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3. Geological and geophysical data   

The most important data that provide information about the Danish deep subsurface geology 
is data from deep wells, gravimetric data, and seismic reflection data (Figure 3). Most of 
these data has been acquired through oil and gas exploration activities and to a lesser degree 
also through assessment of natural gas storage, ground water exploration and geothermal 
exploitation (Weibel et al., 2020). The wells provide detailed information about the geology 
in a local area around the well whereas seismic surveys provide images of the subsurface 
geology in larger areas and to greater depths, but with less accuracy than boreholes. Gravi-
metric data can be used for mapping of the depth to dense basement rocks (gneiss and 
granite) and provide a regional perspective.  
 
Figure 3 illustrates the scattered and very unevenly distribution of data, varying from areas 
covered by closely spaced seismic lines to areas with very long distance between the seismic 
lines. This of course has a significant impact on the level of geological details locally, the 
confidence in the seismic interpretation and thus the prediction of the presence of, and depth 
to the various geological boundaries and formations.   
 

 

Figure 3. Seismic data coverage and quality, and location of deep wells. The seismic quality 
is indicated with colours and the quality correlates to a large extent with the age of the seismic 
acquisition, thus most recent data are usually of highest quality.  
 
Figur 3. Seismisk datadækning og kvalitet samt placeringen af dybe boringer. Kvaliteten af 
de seismiske data er indikeret med farver og kvaliteten er i høj grad relateret til i hvilket år de 
seismiske data blev indsamlet, hvor de nyeste data generelt er af højeste kvalitet. 
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Wells contribute with information about the depth to, and composition of the geological layers 
(e.g. lithology, bedding, heterogeneity, porosity, permeability and stratigraphy), the temper-
ature and pressure of the formation, and geochemistry of the pore fluids.  
 
Mapping of the subsurface based on seismic data tied to well data provides information on 
the spatial distribution of significant geological boundaries, the thicknesses of formations and, 
when layers terminate abruptly or thickness change abruptly, the presence of faults. This 
information about the subsurface architecture of the geological layers and boundaries can 
be used to interpret the structural development and depositional history. The understanding 
of the geological development can subsequently be used to predict the geology away from 
wells such as the depth to and presence of a geological host rock for deep disposal.  
 
Seismic data is usually referred to mean sea level (MSL), thus, the initial seismic depth maps 
show the level to the mapped seismic surface with reference to MSL. As the current project 
has focus on lithologies and geological formations occurring at depths to 500 meters below 
ground level (terrain) all depth maps in the present report have been topographically adjusted 
to show meters below ground level (GL) by adding the terrain surface height above MSL to 
the depth surface maps in MSL. 

3.1 Methods for acquisition of seismic data 

The available seismic data combined with information on depths and lithostratigraphy com-
piled from wells have formed the basis for seismic mapping of the Danish onshore and near 
coastal areas. 
 
Seismic data is generated by sending sound waves from a sound source down into the sub-
surface. On land, the sound waves are most often created using vibrators mounted on large, 
specialized vibrator vehicles (Figure 4). The sound waves travel at different speeds in differ-
ent rock types, and when they meet transitions between different geological layers, some of 
the sound waves will be reflected back to the surface where they are recorded by very sen-
sitive microphones (geophones) distributed across away from the seismic source on the ter-
rain surface (Figure 5). By recording the time (seconds) it takes from the sound wave is 
emitted to the echoes returning (reflected) from the layers to the surface, a measure of depth 
to layer boundaries is obtained. The method is in principle the same used in radars or an 
ultrasound scanner. 
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Figure 4. Vibrator vehicles at work. By using multiple vehicles that use their vibrators 
synchronously, the sound waves are amplified to the subsurface. This provides a 
better seismic signal and thus a more detailed picture of the subsurface. 
 
Figur 4. Vibratorkøretøjer i arbejde. Ved at bruge flere køretøjer, som anvender de-
res vibratorer synkront, forstærkes lydbølgerne til undergrunden. Herved opnås et 
bedre seismisk signal og dermed et mere detaljeret billede af undergrunden. 
 
 
 

 
 
Figure 5. Illustration of the principle of seismic data acquisition. The vibrator vehicle on the 
left sends an acoustic signal (sound wave) to the subsurface using vibrators as the ones 
shown in Figure 4. Parts of the acoustic signal are reflected to the surface each time the 
acoustic signal meets a layer boundary on its way down into the subsurface. The reflected 
acoustic signals are recorded by geophones on the terrain surface and collected, processed 
and translated into a preliminary version of a seismic profile in the vehicle to the right. 
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Figure 7. Examples of seismic profiles based on seismic data acquired in different time pe-
riods (depths are given in time, milliseconds). A: Poor quality seismic profile based on seis-
mic data collected in 1962. Seismic line AA6 (Survey SSL6267). B: Reasonable quality seis-
mic profile based on seismic data collected in 1978. Seismic Line 7803 (Survey WGS78). C: 
Good quality seismic profile based on seismic data collected in 1981. Seismic line DNJ_34 
(Survey DNJ8183D). D: Very good quality seismic profile with high resolution based on seis-
mic data collected in 2013. Seismic line HILG_05 (Survey HILLEROED-2D-2013). 
 
Figur 7. Eksempler på seismiske profiler baseret på seismiske data indsamlet i forskellige 
tidsperioder. I de viste eksempler er dybderne angivet i tid (millisekunder). A: Seismisk profil 
af ringe kvalitet baseret på seismiske data indsamlet i 1962. Seismisk linje AA6 (Survey 
SSL6267). B: Seismisk profil af rimelig kvalitet baseret på seismiske data indsamlet i 1978. 
Seismisk linje 7803 (Survey WGS78). C: Seismisk profil af god kvalitet baseret på seismiske 
data indsamlet i 1981. Seismisk linje DNJ_34 (Survey DNJ8183D). D: Seismisk profil af me-
get god kvalitet med stor opløselighed (detaljegrad) baseret på seismiske data indsamlet i 
2013. Seismisk linje HILG_05 (Survey HILLEROED-2D-2013).  
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Figure 8. Regionally interpreted seismic markers indicated on a stratigraphic overview of 
the Danish onshore area with lithostratigraphic subdivision. Seismic Units B to D have been 
mapped. 
 
Figur 8. De regionale seismiske markers er vist på en stratigrafisk oversigt af de danske 
landområder med en lithostratigrafisk inddeling og de tolkede seismiske enheder B to E.  
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of Unit C or Late Cimmerian Unconformity/hiatus (Figure 8). Zones of complex seismic ar-
chitecture and internal unconformities are common as seen on the seismic profiles.  
 
The Børglum and Flyvbjerg Formations are both thin, with maximum drilled thicknesses of 
147 meter and 137 meters observed in the Mors-1 and Fjerritslev-2 wells, respectively. The 
combined thickness of the two formations is usually less than 100 meters (Nielsen and 
Japsen, 1991) corresponding to 2-4 seismic cycles. The Børglum Formation is made up of 
dark grey and greenish marine claystones (e.g. Mors-1 and Borglum-1)(Michelsen, 1978; 
Michelsen et al., 2003), while the Flyvbjerg Formation is mainly a marine succession of sand-
, silt and claystones, gradually changing in the northern and eastern part of the Danish Basin 
to be dominated by glauconitic and calcareous sandstones (e.g. Mejrup-1) (Michelsen et al., 
2003). The Børglum and Flyvbjerg Formations are present in wells in the northern and central 
part of Jylland and in the Terne-1 wells, and absent on the Ringkøbing-Fyn High and in the 
North German Basin (Figure 15). Overall, the Børglum and Flyvbjerg Formations do not ex-
tend as far south as the overlying Frederikshavn Formation (seismic unit D1). Identification 
of the Børglum and Flyvbjerg Formations is based on lithological and biostratigraphic analy-
sis and petrophysical log interpretations. Generally, the petrophysical log patterns through 
the Børglum Formation reflect fairly clean claystones (e.g. low gamma ray and low sponta-
neous potential responds) while logs through Flyvbjerg Formation is characterized by varying 
gamma ray and spontaneous potential log responds, reflecting a mixed lithology and a down-
ward change to a more sandy lithology at the base of the formation (Michelsen, 1978; Mi-
chelsen et al., 2003). The mapped thickness of the unit is up to about 100-200 meter in the 
northern part of the Danish Basin, while maximum thickness is 50 meters towards the south. 
Thicknesses of more than 200 meter is only seen within rim-synclines related to salt struc-
tures in the central part of the Danish Basin. 
 
The underlying Haldager Sandstone Formation is less than 50 meters thick in most wells and 
has a maximum thickness in Haldager-1 and Terne-1 wells with 155 meters and 173 meters 
respectively. The Haldager Sandstone Formation comprises intercalated sandstones, and 
siltstones with some claystones. It is present in wells in the northern part of Danish-Norwe-
gian Basin, but pinch-out towards the Ringkøbing-Fyn-High and is only 4 meters thick in the 
Horsens-1 well. The seismic interpretation indicates that the Haldager Sand Formation is 
absent in large areas within the North Jylland Saltdome Province. Generally, the petrophys-
ical logs through Haldager Sandstone Formation are characterized by patterns indicating 
interbedding of sandstones, siltstones and claystones, most characteristically seen on 
gamma ray and spontaneous potential logs. 
 
The Top of the Upper Triassic - Lower Jurassic section (seismic Unit E) is divided into E1 
and E2, corresponding to the Fjerritslev and Gassum Formations. In the northern and eastern 
parts of the Danish-Norwegian Basin, the Fjerritslev Formation interfingers with the upper 
part of the sandy Gassum Formation. Unit E1 is present throughout most of the Skagerrak-
Kattegat Platform, the Sorgenfrei-Törnquist Zone and the Danish-Norwegian Basin, and fur-
ther south into the Brande Trough and small patchy areas in the North German Basin. In the 
Fjerritslev-2 well, the formation is about 900 meters thick and comprises shallow marine and 
marginal marine calcareous claystones and siltstones while fine grained sandstones form a 
minor constituent. Generally, the Fjerritslev Formation is characterized by log patterns indi-
cating homogeneous tight claystones. 
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Figure 10. Base Quaternary depth map in meters below terrain (Ground Level). The map 
also represents an approximate thickness of the Quaternary sediments and is based on data 
from shallow wells (modified after Binzer and Stockmarr 1994). 
 
Figur 10. Dybden til Basis Kvartær fladen i meter under terræn. Kortet viser således en til-
nærmet tykkelse af de Kvartære sedimenter og er baseret på boredata (modificeret efter 
Binzer og Stockmarr, 1994). 
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Figure 11. The map shows the thickness of the Cenozoic sediments in meters (Quaternary 
section excluded).  
 
Figur 11. Tykkelsen af den Kænozoiske lagpakke i meter, uden tykkelsen af den kvartære 
lagserie.  
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Figure 12. Top Chalk Group depth map in meters below terrain  
  
Figur 12. Dybden til Top Kalkgruppen i meter under terræn.  
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Figure 13. Thickness of the Chalk Group (Unit B in Figure 8). Note that the thickness in the 
central parts of the Danish Basin is more than 1500 meters (yellow areas). 
 
Figur 13. Tykkelsen af Kalkgruppen (Unit B i Figur 8). Bemærk at tykkelsen i den central del 
af det Danske Basin er mere end 1500 meter (gule områder). 
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Figure 14. Base Chalk Group depth map (corresponding to Top Lower Cretaceous) in meters 
below terrain. 
 
Figur 14. Dybden til Basis Kalk Gruppen (svarende til Top Nedre Kridt) i meter under terræn.  
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Figure 15. The thickness of the Lower Cretaceous, i.e. thickness between Base Chalk Gr. 
and Base Lower Cretaceous (i.e. Top Jurassic, Figure 8). 
 
Figur 15. Tykkelsen af intervallet mellem Basis Kalkpakken og Basis Nedre Kridt (Figur 8). 
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Figure 16. Top Lower Jurassic depth map in meters below terrain. 
 
Figur 16. Dybden til Top Nedre Jura i meter under terræn.  
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Figure 17. Base Jurassic depth map in meters below terrain (Ground level, GL). 
 
Figur 17. Dybden til Basis Jura i meter under terræn.  
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Figure 18. Thickness of the combined Lower Cretaceous and Jurassic sections. 
 
Figur 18. Samlet tykkelse af Nede Kridt og Jura Formationerne. 
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7. Considerations for future acquisition of 
seismic data  

Onshore in Denmark, seismic surveys and data from deep wells, primarily related to explo-
ration for oil and gas in the subsurface, have been collected since the nineteen sixties. Due 
to a growing interest in exploiting the Danish subsurface these data have been used in vari-
ous recent projects of geothermal interests and potential CO2 storage to map the distribution 
of, and depth to major, significant lithostratigraphic units. 
 
Even though a good general regional understanding of the Danish subsurface exist, further 
data are needed to fill in the major gaps in order to reduce uncertainty on both the depth 
structure maps and thicknesses as well as allowing for stratigraphic subdivision and a map-
ping of thinner stratigraphic/lithological units with high confidence. Further, mapping of faults 
based on a scattered data set is highly uncertain, and the interpreted location and extent of 
faults is highly uncertain.  
  
Seismic data acquired for preliminary investigations related to possible thermal storage in 
Chalk aquifers in the greater Copenhagen area shows a high quality enabling detailed strat-
igraphic and structural interpretations (Kristensen et al., 2017). The high seismic resolution 
of new seismic data is expected to allow for a more detailed seismic interpretation of intra-
Chalk mappable reflectors including marl layers (Figure 19) when tied to well-log picks iden-
tified from petrophysical logs in the wells. 
 
Prior to the acquisition of new seismic lines in a local area, the general structural setting and 
seismic-stratigraphic complexity must be assessed and described to enable an optimum de-
sign of the acquisition to ensure a good data quality which is fit for the purpose. A new local 
study should thus assess the density and quality of existing seismic and well data, as this 
has an impact on the interpretation of the new seismic lines. Similarly, the new study must 
assess the nature and complexity of the subsurface, as this also has effect on the acquisition 
of the new seismic lines. Geological conditions such as the presence and orientation of faults, 
depth to, thickness and lithological composition of the subsurface layers is of crucial im-
portance for the mapping and characterization of geological formations and lithologies at 
depths around 500 meters, as well as in the overburden.  
 
Often, the orientation of new seismic lines will follow roads when possible, to reduce the 
inconvenience to the local environment and to improve data quality. The new lines should be 
laid out, such that at least one of the lines tie to a well, possibly, via existing seismic lines. In 
this way, data from wells can be transferred to the new seismic lines, including top and base 
of stratigraphic/lithological units, prior to the seismic subsurface mapping, characterization 
and interpretation. 
 
To achieve a high degree of accuracy and a good seismic resolution, it is important that all 
relevant data acquired is available for processing and subsequent potential geophysical mod-
elling, depth conversion and other geophysical studies. Data types such as seismic pre-stack 
data, density (Vp / Vs) and velocity data (including VSP and check-shot surveys), together 
with drill cores and relevant log suites are all very important to ensure a good result and 
should always be included when new data are collected. 
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Figure 19. Composite seismic section from the Copenhagen area showing the presence of 
several mappable seismic markers within the Chalk Group (marked by light blue rectangle) 
illustrating that the intra-chalk horizons are found structurally higher towards the west (left 
side of the section), and that the Intra-chalk section is faulted. The black log curve at Mar-
gretheholm well illustrates the gamma-ray signal. 
 
Figur 19. Sammensat seismisk sektion fra Københavnsområdet der viser at Kalk Gruppen 
(indenfor lyseblå markering) indeholder adskillige veldefinerede seismiske reflektorer som 
kan korreleres til boringer og muligvis kan kortlægges ud i et større område. Den sorte log 
kurve til venstre for Margretheholm-1 borelokaliteten er en gamma-log. 
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8. Summary 

Seismic data onshore Denmark is unevenly distributed across the Danish land and nearshore 
areas. The data quality is highly varying with the most modern data seismic and well data 
being generally of high quality. On Bornholm, seismic data has been acquired only in a very 
few places since most of the island consist of crystalline basement. 
 
The existing data has been acquired for various purposes such as hydrocarbon exploration, 
gas storage and geothermal interests. Most of the previous studies were focused on mapping 
of potential reservoirs with high porosity and permeability and have had less focus on for-
mations occurring at shallower depths. Therefore, detailed data to characterize seal and bar-
rier properties of rocks around 500 meters depth are few.  
 
For the purpose of the geological repository project, the existing seismic and well data have 
allowed for mapping of the major subsurface formations with varying confidence. As a con-
sequence, the depth and thicknesses of formations are associated with varying degree of 
certainty, depending on the density of seismic data and the vintage of the surveys.  
 
Regionally extensive and well-defined seismic markers representing Top Chalk, Base Chalk, 
Top Fjerritslev (Top Lower Jurassic), and Base Fjerritslev (Base Jurassic) have been 
mapped. The Tertiary and Quaternary sections were mapped mainly from the extensive wa-
ter well data base, thus being of high confidence and with a greater level of detail across the 
entire country.   
 
Top Chalk occurs at 0-100 meters depth in large parts of Denmark, but in central-west Jylland 
the Top Chalk occurs locally at depths of 700-900 meters. The thickness of the Chalk Group 
varies from a few hundred meters to more than 1000 meters in the Danish Basin. Base Chalk 
depth varies from a few hundred meters to more than 2000 meters in the Danish Basin 
(Northern Jylland). In southern Jylland the Lower Cretaceous and Upper Jurassic sediments 
are absent. Elsewhere, the thickness is a few hundred meters except from north Jylland 
where locally, adjacent to salt structures, it exceeds 1000 meters. Top Fjerritslev Formation 
occurs at shallowest depths in southeastern Denmark, where it is present around 400-600 
meters depth. The greatest depths are found in the Danish Basin in northern Jylland, where 
it exceeds 3000 meters. Greatest thicknesses of the Fjerritslev Formation are also found in 
the Danish Basin, where it locally exceeds 1000 meters. In most areas, the Fjerritslev For-
mation thickness is 100-600 meters, and in southern Jylland and large parts of Fyn, the for-
mation is absent. In many areas, the Upper Jurassic section is absent or very thin below 
seismic resolution, whereas the top of the Lower Jurassic (Top Fjerritslev Formation) is well 
defined and laterally widespread. Therefore, thickness maps have been produced for the 
combined Lower Cretaceous and Upper Jurassic sections, and for the Lower Jurassic sec-
tion.  
 
Thick units of chalk and marl occur at depths around 500 meters in eastern Jylland, Fyn, 
Sjælland and Lolland-Falster, and adjacent islands. In areas where the chalk and marl sec-
tions occur from near surface to depths of more than 500 meters, this lithology could consti-
tute the host rock and at the same time the shallower parts of the Chalk Group could provide 
the additionally required tight barrier rocks in the overlying sections (ECZ).  
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9.1 Literature from the project on deep geological disposal 
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Poulsen, M.L.K.), https://www.geus.dk/natur-og-klima/land/deponering-af-radioak-
tivt-affald, 51 pp. 
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P., Pedersen, S. A. S. & Midtgaard, H. H.), https://www.geus.dk/natur-og-
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6. Subsurface distribution of Jurassic and Cretaceous fine-grained formations based 
on seismic mapping of (Mathiesen, A., Midtgaard, H. H. & Hjelm, L.), 
https://www.geus.dk/natur-og-klima/land/deponering-af-radioaktivt-affald, 49 pp. 
 

7. Evaluation of long-term stability related to glaciations, climate and sea level, 
groundwater, and earthquakes (Sandersen, P., Binderup, M., Larsen, T. & Nilsson, 
B.), https://www.geus.dk/natur-og-klima/land/deponering-af-radioaktivt-affald, 112 
pp. 
 

8. Conceptual 1D modeling of nuclides transport in low permeable formations 
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klima/land/deponering-af-radioaktivt-affald, 99 pp. 

 
9. Karakterisering og evaluering af geologiske egenskaber og forhold i 500 meters 

dybde (Midtgaard, H.H., Hjelm, L., Jakobsen, R., Karan, S., Kjøller, C., Nilsson, B. 
& Poulsen, M.L.K.), https://www.geus.dk/natur-og-klima/land/deponering-af-radio-
aktivt-affald, 186 pp. 
 

10. (Translation of report no. 9): Characterization and evaluation of geological proper-
ties and conditions at 500 meters depth (Midtgaard, H.H., Hjelm, L., Jakobsen, R., 
Karan, S., Kjøller, C., Nilsson, B. & Poulsen, M.L.K.), https://www.geus.dk/natur-og-
klima/land/deponering-af-radioaktivt-affald, in prep. 
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9.2 Literature from previous projects on the Danish radioactive 
waste 

Low- and intermediate level radioactive waste from Risø, Denmark. Location studies 
for potential disposal areas. Published in GEUS Report Series. 
 
Report No. 1. Gravesen, P., Nilsson, B., Pedersen, S.A.S. & Binderup, M., 2010: Data, maps, 

models and methods used for selection of potential areas. GEUS Report no. 2010/122, 
47 pages.   

Report No. 2. Gravesen, P., Nilsson, B., Pedersen, S.A.S. & Binderup, M., 2010: Characterization 
of low permeable and fractured sediments and rocks in Denmark. GEUS Report no. 
2010/123, 78 pages.  

Report No. 3. Pedersen, S.A.S. & Gravesen, P.., 2010: Geological setting and tectonic framework 
in Denmark. GEUS Report no. 2010/124, 51 pages. 

Report No. 4. Gravesen, P., Nilsson, B., Pedersen, S.A.S. & Binderup, M., 2011: Characterization 
and description of areas. Bornholm. GEUS Report no. 2011/44, 85 pages. 

Report No. 5. Gravesen, P., Nilsson, B., Pedersen, S.A.S. & Binderup, M., 2011: Characterization 
and description of areas. Falster and Lolland. GEUS Report no, 2011/45, 76 pages. 

Report No. 6. Gravesen, P., Nilsson, B., Pedersen, S.A.S. & Binderup, M., 2011: Characterization 
and description of areas. Sjælland. GEUS Report no. 2011/46, 85 pages. 

Report No. 7. Gravesen, P., Nilsson, B., Pedersen, S.A.S. & Binderup, M., 2011: Characterization 
and description of areas. Langeland, Tåsinge and Fyn. GEUS Report no. 2011/47, 119 
pages. 

Report No. 8. Gravesen, P., Nilsson, B., Pedersen, S.A.S. & Binderup, M., 2011: Characterization 
and description of Areas. Eastern Jylland. GEUS Report no. 2011/ 48, 117 pages. 

Report No. 9. Gravesen, P., Nilsson, B., Pedersen, S.A.S. & Binderup, M., 2011: Characterization 
and description of areas. Limfjorden. GEUS Report 2011/49, 138 pages. 

Report No. 10. Gravesen, P., Nilsson, B., Pedersen, S.A.S. & Binderup, M., 2011: Characteriza-
tion and description of areas. Nordjylland. GEUS Report 2011/50, 51 pages. 

Report No. 11. Gravesen, P., Nilsson, B., Pedersen, S.A.S. & Binderup, M., 2011: Dansk og 
engelsk resume. Danish and English resume. GEUS Report no. 2011/51, 64 pages. 

 
 
Low- and intermediate level radioactive waste from Risø, Denmark. Studies of the six 

sites (Omegnsstudier). Published in GEUS Report Series. 
 
Rapport nr. 1. Gravesen, P., Nilsson, B., Binderup, M. Larsen, T. & Pedersen, S.A.S., 2012: Lav- 

og mellem radioaktivt affald fra Risø, Danmark. Omegnsstudier. Rapport nr. 1. Område 
Østermarie-Paradisbakkerne, Bornholms Regionskommune, GEUS Rapport 2012/123, 
100 pages. 

Rapport nr. 2. Gravesen, P., Nilsson, B., Binderup, M. Larsen, T. & Pedersen, S.A.S., 2012: Lav- 
og mellem radioaktivt affald fra Risø, Danmark. Omegnsstudier. Rapport nr. 2. Område 
Rødbyhavn, Lolland Kommune, GEUS Rapport 2012/124, 55 pages. 

Rapport nr. 3. Gravesen, P., Nilsson, B., Binderup, M. Larsen, T. & Pedersen, S.A.S., 2012: Lav- 
og mellem radioaktivt affald fra Risø, Danmark. Omegnsstudier. Rapport nr. 3. Område 
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