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1. Introduction

The low and intermediate level radioactive waste from Risg: the nuclear reactor buildings,
different types of material from the research periods and waste from hospitals and research
institutes have to be stored in a final disposal in Denmark for at least 300 years (Indenrigs-
og Sundhedsministeriet, 2005, 2007). The task is to locate and recognize sediments or
rocks with low permeability which can isolate the radioactive waste from the surrounding
deposits, the groundwater resources, the recipients and from human activities. The sedi-
ments or rocks shall also act as a protection if the waste disposal leaks radioactive material
to the surroundings. This goal can be reached by low water flow possibilities, high sorption
capacity for many radionuclides and self-sealing properties.

The investigation of geological deposits as potential waste disposals for high radioactive
waste from nuclear power plants has earlier focused on deep seated salt deposits and
basement rocks. Nevertheless, the Tertiary clays were mapped as well (Atomenergikom-
missionen, 1976, Dinesen, Michelsen & Lieberkind, 1977). The salt diapirs and the salt
deposits are not included in the present study.

The task is to find approximately 20 areas where a waste disposal potentially can be locat-
ed. The 20 areas have to be reduced to 1-3 most potential locations where detailed field
investigations of the geological, hydrogeological - hydrochemical and geotechnical condi-
tions will be performed.
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2. Background

In Denmark many different fine grained sediments and crystalline rocks occur from the
earth surface down to 300 m depth. Therefore, the possible geological situations include
sediments and rocks of different composition and age. These situations are also geograph-
ical distributed over large areas of Denmark. These sediments and rocks are shortly de-
scribed based on existing information in Report no. 2, where five different types are includ-
ed. 1: Crystalline granites and gneisses of Bornholm (because these rock types are host for
waste disposals in many other countries). 2: Sandstones and shales from Bornholm (as
these sediments are relatively homogenous although they have fracture permeability). 3:
Chalk and limestone (because these sediments may act as low permeable seals, but in
most areas act as groundwater reservoirs). 4: Fine-grained Tertiary clay deposits (as these
sediments have a low permeability, are widely distributed, and can reach large thickness-
es). 5: Fine-grained Quaternary clays from Elsterian, Saalian, Weichselian and Holocene.
These sediments are distributed all over Denmark.

The geological formations most studied in Europe for disposal of radioactive waste are clay
(in Belgium, France, Germany and Switzerland), crystalline rocks (Sweden, Finland and
Switzerland) and salt (Germany).

All Danish sand and gravel deposits are excluded from the description owing to their poten-
tial as groundwater reservoirs, their high permeability, low sorption capacity and no-self-
sealing properties for the waste. The sand and gravel deposits often occur below or above
the low permeable and fractured deposits and sand layers may be intercalated in them.
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3. Data and methods

A report from 2007 (Indenrigs- og Sundhedsministeriet, 2007) recommends the types of
existing data needed for the preliminary selection of disposal sites. The recommendations
are based on guidelines from the International Atomic Energy Agency (IAEA, 1994, 1999,
2005).

Gravesen et al. (2010, Report no. 1) briefly describes the existing data collections including
databases, maps and models, which have been used during the work of selections of ap-
proximately 20 potentially suitable areas. Most of the information is stored in GEUS data-
bases: Borehole data and co-ordinates, groundwater and geochemical information, GIS
based maps, geophysics and much more, but information is also collected from other insti-
tutions. The methods are described in more details and the description is the directly back-
ground for the selection of the sites.
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4. Selection of areas and localities

Selection of potential areas on eastern Jylland has to fulfil the criteria and answer the ques-
tions described and put forwards in Gravesen et al., (2010, Report no. 1).

The two areas chosen at Juelsminde peninsula, Klejs-Sgnderby and Thyrsted-Glud are
interesting regarding the Quaternary and Paleogene deposits along the eastern rim of the
peninsula. Between Vissing and Haslund, Paleogene deposits are found in the high Lysnet
plateau just west of the clay pit area at @lst and Hinge. North of Randers Fjord, between
@strup and Stavring, thick sequences of very fine-grained Paleogene clays occurs.

Therefore, it is relevant to investigate and analyse these different geological situations in
relation to potential disposal areas.
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5. Area 12. Klejs — Sgnderby, Juelsminde peninsula,

East Jylland

5.1 The location of the area

The area is situated on the Juelsminde peninsula, eastern Jylland (Fig. 1). It includes the
areas Klejs and Sgnderby, both located close to the eastern or northern coast of the penin-

sula (Fig. 2).
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Figure 1. Location of the area. The Juelsminde peninsula is located on the east coast of

Jylland.
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Figure 2. A detailed map of Area 12. The Area consists of two subareas. One area around
Klejs and Klejs and Lottrup Skove and one area between Neder Sgnderby and Narby.
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5.2 Terrain, topography and surface processes

Klejs

The Klejs area is located in the central, eastern part of the Juelsminde peninsula. The size
of the area is c. 7.4 km?. The western part of the area is situated very high above sea level.
The top of the highest hill in the area, Troldemose Bakke is 110 m above sea level (m.a.s.).
The landscape slopes from west toward east and the eastern delimitation of the area is
found only c. 5 m.a.s. Superimposed on this highly sloping area is a marked undulation of
the terrain with many indented valleys. No lakes are found in the area but the southern part
of the area contains several streams that merge into two streams downbhill.

Some c. 60 % of the area is covered by woods. The remaining part of the area is used for
agriculture. The small village Klejs is situated in the western part of the area, and minor
“villages”/clusters of houses are found at Ngttrup, Klejsgard and Klejsskov in the wood.
Some smaller roads cross the northern and western part of the area and some other
roads/paths are crossing the woods.

Owing to dense vegetation of the woods and cultivation of the open landscape, most of the
surface processes (soil creep, frost — thaw processes, soil development etc.) proceed slow-
ly and undramatic. The most active surface processes are expected to be found along the
streams, although there are no signs of severe erosion in form of alluvial fanes or sediment
accumulations without vegetation at the foot of the hills.

Examples of the terrain are seen in figs. 3 and 4.

S@nderby

The Sgnderby area is located in the north-eastern part of the Juelsminde peninsula. The
size of the area is c. 8.5 km?. The central part of this N-S-oriented area is marked by a an
elongated hill with a plateau on the top, situated between c. 25 and 35 meters above sea
level (m.a.s.). The plateau slopes gently toward south and toward the western delimitation
of the area, c. 5 m.a.s. The slopes toward east and north are even more gently. Most of the
southern part of the area is low-lying and includes two relatively wide stream valleys situat-
ed c. 3 m.a.s. The northwestern delimitation of the area follows the coastline at Glud Hab.
A narrow beach meadow is found here. In contrast to the Klejs area, the hills of this area
are much less undulating and without streams. No lakes are present.

The predominating part of the area is used for agriculture. The main road between Glud
and Neder Sgnderby crosses the area. Several minor roads are also crossing the area.
The small village Neder Sgnderby is located in the south-eastern part of the area. A num-
ber of houses are located along the roads, especially along the main road. Woods make up
less than 5 % of the area.

Owing to the relatively gentle relief and intensive cultivation, the surface processes (soil
creep, frost — thaw processes, soil development etc.) proceed slowly and undramatic. The
most active surface processes are expected to be found in and along the streams in the
southern part of the area.
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Figure 3. The Klejs area seen from the east.

Figure 4. The Klejs area towards the south.
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5.3 Surface geology and profiles

The Quaternary sediments in the area of the Juelsminde peninsula mainly consist of glacial
clayey till but several valley crossing the till deposits contain Holocene freshwater deposits,
perhaps resting on meltwater sand and gravel (Fig. 5). Cliff sections occur along the coast-
line but the most illustrative section is the Albaek Hoved section just west of Juelsminde,

outside the area.
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Figure 5. Map of the surface geology with boreholes from the Jupiter Database at GEUS.
Originally in 1:200.000. Legend: Brown: Clayey till Red: Meltwater sand and gravel; Or-
ange: Meltwater clay; Green: Holocene freshwater deposits. (From GEUS’s Homepage
after Pedersen, 1989). Legend for the Boreholes: See fig.6.

5.4 Boreholes

Several boreholes in the area reach Paleogene clays and glacial clayey tills. Most of the
samples from the boreholes are characterised lithological and are related to formal units
but only few samples have been dated by microfossils.

The locations of the boreholes for the entire Juelsminde peninsula are seen in fig. 6. Sub-
area Klejs is seen in fig. 7 and Sgnderby in fig. 8.
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Figure 6. Map of the locations of boreholes on the Juelsminde Peninsula from the Jupiter
Database at GEUS. Legend: 117. 362: DGU No., Blue dot: Water supply well, Red dot:
Geotechnical borehole, Pink dot: Raw material borehole, Green dot: Other borehole, Light
red dot: Abandoned borehole, Black dot: Unknown purpose.
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Figure 7. Boreholes in the Klejs subarea. Legend: see fig 6.
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Figure 8 . Boreholes in the Sgnderby subarea. Legend: see fig. 6.
Examples of the boreholes are shown in fig. 9 from Klejs (DGU no. 117.362) and fig. 10
from Sgnderby (DGU no.117.456). Both boreholes reach the Eocene clays.

No geophysical surveys are known from the area.
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G Die Nationale Geologiske Undersagelser for Danmark og Grenland

&
BELS

BORERAFPFORT

Udskrewet 1204 2011 Side 1

DGU arkivnr: 117. 333

Borested : JUELSMINDE NETTRUPVED B

7130 Juelsminde

Kommune : Hedensted
Region : Midtjylland

Boringsdato : 16/2 1978

Boringsdybde : 82 meter

Terr=nkote : 25 meter o. DNMN

Erendborer : Prever

MOB-nr : - modtaget -

BBjoumnr - eskrevet : af: G

BB-bomr - antal gemt :

Formal : Vandiorsyningsborning Kortblad - 1313 VNV Diatum : EDS0

Anvendelse : UTM-zone : 32 Koordinatkilde

Boremetode : Rotaryboning UTM-koord. - 580547, 8178027 Koordinatmetode : Dig. pa koor.bord
meder ut

@ ukandt

U ygiacial morssneler {lent o)),

4 teocen ler, Niebelt ler, piastisk ler).

Figure 9. Geological log from the Klejs subarea of the Borehole DGU no. 117.333. The
Upper 27 m of the 62 m deep borehole. Legend: ml: Clayey till, L: Eocene clay.
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G Die Nationale Geologiske Undersagelser for Danmark og Grenland
BORERAPPORT

&
BELS

Udskrewet 6710 2010 Side 1

DGU arkivnr: 117. 456

Borested : @strup By, Glud

Kommune : Hedensted

8700 Horsens Region : Midtjylland
Pat Strand nr.1
Boringsdato : Boringsdybde : 22 meter Terrnkote : 22,04 meter 0. DMN

Brendborer : Vejle Amtskommune
MOB-nr T

Prever
- modtaget : 11/9 1080 antal : 24
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Torsaties

Figure 10. Borehole log from the Sgnderby subarea DGU no. 117.456. The upper part of
the 22 m deep borehole. Legend: ML. Clayey till, SL: Sgvind Marl Formation. Eocene, L:

Eocene clays.
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5.5 Sediment and rock characteristics, mineralogy and chemis-
try

5.5.1 Pre-Quaternary deposits

The clay deposits in the area can be seen in the Albaek Hoved CIiff just west of Juelsminde
where a series of Paleogene deposits occur in a low cliff section pushed up and disturbed
by Quaternary glaciers. Some of the formations can be seen in fig. 11, including the follow-
ing: Late Paleocene red brown plastic clay from the Holmehus Formation, Early Eocene
green grey sandy clay with volcanic ash layers from the @Ist Formation, red brown plastic
clay from the Rgsnaes Clay Formation and Early to Mid Eocene Green plastic clay from the
Lillebaelt clay Formation. The Late Eocene Sgvind Marl Formation was earlier exposed in
the cliff.
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Figurell. Stratigraphical sceme for the Paleogene deposits at Albaek Hoved (From Heil-
mann-Clausen, 1990).
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In the cliff section at Dykeer just south of Juelsminde city, Oligocene deposits were former
exposed.

According to the map of the pre-Quaternary deposits, the area should consist of Eocene or
Oligocene deposits just below the Quaternary (Fig. 12).

Figure 12. Map of the pre-Quaternary surface: Time units. Original scale: 1:50.000.
Legend: Red lines: Precambrian intrusions; Grey: Precambrian; Olive: Cambrian-
Silurian; Red: Permian; Light red: Triassic; Blue: Jurassic; Yellow: Lower Cretaceous;
Green: Upper Cretaceous; Light green: Danian; Brown: Paleocene; Yellow olive: Eo-
cene; Red brown: Oligocene; Light yellow brown: Lower Miocene; Very light yellow
brown: Upper Miocene; White: Pliocene (Hakansson & Pedersen, 1992).

Examples of some of the different clay types are found in figs. 13, 14 and 15.
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Figure 14. The @Ist Formation at Albaek Hoved.
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Figure 15. The Lillebeelt Clay Formation at Albeek Hoved.

Klejs

In the Klejs subarea, Oligocene deposits occur above Eocene clays. In the highest parts of
the terrain, the Eocene reaches the surface. It has been proposed that the pre-Quaternary
deposits are a floe in the glacial sediments but it has not been possible to drill through the
clays to reach the glacial sediments in an 80 m deep borehole. Perhaps the upper parts are
disturbed by glaciers as known from many other parts of Denmark and as indicated by the
Albaek Hoved cliff, while the deeper layers are still in-situ.

The Late Oligocene deposits consist of brown and black fine-grained to sandy micaceous
clays, normally non-calcareous, probably from the Brejninge Member (Formation). The
deposits can be at least 17 m thick.

The oldest Eocene deposits are the red brown Rgsnees Clay Formation (5 m) followed by
the grey green Lillebaelt Clay Formation, 75 m thick. Some boreholes reach the Sgvind
Marl Formation of sticky light olive grey, calcareous clay (approx 10 m thick).

Sgnderby

Towards the south, within the Sgnderby subarea, the first Paleogene deposits below the
thin Quaternary sediments are Oligocene silty and sandy brown black and black, mica-
ceous, mainly non-calcareous but also weakly calcareous when a content of shells occur.
The clay is up to 20 m thick and belongs to the Late Oligocene Brejninge Member. Below
the Oligocene sediments follows the Late Eocene Sgvind Marl Formation of fine-grained
light green grey, and calcareous clay (up to 27 m thick).
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Towards the north, the Eocene Sgvind Marl is reached directly below 4 - 10 m Quaternary
deposits. The marl is strongly calcareous and olive brown, 3 - 12 m thick. 10 m calcareous,
probably Lillebzelt clay is found below the Sgvind Marl.

An example of Oligocene mica clay, probably from the Brejning Formation is seen in fig. 16.

Figure 16. Example of the Oligocene brown mica clay.

5.5.2 Quaternary deposits

The map of the Quaternary deposits (Figs. 5 and 17) show the distribution of the different
sediments in the area.
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Figure 17. The map of the Quaternary surface deposits. Original scale: 1:200.000.
Legend: Brown: Clayey till; Light brown: Sandy till; Red: Meltwater sand and gravel,
Orange: Sandur sand and gravel; Purple: Late glacial marine deposits; Light blue: Hol-
ocene marine deposits. Green: Holocene freshwater deposits; Yellow: Aeolian sand
(From Pedersen, 1989).

Klejs
The Quaternary deposits of clayey till and meltwater sand and gravel are relatively thin
(approx. 2 - 10 m).

Sgnderby

Silty, sandy clayey tills dominate in the area. The tills are yellow brown to grey brown and
calcareous (Fig. 17). Several layers of meltwater sand and gravel up to 4 - 6 m thick occur
below the tills. The Quaternary is approximately between a few meters to 20 m thick.
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Figure 18. Section in clayey till with sub-vertical fractures (Photo. K.E.S. Klint).

5.6 Tectonics, structures and seismic activity

5.6.1 Major tectonic structures

No major tectonic structures have been recognized crossing the area but a major hiatus
occurs between the Late Eocene and the Late Oligocene indicating movements and ero-
sion in the area. The borehole data are illustrated in fig. 19 where the structural conditions
are depicted. A large valley in the pre-Quaternary surface is oriented NNW-SSE from
Rabzek to As Hoved. The direction is parallel to major fault zones at Horsens Fjord (See
also fig. 43). The two subareas mainly occur on high-laying clayey till plateaus which area
bordered by meltwater valleys oriented NNE-SSW.
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DG Glacial melt-water gravel IP  Interglacial fresh-water gyttja
DI  Glacial melt-water silt IS Interglacial fresh-water sand
DL Glacial melt-water clay KG Miocene guartz gravel

DS Glacial melt-water sand KS Miocene quartz sand

DV Alternating thin melt-water beds L Clay, marl

FS Post-glacial fresh-water sand LL Eocene Clay, plastic clay

G  Gravel, sand and gravel M Mull

GC Miocene brown coal MG Glacial gravelly till

Gl Oligocene — Miocene mica silt ML Glacial clayey till

GL Oligocene — Miocene mica clay o} Fill, waste
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Glacial melt-water silt
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Glacial Clayey till

Interglacial fresh-water sand, -gravel
Interglacial fresh-water clay, -silt, -gyttja, -peat, -diatomite, alternating beds

Oligocene - Miocene sand, gravel, sandstone

Oligocene - Miocene clay, silt, brown coal, alternating beds
Paleocene - Eocene clay, silt, diatomite, volcanic ash
Danian limestone

GEOLOGICAL SURVEY OF DENMARK NOVEMBER 1988
Andersen L. J. & Gravesen P, 1988
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Figure 19. Geological Basic Data Map. a. Legend for the map (After Andersen & Gravesen,
1989), b. Part of Geological Basic Data map 1313 IV Juelsminde. Original Scale 1:50.000
(After Pedersen & Stockmarr, 1979a).

The Quaternary deposits seem to have been strongly tectonic disturbed by the Weichselian
glaciers and several floes of Paleogene clays occur in the glacial sediments. In areas with
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apparently in-situ occurrence of Paleogene clays, the upper parts of these clays may also
be disturbed (Fig. 20).

E Systofte gravelpit

Figure 20. Examples of glaciotectonic disturbances of Quaternary and pre-Quaternary de-
posits from Sgrvad, Sydtofte, Mgn and Fur (Photos: K.E.S. Klint).

5.6.2 Fractures

The Quaternary tills are normally cut by vertical, sub-vertical and horizontal fractures down
to at least 8 m depth. Many biopores often occur in the upper 2 - 3 m (Fig. 21).
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Figure 21. Fracture model in clayey till (From Klint & Gravesen, 1999).

The very fine-grained and plastic clays from Eocene and Oligocene contain fractures that
may be a problem for ground stability.

5.6.3 Geological model

The geological model consists of four major units. The model comprises both subareas
(Fig.22):

A. Quaternary deposits, mainly clayey till. Thickness 2 m to 20 m.

B. Oligocene Brejning Member (Formation) and perhaps the Vejle Fjord silt and sand.
Black and brown mica clay. Thickness up to 20 m.

C. Eocene Sgvind Marl Formation, up to 27 m thick but normally thinner.

D. Lillebeelt Clay Formation and Rgsnees Clay Formation, at least 75 m thick.
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Figure 22. Schematic model of the geological and structural conditions of Area 12.

5.6.4 Earthquake activity

The seismic activity in east Jylland and the near surrounding sea is very low (Fig. 23).
Therefore, it is impossible to relate recent seismic activity to the faults and fractures in the
bedrocks. Other signs of recent movements along the faults and fractures have not been

proven.
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Figure 23. Map of epicentres from earthquakes in the Danish and surrounding areas. (From
GEUS’s Home page).

5.7 Ground stability

The area is expected to have good ground stability. Nevertheless, it is always important to
remember that constructions on and in plastic clays can give problems. This is caused by
fractures in the clays and because of large changes in volume at drying and water filling.

Areas with slopes are especially exposed for sliding and flowing of plastic clay material
towards lower areas.

5.8 Groundwater hydrogeology

5.8.1 Groundwater characteristics

The Klejs-Sgnderby area (Area 12) is positioned in an area that is characterized by the
absence of shallow groundwater bodies and existence of several smaller regional and deep
groundwater aquifers (Figs. 24, 25 and 26). The subdivision into groundwater aquifers in
water district 60 are thoroughly described by the former Vejle County in the basisanalysis
part 1. In the Horsens Fjord catchment management plan (Hovedvandopland 1.9) from the
Ministry of Environment, the regional groundwater bodies in the Juelsminde area are locat-
ed within two sub catchments: Horsens Fjord (DK1.9.2.2) and Nordlige Beelthav (DK1.9.2.3
and DK1.9.2.6). Finally, there are three small deep groundwater aquifers, situated in a sig-
nificant distance from each other within the Juelsminde area. These three aquifers are
compiled into one administrative deep groundwater body (DK1.9.3.1) (Fig 26). All regional
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and deep groundwater aquifers are meltwater sand deposits. The overall assessment of
the chemical and quantitative status of the regional and deep groundwater aquifers is good
(see Section 5.9).
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3 Termermneer- Samket tistand, rirge

Figure 24. Shallow (or terrain near) groundwater bodies located west of the Juelsminde
area (Area 13), shown in red circle (After Ministry of Environment, 2010).
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Figure 25. Regional groundwater bodies within and west of the Juelsminde area (Area 12).
(After the Ministry of Environment, 2010).
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Figure 26. Deep groundwater bodies within and west of the Juelsminde area (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 recent 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. 27).

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 27. Areas of special drinking water interests (OSD): Dark blue and areas of drinking
water interest (OD): Light blue. Areas with limited drinking water interests are olive brown
(http://kort.arealinfo.dk/).

The drinking water areas in the Juelsminde area are given in fig. 28. The Klejs-Sgnderby
area is mainly classified as an area with limited or no drinking water interest but also partly
on OD level. Groundwater abstraction is distributed as given in fig. 29.
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Figure 28. Various drinking water areas situated in the Juelsminde area. 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 (/kort.arealinfo.dk/).
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Figure 29. Annual abstraction (in average) from single wells in the period 2003-2005 (from
Miljgstyrelsen, 2010).

5.9 Groundwater chemistry

The overall groundwater quality aiming for drinking water purpose has been assessed by
the former Vejle and Arhus counties and Environmental Centre Arhus for the regional and
deep groundwater bodies and reported in the catchment management plan “Hovedvandop-
land 1.9, Horsens Fjord" from the Ministry of Environment. The groundwater chemistry full
fills the EU criteria to be of good status.

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).
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Klejs

It is not expected that climate changes will affect this area seriously during this century, but
it is very likely that more and more intense rain may cause erosion along the streams. The
expected sea level rise of this century should not affect the Klejs Area.

Senderby

It is not expected that climate changes will affect this area seriously during this century,
although more and more intense rain will raise the discharge of the streams. The expected
sea level rise may cause flooding of the coastal section toward north-west and the stream
valleys toward the south.

5.11 Restrictions and limitations
There are no raw material digging and interest areas in Area 12.
The designated area north of Juelsminde has no restrictions in accordance to the NATURA

2000 regulation. An adjacent NATURA2000 habitat area is located along the south coast
towards Vejle Fjord, outside the area (Fig. 30).

w

6 1886 36008 5400 7200 n é

[ EF-Habitatomider

Figure 30. NATURA2000 habitat areas in the Lillebaelt region (/kort.arealinfo.dk/).
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5.12 Summary of the area conditions

Amount of data:
Sparse: Some relevant boreholes. No geophysical surveys.

Homogeneous conditions and isolation of the waste by low, permeability layers:
Perhaps perfect on depth below 20 m but the framework of the fractures below 10 m is
unknown. The fracture problem has to be considered in relation to other areas.

Stability
Good stability on surface and depth but problems can occur on slopes.

Seismic activity and tectonic movements
No seismic and tectonic movements or problems.

Groundwater conditions

The groundwater conditions in clay deposits should be positive but the variation in the level
of the groundwater table has to be analysed if the disposal has to be established under
saturated conditions. The groundwater flow will be towards the sea.

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 areas within the Area 12. Only minor local supplies occur.

Groundwater chemistry, non- aggressive components
The groundwater contains apparently no aggressive components.

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

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

Other restrictions
Apparently no other restrictions will give problems.

5.13 Final Remarks

The Quaternary sediments mainly consist of clayey tills although sand and gravel layers
occur. The two subareas reach Eocene and Oligocene deposits. It is a problem to describe
the structural framework. The Eocene plastic clays are suitable for a disposal of radioactive
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waste but the Oligocene clays are more coarse-grained with silt and sand inclusions why
these sediments have to be analysed in detail.
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6. Area 13. Thyrsted — Glud, Juelsminde peninsula,
East Jylland

6.1 The location of the area

The area is located in east Jylland, east of Horsens (Fig. 31). The area is situated on the
Juelsminde peninsula, between Tyrsted - Sejet and Glud on the northernmost part of the

peninsula (Fig. 32).
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Figure 31 Location of the area. The Juelsminde peninsula is located on the east coast of

Jylland.
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Figure 32. A detailed map of Area 13. The Area is located between Thyrsted/Uth and Glud.

6.2 Terrain, topography and surface processes

The Thyrsted — Glud area is located in the central northern part of the Juelsminde peninsu-
la. The size of the area is c. 25 km?. The highest part of this area is found along the south-
ern/south-western delimitation of the area that is located around 50 meters above sea level
(m.a.s.). From here, the landscape slopes very gently toward the northern delimitation of

GEUS
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the area, which is the coastline of Horsens Fjord. The overall impression of the landscape
is one big gently sloping surface. Only the south-eastern and south-western parts of the
area are partly undulating. A very small lake is found at Sejet Ngrremark and one small
stream crosses the area in approx. the central part. The coast seems to be very stable.
Some sections of the coast are prograding and no signs of erosion are seen.

The predominating part of the area is used for agriculture. Some c. 10 % of the area is cov-
ered by woods. The main road between Horsens and Glud crosses the area. Several minor
roads are also crossing the area. The small villages Sejet, Brund and Bisholt are located in
the area. A number of houses are located along the roads.

Owing to the very gentle relief and intensive cultivation, the surface processes (soil creep,
frost — thaw processes, soil development etc.) proceed slowly and undramatic. The most
active surface processes are found at the coast, but the coast is facing the calm waters of
Horsens Fjord and is furthermore sheltered by a relatively wide, shallow near shore zone.

A smaller part of the area toward south-east is part of an area of National Geological Inter-
est (no. 91).

6.3 Surface geology and profiles

The Quaternary sediments in the area mainly consist of glacial clayey till but several valleys
crossing the till areas contain Holocene freshwater deposits. These may be resting on
meltwater sand and gravel (Fig. 33).
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Figure 33. Map of the surface geology with boreholes from the Jupiter Database at GEUS.
Originally in 1:200.000. Legend: Brown: Clayey till Red: Meltwater sand and gravel; Or-
ange: Meltwater clay; Green: Holocene freshwater deposits. (From GEUS’s Homepage
after Pedersen, 1989). Legend for the boreholes: See fig. 34.
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6.4 Boreholes

Several boreholes in the area reach Paleogene clays and glacial clayey tills. Most of the
samples from the boreholes are characterised lithological and are related to formal units
but only few samples have been dated by microfossils. The locations of the boreholes in

the area are seen in figs. 34, 35 and 36.
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Figure 34. Map of the locations of boreholes on the Juelsminde Peninsula from the Jupiter
database at GEUS. Legend: 107.491: DGU No., Blue dot: Water supply well; Red dot: Ge-
otechnical borehole; Pink dot: Raw material borehole; Green dot: Other borehole; Light red
dot: Abandoned borehole; Black dot: Unknown purpose.
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Figure 36. Boreholes in the area Between Sejet and Thyrsted. Legend: see fig. 34.

An example of the boreholes (DGU no.107.491) reaching the Oligocene clays is in fig. 37.
Few geophysical surveys are known from the area.
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Figure 37. Borehole log from Thyrsted: DGU no. 107.491. The upper part of the 77.2 m
deep borehole. Legend: ML. Clayey till, GL: Oligocen, Miocene mica clay.
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6.5 Sediment and rock characteristics, mineralogy and chemis-
try

6.5.1 Pre-Quaternary deposits

According to the map of the pre-Quaternary deposits, the area should consist of Eocene or
Oligocene deposits just below the Quaternary (Fig. 38).

) w=== | GEOLOGISK KORT
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Figure 38. Map of the pre-Quaternary surface: Time units. Original scale: 1:50.000.
Legend: Red lines: Precambrian intrusions; Grey: Precambrian; Olive: Cambrian-
Silurian; Red: Permian; Light red: Triassic; Blue: Jurassic; Yellow: Lower Cretaceous;
Green: Upper Cretaceous; Light green: Danian; Brown: Paleocene; Yellow olive: Eo-
cene; Red brown: Oligocene; Light yellow brown: Lower Miocene; Very light yellow
brown: Upper Miocene; White: Pliocene (Hakansson & Pedersen, 1992).

The topography around the area is a valley-plateau system and the distribution of the pre-
Quaternary deposits in the boreholes is depending on this system.
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At Glud, the Late Oligocene or Early Miocene deposits are first reached topmost on the
plateau and consist of silty black and brown black, micaceous, non-calcareous clays mainly
from the Brejning Member, in up to 15 - 20 m thick layers. Below occurs the Late Eocene
Sgvind Marl Formation of fine-grained green grey strongly calcareous clay, 20 - 30 m thick.

Towards the west, from Sejet to Tyrsted, the pre-Quaternary deposits occur below few m to
24 m Quaternary clay, silt and sand. The oldest clays belong to the Late Eocene Sgvind
Marl Formation, strongly calcareous, green grey to light grey yellow. The formation is up to
25 m thick. Above these clays follows Late Oligocene Brejning Clay which consist of brown
and black micaceous clay. The clay is fine-grained to silty and lenses of silt and fine-
grained sand occur. It is mainly non-calcareous but to the bottom of the Member, the clay is
calcareous and contains shells and shell fragments. Glauconite in the lowermost layers just
above the Sgvind Marl gives a green black color. The Oligocene layers are up to 55 - 60 m
thick.

6.5.2 Quaternary deposits

The map of the Quaternary deposits (Figs. 33 and 39) show the distribution of the different
sediments.
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Figure 39. Map of the Quaternary surface deposits. Original scale: 1:200.000. Legend:
Brown: Clayey till; Light brown: Sandy till; Red: Meltwater sand and gravel; Orange:
sandur sand and gravel; Purple: Late glacial marine deposits; Light blue: Holocene
marine deposits; Green: Holocene freshwater deposits; Yellow: Aeolian sand (From
Pedersen, 1989).

At Glud, up to 10 m thick layers of clayey tills dominate the upper layers. Layers of meltwa-
ter sand and gravel, up to 10 m thick, are unevenly distributed.

Between Tyrsted and Sejet, the Quaternary deposits consist of olive grey and grey yellow

sandy, silty calcareous clayey till and only very few, thin sand layers are found. Thickness:
5-20 m (Fig. 40).
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Figure 40. Section in clayey till with sub-vertical fractures (photo K.E.S.Klint).

6.6 Tectonics, structures and seismic activity

6.6.1 Major tectonic structures

No major tectonic structures have been recognized crossing the area but a major hiatus
occurs between the Late Eocene and the Late Oligocene indicating movements and ero-
sion in the area. The borehole data are illustrated in figs. 41 and 42 where the structural
conditions are depicted. The area consists of high-laying clayey till plateaus bordered by
meltwater valleys oriented NNE-SSW.

The high laying Oligocene deposits along the northern coast of the Juelsminde peninsula
are situated at the northern rim of a graben structure, where the fault lines reach down to at
least the Cretaceous. The graben was formed later than the Oligocene (Fig. 43). In the
middle part of the graben, more than 200 m of Quaternary sediments are deposited.
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Figure 41. Part of Geological Basic Data map 1313 IV Juelsminde. Legend to the Map: See

fig.19. Original Scale 1:50.000 (After Pedersen & Stockmarr, 1979a).

GEUS



Figure 42. Parts of Geological Basic Data maps 1214 Il Horsens and 1314 11l Odder. Origi-
nal scale 1:50.000 (After Pedersen and Stockmarr, 1979b, 1980.)
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Figure 43. Graben structure in Horsens Fjord. a. Seismic section N-S in the fjord area lo-
cated in fig. 21b as line a-b. b. Bloc diagram of the graben structure based on the seismic
investigations and boreholes (From Lykke-Andersen,1995).

The Quaternary deposits seem to have been strongly tectonic disturbed by the Weichselian
glaciers and several floes of Paleogene clays occur in the glacial sediments. In areas with
apparently in-situ occurrence of Paleogene clays, the upper parts of these clays may be
disturbed (Fig. 44).
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Systofte gravelpit

Figure 44. Examples of glaciotectonic disturbances of Quaternary and pre-Quaternary de-
posits from Sgrvad, Sydtofte, Mgn and Fur (Photos: K.E.S. Klint).

The Oligocene deposits are the most important sediment in the area as these make up the
core of the area and are probably also included in the glacial floes (Fig. 45).
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Figure 45. Oligocene brown mica clay.

6.6.2 Fractures

The Quaternary tills are normally cut by vertical, sub vertical and horizontal fractures down
to at least 8 m depth. Many biopores often occur in the upper 2 - 3 m (Fig. 46).
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Figure 46. Fracture model in clayey till (From Klint & Gravesen, 1999).

The very fine-grained and plastic clays from Eocene and Oligocene contain fractures which
can be a problem for ground stability.

6.6.3 Geological and structural model

The geological model consists of three major units (Fig.47):
A. Quaternary deposits, mainly clayey till. Thickness: 2 - 20 m.

B. Oligocene Brejning Member (Formation) and probably the Vejle Fjord silt and sand.
Black and brown mica clay. Thickness: at least 55 - 60 m.

C. Eocene Sgvind Marl Formation, up to at least 30 m thick but normally thinner.
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. Schematic model of the geological and structural conditions of Area 13.

6.6.4 Earthquake activity

The seismic activity in east Jylland and the near surrounding sea is very low (Fig. 48).
Therefore, it is impossible to relate recent seismic activity to the faults and fractures in the
bedrocks Other signs of recent movements along the faults and fractures have not been

proven.
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Figure 48. Map of epicentres from earthquakes in the Danish and surrounding area. (From
GEUS s Home page).

6.7 Ground stability

The area is expected to have good ground stability. Nevertheless, it is always important to
remember that constructions on and in plastic clays can give problems. This is caused by
fractures in the clays and because of large changes in volume at drying and water filling.

Areas with slopes are especially exposed for sliding and flowing of plastic clay material
towards lower areas.

6.8 Groundwater hydrogeology

6.8.1 Groundwater characteristics

The Thyrsted - Glud area (Area 13) is positioned in an area characterized by the absence
of shallow groundwater bodies and existence of several smaller regional and deep ground-
water aquifers (Figs. 49, 50 and 51). The subdivision into groundwater aquifers in water
district 60 are thoroughly described by the former Vejle County in the basisanalysis part 1.
In the Horsens Fjord catchment management plan (Hovedvandopland 1.9) from the Minis-
try of Environment, the regional groundwater bodies in the Juelsminde area are located
within two sub catchments: Horsens Fjord (DK1.9.2.2) and Nordlige Beelthav (DK1.9.2.3
and DK1.9.2.6). Finally, there are three small, deep groundwater aquifers, situated at a
significant distance from each other within the Juelsminde area. These three aquifers are
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compiled into one administrative deep groundwater body (DK1.9.3.1) (Fig. 51). All regional
and deep groundwater aquifers are meltwater sand deposits. The overall assessment of
the chemical and quantitative status of the regional and deep groundwater aquifers is good
(see Section 6.9).
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Figure 49. Shallow (or terrain near) groundwater bodies located west of the Juelsminde
area (Area 13), shown in red circle (After Ministry of Environment, 2010).
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Figure 50. Regional groundwater bodies within and west of the Juelsminde area (Area 13).
(After Ministry of Environment, 2010).
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Figure 51. Deep groundwater bodies within and west of the Juelsminde area (After Ministry
of Environment, 2010).

6.8.2 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 recent 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. 52).

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.
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Fig.52. Areas of special drinking water interests (OSD): Dark blue and areas of drinking
water interest (OD): Light blue. Areas with limited drinking water interests are olive brown.

The drinking water areas in the Juelsminde area are given in fig. 53. The designated area
is mainly categorised as an area with limited or no drinking water interest or as OD area.
Groundwater abstraction is distributed as given in fig. 55.
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Figure 53. Various drinking water areas situated in the Juelsminde area. 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.dk/).
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Figure 54. Annual abstraction (in average) from single wells in the period 2003-2005 (from
Miljgstyrelsen, 2010).

6.9 Groundwater chemistry

The overall groundwater quality aiming for drinking water purpose has been assessed by
the former Vejle and Arhus counties and Environmental Centre Arhus for the regional and
deep groundwater bodies and reported in the catchment management plan “Hovedvan-
dopland 1.9, Horsens Fjord“ from the Ministry of Environment. The groundwater chemistry
fulfils the EU criteria to be of good status.

6.10 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 climate changes will
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affect the area during this century. The expected sea level rise may cause flooding of the
coastal section but will not necessarily cause erosion.

6.11 Restrictions and limitations

There are no raw material digging and interest areas in Area 13.

The designated area north of Juelsminde has no restriction in accordance to the NATURA
2000 regulation. An adjacent NATURA2000 habitat area is located along the south coast
towards Vejle Fjord (Fig. 55).
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Figure 55. NATURA2000 habitat areas in the Lillebeelt region (After Ministry of Environ-
ment, 2010).

6.12 Summary of the area conditions

Amount of data:
Sparse: Relatively few boreholes. No geophysical surveys.

Homogeneous conditions and isolation of the waste by low, permeability layers:
Perhaps perfect on depth below 30 m but the framework of the fractures below 10 m is
unknown. The fracture problem has to be considered in relation to other areas.
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Stability
Good stability on surface and depth but problems can occur on slopes.

Seismic activity and tectonic movements
No seismic and tectonic movements or problems.

Groundwater conditions

The groundwater conditions in clay deposits should be positive but the variation in the level
of the groundwater table has to be analysed if the disposal has to be established under
saturated conditions. The groundwater flow will be towards the sea.

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 areas within the Area 13. Only minor local supplies occur.

Groundwater chemistry, non- aggressive components
The groundwater contains apparently no aggressive components.

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

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

Other restrictions
Apparently no other restrictions will give problems.

6.13 Final Remarks

The Quaternary sediments mainly consist of clayey tills although sand and gravel layers
occur. The area reaches Eocene and Oligocene deposits. It is a problem to describe the
structural framework. The Eocene plastic clays are suitable for disposal of radioactive
waste but the Oligocene clays are more coarse-grained with silt and sand inclusions why
these sediments and have to be analysed in detalil.
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7. Area 14. Lysnet Hills, Haslund — Vissing, East Jyl-

land

7.1 The location of the area

The area is located between Haslund and Vissing on the Lysnet hill plateau east of @lst

and Hinge and southwest of Randers (Figs. 56 and 57).
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Figure 56. Location of the area. Area 14 is located in eastern Jylland, south-west of the city

of Randers.
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Figure 57. A detailed map of area The Lysnet Hill area is found east of @Ist and Hinge.

7.2 Terrain, topography and processes

The area is located in the central part of eastern Jylland. The size of the area is c. 17.5
km?. The area is characterized by a great hilly landscape. No more than three large hills fill
out the area, two in the northern part of the area and one very big in the southern part. The
tops of the hills are situated 77, 91 and 110 meters above the sea level. From the top of the
hills, the landscape slopes more or less deeply down to levels around 15 — 20 m.a.s. The
lowest areas are found in the central and eastern parts of the area. Two streams are found
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in the area; one toward north-west and one crossing the central part. Southeast of the cen-
tral stream, some small lakes are located.

The predominating part of the area is used for agriculture. Some c. 10 % of the area is cov-
ered by woods. Several minor roads cross the area. The small village Vissing is located
toward southeast. A number of houses are located along the roads, especially in the north-
ern part of the area that also includes a cluster of windmills. The central and northern part
of the area is crossed by some major (NW-SE running) supply cables for electricity.

Owing to the relatively gentle relief and intensive cultivation, the surface processes (soll
creep, frost — thaw processes, soil development etc.) proceed slowly and undramatic. The

most active surface processes are found in/along the streams.

The southern half of the area is part of an area of National Geological Interest (no. 47).

At fig. 58, the high plateau area towards the west is seen.

Figure 58. A view towards the hill plateau of the area.

7.3 Surface geology and profiles

The geological surface map shows that the area is dominated by approx. 50 % clayey tills
and meltwater sand and gravel and 50 % plastic clays (Fig. 59). Clay pits occur just outside
the area at @lst and Hinge but a sand and gravel pit is found at Lysnet.
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Figure 59. Quaternary surface map from the area with the boreholes from the Jupiter Data-
base at GEUS. Originally scale 1:200.000 (GEUS’s Homepage, after Pedersen, 1989).
Legend: Brown: Clayey till; Red and orange; Meltwater sand and gravel; Green: Holocene
freshwater deposits; White: Pre-Quaternary deposits. Legend for boreholes: See fig. 60.

7.4 Boreholes

Several boreholes are located in the area but most of them are situated near the boundary
of the area. Especially the middle part of the area lacks information. Many samples are
lithological described and related to formation but only a few samples have been investi-
gated for microfossils and dated. The area is covered by geophysical surveys as e.g.
SkyTem.

The larger area with the boreholes can be seen in fig. 60. A more detailed map is shown in

fig. 61. A borehole log from DGU no. 68.1134 shows the build up of the upper layers in the
area (Fig. 62).
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Figure 60. Map of the locations of boreholes from the Jupiter database at GEUS. Legend:
68.1134: DGU No., Blue dot: Water supply well; Red dot: Geotechnical borehole; Pink dot:
Raw material borehole; Green dot: Other borehole; Light red dot: Abandoned borehole;

Black dot: Unknown purpose.
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Figure 61. Detailed map of the borehole locations in the area.
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& BORERAFPORT DGU arkivnr: 68. 1134
B ELS
Borested : Randersvej 85, Myborggard Kommune : Fawskow

B3T0 Hadsten Region : Midtjylland

Boringsdato : Boringsdybde : 15 meter Terrenkote : 54.5 meter o. DNMN
Brendborer : Poul Christiansen, Hajslev Prever
MOB-nr N - modiaget - 18/11 2009 antal : 15
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BB-bomr - antal gemt : D
Formal : Rastofboring Kortblad - 13151IMNV Dratum : EUREFED
Anvendelse : UTM-zone : 32 Koordinatkilde : GEUS
Boremetode - UTM-koord. : 583821, 8248752 Koordinatmetode : GPS

Motater - 3 -15 m Formodentlig Stolleklint Ler. Masmere undersagelser pagar. (Fanen er subjekti beskreuwst).
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Figure 62. Geological borehole log for DGU no. 68. 1134. Legend: ML.: clayey till, L: Paleo-
gene clays.
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7.5 Sediment and rock characteristics, mineralogy and chemis-
try

7.5.1 Pre-Quaternary deposits

The map of the pre-Quaternary deposits is seen in fig. 63.
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Figure 63. Map of the pre-Quaternary surface: Time units. Original scale: 1:50.000.
Legend: Red lines: Precambrian intrusions; Grey: Precambrian; Olive: Cambrian-
Silurian; Red: Permian; Light red: Triassic; Blue: Jurassic; Yellow: Lower Cretaceous;
Green: Upper Cretaceous; Light green: Danian; Brown: Paleocene; Yellow olive: Eo-
cene; Red brown: Oligocene; Light yellow brown: Lower Miocene; Very light yellow
brown: Upper Miocene; White: Pliocene (Hakansson & Pedersen, 1992).

The pre-Quaternary deposits east of the area are known from the clay pits at @lst and
Hinge Bakker (hills) southwest of Randers where plastic clays have been dug for many
years and from an old road cut at @Ist. Some boreholes in the area also contribute to the
knowledge of the clays. In the pits, the Paleogene deposits consist of the Holmehus For-
mation, the @Ist Formation, the R@snaes Clay Formation, the Lillebaelt Clay Formation, the
Segvind Marl Formation and the Viborg Formation with a total thickness of approx. 100 m.
The deposits have been strongly deformed by glaciers several times during the Elsterian,
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Saalian and Weichselian. At present, it is especially the 40 m thick green grey non-
calcareous Lillebeelt Clay Formation that is exploited.

The clay fraction is 60 - 90 % and smectite minerals dominate.

The mapping of the Quaternary deposits has shown that the plastic clay occur very close to
the surface in large parts of the area (Fig. 59).

From the boreholes within the area (which is a hill plateau up to 130 m.a.s.), only few in-
formation can be obtained but boreholes just outside the area can give some information
about the following formations:

Towards the north, at Veerum, two deep boreholes show nearly 80 - 100 m very fine-
grained, plastic dark grey, green and brown clays probably, from the Eocene and Paleo-
cene, above Danian limestone described as hard and flint bearing.

Towards the west, the Paleogene deposits occur below 72 m Quaternary sediments. These
sediments consist of very fine-grained plastic brown and olive grey non-calcareous clay
with horizontal lamination (at least 22 m thick). The clay may belong to the Lillebaelt Clay
Formation. The clays seems to be eroded by the Quaternary glaciers which deposited tills
and meltwater sediments along the margin of the clay area.

The Paleogene clays are reached 21 m below surface towards the south and again, the
Quaternary glaciers have eroded and deposited in this area.

In the middle part of the area only few boreholes give information. The Eocene plastic clays
are found near the ground surface at Holtgarde and in some boreholes, the clays occur
down to c. 14 - 32 m below ground surface. At Vissing, the clays occur between 7 and 26 m
below ground surface. Just outside the area, at Hinge, a deep borehole reaches clays 18 m
below surface and the following 50 m consist of Paleocene and Eocene plastic clays, prob-
ably from the Rgsnaes Clay Formation, @lst Formation, Holmehus Formation/ Abelg For-
mation, Kerteminde Marl Formation, probably resting on Danian Limestone.

In the area just north-west of Hinge, the boreholes show deposits from the Rgsnaes Clay
Formation: Red brown and grey sticky plastic clay up to 18 m thick and the @Ist Formation:
Dark grey and grey green fine-grained to silty clay, faintly laminated, non-calcareous and
with volcanic ash layers, 14 m thick. Towards the east, just outside the area, Oligocene
fine-grained clays from the Viborg Formation are the top layers.

In the northeastern corner of the area, at Haslund Keer, several boreholes for clay exploita-
tion are drilled. In this area, very fine-grained clays from the Lillebeelt Clay Formation,
Rgsnaes Clay Formation and the @Ist Formation are reached below 2 - 3 m Quaternary tills.
The borehole information points to a large clay body disturbed by glaciotectonic.

Examples of the clay types from the Albaek Hoved can be seen on figs. 64, 65, and 66. The
clay pit at @lst is seen in fig. 67.
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Figure 64. The @lst Formation, Eocene. Clay with green volcanic ash layers below red
brown plastic clay from the Rgsneaes Clay Formation. Albaek Hoved Klint. Juelsminde.

The geophysical SkyTem surveys of the area have mapped the limestone deposits below
the up to 80 m thick plastic clays.

Figure 65. Green plastic clay, probably the Eocene Lillebzelt Clay Formation from Albsek
Hoved Klint, Juelsminde.
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Figure 66. Section from the Albaek Hoved Klint, Juelsminde, Jylland. Red and green plastic
clays from the Lillebaelt Clay and Rgsnaes Clay Formations.

Figure 67. The clay pit at @Ist seen from the east.
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7.5.2 Quaternary deposits

The Quaternary deposits in the hill plateau area consist of clayey tills and meltwater sand
and gravel (Fig. 59).

Along the margin of the hills in the valleys, Quaternary clayey tills, sand and gravel up to 30
m thick are found. The tills are silty and gravelly. The upper 10 m can be oxidized and non-
calcareous and olive brown. The underlying till is olive brown and calcareous. Further
down, more olive grey and calcareous meltwater sand and clay can occur. The meltwater
sand is fine to medium-grained and often gravelly. The upper approx 3 - 10 m layers can be
oxidized and non-calcareous (Fig. 68).

On top of the very fine-grained Paleogene clays on the hills, a thin cover of clayey or sandy
till occurs. The clayey till is silty, sandy, yellow brown and mainly non-calcareous. The
sandy till is yellow, clayey, stony and non-calcareous. The layers are 1 - 5 m thick and
sometimes the Paleogene clays occur at the ground surface (Fig. 59). Clayey till is often
rather stony (Fig. 68).

Figure 68. Example of clayey, sandy and stony till deposits.
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7.6 Tectonics, structures and seismic activity

7.6.1 Major tectonic structures

In the map of the pre-Quaternary deposits (Fig. 63) no structures are marked. Borehole
data around in the @lst and Hinge indicate a fault line north-south between Hinge and @lst
with a slip/sping high in the Danian limestone of 25-30 m. Fault activities along this fault line
can also have disturbed the Paleocene, Eocene and Oligocene deposits.

The outcrops in the @lst and Hinge clay pits show that parts (at least 80 m) of the Paleo-
gene clays have been disturbed by several glacier advances during the Saalian to the
Weichselian and only the lower parts of the @lIst Formation and older Paleocene clays
seem to be in-situ in the pits. Also younger landslides are occurring in the clays which have
moved material towards lower areas. The hill plateau has been interpreted as an erosion
remnant from the Saalian and information from the Lysnet pit indicate glaciotectonic dis-
turbances from the S and SE. The Paleogene clays have probably been pushed up, faulted
and folded by Saalian glaciers.

The hill plateau has been eroded in the margins and valleys are crossing the area and bor-
dering the plateau (Fig. 69).

Figure 69. Hill plateau towards the west.
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7.6.2 Fractures

The Quaternary tills are normally cut by vertical, sub-vertical and horizontal fractures down
to at least 8 m depth. Many biopores often occur in the upper 2 - 3 m.

The very fine-grained and plastic clays from Eocene and Oligocene contain fractures which
can be a problem for ground stability.

7.6.3 Geological Model

The model of the area consists of the following units (Fig. 70):

A. Quaternary, mainly clayey till with meltwater sand and gravel intercalations, 0 - 5 m
thick on the hill area but up to 30 m thick in the valleys.

B. Oligocene deposits, perhaps found in the area.
C. Eocene and Paleocene clays, up to 80 - 100 m thick (Holmehus, @lIst, Rgsnaes
Clay and Lillebeelt Clay Formations)

D. Danian limestone from 80 - 100 m below surface.

LYSNET BAKKER

Schematic geological model Structures

Oligocene ?

504

Glacio-
Lillebalt Clay Formation tectonics
Rasnaes Clay Formation
@Dlst Formation
Holmehus Formation

100

Ground surface mb.s.

150

Danian limestone

200

Figure 70. Schematic geological model of the area.

GEUS 77



7.6.4 Earthquake activity

The seismic activity in east Jylland and the surrounding sea is very low (Fig. 71). Therefore
it is impossible to relate recent seismic activity to the faults and fractures in the bedrocks.
Other signs of recent movements along the faults and fractures have not been proven.

5'E 10°E 15°E

Figure 71. Map of epicentres from earthquakes in the Danish and surrounding areas. (From
GEUS’s Home page).

7.7 Ground stability

The area is expected to have good ground stability. Nevertheless, it is always important to
remember that constructions on and in plastic clays can give problems. This is caused by
fractures in the clays and because of large changes in volume at drying and water filling.

Areas with slopes are especially exposed for sliding and flowing of plastic clay material
towards lower areas.
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7.8 Groundwater hydrogeology

7.8.1 Groundwater Characteristics

The Lysnet bakker area (Area 14) is positioned in an area characterized by presence of all
three categories of groundwater bodies: one shallow (DK1.5.1.1); parts of four regional
(DK1.5.2.3; DK1.5.2.5; 1.5.2.10; DK1.5.2.10) and one deep groundwater bodies
(DK1.5.3.8) (Fig. 72, 73 and 74). Subdivision into groundwater bodies are thoroughly de-
scribed by the former Arhus County in the basisanalysis part 1. All the groundwater bodies
belong to the Randers Fjord main catchment and are described in the catchment manage-
ment plan (Hovedvandopland 1.5 Randers Fjord) of the Ministry of Environment. The shal-
low and regional groundwater bodies are all consisting of sand materials and the deep
groundwater body of limestone deposits. The overall assessment of the chemical and
quantitative status of the shallow and of some of the regional bodies is poor. Meanwhile,
the other part of the regional and the only deep groundwater bodies are assessed to have a
good status (see Section 7.9).
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Figure 72. Shallow (or terrain near) groundwater body in the Lysnet bakker area (Area 14)
located between Randers and Hadsten, shown in red circle (After Ministry of Environment,
2010).
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Figure 73. Regional groundwater bodies in the Lysnet bakker area (Area 14). (After Ministry
of Environment, 2010).
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Figure 74. Deep groundwater body within the Lysnet bakker area (After Ministry of Envi-
ronment, 2010).
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7.8.2 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 recent 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. 75).

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.

omrader

Seerlige drikkevandsinteresser
Drikkevandsinteresser
Begreensede drikkevandsinteresser

Fig. 75. Areas of special drinking water interests (OSD): Dark blue and areas of drinking
water interest (OD): Light blue. Areas with limited drinking water interests are olive brown
(/kort.arealinfo.dk/).

GEUS 81



The drinking water areas in the Lysnet bakker area is given in fig. 76. The majority of the
Lysnet bakker area is classified as OD area. The shown area of limited groundwater inter-
ests is identical to the @lst bakker area. Groundwater abstraction is distributed as given in
Fig. 77. Veerum By, Lerbjerg-Svejdrup and Vissing water works are abstracting groundwa-
ter within Area 14. In addition, several private water wells are located in Area 14 for house-
hold purposes.

Y omader med s&rige drikkevands inteesser
Omrader med drikkevandsinteresser

Omrader uden udpegnirg

Figure 76. Various drinking water areas situated in the Juelsminde area. 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 (/kort.arealinfo.dk/).
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Figure 77. Annual abstraction (in average) from single wells in the period 2003-2005 (from
Miljgstyrelsen, 2010).

7.9 Groundwater chemistry

The overall groundwater quality aiming for drinking water purpose has been assessed by
the former Arhus County and Environmental Centre Arhus for the groundwater bodies and
reported in the catchment management plan “Hovedvandopland 1.9, Horsens Fjord". The
groundwater chemistry fulfils the EU criteria to be of good status in some of the regional
and deep groundwater bodies. The shallower regional and the terrain near ground-water
bodies have a poor status.

Salinization of the groundwater within Area 14 is not a problem at present or considered to

be a problem in future due to the far distance to the nearest coast and absence of salt dia-
pirs in Area 14.
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7.10 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 climate changes will
have any special affection on the landscape in the area during this century. More and more
intense rain will increase the discharge of the streams and possibly cause local erosion in
the steepest sections of the area.

7.11 Restrictions and limitations

The dIst and Hinge pits are the largest excavation areas for plastic clay in Denmark. The
county of Arhus made a reservation for excavation in the present digging area and extend-
ed the area towards the northwest to Haslund Keer. This area is included in the present
plan for Region Midtjylland areas of permission, excavation and areas of interests.

There are no major restrictions in Area 14 except for two minor areas adjacent to the town
Veerum that has NATURA2000 habitat status and is protected in accordance to
Naturbeskyttelsesloven (law for nature protection) (Chapter 6) (Fig. 78).
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Figure 78. NATURA2000 habitat areas within the Lysnet bakker area (After Ministry of En-
vironment, 2010).
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7.12 Summary of areas conditions

Amount of data:
Sparse: Some boreholes and some important geophysical surveys.

Homogeneous conditions and isolation of the waste by low, permeability clay layers:
Perhaps perfect on depth below 30 - 50 m in the Eocene plastic clay formations. The distri-
bution of the clay and the characters of the deposits have to be investigated.

Ground Stability
Good stability on surface and depth but the conditions of plastic clays have to be consid-
ered, including sliding on slopes.

Seismic activity and tectonic movements
No seismic and tectonic movements or problems are known in the area. The structural set
up has to be investigated.

Groundwater conditions
The groundwater conditions in the Eocene clays and overlaying tills and meltwater deposits
should be positive with slow flow towards the surrounding areas but the variation in the
level of the groundwater table has to be analysed if the disposal has to be established un-
der saturated conditions.

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
The area is mainly an OD area. Local well supplies in the area are located in low-laying
valley areas outside the area.

Groundwater chemistry, non- aggressive components
The groundwater contains apparently no aggressive components.

Ground surface conditions
Processes on the ground surface should not give problems on a disposal although surface
water run-off can contribute to water in the valleys.

Climate extreme conditions
Climate changes and extremes as storms and heavy precipitation will probably not have
influence on a disposal below ground surface.
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Other restrictions
Apparently no other restrictions should give major problems but the relation to the raw ma-
terial restriction should be solved.

7.13 Final remarks

The Lysnet hill area seems be very comparable with the @lst - Hinge area. The structural
framework should be described in detail with respect to the relation between glaciotectonic
clay deposits and in-situ clay deposits.

The surface and groundwater run-off and flow in the hill area have to be evaluated in rela-
tion to the local water supplies in the valleys.
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8. Area 15. Stgvring — @strup, Randers Fjord, East

Jylland.

8.1 The location of the area

The area is located in Eastern Jylland (Fig. 79). The area is found north of Randers Fjord,
east of Randers city, between the villages Stgvring and Jstrup including the forest areas of

Narreskov, Sgnderskov and @strup skov (see fig. 80).

DENMARK

JYLLAND

Figure 79. Location of the area. The area is located north of Randers Fjord, east Jylland.
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Figure 80. A detailed map of Area 15, located at Stgvring and @strup.

8.2 Terrain, topography and processes

The area is located in the eastern part of Jylland, next to the inner part of Randers Fjord.
The size of the area is c. 5.4 km?. The area includes two very different kinds of landscape.
The major part, toward west, is a high-lying, undulating moraine landscape. The smaller
part, toward east, is a low-lying plane marine foreland. The two segments are separated by
an inactive and overgrown cliff. The moraine landscape is situated between c. 10 and 64 m
above sea level (m.a.s.). It does not include any lakes but a small stream is found in the
area. The stream is running down the cliff to the marine foreland, where it turns toward
north. The marine foreland is located between 0 and 5 m.a.s. and the outermost part of this
area seems to be reclaimed and protected from flooding (?).
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The Area 15 is crossed by a few minor roads. The small villages Stgvring and @strup are
located in the western and southern part of the area, respectively. A larger farm,
Stgvringgard is located on the passage between the moraine landscape and the marine
foreland and a golf course is found in the northern part of the area. Except from the villag-
es, there are only very few scattered houses in the area, all located on the moraine. Ap-
proximately half of the area is used for agriculture and the other half is woods.

Owing to the cultivation, the protecting cover from the woods and the protection of the re-
claimed area, the surface processes (soil creep, frost — thaw processes, soil development
etc.) proceed slowly and undramatic.

8.3 Surface geology and profiles

The Quaternary mapping of the areas is not yet finished but preliminary maps and the on-
going investigations indicate that clayey till dominates the area but also that the Paleogene
clays are situated near the ground surface (Fig. 81).

Older clay pits have existed at Dronningborg, Randers.

Figure 81. Quaternary surface map from the area with the boreholes from the Jupiter Data-
base at GEUS. Originally scale 1:200.000 (GEUS’s Homepage, after Pedersen, 1996).
Legend: Brown: Clayey till; Red and orange: Meltwater sand and gravel; Green: Holocene
freshwater deposits; Light blue: Holocene marine deposits. Legend for the boreholes: See
fig. 82.
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8.4 Boreholes

Several boreholes are located in the area but the main part of the boreholes is situated
near the boundary of the area. Especially the middle part of the area lacks information.
Some samples are lithological described and related to formation and microfossils from the
samples have been investigated in three boreholes and the deposits have been dated. The
area is not covered by geophysical surveys.

The locations of the boreholes are shown in fig. 82. An example of the borehole log from
DGU no. 59.380 is in fig. 83.
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Figure 82. Map of the locations of boreholes from the Jupiter Database at GEUS. Legend:
59.380: DGU No., Blue dot: Water supply well; Red dot: Geotechnical borehole; Pink dot:
Raw material borehole; Green dot: Other borehole; Light red dot: Abandoned borehole;
Black dot: Unknown purpose.
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Figure 83. Borehole log from DGU no. 59.380. Upper part of the 29 m deep borehole. Leg-
end: MI. Clayey till, PL: Paleocene clay.
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8.5 Sediment and rock characteristics, mineralogy and chemis-
try

8.5.1 Pre-Quaternary deposits

The pre-Quaternary map is found in fig. 84.
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Figure 84. Map of the pre-Quaternary surface: Time units. Original scale: 1:50.000.
Legend: Red lines: Precambrian intrusions; Grey: Precambrian; Olive: Cambrian-
Silurian; Red: Permian; Light red: Triassic; Blue: Jurassic; Yellow: Lower Cretaceous;
Green: Upper Cretaceous; Light green: Danian; Brown: Paleocene; Yellow olive: Eo-
cene; Red brown: Oligocene; Light yellow brown: Lower Miocene; Very light yellow
brown: Upper Miocene; White: Pliocene (Hakansson & Pedersen, 1992).

The Paleocene plastic clays have been investigated in smaller areas east of Randers at
Dronningborg, Lem and Stavring with the purpose to find clays of bentonite quality. At the
outskirt of Randers, outside Area 15, grey green and greenish black plastic clay from the
Holmehus Formation (Fig. 85) seems to hold a fair quality (Fig. 86).
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Figure 85. Greenish black plastic clay from the Holmehus/d@lIst Formation at Dronningborg,
Randers.
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Figure 86. Clay mineralogy of the bentonite from Dronningborg showing a clear smectite
peak (From Pedersen et al., 2007).
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West of the area at Dronningborg several clay pits have occurred with fine-grained grey,
brown and yellow grey plastic clay with many layers of grey brown, grey and black volcanic
ash, probably belonging to the @lst Formation. Several cemented and silicified layers oc-
curred. The formation was up to 10 m thick and glaciotectonic disturbed probably from the
NE.

In the Area 15, south-west of Stgvring, between Harridsvej and Galgevang, a series of
boreholes have demonstrated at least 25 - 30 m of very fine-grained green grey plastic clay
covered by a few meters of Quaternary sediments. The clays are from the Holmehus For-
mation, @Ist Formation and Rgsnees Clay Formation (Paleocene-Eocene).

The clay mineralogy demonstrates a high content of smectite and some of the layers can
be classified as bentonite (Fig. 87)
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Figure 87. Clay mineral analyses from DGU no. 59.379 showing a smectite peak (From
Pedersen et al., 2001).

At the village Stgvring, 20 m of grey micaceous sand and silt deposits from the Miocene or
Oligocene are reached below 36 m of Quaternary deposits. Then follows 40 m of fine-
grained green grey clay from the Oligocene, Eocene or Paleocene. At 93 m depth 20 m of
Danian cemented limestone is reached.

At @strup, Oligocene sand is reached at 6 - 8 m depth (17 m thick). Then follow Oligocene,
Eocene and Paleocene fine-grained clays down to 50 m below surface. Danian limestone
finished the borehole at 106 m depth.

In the wood Sgnderskoven, two boreholes show that fine-grained olive grey clays with lay-
ers of volcanic ash, mainly calcareous, are reached 59 m below ground surface, covered

by clayey tills. Cemented Danian limestone with flint occurs at 83 m.

An example of the Eocene plastic clay from the Rgsnaes clay Formation is found in fig. 88.
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Figure 88. Section from the Albaek Hoved Klint, Juelsminde, Jylland. Red and green plastic
clay from the Rgsnaes Clay Formation.

8.5.2 Quaternary deposits

The Quaternary deposits consist mainly of clayey tills with some intercalations of meltwater
sand and gravel (Fig. 81 and 89). The variations are as follows:

At Stavring, the Quaternary deposits can be up to 36 m thick, consisting of fine-grained
grey and yellow meltwater sand on the top of silty, calcareous olive grey clayey till. Meltwa-
ter silt can also occur. Southwest of Stgvring, a few meters of yellow brown clayey till rest
on Paleogene plastic clays. Sometimes, the plastic clay reaches the ground surface.
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Figure 89. Map of the Quaternary surface deposits. Original scale: 1:200.000. Legend:
Brown: Clayey till; Light brown: Sandy till; Red: Meltwater sand and gravel; Orange:
Sandur sand and gravel; Purple: Late glacial marine deposits; Light blue: Holocene
marine deposits. Green: Holocene freshwater deposits; Yellow: Aeolian sand (From
Pedersen, 1989).

At @strup, approx. 7 m meltwater sand rest on Paleogene clays. In Sgnderskov, 30 - 60 m

olive grey, calcareous clayey till with sand intercalations occur upon the Paleogene clays.
An example of clayey till with sub-vertical fractures is shown in fig. 90.
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Figure 90. Sub-vertical factures in clayey tills.

8.6 Tectonics, structures and seismic activity

8.6.1 Major tectonic structure

The distribution of the Paleocene and Eocene deposits are dependent on the movements
in Gassum salt pillow structure as the deposits have been uplifted on the southern slope of
the structure (Fig. 91). The pre-Quaternary surface is also cut by a series of valleys which
have produced several separate areas with clays deposits from Paleocene and Eocene
(Fig. 92).
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Figure 91. Geological map of the Gassum structure north of Randers and area 15. The
structure is formed by a deep laying Permian salt pillow which has lifted the younger depos-
its. Legend: Dark green: Maastrichtian chalk, Green: Danian limestone, Yellow: Early
Paleocene limestone and clays. Dark brown: Late Paleocene and Eocene clays, Two
brown colours: Oligocene and Miocene deposits.

= e

Figure 92. Map of the elevation of the pre-Quaternary surface. The map shows a series of
valleys cut down into the producing several areas of high laying clay deposits in between
the valleys. Legend: blue: Sea level, each colour: 25 m contours.
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A geological section from Stavring (Fig. 93) shows that the dark green plastic clay reaches
down to at least 30 m below surface but is probably more than 50 m thick. The top of the
Maastrictian chalk is probably situated 150 m below surface. Inclined clay sheets and floes
also reach the ground surface. The section demonstrates the glaciotectonic disturbances in
the area which also have been proved in the pits at Dronningborg.

N S

| ca. 200 m |

Figure 93. Geological section from the Stgvning area where at least one large sheet of
plastic clays has been pushed up by a glacier from the N (From Pedersen et al., 2007).
Legend: Green: Plastic Clay, Blue: Limestone. Orange: Sand.

An example of the green Paleocene plastic clay is seen in fig. 94.
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Figure 94. Green plastic from the Paleocene.

8.6.2 Fractures

The Quaternary tills are normally cut by vertical, sub-vertical and horizontal fractures down
to at least 8 m depth. Many biopores often occur in the upper 2 - 3 m.

The very fine-grained and plastic clays from Eocene and Oligocene contain fractures which
can be a problem for ground stability.

8.6.3 Geological model of the area

The geological model consists of the following units (Fig. 95):

A. Quaternary deposits, mainly clayey till with many layers of meltwater sand and
gravel, from a few meters up to 36 m thick.

B. Oligocene sand, silt and clay (perhaps also Miocene), 20 m ? thick.
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C. Eocene Rgsnees Formation, JIst Formation and Paleocene clays, approx. 30 - 50

m

thick.

D. Danian cemented limestone (kalksandskalk), at least 50 m thick.
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Figure 95

. A Schematic geological model of the area.

8.6.4 Earthquake activity

The seismic activity in Stgvring - @rby area and the near surrounding sea is very low (Fig.

96).

Therefore, it is impossible to relate recent seismic activity to the faults and fractures in the
bedrocks. Other signs of recent movements along the faults and fractures have not been

proven.
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Figure 96. Map of epicentres from earthquakes in the Danish and surrounding areas. (From
GEUS’s Home page).

8.7 Ground stability

The area is expected to have good ground stability. Nevertheless, it is always important to
remember that constructions on and in plastic clays can give problems. This is caused by
fractures in the clays and because of large changes in volume at drying and water filling.

Areas with slopes are especially exposed for sliding and flowing of plastic clay material
towards lower areas.

8.8 Groundwater hydrogeology

8.8.1 Groundwater characteristics

The Stgvring area (Area 15) is positioned in an area characterized by the presence of all
three categories of groundwater bodies: one shallow (DK1.5.1.1) with large extent; two
smaller regional (DK1.5.2.1; DK1.5.2.8) and one deep groundwater body (DK1.5.3.8) also
with a significant horizontal extent (Fig. 97, 98 and 99). Subdivision into groundwater bod-
ies are thoroughly described by the former Arhus County in the basisanalysis part 1. All the
groundwater bodies belong to the Randers Fjord main catchment and are described in the
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catchment management plan of the Ministry of the Environment (Hovedvandopland 1.5
Randers Fjord). The shallow and regional groundwater bodies are all consisting of sand
materials and the deep groundwater body of limestone deposits. The overall assessment of
the chemical and quantitative status of the shallow and of some of the regional bodies is
poor. Meanwhile, the other part of the regional and the only deep groundwater bodies are
assessed to have a good status (see section 8.9).
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Figure 97. Shallow (or terrain near) groundwater body in the Stgvring area (Area 15) locat-
ed east of Randers (in red circle). (After Ministry of Environment, 2010).
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Figure 98. Regional groundwater bodies in the Stgvring area (Area 15). (After Ministry of
Environment, 2010).
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Figure 99. Deep groundwater body within the Stgvring area (After Ministry of Environment,
2010).
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The Quaternary and Palaeogene sediments include approximately 100 m of clays without
groundwater reservoir characteristics. The groundwater in the clays will move slowly to-
wards the sea.

8.8.2 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 recent 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. 100).

OSD-omrader

Seerlige drikkevandsinteresser
Drikkevandsinteresser

. Begreensede drikkevandsinteresser

Figure 100. Areas of special drinking water interests (OSD): Dark blue and areas of drink-
ing water interest (OD): Light blue. Areas with limited drinking interests are olive brown
(/kort.arealinfo.dk/).

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",
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where it is difficult or impossible to obtain good groundwater quality because the water is
more or less contaminated.

The drinking water interests in the Stgvring area are given in Fig.101. There are predomi-
nantly OD areas and areas of limited or no drinking water interest within the Stgvring area.
However, an OSD area has it's extent immediately west of Area 15. @strup Skov water-
work (750.000m? in 2009) is located just west of Area 15.

{‘1

I Gr
&,
?¢ Fjord
o 870 1740 2610 3488pn, - = a g - copynght, © Kort & Matrikektyreken

Y ommader med s&rige drikkevands inteesser
Omrader med drikkevandsirteresser

Omrader uden udpegnirg

Figure 101. Various drinking water areas situated in the Stgvring area. 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 (/kort.arealinfo.dk/).

8.9 Groundwater chemistry

The overall groundwater quality aiming for drinking water purpose has been assessed by
the former Arhus County and Environmental Centre Arhus for all the groundwater bodies
and reported in the catchment management plan “Hovedvandopland 1.9, Horsens Fjord“.
The groundwater chemistry fulfils the EU criteria to be of good status in some of the re-
gional and deep groundwater bodies. The shallower regional and the terrain near ground-
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water bodies have a poor status. Saltwater intrusions should not be a problem although the
area is situated close to the Randers Fjord.

8.10 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 climate changes will
affect the high-lying part of the area during this century, but the marine foreland may very
likely suffer from flooding problems when the sea level rises.

8.11 Restrictions and limitations

An area close to Stgvring has been investigated in relation to finding possible plastic
clay/bentonite resources. The area is regarded as a raw material interest area.

There are no major restrictions in Area 15. However, east of Area 15 a Natura2000 habitat
area extents along the Randers Fjord and the shoreline on the landside (Fig. 102). In addi-
tion, two very small areas are protected in accordance to Naturbeskyttelsesloven (law for
nature protection) (Chapter 6).
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Figure 102. NATURAZ2000 habitat areas within the Stgvring area (After Ministry of Envi-
ronment, 2010).
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8.12 Summary of the area conditions

Amount of data
Sparse, but in some parts of the area several boreholes are found. No geophysical sur-
veys.

Homogeneous conditions and isolation of the waste by low, permeability layers
Perhaps perfect at depth of 50 to 100 m but the framework of the fractures is unknown.
Probably fracture problems have to be considered in relation to other areas.

Stability
Good stability on surface and depth but plastic clays can give problems.

Seismic activity and tectonic movements
No seismic and tectonic movements or problems are expected. The area is probably ??
fault bounded towards the north.

Groundwater flow conditions

The groundwater flow in the area is slow because of the comprehensive clay deposits. The
level of the groundwater table has to be analysed if the disposal has to be established un-
der saturated conditions.

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
The area is classified partly as an OD area and partly as an area with limited or no drinking
water interests.

Groundwater chemistry, non- aggressive components
The groundwater contains apparently no aggressive components.

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 and storms will not have influence on
a disposal.

Other restrictions
Apparently no other restrictions will give problems.
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8.13 Final remarks

The Paleogene clays together with the clayey tills could host a waste disposal. The struc-
tural framework of the Paleogene clays has to be investigated in relation to the Gassum
salt pillow and the glaciotectonic structures.
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9. Investigation 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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