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Geographic location

Urgeiriça



Geological Setting

Hercynian granites

Precambrian-Cambrian 
schists and graywackes

Ordovician-silurian 
schists and graywackes

Detritic sediments 
(Triassic-Tertiary)

Jurassic 
carbonates



Uranium anomalies in Central Portugal
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Uranium old mines in Central Portugal



N Industrial areaOre piles

Old dam Teatment lagoons
500m

Aerial photo of the mining area

Industrial areaOre piles

Old dam500m



Industrial facilities



NHighly radioactive fine-grained materials of the ol d dam
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Altimetry and radioactivity of the old dam before r ehabilitation
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Altimetry and radioactivity of the old dam before r ehabilitation



Rehabilitation works
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Absorbed dose reduction
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Barasol 
BMC2 probe

Multilayer cover and radon monitoring probes

2.4 m
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Multilayer cover and radon monitoring probes

1.0 m 0.2 m
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Variable Period Rate

Radon A (Bq/m3) 16 Jan 2011 – 30 Dec 2011 15 min

Radon B (Bq/m3) 16 Jan 2011 – 30 Dec 2011 15 min

Radon C (Bq/m3) 16 Jan 2011 – 30 Dec 2011 15 min

Temperature (C) 01 Jan 2011 – 19 Dec 2011 10 min

Precipitation (mm) 01 Jan 2011 – 19 Dec 2011 10 min

Relative humidity (%) 01 Jan 2011 – 19 Dec 2011 10 min

Wind speed (m/s) 01 Jan 2011 – 19 Dec 2011 10 min

Wind direction (°) 01 Jan 2011 – 19 Dec 2011 10 min

Environmental variables, period and sampling rate 
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Borehole Minimum Median St. Dev. Maximum

A 15,230 1,239,000 1,686,673 5,733,000

B 12,380 40,520 36,861 164,500

C 1,656 35,750 17,207 88,490

Radon monitoring results – basic statistics (Bq.m -3) 
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Radon hourly time series



N
Differenced hourly time series X t+1-Xt
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Other environmental hourly time series 
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Other environmental hourly time series 



Analysis carried out for all environmental paramete rs 
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Hourly time series were determined from raw data

Differentiated hourly time series were computed  (Xt+1-Xt)

Daily series were determined from the daily mean of the hourly time series

The daily median absolute deviation was computed as a measure of the amplitude 
of the daily changes 

Weekly variability was computed from a 7-days running median over the hourly 
base values

Correlations between results obtained were determined for all the above cases 

Analysis carried out for all environmental paramete rs 
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The data distribution and temporal evolution of radon concentration is very different at 
points A (in contact with the tailing materials), B (inside the multilayer cover) and C (top 
soil, closest to the surface).

Radon concentration at the deeper level (point A) exhibits extremely large oscillations, 
from nearly 0 up to more than 106 Bq/m3. These variations are typically very fast (hourly) 
and occur both in winter and summer. 

Radon concentration at the intermediate level (point B)  exhibits an annual cycle with 
minimum in winter and maximum in summer. 

Radon concentration at the surface level (point C) is characterized by slow (>10 days) 
intra-seasonal oscillations

Short-term (sub-daily) variability in radon concentration at the subsurface levels (points A 
and B) is correlated and characterized by large volatility in July/August and mid-October, 
and also correlated with corresponding changes in temperature.

Daily and long-term (weekly) variability in radon concentration is correlated for the 
shallower levels (points B and C) and  associated with corresponding changes in 
temperature.

Conclusions 


