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1. INTRODUCTION 

The investigation of natural decontamination of roof aatenal» reported 
here, was perforated as oart of a Nordic project partially financed by 
the Nordic Council of Hinittart. The title of the aain project it SEK-1 
'Large Reactor Accidents • Consequences and Mitigating Actions.* 

Similar experiments have previously been perforated in Denaark, at Rue 
National Laboratoriet (Ref. 11. At building traditiont differ substan
tially in the Nordic countries, it was decided to perform additional 
experiments on sone other materials. The Norwegian Building Research 
Institute was contacted, and gave advice on what should be considered 
typical roof materials for relatively modern buildings in Norway and 
Sweden (Ref. 2). 

Typical roof materials in Norway were said to be: 

- One-family houses: Tar-paper shingles, concrete 'tiles*, metal 
(steel covered with plactic paint, and corrugated aluminum). 

- Apartment buildings: Tar-paper and metal. 

In Sweden the typical materials are said to be: 

- One-family houses: Mostly metal, but also concrete "tiles' and 
ordinary tiles, while tar-paper is rare. 

- Apartment buildings: Metal, but also tiles and tar-paper. 

It should be pointed out that the information above is not taken from 
actual statistics. The producers of roof materials are not willing to 
supply information of this type. 

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

2. ABOUT THE EXPERIMENTS 

The experimental roofs are of dimensions 1.2 meters width and 2.4 
meters height (area 2.99 squaremeters). On the 29th of October 1982 we 
contaminated each of the two roofs with 1.5 microCuries of Cs-134. 
After 2 days and a precipitation of 7 mm (19.2 liters), the remaining 
activity on the metal roof was 292 and on the paper roof 97Z. After 15 
days with altogether 51 mm precipitation, the concentration of Cs-134 
in the water from the metal roof was below the limit where detection is 
possible (0.08nCil (this is per sample; in our case one liter run-off 
water). At this time the remaining activity on the metal roof was 22Z 
and on the paper roof 95Z. 8y the 29th June 1993 (some 9 months after 
contamination) about 61Z remained on the paper roof after a total of 
599 mm precipitation (1207 liters) (tables 1 and 2). At this time mea
surements were terminated. 

One experiment was also performed, in which 1.5 microCi Cs-13; was 
sprayed upon an 9 cm thich cover of wet snow on a paper roof. This 
experiment was performed in late March. After 3 days 39 liters of water 
had been collected (equivalent to 13 mm precipitation). In the water 
was found 10Z of the Cs-134, meaning that 907 had been adsorbed to the 



2 

roof (table 31. By this urn» all the snow on th* roof was molttd. after 
3 months and 191 mm precipitation th* rtmaining activity on th» roof 
was 59i. 

It was planned to parform experiments upon roofs with a stabl* cover of 
m o w and ice. typical of Norwegian winttr conditions. Th* untypical 
w»*th*r during tn» winter 82/83. how»var. mad* this impossible, and it 
is planned to perform these experiments during the winter SI/94. 

November 1982 was extremely humid, with almost double th* normal amount 
•if precipitation. In December the precipitation was about 1S0Z of the 
normal. The ice which was formed on the roof during this period may 
explain the somewhat lower concentrations of Cs-134 in the collected 
water during this period. January. February and March were all unusu
ally mild and dry, and the last snowfalls occurred around Easter (in 
the beginning of April). The temperature was higher than normal, while 
precipitation was lower than the normal. Ouring May precipitation was 
almost normal, while June was drier than normal. 

The pH values of the water from the paper roof and the metal roof were 
measured on the 1st November 1982 as 5.8 and 4.2 respectively. 

3. THE ROOFS 

Each experimental roof consists of a supporting structure with a ply
wood board on top. The dimensions of the board are 1.2 meters width and 
2.4 meters heights (area 2.88 squaremeters). This is covered with ordi
nary tar-paper and a steel roof material respectively. Around the roof 
is mounted a plastic foil wind shield of 0.5 meters height. The lowest 
part of the roof is 1.5 meters above ground. 

The roofs are shown in figures t, 2 and 3. 

The tar-paper is of the type Icopal A, grey, and is covered with crus
hed shale (from Valdres in Norwayl. The roof is mounted at an angle of 
5 degrees, which is typical of an apartment building. 

The metal roof is produced by Karlsens, and is, according to the speci
fications, made from corrugated steel sheet. The upper surface has been 
covered with a layer of primer and a top layer of 25 micron PVF2 80/20 
(polyvinylidenfluaride). This roof is mounted at an angle of 23 de
grees, typical of a one-family house. 

The water running off the roof was collected by a plastic (PVC) gutter, 
and led to a 25 liter polyethylen container. This was a practical vol
ume, considering transportation and measuring of the amount of precipi
tation. It was, however, somewhat small during the period of intense 
precipitation in November. In the later period we used 100 liter con
tainers. 

The metal roof was mounted about 2 weeks, and the tarpaper roof 4 days, 
before contamination. Both roofs experienced some heavy rainfall before 
contamination. The roof used for contamination upon a snow layer was 
mounted about 1 month before contamination. The roofs were facing West. 
The distance between them was about 5 meters. Me also had one tar-
paper-covered roof for measuring of the background. 
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4. AOOITION OF THE RAOIOACTIVC MATERIAL 

The radioactive «uterial used in the experiments was Cs-134 (as clo-
ride) in an ordinary solution with 1-10 mCi/mg Cs. Each roof was con
taminated with 1.5 microCi Cs-13*. applied in stripes across the roof, 
using a small spry bottle i SO - 100 ml solution on each roof). The 
roofs were completely dry at the time when the contamination was per
formed. The solution applied (on a Friday) also dried up before the 
rain during the week-end started. 

5. MEASURING METHODS 

Each roof was measured using a lead-collimated 2"x2" sodiumiodide 
detector in three specific positions. 

Furthermore one liter of the collected precipitation from each period, 
with 40 mg CsOH added as carrier, and kept acid by addition of HM03, 
was evaporated down to a volume of about 100 ml. The Cs-134 was pre
cipitated using sodiumtetraphenylborate. The precipitated materials 
were measured in a 2.75" x 2.75" jodiumiodide well-crystal. 

The results from the different measuring methods agree well for the 
paper roof with 942 remaining activity when measured directly, and 
93.52 with chemical precipitation methods. The measurements on the 
metal roof, however, gave 5.72 and 252 respectively. These measurements 
were performed on the 2nd November 1982. 

To the containers were added, as mentioned, 40 mg CsOH and 10-20 ml 
concentrated HN03. Ouring the first two periods the addition was per
formed after rain water had been collected, while later on the addition 
was performed before collection of rain water started. In order to find 
out if any cesium was adsorbed in the container, the container was 
leached with a nitric acid solution containing cesium. In the leached 
solution we found ca. 5 nCi. This is about 0.52 of the activity which 
had been in the containers. 

All results are based upon the chemical methods, unless otherwise spe
cified. A test with three parallels showed that the chemical recovery 
of the precipitation was close to 1002. 

6. SOURCES OF ERRORS 

Some losses of water have occurred due to overflow of the containers. 
Almost without exception, the precipitation happened to fall during the 
weekends, and it was not always possible to empty them in time to pre
vent overflow. On one occasion some water was lost, because one of the 
containers split in the bottom due to frost. It has been shown, how
ever, that these occurrences have little influence upon the trend of 
the results. 

The differences between the direct measurements and the chemical 
measurements may be due to the irregular geometry of the metal roof. 
The metal is shaped to imitate tiles. 

When direct measurements were performed later on, it was discovered 
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that th* equipatnt malfunctioned, and th* resulti troa these Mature-
men ti ctn not be used. 

5. CONCLUSIONS 

All numerical results in this report are normalized to refer to inac
tive cesium, [f it it wished to relate th* results to specific cesium 
isotopes, the proper radioactive decay should be applied. 

Th* results show that more than 70Z of the Ct-134 added runs off the 
ironplate roof during one normal rainfall; while on the tar-paper roof, 
which is covered with fine grains of shale, only 31 is removed during 
the same rainfall. There is evidently a marked difference in the decon
tamination time of these two types of roof material (tables t and 2). 

The decontamination time depends upon th* weather conditions when con
tamination is performed, and the weather conditions afterwards. 

In these experiments one tarpaper roof was contaminated while it was 
covered with snow. This contamination was performed in early spring. 
When the experiments were concluded, the tarpaper roof upon which con
tamination under dry weather conditions was performed in the fall, had 
spent 8 months outdoors. Part of this time it had been covered with ice 
and snow. The roof upon which contamination was performed on top of a 
layer of snow, spent only 3 months in contaminated condition before 
conclusion of the experiments. The precipitation upon this roof was 
only half of that on the other roof, and there were only a few days of 
snow or ice. In spite of this, about tOZ of the contaminating material 
had been removed from both roofs. This indicates that contamination on 
a snow- or ice-covered roof adsorbes less readily to the roof. It may 
also indicate that an icelayer upon a contaminated roof, may prevent 
contact between the contaminating material and the runoff water; there
by delaying decontamination. 

The results also depend upon the conditions of the roofs. There is 
reason to believe that the degree of retention is increased if the 
roofs are dirty, cracked, or if lichen, moss or small plants grow on 
them, like often is the case with older roofs. 
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rabla i. Steal roof. CJ-134 found in tht run-off watar. 
1.5 microCi Cs-134 diitributad upon roof th» 29tn Oct.1982 

Period nCi/1 VOl.(l) 
Sum mm 
pracip. 

nCi Ca-134 
found 

Sum Z 
found 

Z remain, 
upon roof 

29/10 to 
31/10 55.1 19.3 7 1063 71 29 

31/10 to 
01/11 2.55 21 .2 14 54.1 75 25 

01/11 to 
09/ 11 1.69 22.15 22 29.1 78 24 

09/11 to 
10/11 0.39 14.0 27 5.5 

10/11 to 
12/11 0.34 20.42 34 6.9 

12/11 to 
13/11 0.08 24.35 42 2.0 

13/11 0.0B >25 51 2.0 

SUM 146.52 1162.6 76 22 

UT/HMy 
11.10.83 
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Table 2. rarpaptr roof. C«-I3l found in the run-off water. 
1.5 nicroCi Cs-134 distributed upon roof the 29th. Oct. 12. 

Sun •• nCi Ci-13* Sua I I renain. 
Period nCl/1 Vol. I D precip. Found found upon roof 

29/11) to 
•31/10 2.15 19.2* 7 41.4 3 97 
31/10 to 
01/11 2.3B 23.65 15 56.6 7 93 
01/11 to 
09/11 1.TB 22.15 23 39.0 9 91 
09/11 to 
10/11 1.22 13.1 27 15.9 10 90 
10/11 to 
12/11 0.94 19.6 34 18.4 11 69 
12/1' to 
13/11 1.45 24.35 43 35.3 14 86 
13/11 0.44 >2S X) 51 11 15 65 
13/11 to 
22/11 0.09 >76 78 6.8 15 85 
22/11 to 
25/11 0.38 50 95 19.0 16 84 
25/11 to 
28/11 0.43 71 120 29.1 18 82 
28/11 to 
08/12 0.37 >103 155 3S.1 21 79 
08/12 toxx) 
15/12 0.119 22 163 2.6 21 79 
16/12 to 
22/12 0.242 >46 179 11.1 22 78 
1983 

22/12 to 
10/01 0.424 46 195 19.5 23 77 
10/01 to 
25/01 0.271 60 216 16.3 24 76 
25/01 to 
24/03 0.656 82 244 53.8 28 72 
24/03 to 
07/04 0.331 79 272 26.1 29 71 
07/04 to 
21/04 0.414 78 299 32.3 32 68 
21/04 to 
12/05 0.659 79 326 52.1 35 65 
12/05 to 
16/05 0.261 88 357 23.0 37 63 
16/05 to 
30/05 0.228 M O O 331 22.8 38 62 
30/05 to 
29/06 0.238 80 419 19.0 39 61 

Sum 1207.3 569.4 39 61 

x) The calculations are based upon the measured volume, 
xx) Loss of water due to frost damage to container. 

11.10.83 - UT/HMy 
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Taola 3. Tarpapar roof with m o w . Ci-134 found in th* ru.i-off w a U r . 
1.5 microCl Cl-134 addtd tha 2t«t. March 1983 

Period nCl/1 V0l.ll 
Sum mm 
precip. 

• . _ 

nCi C«-134 
found 

Sum Z 
found 

Z remaining 
activity 

21/3 to 
24/3 3.44 38 13 130.7 9 91 

24/3 to 
07/4 1.34 79 41 105.9 16 84 

07/4 to 
21/4 1.35 84 70 113.4 23 77 

21/4 to 
12/5 1.70 80 98 136.0 32 68 

12/5 to 
16/5 0.421 88 128 37.0 35 65 

16/5 to 
30/5 0.544 100 163 54. 4 39 61 

30/5 to 
29/6 0.496 80 191 39.7 41 59 

Sum 549 617.7 41 59 

1i.10.33 
UT/HHy 

http://V0l.ll
http://1i.10.33
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Figure 1. The roofs. The roof closest to the camera is a 
reference roof. 

Figure 2. The one-family house roof and the apartment building roof. 
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Figure 3. Front view of the steel roof, 
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