











Figure 19. Geological cross sections with lithostratigraphical subdivision. The upper cross
section from Skagen (north) to Dronninglund (south) is crossing the area at Albaek-Elling-
Asted. (From Knudsen et al., 2009).

5.6.4 Earthquake activity

The seismic station net in Denmark is runned by GEUS and comprises 5 stations of which
three stations are located on Sjeelland: Gilleleje museum, Vestvolden, Kgbenhavn and Lille
Linde, Stevns (GEUS’s homepage: www.geus.dk).

The earth quake activity is measured with respect to location, time and size. The activity in
Denmark is very low compared to many other countries during the period 1929-2003.

The seismic activity in the Nordjylland area is relatively low (Fig. 20). Some seismic activity

has been registered near the Area 22 and at Frederikshavn and Skagen. Abundant activity
is known from Kattegat and Skagerrak, mainly within the Fenno-Scandian Border Zone.
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It is impossible to relate recent seismic activity to the many faults and fractures in the sedi-
ments. Other signs of recent movements along the faults and fractures have not been
proven.
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Figure 20. Map of the earthquake epicentres in Denmark and surrounding areas. A red dot
shows the location and size in the Richter scale (From Larsen et al., 2008).

5.7 Ground stability

The stability of the area is considered as very good. The methane gas can cause instability
e.g. in relation to fire accidents.

5.8 Groundwater hydrogeology

5.8.1 Groundwater characteristics

The Albaek area is located as shown in figs. 2 and 21. Area 22 is characterized by pres-
ence of more shallow groundwater bodies (GWB) directly within area 22 (DK1.1.1.2) or
nearby area 22 (DK1.1.1.1; DK1.1.1.5) (Fig. 22). South of Area 22, regional (DK 1.1.2.1)
and deep (DK1.1.3.2) groundwater bodies (Fig. 23 and 24) are situated. The relevant shal-
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low groundwater bodies all consist of meltwater sand deposits. The subdivision into
groundwater aquifers/bodies are thoroughly described in the basisanalysis (Basisanalysis
Part 1, 2004) in by the former Nordjylland county. In addition, the Limfjorden catchment
management plan (Hovedvandopland 1.1 Nordlige Kattegat and Skagerak) has been de-
scribed by the Ministry of Environment. The overall assessment of the chemical and quanti-
tative status: shallow GWB (all poor), regional GWB (three poor and one good), and deep
GWB (all good). (See Section 5.9).
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Figure 21. Location of the Albaek area (Area 22).
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Figure 22. Albzek — shallow groundwater bodies (After Ministry of Environment, 2010).
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Figure 23. Albaek — nearby regional groundwater bodies (After Ministry of Environment,
2010).
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Figure 24. Albzek — Nearby deep groundwater body (After Ministry of Environment, 2010).
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5.8.2 Drinking water areas

The groundwater has to be protected to ensure that our current and future need for clean
drinking water can be met. It is the Environmental Centres (former counties) responsibility
to do the planning, based on the two criteria: First, to make sure that the future necessary
quantity of clean groundwater can be abstracted. Secondly, the groundwater aquifers must
be protected against present and future pollution.

As part of the Danish Government’s efforts to protect groundwater, the Environmental Cen-
tres have designated areas of major groundwater aquifers, so-called OSD-areas. OSD
stands for "Areas of special drinking water interests” (Fig. 25).

The rest of the country is divided into "Areas with water interests" (OD-areas) where good
sources of drinking water are also located and "Areas with limited drinking water interests",
where it is difficult or impossible to obtain good groundwater quality because the water is
more or less contaminated.

OSD-omrader

Seerlige drikkevandsinteresser
Drikkevandsinteresser

- Begraensede drikkevandsinteresser

Figure 25. Areas of special drinking water interests (OSD): Dark blue and areas of drikning
water interest (OD): Light blue. Areas of limited or no drinking water interests: olive.

The geographical distribution of the drinking water areas in the northern part of Nordjylland
is given in figs. 26 and 27. The Albzek area is within an area with limited or no groundwater
interests. There is a relatively high number of irrigation wells located in Area 22, and in the
eastern part of Area 22, a well field for drinking water abstraction to the Albsek water work
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is situated. Chloride has been detected in the range of 45 — 65 mg CI/L in the Albeek water
work wells.
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Figure 26. Map of the drinking areas in Area 22. Legend: see fig. 25.
(http://kort.arealinfo.dk/).
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Figure 27. Distribution of the drinking water areas in the Albaek-Asted area (Area 22). Dark
Blue: Areas of special drinking water interests (OSD); Light blue: Areas of some drinking
water interests (OD); Yellow: Areas with limited or none drinking water interests.
(http://kort.arealinfo.dk/)
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5.9 Groundwater chemistry

The overall groundwater quality aiming for drinking water purpose has been assessed by
the Environmental Centre Aalborg in the catchment management plan “Hovedvandopland
1.1 Nordlige Skagerak og Kattegat“. The shallow groundwater bodies have water quality
problems caused by impact from nutrients (nitrate). No saltwater intrusion problems have
been reported in relation to the relevant groundwater bodies in Area 22. Chloride has been
detected in the range of 45 - 65 mg CI/L in the Albeek water work wells. The terrain surface
range between 5 m and more than 15 m above present sea level within Area 22, thus no
significant changes in the fresh/saltwater interface is expected to happen due to future sea
level rise (climate change).

5.10 Climate and climate changes

The actual climate and the expected future climate changes and sea level development is
described in Gravesen et al. (2010, Rep. No. 2). It is not expected, that the predicted cli-
mate changes, including sea level rise, will cause any problems to the area during this cen-
tury.

5.11 Restrictions and limitations

There are no NATURA 2000 habitat areas directly located within Area 22 (Fig. 28). Howev-
er, just south of the area, a classified NATURA 2000 area is situated. In addition, other
protected areas in accordance to the Naturbeskyttelseslov (law for nature protection)
(Chapter 6) are located both south and north of Area 22.
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Figure 28. Albzek area — NATURA2000 habitat areas and other protected areas in accord-
ance to Naturbeskyttelsesloven (Chapter 6).

Some areas of clay, sand and gravel of raw material interest may occur.

5.12 Summary of the area conditions

Amount of data:
Large amount of borehole data in Vendsyssel but few in Area 22. Some geophysical sur-
veys exist.

Homogeneous conditions and isolation of the waste by low, permeability layers:
Perhaps perfect on depth below 40 - 50 m but the framework of fractures below these
depths is unknown. The fracture problem has to be considered in relation to other areas.

Stability
Good stability on surface and depth.

Seismic activity and tectonic movements
Some seismic activity in the area but no tectonic movements are registered in the Quater-
ney.

Groundwater conditions
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The groundwater flow conditions in clays should be positive but the variation in the
groundwater table has to be analysed if the disposal has to be established under saturated
conditions.

The groundwater flow will be towards the coast (east).

Dilution of pollution and retention of pollution
No Danish studies have been carried to document dilution capabilities or retention of radio-
nucleides in glacial till sediments.

Drinking water interests
No OSD and OD areas are located in the area as the Area 22 is situated in an area of lim-
ited or no drinking water interests. Minor local supplies are present.

Groundwater chemistry, non- aggressive components
The groundwater contains methane gas which apparently can give problems.

Ground surface conditions
Processes on the ground surface should not give problems on a disposal.

Climate extreme conditions
Climate changes and extremes as heavy precipitation or storms will not have influence on a
disposal.

Other restrictions
Apparently no other restrictions will give problems.

5.13 Final Remarks

The thick and relatively homogeneous sequences of clay and silt could be an appropriate
host for the disposal although sand and gravel layers are intercalated. The occurrence of
methane gas in the groundwater and sediments will probably be the largest problem.
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6. Reports from the project

Low- and intermediate level radioactive waste from Risg, 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: Char-
acterization 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: Char-
acterization and description of areas. Bornholm. GEUS Report no. 2011/44.

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

Report No. 6. Gravesen, P., Nilsson, B., Pedersen, S.A.S. & Binderup, M., 2011: Char-
acterization and description of areas. Sjeelland. GEUS Report no. 2011/46.

Report No. 7. Gravesen, P., Nilsson, B., Pedersen, S.A.S. & Binderup, M., 2011: Char-
acterization and description of areas. Langeland, Tasinge and Fyn. GEUS Re-
port no. 2011/47.

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

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

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

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.
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Besides the literature cited above geological maps at GEUS have been used: Maps of the
geological surface deposits, geological basis data maps showing the geology in shallow
wells, maps of the deep seated geology and structures, maps of the pre-Quaternary sur-
face, transmissivity and groundwater potential maps. Also information from GEUS Jupiter
database containing data on approx. 250.000 shallow wells has been included (Gravesen
et al., 2010).

The specific maps and wells will be cited in the report describing the approx. 20 localities.
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