 90 
495,40 
38,40 

2V3,IO 
489,40 
970,92 
752,60 

38,88 
30,40 
36,43 
71,25 
66,82 

331,80 
3"4,60 
399,90 

5,30 
1,80 
1,40 
1,10 
1,40 
5,60 
1,60 
,10 

3150 
3,30 

7,90 
8,80 
e,10 
4,90 
5,80 
2,20 

2 
1,90 

11,73 14,20 
7 ,68 15 
e,89 6,30 
9,19 6,40 

,41 79 1,57 25,90 32,50 

,83 46,30 1,45 27,50 35,85 

1,90 

,96 52 17 ,81 
,33 77,70 

1,49 

4,80 

4,20 

23,70 

13,50 

85,50 

,55 43,50 9,52 22,20 

16,26 24,60 45,05 10,80 
S,23 39,10 

18136 24 51 139 l0140 
5,U 23,70 

1199 38,30 3160 34 150 
56,68 34,20 
20,38 48 

44,41 
12,60 

4,78 

4,11 

15,60 
:li,20 

35,60 

61,80 

17,19 18,40 
2,34 28,30 
,74 39,90 

-------------------------------------------------------------------32,58 8 ,87 52,30 29,47 23,90 76,93 10,60 
77,45 6,40 ,64 75130 6,91 48,20 

439 ,80 ,22 74,70 7,14 18 

4,99 26,90 

II ,86 15 213, 70 
5,04 

10,80 16, 10 228,40 
2,48 :Ii 180 11,81 
,88 2i,9o 11 11& 

119,36 
122,88 

8,98 23,80 140 
2,49 38,70 35,37 

10,03 
,90 65,lO B,90 

2,47 

47,11 
,54 60,50 3,04 

,92 
,79 

,60 500,40 
6,50 22,89 

,86 
180 
,34 

,50 512,50 
1,50 107 
1,70 54,98 
3,10 352,04 
2,70 319,97 

I, 10 320 170 
2,30 87,77 
4,80 31,47 
4,10 30,79 

13,10 8,56 
8,27 
2,66 
1,37 

1,40 113,60 
6,10 9,17 

'7 4,86 
6,90 4,71 

,40 
1,60 

25,70 
20,70 
82,10 

,40 93,78 
,60 
,50 

1,40 
1,30 

,70 84,80 
1,30 
2,20 
1,80 
4,50 
4,20 

11,10 
20,10 

,90 
2,80 
1,00 

2 

8,70 

13,20 

-------------------------------------------------------------8,so 
3,30 

,51 

40,60 
88 

53 130 

10,45 
4,25 
,78 

20,60 
41,60 
41,90 

151,90 
69,03 
tl,11 

363, 70 ,60 361 190 
1190 164,40 1,10 141,BO 17,40 
1 ,80 47 ,06 ,60 

------------------------------------------------------ ,80 330, 10 
,70 574,60 

-:so-i21 ,so 5 
7,40 

13,bO 

17,98 
46,41 

106,70 
315,80 

II 
6 

2,10 
2,30 

,30 
,BO 

56,20 
54,10 

,69 
1,50 
,68 

25,40 
32,90 
34,30 

,43 13,40 ,12 7,20 113,80 
27,75 14,20 19,24 37,70 54,54 13,30 
7173 12,10 14,lO 14 130 

1,82 
51 18 

9,40 
14,20 

10,32 
tl,55 
l,63 

tt,70 
16,80 
20,60 

107,70 
258 

64,31 
23,38 

,40 395,50 
,90 161,10 ,SO M,45 

2,70 64,80 1,30 



109 

Table 4.3.5 Activity (Bq/kg d w) in soil profile samples from Finnsjbn study 

site. Sampling 1986-11-06--07 . Reference date 1986-04-28. 

Water 

No. Site Type Depth Area content 

(cm) (m**2) ('t, w w) Cs-134 Cs-137 Cs-134/Cs-137 

221 Fl" Till 0-1 55 l. 7[3 2.8[3 0.61 

222 " 1-2 45 1.8[2 1.8[2 1.0 

223 " 2-3 44 <5 .0El 1.9E2 

224 " 3-4 30 <5 .0El 1.7[2 

225 " 4-5 38 6.0El <5 .0El 

226 " 5-9 47 <2.0El 3. 7El 

227 " 9-13 15 <2.0El 2.lEl 

228 . 13-17 20 <2.0El <2.0El 

229 " 17-21 23 <2 .0El 3.2El 

239 " 0-3 0.045 

240 " 3-6 

241 . 6-18 

210 F3" Peat 0-1 71 2.7[3 4.9[3 0.55 

211 " 1-2 51 4.3E2 5.0E2 0.86 

212 . 2-3 44 2.1[2 <l.0E2 

213 " 3-4 43 2.1[2 2.6E2 0.81 

214 " 4-5 40 2.3E2 3.3E2 0.70 

215 . 5-9 36 6.0El l.1E2 0.55 

216 . 9-13 32 2.0El <2.0El 

217 " 13-17 33 2.0El 2.2El 0.91 

218 " . 17-21 31 2.0El <2.0El 

219 . 0-3 0.045 5.3E2 9.9E2 0.54 

220 3-8 4.0El 9.0El 0.44 

202 F7* Til 1 0-1 62 l.9E3 3.5E3 0.54 

203 . 1-2 41 2.4E2 8.6E2 0.28 

204 " 2-3 26 7.SEl 3.7E2 0.20 

205 " 3-4 22 5.5El <6.SEl 

206 " 4-5 16 8.0El <6.SEl 

207 . 5-9 27 <2.0El 4.0El 

208 " 9-13 24 <2.0El <2.0El 

209 . 13-17 20 <2.0El <2.0El 

** Gavastbo area 



SITE 

Table 4.3.6 Soil profile evaluation. Spectrometer estimation of activity based on an 
efficiency with 1/alpha = 2.0. Least square approximation with large weights 
on upper layer points. A zero value of quotient SPEC/SAMP means that no 
spectrometer measurement was available. 

EXPONENTIAL PROFILE POWER PROFILE TIME NLAY NUCL SURF ACT. D 1/2 INT. ACT. R2 SURF ACT. D 1/2 INT. ACT. R2 (BQ/KG) {CM) (BQ/M2) (BQ/KG) (CM) (BQ/M2) 
F 16 860627 3 CS134 2.26E+02 1.3 6.89E+03 .75 4.73E+02 1.4 6.54E+03 • 96 CS137 6.80E+02 1.5 2.41E+04 .84 8.66E+02 1.5 1.79E+04 . 97 RU103 8.33E+02 1.2 2.40E+04 .87 9.16E+02 1.4 1.32E+04 .96 F 1 860627 3 CS134 16. 4.7 l.69E+03 .11 59. 1.7 2.95E+03 .39 CS137 8.84E+02 1.4 2.86E+04 .85 l.13E+03 1.4 l.86E+04 .96 RU103 8.26E+02 1.0 l.99E+04 .87 9.16E+02 1.3 9.76E+03 .96 F 16 861001 4 CS134 53. 3;2 3.94E+03 .30 2.14E+02 1.5 4.96E+03 .78 CS137 92. 3.5 7.49E+03 .37 3.82E+02 1.6 1.12E+04 .85 

Table 4.3.7 Half value and quarter value depth in soil profiles ,October 1986. Determined by curve fitting, with a logarithmic function, to experimental data from large area (25x25 cm) soil profile samples. 

Site Soil profile # of points Cs-134, 1/2-depth 1/4-depth If of points Ru-106, 1/2-depth 

FI Ti 11 , medium, sandy ( podsol) 5 1 .3 2.0 5 1.0 
F2 Ti 11, medium, sandy ( podso1) 5 1.6 2.7 4 1.5 
F4 Peat 4 2.9 4 .1 3 3.6 
F6 Peat mixed with sand 3 2.8 3.7 2 2.4 
F7 Till, medium, sandy (podsol) 3 3.9 5.3 3 3.0 

DIRECT INTEGRATION 
INTACT. QUOT. 
(BQ/M2) SPEC/ 

SAMP 
1.36E+04 o • 
2.87E+04 o • 
2.30E+04 0. 
1.35E+04 1.3 
3.24E+04 .96 
1.85E+04 1.6 
1.19E+04 1.3 
2.28E+04 1.2 

c:, 

1/4-depth 

1.9 

3,2 

4.,8 

3,3 

3.8 
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The direct integration provides the best estimate of the total 

activity, used for comparison with the spectrometric 

measurements, and the power and exponential curve have been 

used for estimation of the half value depth. The power function 

provides the best fit to the experimental data, indicating 

other transport mechanisms than pure diffuson. The uncertainty 

in curve fitting is high, due to the limited number of points. 

The half value depth, calculated for Cs-134, Cs-137 and Ru-103, 

is approx. 1.5 cm at sites Fland Fl6. 

Half value and quarter value depth have also been determined in 

the soil profiles Fl, F2, F4, F6 and F7 from large area 

(25x25 cm) soil profile samples. Cs-134 and Ru-106 depth were 

calculated. The cesium isotope Cs-134 was shosen because it is 

not present in the soil before April 1986. 

The depths have been determined by curve fitting to a 

logarithmic function which provided the best fit to the experi

mental data. The results are presented in Table 4.3.7. Cs-134 

and Ru-106 shows nearly similar 1/2 and 1/4 v~lue depths. The 

1/2 value depth is approx. 1.5 cm in the profiles Fland F2 in 

till (medium sandy, podsol ). The 1/4 value depth is c. 2.5 cm. 

In the peat profiles F4 and F6 the 1/2 and 1/4 value depths is 

3 cm and 4 cm respectively, i .e the migration is less dispersed 

than in the till profiles. 

Surface activity at the sites Fl,F4,F6 and F7 determined from 

large area (25x25 cm) soil profile samples is presented in Tab

le 4.3.8. The relative distribution (per cent) between the 

uppermost layer and the entire profile is also given. 

The activity of soil samples and some surface covering vege

tation sampled in June 1986 is summarized in Table 4.3.9. The 

Cs-137 activity of the different soil layers (0-3 cm,3-6 cm and 

6-10 cm), lichen, moss and fern is shown in the summary table, 

as well as the activity ratio in relation to Cs-134. 

The mean surface activity of Cs-137 was in June 2100 Bq/kg d w, 

while the lichen had about 30 000 Bq/kg d w. 



Site Date 

n 861014 
+ 

F4 861015 
+ 

F6 861015 

+ 

F7 861015 

+ 
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Table 4.3.8 Activity (kBq/m2) in soil profile samples, taken 
1986-10-14--15. Reference date is sampling date. 

Activlt,i: k89/m2 ( same11n2 date l Rat10 

Area Depth Zr-95 Ru-103 Ru-106 Ag-ll0m Sb-125 Cs-134 Cs-137 Ce-144 Co-60 Mn-54 Cs-134/Cs-137 

25x25 C111 0-6 cm 0.6 0.3 1.0 0.23 4.45 11.15 1.50 0.02 0.01 0.40 
0-2 cm 95 90 84 . 74 82 74 100 100 100 

25"25 cm 0-12 cm 0.2 0.3 0.01 0.86 2.28 2.0 0.01 0.38 
0-5 cm 100 83 0 88 80 100 100 

25x25 cm 0-9 cm 0.3 1.2 3.6 0.5 0.6 9.65 23. 72 20. 7 0,08 0.41 
0-3 cm 0 100 91 71 70 67 65 74 44 

25x25 an 0-7.5 cm 0,6 0.3 2.9 0.1 0.4 6. 92 17. 19 11.0 0.05 0.02 0.40 

0-4 cm 1 62 26 37 25 31 32 24 28 

• Percent of total activity within the first layer 

Table 4.3.9 Activity (Bq/kg d w) in samples of soil and surface 
covering vegetation, taken 1986-06-25--26. Referen-
ce date 1986-04-28. 

Cs-137 Rat1os to Cs-134 

No. of 
Type samples Mean CV (%) Cs-137 Zr-95 Ru-103 Ru-106 1-131 Ce-141 Ce-144 

Soil 
(0-3 cm) 9 2 135 64 l. 97 0.97 1.57 0.46 20 1.08 0.74 
Soll 
(3-6 cm) 2 46 17 4.4 1.4 1.68 1.40 
Soil 
(6-10 cm) 2 31 11 3.3 2.3 1.28 3.50 
Lichen 29 400 l.91 0.96 1.40 0.35 10 1.14 0.69 

Moss 1 3 020 1.93 1.20 1.41 0.33 1.47 0.81 

Fern l 960 2.52 3.6 2.2 3.4 3.7 

The activity decreases rapidly, from 2100 in the upper 3 cm to 
about 50 Bq/kg d win the layer of 3-6 cm. Compare this with 
Table 4.3.6, where the calculated half value depth is about 1.5 
cm. At this depth the old bomb derived Cs-137 can also be seen, 
compare Cs-137/Cs-134 ratio 3 to 4 in deeper layers. The surfa
ce ratio is around 2.0. 

Table 4.3.10 SUfllTlarizes the results from the October measure
ments. The activity values are generally lower than in June. In 
November some single core samples were taken. More than 75 % of 
the total activity is found in the upper cm of the soil profi-
1 e. 
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Table 4.3.10 Activity (Bq/kg d w) in samples of soil and sur

face covering vegetation, taken 1986-10-01--02. 

Reference date 1986-04-28. 

Cs-137 Ratios to Cs-13~ 

No. of 
Type samples Mean Cs-137 Ru-103 Ce-144 

Soil 
(0-3 cm) 4 885 1.83 1.3 0.7 

Soil 
(3-6 cm) 1 50 2.6 

Soil 
(6-10 cm) 1 25 2.8 

lichen 23 100 1.9 1.3 0.7 

Moss 1 100 2.5 0:8 
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Figure 4.3.7 Soil activity profile (Bq/kg w w) in sand-clay 

(pasture), at site Fl6, 1986-06-27. 
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Figure 4.3.9 Soil activity profile (Bq/kg w w) in till , at 
site Fl, recharge area, 1986-06-27. 
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4.4 Outcrops and fractures 

Outcrops and fractures have been sampled at 4 sites, two within 

each sub-area. The location of the sampling sites is shown in 

Figure 4.4.1. 

Within the Glvastbo area five short drillcores have bee~ 

collected of which two were drilled in open fractures in the 

outcrop. Furthermore, three surface samples were collected by 

hammer. All samples consist of granodioritic gneiss more or 

less red stained (hematized). One core was drilled in a 

metabasite inclusion in the granodiorite. 

Within the Brandan area six short cores were drilled. Five of 

these include radioactive "hot spots" found with a portable 

detector. Also four samples of rock surfaces were collected by 

hammer. All samples consist of more or less red stained 

granodioritic gneiss. 
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...........-... water&hed 
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0 500m 
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;:=-=-== Prh,at road 

~s,ook 

~watersed 

--1!-Etevation curve 

O Borehole 

• Sampling 11le 

. 
F34 

Figure 4.4.1 Drillcore and rocksurface sampling sites, Finnsjcn 
study site. 
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The autoradiographic study of the rock surfaces from the Finn
sjon area shows an even distribution of the radioactivity on 
the rock surfaces over-printed by a relatively high frequency 
of particles showing higher radioactivity. Results are pre

sented in Table 4.4.1 and are also exemplified in Figure 2.6 
and Appendix A. 

The moss and lichen cover does not interfere with the particle 
distribution in contrast to the results found at the Gidea test 
site. A downward tranportation of radionuclides in a c. 1 ITlll 

wide fissure can be seen. The nuclides have penetrated at least 
2-3 cm of the vertical fissure wall. No evident difference in 

radioactivity can be related to differences in mineralogical 
composition, grain size or degree of weathering. 

Gamma spectrometric measurement in situ have been carried out 

on outcrops at five sites (cf. Table 4.2.1) and the result from 
the sites F8, F9, FlO, F18 and F20 is summarized in Table 

4.2.2. The exposure rate measured around the spectrometer sites 
is presented in Table 4.2.4. As can be seen, there are no 

systematic differences in nuclide composition or activity on 

the outcrops compared to soil surfaces. 



Table 4.4.1 Results from drillcore and rock surface analyses. 

Nu■ber Saople d•scription: O,t. of snpling Date of analysis lichen cover Autor1diogru Exposure ti oe Reurh: 

I F8 1 Drill cor• froe flat rod, 861014 861103 No Yes I, 7.S, 181 54.S h Cl,2,3,41 Hot spot 1ppro1. 100-ISO cps. 
2 Drill core fro■ fht rod. 861014 861103 No Yes 11 7.5, 18, 54.5 h (1 12,3,41 Hot spot 1ppro1. 45-50 cps. 
3 Drill core fro■ flat rock. B61014 861103, 870205 No Yes 360 h, 48 d U,21 Weak blackening •ith I strong and I •"k bhd spot, 4 Ori II corr froe fht rod, 861014 B7IOIJ No Yes 298 d lost hot spot, •••k bhckening •ith spots. s Ori II cor• 861014 B61103,B70205,87\013 No hs 360 h, 48 d, 298 d Cl,21 Oiffun bhdening. 131 w .. k bhckenlng with spots. 
6 Drill corr 861014 861103, 870205 No Yes 360 h, 4B d Cl,21 No blackening on nrtlcal sid•. 
7 Rest fro■ hot spot, on hpe, B61014 No No 
8 Rest froe hot spot, on hp• ond Ci,n,x, 861014 No No 
9 H111,r rod s11ple, 861014 870205 Very little Yes 4B d Even badground bhcbnlng plus about 10 black spots. 
10 Hauer rock s11pt., 861014 861015 No Yes 30 d Even background bhd .. lng pin about 15 blad spots, 
II Ori II cor• lroa flat rod, 861014 861103, 871013 No Yes 360 h, 298 d Ill No bladening, 121 Nut blukenlng, 

N ---------------------------------------------------------------------- ---------------------------------------------- w 12 F9, Drill cor,, rock, 861014 8bll 03 1 870205 No Yes 360 h, 48 d Ill 2 soall spots. 121 Nnk bhdening, 
13 Drill cor•, rod, 861014 861103, 870205 No Yes 360 h, 48 d 11 121 Split in 5 parts, •uk bhd,nln9 1 1 fu blad spoh, 
14 Hu■,r rod s11pl,. 861014 861103, 8702<15 No Yes 360 h, 48 d U,21 fin bhct spots on horhonhl top sid•, no bhd,ning on v,rtical side. 
IS Oril I core, rock. 861014 861103, 871013 No Yes 360 h, 29B d Ill On• weak black spot. 121 w .. k blad,ning with • spot. 
lb Oril I core, rod, 861014 8710!3 No Yes 298 d Neak blackening •,ith • spot, 
17 Drill cor,, rod, 861014 B70205 No Yes 48 d 6r,y blackening. 

------------------------------ ------------------------------- -----------------------------------------18 F34, Hau,r rock s11ple. 861015 Bbll03 Very little Yes 360 h On• strong hrg• spot. 
19 Hauer rock s11pl,. B61015 B7!013 Very little Yes 209 d Blad•n•d •i th spots. 
20 ----------------------------- ----------------------21 FJS, Hauer rock sa■ple, B61014 Bbl 1031 B70205 No Yes 360 h, 4B d 11 121 2 powerful black spots and 4 weahr spots on horisonhl top side, 
22 Hu .. r rock saople, B61014 861103 No Yes 360 h The rock has •n open lracturr, I black spot and a,,. grey fields on top surhc,. 
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4.5 Water and Sediment 

Water and sediment sampling have been concentrated to the Bran
dan catchment area. In this area 6 samples of surface water and 
one rainwater sample were taken on one of the first days 
(1986-04-28) of radionuclide deposition from the Chernobyl 
accident. This early investigation was followed by water and 
sediment sampling during June and October. Sediment was also 

sampled in November. The location of the sampling sites is 
shown in Figure 4.5.1 and they are described in table 4.5.1. 
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Figure 4.5.1 Water and sediment sampling sites within the 

Brandan and Gavastbo areas, Finnsjon study site. 

Nuclide activity in rainwater, stagnant water in bogs and a 
rock cavity, as well as activities in water samples collected 
in the brooks are presented in Tables 4.5.2 - 4.5.4. 

SOOm 
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Table 4.5.1 Description of water and sediment sampling sites 
within the Finnsjon study site. 

Site Description 

F8 stagnant water in rock cavity 
Fl5 brook, Gavastbo area 
Fl6 brook, 300 m north of Gavastbo area 
F22 brook, Brandan area 
F23 

F24 

F25 

F26 

F27 
F28 
F29 

u 

bog, stagnant water F28 
rainwater, in steel container 
bog, stagnant water 

In Table 4.5.5 and 4.5.6 nuclide activity in sediment samples 
from the creeks which drain the Brandan and Gavastbo areas is 
presented.The analyses show that the activity of cesium is low 
compared to the soil activity, 150-550 Bq/kg d wand 2800-4900 
Bq/kg d w respectively. However, the results also show a 
transportation by water of ruthenium and silver. 

Tritium content was measured in the brook which drains the 
Brandan area (site F24). The content was 21 TU. 



Table 4.5.2 Activity in water samples (mBq/1, sampling date) from the Finnsjon study site. 

Nu■brr Sa■pl, dncripllon: D1b of suplln9 Dab of analysis Yoluu Ill pH 6eo1 !r-95 lune Is Rd-103 Iunc Is Ru-106 Iunc Is A9-II01 Iunc h Sb-125 Iunc ls 

10 

II 

FU, sh9nant walrr froe a cnlly on I tinned and scraped outcrop, 
shgnanl ul" fro• 1 toity on I cluned and scraped outcrop, 
shgnanl uter fro■ • uvlly on I cloned 1nd scraped outcrop, 

f22, broo\ 1 flowing water, 

F23 1 nhtively sh9n1nl brook •Iler, 

F24 1 brookw1hr, before p1nln9 under lhe road. 

f25 1 brookwater, 11ter passing under the road, 

F27 1 stagnant water on the surface of I bog, 
stagnant water on the surhce ol I bog, 

f28 1 r1inw1hr In a steel conl1iner, 

F291 stagnant water in the opening of I bog, 

860129 
860624 
861015 

860129 

861015 

861015 

861MS 

860429 
860624 

860429 

860429 

860602 5 
871027 10 
970304 50 

960603 5 

870306 50 

870311 50 

970315 so 

860602 5 
871029 10 

860603 

860602 5 

860J 7110 I 2920 I 
DMJ 157 29,90 32,30 Sb,60 20, 10 33,60 6,50 ft500 21,30 33,50 58 15,50 2,85 '9,70 11,10 20,20 --------------- ------------------------------------860J mo, 29701 ------------------- ------·----6,10 ftSOO 58,20 19,30 5,54 67,60 8,25 30,90 -----------------------------------------------·----·----------·--------------·----·----6120 ftSOO 36,90 29 9,e& 12,so 3,39 83 -------------------------------------------------------------------·-------·-·-------------------

44,70 36,40 10,10 60 6111 67 150 -------------------------------··------------------··-------·---------·--·--------------·--
P60J mo, 
F60J 

13900 I 2910 I 

---------------·---------·--------------·------------------·---------------·-----·-----·--------
B60J 8350 I 20980 I 9210 I 

-----·--------··-------·----·--------·-·---------------··----·--... -- .. -- .. --------------------
P60J 3620 I 29301 

"••brr 1-131 lune Is Cs-134 tune Is c,-IJ6 tune Is ts-137 lune Is h-140 lune Is Ce-141 lune Is Ce-144 lune Is Cs-134/Cs-137 Re■1rh 

I 
2' 

10 

II 

388400 I 5290 I mo 1 10000 I 68790 I 2960 I 2170 I ,53 
95,90 5,70 201 2,20 ,18 
23,80 4,60 64,80 2 ,37 -----·-·----------- ---·--·----------· ·-------------------

67530 I 800 I '70 I 1730 I 5030 I ,46 

99,50 1,70 259 ,90 209 31,20 ,38 --------------------------·----------------------------------------------------------- -----------------------------· 40 4, 10 

5&,90 5,70 

257400 I 
8,90 

3270 I 

121 

U3 

13500 I 
205 

1,70 

2,40 

67370 I 
3,20 

13780 I 7580 I 

,33 

,JS 

,18 
,48 ·-------- ·--------------------------------------------------------------------·--·- ·. --·--------- ------ . --·-----

250470 I 

103310 I 

13930 I 

2110 I 

10530 I 27390 I 

mo, 

194690 I 

13900 I 

m50, 

710 I 

29910 I ,SI 

,51 

I "enurrd 1nd 1nllyad by a 101 6e(Lil-drhctor (fWHn J,2 keVI 
connected loll 1024-channel HP-nCA, c1libr1ted by a Eu•IS2 
shndard solution, 

N 
O'I 



Table 4.5.3 Activity in water sampes (Bq/kg) from Finnsjon study site. 
Sampling 1986-06-27--28. Reference date 1986-04-28. 

No. Site Type Depth Area 

(cm) (m**2) 

Water 

content 

('t, w w) Zr-95 Ru-103 Ru-106 Ag-ll0m 1-131 Cs-134 Cs-136 Cs-137 Ba-140 Ce-141 Ce-144 

25 F8* 
23 F24* 

24 F27 
26 Flnnsjon 

* Brandan area 

Water (pit) 

(1n sed) 
(fn peat) 

" (lake) 

l.40EO 2.l0EO 1.10[0 
l.20EO 
1.lOEO 

Table 4.5.4 Activity in water samples (Bq/kg) from Finnsjon study site. 

No. Site 

128 F8* 
125 Fl6 

* Brandan area 

Sampling 1986-10-01--02. Reference date 1986-04-28. 

Type 

Water (pit) 
Water (creek) 

Depth 
(cm) 

Area 
(m**2) 

Water 

content 
('t, w w) Ru-103 Ag-llOm Cs-134 Cs-137 Ce-141 Ce-144 

<l,0EO 
<l,0E2 

1.5 
l.30E0 
0.80EO 
0.8 

N 
-...J 



Table 4.5.5 Activity in sediment samples, Finnsjon study site. Reference date same as sampling date. 

Nu1b,r Snph dncription1 O,h of u,pllng D&lf of anal ysl s l M20 Ory w9hl G,oa Vghl 1,-11 1-40 lune h Co·bO tune h lr-9S luoc h 
S Ill II 11: a,;; ll r.nu: ■ 1t1JSt:it••············••c••·· •in:• 11 I ••• cc••· n 1u:c• ·····--·······••11••······· 1:11:811& I: 1:sca11 S ¥1i:lll'fll;.,. •••• t:8'1811: an••··························································· rt ■••· II lr1UIII !lt:SSll lolSSll:IIICSI Vll ...... , IU: ••••••••••• : 

re, Stdi1tnl lro1 0.5a d,pth, lhln hy,r oo outcrop. Aru o.o, 12 iBq/121, 0'1015 871123 13.0 1.5 8&0 4.S 208,Bl 5,10 

21 II f2J, Rnidu• ln1• ••lrr 21l! Hilt..- pap,r, rrt.ntlon 25 ••I 11,11 w11trl. 8bl01S 870122 HO -m,so 2,10 
7(21 Ruidue fro, ••tor 2131 l91'ss libtr liltrr, nhntlon 1,2 uol IBq/1 •1t,rl. 861015 870127 860 1m 1,50 
l ()I V1l,t toll,cltd logtlh,r with itdiotnt, liltuhd. 861015 170806 8150 167.0 50,20 9,80 
2<0 Sediornl !sand 1nd du~ ve9,htionl coll•c\rd at 0.21 d•pth. 061015 870806 11,,0 415,SO 9250 05.5 1001 1,50 I 130 61,30 

311) Rnldu• fro• utu 3131 llllttr paper, rrltntlon 2S ••I IBq/1 ••trrl. 861015 870107 160 rn,so S,70 
3(21 Ruidue fro, .. 1., 3131 lglus 11hr 111hr, rehnllon 1,2 u,J ltq/1 •1lrrl. BUOIS 870108 uo 2884 • 
3131 W1t,r collechd togt!hrr •ilh ndhrnt, lillrilrd. 861015 870811 mo m.o 50,10 1,10 ,60 2S,IO 

310 Sedi 1tnt lund and dud ng•hlionl t0lltchd 1t 0. ll dtplh. 8_61015 870121 53,70 m,uo 1160 58.8 m5,10 31H 1,60 10,10 171,20 26,80 

1(11 R,sidu• lroa .. tt, 1131 lllllrr paptr1 nhallon 2S ual IBq/1 .. tnl. 8&1015 nom 160 356,60 7,60 
4121 Rnldue fro• uhr 4131 (gins 11hr 111hr, nhnllon 1,2 u,l llq/1 •altrl. 861015 870511 860 m, s,,o 
ltll V1ltr coll,cted t119,thor with srdiarnl, filtrattd. 861015 870818 8250 111.s Sl,30 &,IQ 
1111 Stdinnl hand and dud ng,htlonl tolltel,d 1t 0.7, depth. 861015 870123 82,50 75,30 860 25.8 739,50 3,30 10,10 28,l0 156,10 25,50 

--------------.. -·--------------.... ---·---·----·-----
5111 f21, Ruldur lroa •altr S!ll Hll\tr p1p,r, rrhntlon 25 u,I 19q/J ••ltrl. 861015 870116 860 600,80 11 
512) Rnldu• fro• ••tu 5131 lg! 11s II brr Ii Her, nltntlon 112 ull ltq/J w1trr l, 8!1015 870SOS 960 3067,50 6,80 
51ll Wat,r collected togrlh,r •ith stdi ■rnt, lilluted. 8£1015 8708ll mo 101.s 12 18,80 
5 ( II S'41Hnt hand and dud •«i•t•Uoo, le• lhicU, colltcltd 1t O. h d,pth. 861015 870114 Bl,10 11,10 B60 22.5 712,10 1,vo 19,YO ,,10 602, 70 4,30 

............... - ................... ---------------------------
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Table 4.5.6 Activity· in sediment samples (Bq/kg d w) from Finnsjon study 
site. Sampling 1986-11-06--07. Reference date 1986-04-28. 

Water 
No. Site Type Depth Area content Cs-134/ 

(cm) (m**3) (i, w w) Cs-134 Cs-137 Cs-137 

230 n5- Sediment 0-2 59 1.0 E2 5.6 E2 0.18 
N 231 3-5 31 "° 

232 5-8 35 
233 8-10 45 6.3 El <2.0 El 
234 10-16 30 
235 F26* 0-2 25 6.0 El 1.6 E2 0.38 
236 2-4 28 <2.0 El 5.3 E2 
237 4-6 22 <2.0 El 2.5 El 
238 6-10 31 <2 .0 El <2.0 El 

** G!vstbo area 
* Brlindan area 
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4.6 Vegetation 

Surface vegetation, e.g. mosses, lichen and grass were analysed 
in the uppermost layer of the soil profiles (section 4.3) and 
the results are presented in Tables 4.3.2-4.3.5. As a comple
ment, vegetation were sampled and analysed on additionally 
eight sites also including schrubs, needles and leaves. Some 
examples of the collected vegetation samples are specified in 
Table 4.6.1 and the activity is presented in Tables 
4.6.2-4.6.4. In Tables 4.6.5 and 4.6.6 Cs-137 and ratios 
nuclide/Cs-134 in vegetation samples from June and October are 
presented. 

Table 4.6.l Example of vegetation samples collected within the 
Gavastbo and Brandan areas, Finnsjon study site. 

Mosses: Polytricum juniperum 

Pleurozinum scheberi 
Sphagnum russowii 

Lichen: Cladina stellaris 

Cladina rangiferina 
Schrubs: Calluna vulgaris 

The activity of Cs-137 in grass, schrubs, needles and leaves is 
in the order of 1000-5000 Bq/kg d w, while the lichens and 
mosses holds about 10.000 - 40.000 Bq/kg d w. There is no 
marked difference in Cs-137 activity between birch leaves and 
needles of spruce and pine, as observed in the Gidea study 

site. This can be explained by the fact that in Finnsjon the 
leaves were nearly fully developed at the time of nuclide 
deposition. 



Table 4.6.2 Activity in vegetation samples (Bq/kg d w) from Finnsjon.study 
site. Sampling 1986-06-27--28. Reference date 1986-04-28. 

No. Site Type 
Water 

Depth Area content 

(cm) (m**2) (%, w w) Zr-95 Ru-103 Ru-106 Ag-llOm 1-131 Cs-134 Cs-136 Cs-137 Ba-140 Ce-141 Ce-144 

2 F9** Lichen 
Fl6 Grass 

15 F32* Needle, spruce 
17 Fern 
16 F33* Needle, pine 

7 Birch leaves 

** Gavastbo area 

* Brandan area 

6 
0.5 13 

64 

83 
64 
74 

1.48[4 2.16[4 5.39[3 4.95[2 1. 50[5 1. 54[4 
1.96[2 2. 96[2 1.61[2 
2.45[3 3.31[3 6. 99[2 2.17[3 
1.36[3 8.24E2 3.79[2 
5.64[3 7 .23E3 1. 79E3 1.91[2 3.85[4 4 .25E3 
4.29E2 5.84E2 6 .27[2 

Table 4.6.3 Activity in vegetation samples (Bq/kg d w) from Finnsjon study 
site. Sampling 1986-10-01--02. Reference date 

No. Site Type 

126 F8* Birch leaves 
127 Needle, pine 

117 FlO** Bfrch leaves 
11B Heather 
119 Needle, pine 
116 Lichen 
201 F20*+ Lichen 

** G~vastbo area 
* Brandan area 

Depth 
(cm) 

0-3 

0-3 

Water 
Area content 

(m**2) (%, w w) Ru-103 Ag-llOm Cs-134 

27 7.3BE2 3.17El 5.22E2 
48 2.87E3 9.87El 1.56[3 

67 l.08E3 7.B9El 9 .14E2 
52 4. 70E3 1.16[2 3.73E3 
34 1.50[3 7.61E2 

0.25 48 1.65[4 3.15E2 l.24E4 
0.2 50 4.0E3 

+ sampling 1986-11-06--07. Reference date 1986-04-28. 

Cs-137 Ce-141 Ce-144 

7.96[2 3.22E2 
2.84[3 1.24[3 

l.5UE3 1.14[3 
6.90[3 4.7E3 2 .33E3 
l.45E3 7.42[2 
2. 31 E4 1.63[4 8.25E3 
l.5E4 

2. 94[4 4 .30E4 l.75E4 l.06E4 

2.89E2 3.29E2 0.95 
4.18E3 2.63[3 l.97E3 
9.57[2 l.29E3 l.40E3 
8.09E3 6.29E3 4. 23E3 
1.29[3 4.89E2 4.78E2 

w 



Table 4.6.4 Activity in vegetation samples (Bq/kg d w, sampling date) from Finnsjon study site. 

Nulbrr Saaple description: Date of s11plln9 Date of analysis 1 H20 Dry 11ght 6eOI llght lg-.1 K-40 lune Is lln-54 tune ls Zr-95 tune Is ••••••zec■saz:esacc■■etwsccctaa&acate■r:rrec••••=••c••••s:r:aa:a~e•=•••••=n:•ezruceczeaasasneaa:a:e:trr:ca:crr:t::rt••=~:et••==•z====czr:r:earra:z::rc:::rr:::zra~:car•••trt:r.t: 

F8 1 Sph1gnu1 860624 8705()6 89,60 3,20 BbO 3,20 1930 B,90 3741 15,90 

--------------------------------------------· 2 f'l, Polytrichua Juniperiu1 861014 870317 65,30 24 8250 24 m 23 23 61,60 3 Cladin1 stellaris 861014 870428 es,10 6,60 B60 6,60 834 19 3012 11,40 4 Cladonla arbuseula 81,1014 870317 72,20 54 8250 54 180 24,30 25 H,70 5 Shagnu1 russowii B61014 870526 98,30 3 11500 3 1880 42,10 
6 Cladina rangiferina, old 8610!4 870504 81 170 9,50 860 8,5o 528 16,90 151,1 14,70 1 Pleurozlnu1 schreberi 11&1014 870323 B0,70 15 8250 15 714 27,10 
B Heathff, pereh!d1 old and dry 81,1014 870405 0 38,80 8250 38100 89 27,70 

' Huther, 11lve 861014 870406 43,90 23,30 8250 23,30 384 11,40 

10 F271 Sphagnu• 9irgensohnii lcl!ntnl!!l 860624 870602 88/IO 5 w 8250 5 2040 21,90 N 

Nulber Ru-103 lune 1s Ru-106 lune Is Ag-110. lune Is Sb-125 tune ls cs-m tune ls Cs-137 lune Is Ce-144 tune h Cs-134/Cs-137 Ruarkst .......-az=::::tz2:1r:ee~=•••atae■a=••t•m•••ct2:ea:a::ta&e:ees=:zamu::::ace:tseazeac■a:ascea:z::c2s:::rza:z:s::2zs:ss-:%%CStta:z:er:a:etztesa:r2aa■~•=n•~==========c==•==~==• 
2732 12,70 282 16130 385 19,30 5975 ,90 12378 ,60 16822 5 ,48 

-------- ----------- ---------------- ---------2 582 57,20 1332 17,10 530 21 100 JIB 20130 4158 1,30 10738 ,10 139 Taken with roots. 3 3289 10,40 738 22,30 14944 180 33682 ,50 32818 4,50 144 New for the yur. 4 1191 21,80 25S0 8,30 m 12,20 321 17180 9219 ,so 23204 ,30 9096 5,30 ,40 5 10m 29,60 5687 31,10 1544 45,20 39667 1,60 107100 ,eo 137 New for lhe year. 6 3112 7,40 319 24,40 659 17 12753 ,60 28718 ,40 6207 16,10 ,44 1 1422 16,60 1191 24110 m 27 11867 I 29787 ,60 89867 3,40 ,40 8 940 23,50 2170 5,70 1725 3,90 387 9,40 10064 ,30 27320 I 10 ,37 

' 567 24,70 718 12,10 133 20,90 2780 ,90 7824 ,40 ,36 

10 3892 37,70 2748 28,70 428 59 13560 1100 31780 ,90 ,43 
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4.7 Nuclide Deposition, Distribution and Migration; Summary 

The radionuclide deposition within the Finnsjon study site is 
summarized in the following items: 

Within the study site there was a deposition of different gamma 
emitting radionuclides which are possible to trace in a time 
perspective of several years(e.g Co-60, Ru-106, Ag-llOm, 
Sb-125, Cs-134, Cs-137, Ce-144). 

There was a high deposition of refractory elements (e.g La-140, 
Zr-95, Ru-103, Ru-106, Ce-144). 

An essential part of the actvity was deposited as hot-spots 

(active particles), especially containing Ru-103 and Ru-106. 

Substantial local variations in the ground surface deposition 
are observed. 

The ground surface deposition, determined from gamma spectro
metric and exposure rate measurements in situ and from labora
tory measurements on large area (25x25 cm) soil profile samples 
are surrrnarized in Tables 4.2.3, 4.2.4 and 4.3.8 - 4.3.10 where 
the following data is given. 

o The total surface deposition mean values were in June 1986 
2 2 

17 kBq/m of Cs-134 and 31 kBq/m of Cs-137, measured 
by gamma spectrometry in situ. The Cs-137 activity was 

within the range of 20-40 kBq/m2 and the coefficient of 
variation (CV) was 30 %. 

o The mean activity of surface deposited refractory elements 

was in June 1986 58 k8q/m2 of La-140, 17 k8q/m2 Zr-95, 
2 2 

29 kBq/m Ru-103 and 30 kBq/m of Ce-144. 

o The mean activity of iodine, measured in June 1986 was 127 
2 

kBq/m. 
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o In November 1986 the exposure rate was measured on 16 
sites at a height of 0.7 m from the ground. The mean value 

was 16 uR/h. 

In su1T1T1ary the disribution and migration of the radionuclides 
are described in the following items: 

o Soil profiles show that most of the nuclides are caught in 
the upper layer in the soil profiles, e.g. humus. Except 
for solitary recordings of Ru-106 and Cs-134 at 10-12 cm 
depth only Cs-137 has been found below 10 cm depth, remai
ning from atmospheric bomb tests in the 1960s'. 

o The mobility of cobolt and antimony in soil profiles is 
higher compared to that of cesium. Cerium, however, seems 
to be detained in the very upper layer of the soil, 
indicating that cerium exists as a cation. 

o The half value depth of Cs-134 and Cs-137 in soils has 
increased by about 60 % from June to November 1986, accor
ding to gamma spectrometric measurements in situ. 

o In October 1986 the 1/2- and 1/4-value depth in till 
(medium sandy, podsol )was approx. 1.5 and 2.5 cm 
respectively, for Cs-134 and Ru-106. In peat the 1/2- and 
1/4-value depth were 3 and 4 cm respectively. 

o The autoradiographic study of rock surface samples shows 
an even distribution of the radioactivity over-printed by 

a relatively high frequency of particles showing higher 
radioactivity. The moss and lichen cover does not inter
fere with the activity distribution, as found in Gidea. 

o A downward transportation of radionuclides in a c. 1 nm 
wide fissure can be seen. The nuclides have penetrated at 
least 2-3 cm of the vertical fissure wall. 
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o Gamma spectrometric measurements in situ have been carried 

out on outcrops at five sites. As can be seen, there are 

no systematic differences in nuclide composition or 

activity on the outcrops compared to soil surfaces. 

o Relatively high concentrations of radionuclides are found 

in water samples from the brooks which drain the studied 

area. 

o The analyses of the sediment samples show that the activi
ty of cesium is low compared to the soil activity, 150-550 

Bq/kg d wand 2800-4900 Bq/kg d w respectively. However, 

the results also indicate a transportation by water of 

e.g. Zr-95, Ru-106 and Ag-ll0m. 

o The activity of Cs-137 in grass, schrubs, needles and lea

ves is in the order of 1000-5000 Bq/kg d w, while the 

lichens and mosses holds about 10.000 - 40.000 Bq/kg d w. 

There is no marked difference in Cs-137 activity between 

birch leaves and needles of spruce and pine, as observed 

in the Gidea study site. This can be explained by the fact 

that in the Finnsjon the leaves were nearly fully 

developed at the time of nuclide deposition from the 

Chernobyl fallout. 
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5. SUMMARY AND CONCLUSIONS 

The present study performed during 1986-87 shows that the 
radionuclide deposition from the Chernobyl accident is high 
enough within the Gidea and Finnsjon study sites to be used for 
field studies intended for radioecological and geohydrological 

migration modelling. 

The fallout is different in the Finnsjon and Gidea areas with 
respect to radionuclide composition and the amount of activity, 
depending on the content in the plumes, deposition and surface 

conditions. For instance the Gidea study site was covered by 
approx. 0.5 m of snow at the time of radionuclide deposition, 
which seems to have influenced the chemical behaviour of diffe
rent elements in the fallout. In contrast the Finnsjon study 
site was free from snow. However, many of the gamma emitting 
radionuclides deposited within the study sites are possible to 
trace in a time perspective of several years, e.g. Co-60, 
Ru-106, Ag-llOm, Sb-125, Cs-134 , Cs-137 and in Finnsjon also 
Ce-144. 

The cesium and iodine deposition was about twice as high in 
Gidea compared to Finnsjon, but in Finnsjon more refractory 
elements such as zirkonium, ruthenium and cerium were 
deposited. In Finnsjon also an essential part of the activity 
was deposited as hot-spots (active particles) especially 
containing Ru-103 and Ru-106. 

The deposition of Sr-90 is low compared to what was already 
present since the nuclear bomb tests during the 1960-s. 

The cesium-137 activity measured by gamma spectrometry in situ 
gave a range of 30-100 kBq/m2 (CV 30%) in Gidea. 

Corresponding figures for Finnsjon were 20-40 kBq/m2 (CV 
30%). The mean values of exposure rate were 23 uR/h in Gidea 
and 16 uR/h in Finnsjon, measured in November 1986 at a height 
of 0.7 m above the ground. 
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An essential variation of radionuclide deposition has occurred 

even in the very local scale. As a consequence soil profiles 

taken close to each other can differ by a factor of two in 

radionuclude content. 

Radionuclide migration and sorption have been observed within 

a wide variety of samples, e.g. soil profiles, vegetation, 

water, sediment and rock samples. 

In the soil profiles a faster and different manner of migration 

is indicated for Sb-125, Ru-106 and Co-60 compared to cesium. 

In October 1986, five months after deposition, radionuclides 

are found at depths below 20 cm, indicating other transport 

mechanisms than only diffusion. The mean half value depth, in 

October 1986, of Cs-134 was in Gidea approx. 4 cm in the till 

and sand profiles and 7 cm in the peat profiles. Corresponding 

figures for Finnsjon are 1.5 cm and 3 cm. 

Measurements on a drillcore sample, from a granodioritic 

outcrop in the Finnsjon area, show that radionuclides have 

penetrated at least 2-3 cm downward in a vertical fissure. In 

Gidea the snow cover also has influenced the redistribution of 

the nuclide deposition on the outcrops in such a way that the 

radioactivity is high on the lichen covered surfaces and very 

low on rock surfaces without moss and lichen. 

Two different chemical forms of ruthenium seems to occur, one 

insoluble, which is detained on rock surfaces and in the 

uppermost layers of the soil profiles, and one that is very 

soluble in water which could already in February 1987 be detec

ted in fairly deep groundwaters sampled in the artesian drill 

holes Gi 2 (97-106 m) and 20 (0-100 m) in the Gidea area. In a 

shallow well was also Co-60, Ag-llOm, Cs-134 and Cs-137 found, 

besides Ru-106 in October 1986. 

Relatively high concentrations of radionuclides are also found 

in surface waters (i.e. brooks, rock crevices etc.) and shallow 

ground waters sampled at the bottom of the dug pits remaining 

from soil profile sampling. 
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It is evident also from the sediment samples that an active 
transport of radionuclides (Ru-106, Ag-llOm, Cs-134, Cs-137) 
has occurred by water. 

Vegetation samples show that radionuclides have been absorbed 
in different types of vegetations. 

The results from the deposition and migration measurements 
carried out in this study from April 1986 to February 1987 
show that it is possible and worthwhile to continue the mea
surements of radionuclide redistribution and migration in both 
Gidea and Finnsjon study sites. However, the Gidea area is to 
prefer for radioecological and geohydrological migration model
ling and budget calculations due to more easily geological and 
hydrological conditions. Despite the more complex environmental 
conditions it is valuable to continue studies also in Finnsjon 
because of a high concentration of refractory elements which 
will give information about different chemical species. This 
study can, however, be in a more moderate way compared with the 
Gidea studies. 

In the continued study yearly sampling of water, some soil 
profiles and a separate rock surface/fissure is recommended. A 
more sparse time schedule is recommended for gamma 
spectrometric measuerements in situ. A few sites are proposed 
to be measured every year and all sites presented in this study 
are measured every third year. 

Exposure rate is measured once a year at some of the sampling 
and spectrometer sites and also along the previous measured 
lines. 

The data obtained from the distribution and migration 
measurements, will together with environmental conditions 
(geology, hydrology etc.) primarily constitute the basis for 
budget calculations of radionuclide redistribution and secondly 
radioecological and geohydrological migration modelling. 

In the time perspective of decades it is feasible to compare 
the measured redistribution and migration with predictive 
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calculations based on laboratory experiments and previous 

performed tracer tests. Also comparison with real case 

histories from radionuclide deposits would give valuable 

knowledge about radionuclide migration in a natural complex 

environment. 
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Table A. 1 Activity ratios to Cs-137 in soil samples from different places in Sweden. All activities are corrected 
for decay back to the sampling date. Activity ratio= Nuclide activity x 100 / Cs-137 activity. 

Percentage of activity compared to the Cs-137 activity. 

Site Place Date Area Depth Ru-103/ Ru-106/ Ag-llOm/ Sb-125/ Cs-134/ Ce-144/ Co-60/ 

Fl Ff nnsji:in 861014 25x25 cm 6 cm 3.0 9.1 2 .1 40 13 0. 18 
F2 F1nnsjlin 861014 23x27 cm 10 cm 13 1. 2 2.6 42 20 0.29 
F4 F1nnsjlin 861015 25x25 cm 12 cm 14 0.44 38 88 0.44 
F6 F1nnsjon 861015 20x25 cm 9 cm 5.3 15 2.7 41 87 0.34 
F7 Finnsji:in 861015 25x25 cm 7.5cm 1.8 17 2.5 40 64 0.29 
Tl Trodje 861016 50x50 cm 11 cm 1.8 5.7 0.9 1. 9 40 0.30 
BI Brunne 861017 25x25 cm 10 cm 1. 7 5.0 2.7 1. 7 41 0.38 
tll Urnski:ilsv1k 861020 25x25 cm 2 cm 4.8 0.38 1.3 44 0.27 
Gl G1deA 861018 25x25 cm 22 cm 2.6 9.2 0.96 2.5 42 0.32 
G2 GideA 861018 25x25 cm 12 cm 1.1 3.8 1.6 41 0.26 
G3 GfdeA 861018 25x25 cm 27 cm 0. 70 7.6 0.56 2.7 43 0.28 
G4 GideA 861018 25x25 cm 16 cm 1. 9 4.3 1.8 2 .1 41 0.34 
G6 GideA 861019 25x25 cm 13 cm 0.92 3.5 0.05 1.5 44 0.28 
G7 GideA 861019 25x25 cm 4.5cm 0.33 2.2 0.53 0.45 44 0.20 
GB G1deA 861019 25x25 cm 60 cm 6.6 2 .1 2.2 34 0.28 
NI N. Tannflo 861020 25x25 cm 8 cm 13 2.3 4.3 35 0. 17 
GEl Gaddede 861021 25x25 cm 12.5cm 4.1 1. 5 2.0 44 6.3 0.27 
GE2 Gaddede 861021 25x25 cm 12.5cm 4.4 3.6 2.0 39 4.4 0.39 
GE3 Gaddede 861021 25x25 cm 9 cm 3.7 3.5 1. 6 39 0.23 
GE4 Gliddede 861021 25x25 cm 8 cm 2.5 1.5 1.5 43 0.31 
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Picture showing an outcrop of 9 m2 during a search for active 
particles, Finnsjon sampling site F8 (October 1986). 

Picture showing two drill cores (middle) from Finnsjon (sampling 
site F8), and autoradiograms with exposure time 1, 7 .5, 18 and 
55 hours. 
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Table B. 1 Gidea, soil profile characterisation. Texture and trace element composition. 
Nu1ber Supl• ducription, 0.tt of sa ■pling Dato of analysis Depth (ul A,., (121 pH l ff10 Dry wght lieot Wght 19-11 

11:1r.:1<1:11:1:11::11:1:t:1:a-•11:•n= ■ •c•••i:•r11:'l:a1:::1:::::1:11:1::1:1:1r.•=•=z1:2::::az:::•1::::::::::11:1:::i:1:11:•s:1:s1:11::11:::::c:::.::::r1:::1:1:::11:::t:1:::::r::::::1:::u::1:1:1:::1:::1:1:::1::1:1:::1:10:1:=•=-=••11•••::u:a1:s.1r.11: ■■ •••••=••••••=•1:••-=•••1:•:1r.c•,.•1:11:::1:1::a1:sa ■ ••• 
I 61, litter hll Intl. surhcr vegehtion (aoss, graiss, hi9s1. 061010 070207 0-1 ,06:r.; 81,30 53,90 ft SOO 10,60 2 Root cupet, rawhu1us 061010 070207 1-10 ,0615 l,IS 00,90 07,60 ft SOO 73,90 3 Rahu1u1 061010 070207 10-12 ,0625 71,60 131,30 ft SOO 126 4 Rlwhu1us 061018 870108 12·14 ,ons 78 281,10 ft SOO 138 hwhu1uo Intl. 9r1volly till. 861018 870lll IH6 ,0625 72 m ft SOO 198 6 6r•v•lly till 861018 010m 16-22 ,OllS l,IS • 31,90 1190,60 n SOO 657 ,eo 

7 62, liller hll Intl. surhct vegthtlon (9r1ssl. 861018 870116 0-1 ,0625 17,30 109 ft SOO 96,SO 8 Root urp,t, r.awhuaus 861018 870217 H ,061S 68,50 242,SO ft SOO 18V ,70 9 R1whu1us 061018 870211 7·10 ,061S ,,so 52 356,80 ft SOO 329,60 10 S1nd • bl.,chfd horizon mOl8 870214 10·12 ,0625 20,20 V8o ft 500 781 II Liller hll incl. 1urhct ••g•htlon (9r,55J 861018 870215 0·10 4,50 47,30 2VS,70 ft SOO 295,70 12 S1nd • bluchtd hori1on 061010 910m 10·17 4,60 11,70 908, VO B T.iO m 13 S1nd • bluchtd horl1on 861018 870228 IMS 4,VO 27 753,40 8 2so 457 ,20 14 S1nd - tnri ch1ent hyu 861018 870228 25·37 ,,vo 21,30 753,60 I 250 482 IS S1nd • tnrich■tnt hy,r 861018 870301 40·48 5,10 56 190 430 130 I 250 300 16 Sand • bluthtd horiton 061018 870302 SO-SI s,10 

17 63, Sph19nu1 ,p. Intl •. vtqthtion lhuthtr, hlgsl. 861018 870213 0-8 ,0625 94,30 " ft SOO 37 18 6ph19nu1 put 861018 870213 8-15 ,0625 vi,so 110,SO ft SOO 45 19 Sph19nu1 put • degrt• of dttooposition H3" 061010 870214 15-18 ,0625 • 92,10 153,BO ft 500 62,30 20 Sph19nu1 put • deg,,. of decooposi lion H3" 861018 070216 18-22 ,0625 94 116,50 ft SOO 86 21 Sph19nu1 put • degrt• of deco1posilion ff3" 861018 870115 22-27 ,0625 95,70 91,70 ft SOO 88 22 lh.hr suph fro, 9round11ater surhc,. 861018 870376 27· 100 ft SOO J6l 23 Rnldu,• fro ■ nltr suplt 1bovt (J21 presenttd In (8qll ut,rl. 861018 870l28 27· 860 m 
21 64, Litter ldl Intl. surlact v,9ehtiun l9r1ss, 1055 1nd llngonberry twlgsl. 06IOIV 870218 0-4 ,067.i ll,10 86,20 n SOO 71,40 25 Root urptt Intl, '"" ston,s1 r1whu1us 86101V 870219 4·8 ,067.i 1,60 51 120 470 ft SOO 218,50 26 R1whu1u1 861019 870219 8·.12 ,0625 1,70 4',SO 699,30 ft SOO 328 27 Stony Hndy till • tnrith1tnt hy,r 061019 870219 12-16 ,0625 19,40 1074 n SOO 806 28 Stony Hndy ti 11 · tnrl choent layer 861019 87021V 11-21 4,VO 12,BO 1063,20 ft SOO 982 

2V 65, Sph,9nu1 sp. 861019 870223 0-10 ,ons 3,60 95,10 41,40 ftSOO 30 30 Sph19nu1 put • degrt, of deco,position H2·ff3' 861019 870122 10·20 ,ons V3,60 " nsoo " 31 Sph,9nu1 put • deg re• of d,cooposi tl on H2-H3 · 861019 870272 20·30 ,0225 94,VO 39,30 ftSOO 3V,30 l2 Sph1gnu1 put • deqrt• of decooposition H2·Hl· 861019 870221 30·50 ,0215 VS,70 37 ftSOO 35 33 Spha9nu1 put • degr,, of deco1posit ion ff2-Hl' 86101V 870220 50·70 ,ons VS,70 39,60 ftSOO 3V,60 31 Sphagnuo peat • degre• of deco,posltion ff2-lf.l' 861019 870?19 70-VO ,0225 96,70 32 HSOO 32 

35 66, Litter hll intl. surhct veg•hlion (lichen, 1055, huther twigsl. 861019 870211 0·2 ,0625 35,50 m n 500 Ill 36 Rooturp,t, rawhu1us 861019 070211 H ;0625 58,70 170,30 ft SOO 161 37 Ra11hu1us 861019 870216 l·S ,0625 45,10 205,VO 8 ?SO 187,60 38 Sandy til I • bluched hurirnn 861019 870212 5-6 ,0625 20,10 717,80 ft SOO 676,80 39 Sandy tl II • bluched horizon 861019 870211 6-8 ,0625 ll,40 eve, vo n SOO 780 40 Sindy till • lbluched hori1onl t ,nrich ■ ent hy,r. 861019 870ll5 8-10 ,0625 3,90 21,10 1m ft SOO 684 41 6rntlly till - enri ch1enl. I 1ytr. 86101V 870321 10-13 ,0615 4,80 11,10 1m ft 500 831 12 6r,v,lly till - enr i ch1ent I ayer. 861019 870113 11-21 10,20 1180 ft SOO 1072,80 

4l 67, litter hll Intl. veg,htlon !lichen!. 86101V 070220 0·2 ,061S 74 182,70 8 250 IIS,SO 14 Rawhuaus. 861019 870220 2·3.5 ,0615 56,30 m 8250 m 45 Rn1hu1us 861019 070220 3.S·I.S ,0615 1,20 18,60 420,70 B lSO 213,SO 

16 68, Sph,9nu1 put • cultlvlltd, drained. 861019 870301 0·10 ,06 79,70 178,10 n SOO V0,40 17 Sph,9nu1 P"t • cultivated, drained. 86101V e,om 10-20 ,0625 78,10 612,60 ft SOO 76,60 18 Sphagnuo put • cultivated, drain,d. 861019 870301 20·30 ,0625 66,SO 413 ft SOO 76,10 49 Sph,9nu1 peat - cultivated, drlin,d, 861019 870)02 30·40 ,04 88,50 343,20 n SOO 100,30 so Sphagnuo pe,I • cultiv,ted, driined. B61019 870227 4o-50 ,01 87,60 m ft 500 172 Si Sph1gnu1 peat - cultivated, dr1ined. 861019 870726 S0-60 ,01 3,70 85,1(• 147,JO n SOO 211,30 



Table B.1 cont. Gidea, soil profile characterisation. Texture and trace element composition. 

Nuaber A• la lr C. 1 C. t• tr to Ea HI h 1 la le Nd . l I Rh Se St Na l Ta Tb Th In lr Yb thr Sill S•nd Grav,I l9nltion IHI l Ro .. rb1 

I 
2 
3 
4 
s 
6 

1 
8 
9 
10 
II 
12 
n 
14 
15 
16 

17 
18 

" 20 
21 
22 
23 

24 
25 
26 
27 
28 

29 
30 
31 
32 
33 
34 

~~ 

36 
37 
38 
39 
,o 
41 
42 

ll 
44 
45 

46 
47 
48 

'' 50 
51 

,so 
II 15 1,30 10 3,70 ,20 I ,30 6 
10 ' 6 2,30 ,Jo ,17 ' IS 16 ,60 1,90 ,30 ·" ' 15 2l 1,50 t,50 ,so 1,50 ,49 12 ,JO 

400 55 2,90 1,30 ,eo ,,so ,52 22 ,10 20 

JOO 6 17 1,10 ' 1,20 ,20 ,2, ' ,,o 
300 6 1B 1,50 ' 1,20 ,JO 2,70 ,28 8 ,20 

450 14 2,20 ,50 ,60 3140 ,16 6 ,to 
,so 1,10 25 2,80 14 1,10 ,60 4 ,50 12 ,10 
500 1,30 24 2,90 15 1,90 ,70 2,80 ,68 10 ,10 
500 35 2,,0 21 2 ,80 3,50 ,u 13 ,20 
500 t,30 35 2,70 19 2 ,ao 2,30 ,71 13 ,20 

------------
3,50 ,28 

3,50 35 10 1,10 ,20 ,39 

10 ,60 5 ,10 ,to 7 
400 28 5 21 29 ,10 1,10 15 110 

25 40 2,50 17 27 ,60 1,30 1,50 20 ,10 
400 , 10 10 8,50 35 27 ,70 3 2,£0 20 ,20 

,60 

,08 

10 ' ,80 ,10 I ,SO ,23 5 
400 25 1,50 8 ,60 ,50 4 ,ta JO ,10 
450 35 1,70 7 ,£0 ,21 15 ,30 20 
600 50 6 IS ,,o ,70 ,38 20 ,30 30 
800 ,82 65 3,20 17 1,20 ,00 6 ,75 27 ,10 30 

800 10 40 1,80 ,,o 2,30 16 ,20 

,JS IS 

,12 
,29 25 

2,50 125 

,7' 40 
,80 50 

2,30 115 
2,20 130 
2,20 llO 
t,90 115 
2,10 130 

,34 
1,60 65 

,JO 30 
1,40 110 

,58 10 
1,60 95 
2,40 m 
3,30 220 
l,10 115 

2,90 150 

,Ol ,01 
I 1,60 ,18 

,,o ,80 ,05 
1,40 1,50 ,04 
1,90 2,20 ,s, 

4 2,30 1,70 

2 1,20 ,51 
1,50 2,80 ,65 

1,10 1,30 1,50 
t,80 2,50 1,80 
1,80 2,70 t,80 

3 3,40 1,80 
2,50 3 1,80 

,80 ,10 ,01 

,80 ,90 ,01 

40 
1,50 110 
,10 60 
,80 50 

3 50 
,JO II 35 100 

,30 3 110 
,JO 3 120 

,30 2,70 250 
,H 6 150 
,40 ,,so 
,,o ,so 5 
,,o ,20 

----------------------------
70 

,so 35 

,20 

,90 

n ,ao 

,70 
,70 
,BO 

I 
,80 

" 

95 1,10 

2,10 
2,so 

pH .. ,..-NI GO ·,artb 1ppro1. 6-10 n. 
pH ••nurtd II approx. 10-17 n. S.11 conl,nh, ignition l051 valid 11H' 10-25 c ■. 

----------------- ---------------------------------------

S11plm,l11, I I 

---------- ----------------------,,o ,,o ,02 90 
2,50 3,30 ,87 65 ,20 
2,70 3 ,37 2,50 JOO ,90 

3 6 1,20 ,so 7 90 ,,o 
62 3l S,70 

------------------------------
,to ,02 40 

,20 ,01 

,80 1,20 ,35 65 
1,80 1,70 1,10 ,40 l,SQ 35 ,80 

l 2,10 1,20 ,10 ,40 ' 1,60 
3,70 l,70 1,10 ,70 ,40 10 150 1,10 II 69 15 
4,50 l,10 1,10 ,70 ,40 II ,eo 

3,70 Soil cont,nh and t1nitlon loss valid for 6-11 u d,pth. 

2,90 1,80 ,60 ,JO II 50 200 1,10 36 61 9,70 
·----------------------------------------------------------------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------------------------------------------------- - --- ------------------------------------------------------------------------------------------------------



Table B.2 Finnsjon, soil profile characterisation. Texture and trace element composition. 

Nuaber Suple d'5criptlon: Date of sHp Ii ng Date of analysis Depth leaf Area (171 pH I H10 Dry •ght 6,01 Wghl (9-11 
&t::::::::c::11:::=::::t::ct::c1::1111:1::c:====1:==c11::1:::~====s:::1:::::-cc::t::"":,:::c:::::::::1:t:'C::::s:::::=::t;:::::::::::::::::::::::::i:::::::::1:::'::'.:::::::::::::::::::==c:::::::::::::::::::::::::::::::::::::::::::::::::::=====:::::::::::::::::::::::::::1::::1:111:csr=:::::::1:::::r:=:::::::::::::i::::::::1:1: 

I FI, litter fill, incl. root urp,t •nd surfoc• v.gehtion (1oss, 9,055]. 861014 870210 0-3 71,20 106,20 11500 106,20 
2 Ratmu1us incl. gravelly till - bleached horizon. 0!1014 870210 3-10 4.B 25,20 332,10 8250 2'10,60 
3 Norul ti II - bl,ached horizon. 061014 870210 10-20 I.I 16 498,70 8250 44B 
4 Nor1d till - enrichaent layer, 861014 B70211 20-30 5.2 23,70 426,50 8250 376,50 
5 NorHI tl II - p1r,nt a.t,rhl. 861014 870211 30-40 5.3 21,20 4M,20 8250 464,20 
6 litl,r hll Ind, surhc, v,g,htlon. 861014 870209 0-2 ,0625 67,90 80,50 ft500 80,50 
7 Rooturp,t, r .. hu1us B61014 870209 2-4 ,0625 43,40 480,50 "500 m 
8 R••hu11s 861014 870210 4-6 ,0625 5.0 30,90 501,50 ,r.;oo 501,50 
9 Tube profile, ve9ehtlon - till 861014 870427 0-10 ,0034 43,20 112,40 B60 39,20 
10 Tube profile, veg,talion - rohu1us 861014 870515 0-5 ,0034 41 242,30 B250 230,80 

II rz, litter hll Intl, surhtt ••g•hlion (1oss, grass, l•igsl. 861014 870220 0-2 ,0621 71 105,50 8250 55,30 
12 Rooturpet, ro•hu1us 861014 870220 2-4 ,0621 4,45 71,60 135 B250 6B 
13 R•Mhu1us B61014 B70221 4-5.5 ,0621 4,35 71,50 178,50 8250 87,50 w 14 R.,mu1us B61014 870222 S.5-8 ,0621 4,25 72,60 236 8250 236 
IS RaMhuaus 861014 870221 8-10 ,0621 4,30 69,50 197,20 8250 128 
16 Sandy ti 11, Inched horizon. 8610H 870222 10-12 4,40 27,70 385,10 8250 343,50 
17 Sandy till, rnrlch .. nt hy,r, 861014 870223 12-22 4,50 23,90 480,20 8250 430 
18 Sandy till, enrich .. nl hyer. 861014 870221 22-32 4,60 32,70 505,50 B250 437,50 

19 F 41 Sph19nu• •P, 861015 870218 0-5 ,0625 96,34 26,l0 ft500 26,30 
20 Sphagnua put - d,gree of dtco1posltlon H2'. 861015 870218 S-7 ,0625 94,20 ~,60 ~500 34,80 
21 Sph•gnu1 put - d,gree of d,co1posilion HZ'. 861015 870218 7-10 ,0625 95,30 46,50 n5oo 36 
22 Sphagnua peal - degree of decoaposilion HZ'. 861015 870217 10-12 ,0225 93,20 46 11500 46 

23 F6, Li Iler hll incl. surlac• ••get.lion. 86l0IS 870223 0-3 ,05 73,50 IU,40 8250 67,40 
24 Root nrpet 061015 870223 H ,05 67 236,20 B250 126 
25 Ra•hu1us incl. s•ndy till, 861015 870723 6-9 ,05 52, 70 1302, 50 n500 58B 

26 FI, litter fall incl. surlac, vegetation (grass, t.igsl. 861015 870217 0-4 ,0625 72,30 27,20 8250 27,20 
27 Root carpel 861015 870217 4-6 ,0625 70 107 8250 107 
28 Ra•hu1us lncl. sandy I ii I. 661015 870216 6-7.S ,0625 4,80 SS,50 225,20 8250 215,80 
29 Tube profile vegehlion - till D61015 870217 0-15 ,0034 25,50 353 8250 353 

• According lo Yon Post 119211. 



Table B.2 cont. Finnsjon, soil profile characterisation. Texture and trace element composition. 

lluober fts h Pr C. I Ce Cs Cr Co h HI Fe I l1 Lu Nd K I Rb S1 St Na l TI lb Th In lr Yb Clar Sill S1nd 6r•••I ltnition loss 1 RH1rh: 

I 
2 
3 
4 
s 
6 
7 
8 

' 10 

II 
12 
13 
14 
15 
16 
17 
18 

19 
20 
21 
22 

23 
24 
25 

26 
27 
28 
2'I 

400 30 2 18 3,10 ,so J 1,20 13 ,30 1,90 130 2,50 4,50 1,60 ,so 6 50 1,50 9 35 55 10 600 e 65 4 45 7 ,70 e 2,50 21 ,40 2,70 l&O 4 9 1,30 ,10 ,20 10 85 250 2 16 53 28 10 5 500 ' 70 5 50 ' ,ao 5 2,70 22 ,40 2,30 -150 9 1,30 ,90 ,,o 10 90 2 15 25 52 8 9,80 
16 17 46 21 4,70 

400 30 2 18 l,10 ,so l 1,20 13 ,30 1,90 130 2,50 4,50 1,60 ,so 6 50 1,50 

65 Sall contents Is 1issin1, itnltlon loss.s are Yllid for 2-10 co. 

-""' 150 18 45 4 2,10 ,50 ,60 ,46 24 ,IJ 151 25 3,50 1,90 ,34 ,30 2,30 40 ,eo 
500 20 1,20 II 1,50 ,60 2,50 ,63 8 115 2,10 110 1,50 2,50 1,,0 ,20 2,50 40 ,eo 6 71 16 5,10 600 7 30 2 13 2,70 ,60 3,50 1,eo 13 ,20 2,20 120 2 4 1,60 ,40 6 35 1,30 6 74 19 5,80 

68 22 7,60 

----------------------- -----------
12 ,70 ,IJ ,10 ,01 45 

-------------------- -------------------------------------------------------------------------------------- ---------------------
400 14. 1,,0 100 2 35 10 1,10 3,50 2 40 ,40 25 1,50 15 ' 8 1,10 150 180 II 80 12 81 22,50 Soil cont.nts and i1nitlon losses are Hlid far I d,pt• of 2-24 c11 

------------------------------·------------------------------------------------------------------------------------------------------------------------------ -----·-------------------------------------· 
200 ,88 20 ,eo IJ 1,80 ,40 2,50 ,87 8 ,20 178 40 1150 1 150 ,75 140 2,50 75 1,30 pH •n 1usured at 8 co depth, 

28 70 7,60 Sail contents 1nd ignition losses are valid for • depth of 4-13 tff' 
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C.l Gamma Spectrometric Measurements in situ 

The measurements were made with a Ge-detector. The detector 

position was 1.0 metre above the ground, and its position was 

carefully marked, so that repeated measurements could be made 

with the same geometry. Figure C.1.1 shows a spectrum, obtained 

at Finnsjon. 

VERTICAL MOUNTED GE-DETECTOR WITH 81/. EFFICIENCY. 
L T=5611 S. 

I .e.0€+&4 

e. see. 

s137 

Nb95 

\ ,"'l3~j 40 

LaHO 

CHANNEL NO 

Figure C.1.1 Ge-spectra from Finnsjon, site Fl. 

C.1.1 Calibration of spectrometer 

........ _,____._...__. _ ___ _._ _ __....J 

2888. 2502. 

For the estimation of the relative decrease of ground 

contamination due to migration effects, the count-rate of the 

full energy peaks can be used, and no calibration of the 

spectrometer is necessary. In order to estimate the absolute 

surface contamination, calibration must, however, be carried 

out. 
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The Ge-detector is of coaxial type and can be mounted 
vertically or horizontally. The detector was calibrated by 
using standard point sources of Am-241, Ba-133 and Eu-152. The 
angular response of the detector is shown in Figure C.1.2. The 

response was symmetric with respect to the length axis. 

Since the measurements were carried out over relatively plane 
surfaces, the efficiency was expressed as counts per second in 
the full energy peak per Bq/m2 (y-yield one) on an infinite, 
plane, smooth surface. 

The count rate, N, for a full energy peak with energy E, 
f 

from such a disc source, is given by 

0 

S •f 90 tan e • exp (-~•h) e:(e) de 
= 2 o1 cos e 

(Eq A.l) 

where 

2 s = source (Bq/m ) 

f = gamma yield of energy E 

µ = linear attenuation coefficient in air (m-1) 

E( 8) = angular dependent absolute efficiency 

-(cps/phot m 
-2 -1 s ) 

h = height above disc source (ml 
e = the azimuthal angle 

This equation was integrated numerically for the different 
calibration energies, by the use of polynominal fits of the 
angular responses. Figure C.1.3 shows the resulting efficiency 
of the detector, mounted vertically 1 m above ground. 

Since the decrease of contamination (excluding decay) is a rat

her slow process, and only small differences between measure
ments can be expected, the spectra must be evaluated with high 
precison and with good knowledge of the uncertainties. 
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The spectra were initially recorded on cassette tape, than 

transferred to a Cyber computer and analyzed with the JANE code 

(Shubriger et al, 1978). This code, originally designed for 

neutron activation analysis, has the capability of carrying out 

peak serach, peak fit and isotope identification with a high 

degree of precision. A nuclide library, with about 20 nuclides, 

was established by using JLllich data (Erdtmann, 1973). The 

efficiency data, fitted to a linear curve in log-log scale, was 

read into the code and then the spectra were analyzed. 

The code was also tested with respect to accuracy and 

precision, by using test spectra. These spectra were achieved 

from IAEA and they were mathematically manipulated measured 

spectra with known intensities. The JANE code was found to be 

in statistical control with respect to both accuracy and 

precision, i.e. the uncertainties predicted by JANE were in 

agreement with those observed. 

When using this technique for estimating the surface 

contamination for multi-energy nuclides, such as La-140 and 

Cs-134, the measured photon fluences were found to be 

significantly higher for higher energies (typically 30-40 % 

higher for 1596 keV peak than for the 328 keV peak of La-140), 

than predicted by the infinite plane source geometry. 

The explanation for this is the obvious influence of the 

migration of the activity and the shielding from the surface 

roughness. 

An initial discussion of this problem and a method to 

compensate for this effect is presented below. 

C.1.2 Compensation for surface roughness and migration of 

activity 

No measuring sites are "infinite, plane, smooth surfaces". They 
suffer from varying surface roughness. They are finite in area 

and are seldom completely plane. 
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The effect on a finite area is shown in Figure C.1.4, where the 

efficiency for disc source with radius R, relative to infinite 

radius is plotted versus energy. As could be seen,--60 % of the 

count rate arises from activity within 10 m from the detector, 

and ~90 % from activity within 60 m. Since the behaviour of the 

nuclides does not differ much for different types of surfaces, 

the influence of "wrong" surfaces at di stances greater than 

10 m is small. 

The surface roughness will act as a shielding for the 

radiation, and will be more dominant for larger source-detector 

distances. Nielsen (1977) has studied this effect when carrying 

out measurements in situ on naturally occurring isotopes. He 

indicates a method to compensate for this effect. 

The surface roughness is simulated with a fictitious depth 

distribution of the activity (or, on porous surfaces, to assume 

a deeper distribution then the actual one). The fictitious 

depth distribution will affect the radiation in a similar way 

as a plane surface distribution with a surface roughness. The 

fictitious depth distribution is assumed to be exponential 

where 

S(x) 

s 
0 

a 

S(x) = S exp(-x•a) 
0 

= activity concentration at depth x (Bq/m3 ) 
3 

= surface concentration (Bq/m ) 
= the reciprocal of the fictitious relaxation 

-1 
length (m ) 

The total contamination S is then given by 
A 

... 
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The photon flux from the depth distributed infinite plane 

source at height his given by 

~ S sine•exp(-µa•h/cose) de 
0(h) = 1 0 2(a cose + µ) 

0 S 

where 

-1 
JJ = linear attenuation in the surface material (m ) 
s 

(Eq A.2) 

Figure C.1.5 shows the evaluation of this equation for 

different values of a.. A value of a= 1 000 gives a half-value 

of 0.69 rrm and o: = 10 gives a half value of 6.9 cm. 

For µ, values for soil with 10 % water content and a density 
s 3 

of 1.6 g/cm have been used. The relation between a, the 

photon flux for 661 keV relative the photon flux for 1/ a= 0 

and the corresponding quotient of photon flux for 1596/328 keV 

relative to corresponding quotient for 1/o: = 0, were found with 

least square approximation accoring to 

0/00(661 keV) = 0.481 - 0153 ln 1/a (Eq A.3) 

Q/Q0(1596 keV/328 keV) = 1.14 + 0.134 ln 1/a (Eq A.4) 
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C.1.3 Comparison with field measurements 

As indicated in section C.1.2 the measured photon flux was sig

nificantly higher for higher energies when the infinite disc 

source with 1/ a= 0 was used. Table C. 1.1 surrrnarizes the measu

red quotient Q/Q between 1596 and 328 keV for Cs-134 and 
0 

La-140 at different sites in the Gavle, Finnsjon and Gidea 

areas. The quotients were found by error weighted least square 

fitting. Figure C.1.6 also shows an example for La-140 at 5 

sites, with error bars for two of the sites. The curves are 

normalized to the lowest energy and toy-yield. Figure C.1.7 

shows corresponding model calculation. 

Table C.1.1 Measured photon flux dependence of energy expres

sed as the quotient between 1596 and 328 keV for 

different surfaces and different times, during 

1986. 

Cs-134 
Surface May June Sept 

Grass, Furuvik 1.27 1.05 1.25 
Grass, old camping 1.20 1.15 
Gravel, Furuvik 1.20 1.20 1.18 
Paving stones 1.28 1.03 1.21 
Concrete plates 1.00 1.15 1.12 
Asphalt 1.14 1.10 1.20 
G9, gravel 1.20 1.38 
GlO, boulder soil 1.10 
Gll, outcrop 0.95 1.10 
G12, bog 1.65 1.00 
G13, moor 1.15 1.13 
G15, moor 1.30 1.18 
G22, til 1 0.62 1.15 
Fl, till 1.21 
Fl6, clay 1.07 
Fl7, till 2.27 
F20, outcrop 1.33 
F7, till 2.33 
F6, moor 1.13 

Average statistical error < 10% 
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No regular pattern could be recognized in the measured data 

presented in Table C.1.1, an irregular variation with time and 

surface seems to exist. The variation could not be explained by 

counting statistics only. For the hard surfaces (pavement) in 

Gavle, the explanation must be a source pattern changing with 

time caused by rain water, road sweeping etc. At the porous 

surfaces in Finnsjon and Gidea the statistical errors are 

larger and the variation with time could be accounted for by 

these errors and by the influence of the water content of the 

soil and other phenomena. 

If good estimations of the quotients were available (the 1365 

keV of Cs-134 must be detected), individual compensation at 

each site would be possible. Since this is not the case, an 

average compensation has been made. 

The mean of the existing quotients at Finnsjon and Gidea is 

1.27 with a CV of 30 %. This corresponds to an 1/a value of 

2.67 cm (a= 38 m-1) according to Eq A.4 and a reduction of 

the photon flux at 661 keV of 0.33 according to Eq A.3. A 

mean value of the corresponding quantity, found by comparison 

with the soil samples, was 0.39 (section C.1.2, 3.3 and 4.2). 

A 1/a value of 2 cm was therefore selected for the detector 

efficiency calculation, givinig a reduction factor of 0.37 to 

be used for all sites. 

It is now possible to estimate the increase of the 1/a value at 

succeeding measurement occations, with use of Eq A.3 and a 

measured reduction of the photon fluence. The 1/a value of 2 cm 

and the reduction factor 0.37 correspond to the shielding 

effect of both the activity soil profile and the surface 

roughness. 

From the observed soil profiles, Tables 3.3.4 and 4.3.6, a 1/ 

value of 2 seems to be accouned for by the soil profile only. 

This is probably due to a sharp decrease of soil density at the 

upper centimetres of soil, so that the shielding is not so 

effective as assumed in the theoretical model (most measuring 

sites have a high humus content in the upper layer). 
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So, if we use a 1/o value of 2 as a start value, the increase 

of 1/o: is given by 

where d is the initial reduction of 0.37, dis observed 
0 

reduction between two measurement occasions. A 10 % reduction 

will then give an increase of relaxation length with 24 %, and 
a 20 % reduction with 50 % etc. 

These estimates will be more accurate when the activity has 

migrated to larger depths, and must be used in comparison with 

direct observation by soil sampling. Since these estimations, 

however, provide averages over relatively large areas and are 

relatively cost effective, this technique is useful, specially 

in budget calculations. 

C.1.4 Exposure rate 

The exposure rate has been measured with a scintillation 

detector, type ALN0R 2414, with a plastic crystal 3*6 inches 

(NE102A). The measuring height has been 0.7 meter above ground, 

if nothing else is mentioned. 
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C.2 Soil Profile Sampling and Analysis 

C.2.1 Sampling techniques 

Sampling, preparation and handling of soil samples require a 

great precaution against cross contamination. To avoid 

contamination and to obtain representative samples in a fast 

and convenient way four different sampling techniques were used 

and are described below. 

In technique 1 soil profile samples were collected by cutting 

out an area of 25x25 cm with a knife. Each layer (approximately 

2-5 cm thick) was carefully removed to avoid contamination of 

the underlying soil (Fig. C.2.1). Between each layer all tools 

were cleaned and plastic gloves were changed. The sample was 

packed in plastic bags or containers and labelled. Data about 

the sample site, hydrological and geological properties were 

noted in the diary. 

Figure C.2.1 Picture sequence of the working routine for 25x25 
cm areal profile sampling. 
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In technique 2 the soil profile samples were taken with a 

plain shuffle from the side in a dug hole. The sample weight 

was approximately, 1.5 kg, corresponding to a one litre sample. 

The area was kept fairly constant and equal at 4.5 dm2 which 

gives a sample thickness of around 2 cm. At greater depths, 

samples were taken at 10 cm intervals. 

Attention was paid to the problem of cross contamination from 

upper soil layers. This was avoided by removing an additional 

area around each sample, thus making contamination from upper 

soil layer improbable. 

In technique 3, used in fine soil areas, soil profile samples 

were collected by hammering down a plastic tube (diameter 0.067 

m) into the soil (Fig. C.2.2). Samples were also taken with a 

sharp iron tube, with approximately 10 cm2 area. 

Figure C.2.2 Soil profile sampling using a PVC cylinder in 

fine soil areas. 

This technique is fast and permits a more accurate soil depth 

resolution, but the disadvantage is the relatively small sample 

volume and to know which part of the soil profile is compressed 

during the pressure obtained. Development of this sampling 

method will be continued. 
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Technique 4 was used to collect peat profile samples. A 
standard Russian peat sampler was used (Fig. C.2.3) and made it 
possible to collect peat profiles down to 1 m depth. Peat type 
and degree of decomposition (according to L von Post) is 
determined in the field. 

Figure C.2.3 Peat profile sampling, with a standard Russian 
peat sampler. 

C.2.2 Sample preparation 

0 
Preparation of a sample is done by drying it in 105 C until 
constant weight. The sample is then homogenized and transferred 
to an analysis beaker with well defined geometry. The most used 
geometry is 600 ml Marine 11 i, but 60 ml , 250 ml and 500 ml 
plastic containers are also used. 

If samples were taken with a PVC cylinder the sample was frozen 
0 to -30 C to avoid water transportation of radionuclides 

during the time between sampling and analysis. The PVC cylinder 
was cut lengthwise and the two halves were taken apart. The 
soil profile was then cut into horizontal layers and the sample 
was dried the same way as mentioned above. 
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Soil profiles collected with the sharp iron tube were cut into 
1-2 cm layers and transferred to sample containers, on site, 

irrrnediate after sampling. 

C.2.3 Analysis 

This study concentrates on the Y-emitting nuclides (Co-60, 

Ru-103, Ru-106, Ag-llOm, Sb-125, Cs-134, Cs-137, and Ce-144) 

which can be found in such concentrations that it will be pos

sible to follow their behaviour in a perspective of several 

years. 

Measurements of the fallout from Chernobyl showed a very small 

amount of alfa-emitting nuclides and Sr-90, compared to what 

could be found after the nuclear weapon tests in the 60-s. 

Gamma spectrometric measurement was performed with a HPGe

detector with relative effectivity of 30.3% and a resolution of 

1.76 keV (1322 keV). The detector was connected to a PC-based 

multi channel analazer (ORTEC MCB 918). For evaluation of the 

gamma-spectrum the software GELIGAM from EG&G Ortec was used 

together with a nuclide library TJEl, modified at the Dept. of 

Nuclear Chemistry, Chalmers University of Technology. The 

detector was energy and effeiciency calibrated against a mixed 

standard (Amersham QCY 44 R7/5/103) and a Cs-137 standard (CDZ 

24 S4/19/164) for different measuring geometries. 

The measurements are decay corrected back to the sampling date. 
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C.3 Outcrop Samling and Analysis 

C.3.1 Sampling techniques 

Rock samples from outcrops were collected in two different 
ways: 1) diamond drilling (fig C.3.1) and 2) by hammering. The 
drillcore samples were drilled on flat outcrops and in open 
fractures where radionuclide migration and sorption are to be 

studied. In the Finnsjon area "hot spots" (active particles 

with considerably activity) were found on outcrops. By 

drilling, several of these "hot spots" could be removed (cf. 
sec 2.5). The rock samples picked by hammer represent a larger 

area than a drillcore sample. 

Figure C.3.1 Picture showing the portable drilling equipment. 
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C.3.2 Analysis 

"Hot spot" samples were analysed in respect of their radio

nuclide content and in some cases also the chemical form. The 

rock samples were investigated to see if the fallout was depo

sited as particles or as an even distribution (cf. sec. 

2.5-2.6). Of certain interest was also whether the fallout was 

concentrated to surfaces covered by lichen, moss or uncovered 

rock surfaces or if the radionuclides were washed away. 

Analysis of the activity distribution on the outcrops was 

performed by using autoradiography. The time of exposure was 

approx. 1-1. 5 months, except for the "hot spots II which gave 

strong blacking already after 1 hour exposure time. The film 

used, Cea Reflex 15, is a film especially designed for applica

tions where high sensitivity for direct X-ray exposure is nee

ded. The film has also a very low sensitivity to light to pre

vent fogging during handling in darkroom. The analysis after 

development of the autoradiogram was oculary. No characteri

zation of different types of radiation were determined, but it 

is possibl~ to get a rough estimation of the total quantity of 

activity. The distribution of the radionuclides can by this 

method be well estimated in the very small scale. 

Attempts were also made to determine the chemical form of a 

"hot spot". Following efforts were made: 

a/ the particle was placed 

b/ II 

c/ dissolving the particle 

d/ II 

e/ II 

f/ II 

in 

in 

0 
an oven in 200 C for 1 h. 

ultra sonic bath for 12 h. 

1 M MgCl for 12 h. 
2 

0.01 M HNO for 12 h. 
3 

cone. HNO for 12 h. 
3 

aqua regia for 12 h. 

The activity was in neither case possible to remove or 

dissolve. 
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C.4 Water Sampling and Analysis 

Groundwater samples were taken in a shallow dug well and from 

discharging artesian drill holes. Surface water samples were 

taken in fens and brooks, draining the study sites. A few soil 

water/shallow groundwater samples were taken at the bottom of 

some of the pits remaining from the soil profile sampling. 

During the water sampling procedure a great contamination risk 
comes from solid particles carried by water into the contai

ners. In most cases the sample volumes varied between 25-150 1, 

to get an acceptable activity. 

The water sample was tapped off into 25 1 PVC-cans and acidi

fied with nitric acid (to pH=2, to stop the biological activi

ty). Since the PVC-material can act as a good ion exchanger, 

trace quantity (approx. 2 umol/1 water) of inactive Sr, Cs, and 

Y was added to equilibrate with the radionuclides. The 

detection limit was lowered through concentration by 

destillation and evaporation of the water sample to approx. 500 

ml. 

Surface water contains high concentration of humic substances 

which can, with its large active surface, physically absorb 

ions and complexes. Therefore surface waters were analyzed with 

respect to radionuclide concentrations before as well as after 

filtration of humic substances. For gamma spectrometric measu

rements 600 ml Marinelli beakers were used. 

C.5 Sediment Sampling and Analysis 

To be able to estimate the removal of radionuclides by water 

from the study sites not only water but also sediment samples 

were collected. This was done by selecting a place down stream 

the brook (outside the area) were the water velocity was 

slow enough to allow suspended particles to settle out. A known 

area of the sediment was taken by carefully removing the fresh 

sediment and the upper layer of the more compact sediment. This 

was done on several places to give a statistical significance. 
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In laboratory the samples were filtrated to separate the coarse 

material from the fine in the water part. The compact sediment 

was dried and all different fractions were analyzed separately. 

Sediment profile samples were collected by forcing a PVC-tube 

down through the sediments. The cylindric samples obtained were 

cut into 1-2 cm layers and transferred to sample containers, 

on-site, directly after sampling. 

C.6 Vegetation Sampling and Analysis 

Vegetation samples were taken to give a rough estimation of the 

uptake of radionuclides in vegetation at this early stage. 

Samples were also taken and treated to determine the effect of 

sorption of radionuclides on vegetation during the fallout. The 

aim of these studies is in a perspective of several years to 

see how uptake in vegetation can influence the total migration 

of radionuclides through the soil. 

The collected vegetation consisted of lichen, moss, shrub 

vegetation and trees. In laboratory these samples were treated 

in the same way as for example soil samples. 
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