


Figure 64. The Jlst Formation, Eocene. Clay with green volcanic ash layers below red
brown plastic clay from the Rgsneaes Clay Formation. Albeek 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 Lillebeelt Clay Formation from Albaek
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 Qlst
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 @lst 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, dlIst, 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
gquantitative 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/).
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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 dlIst 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, Sanderskov and dstrup 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.

GEUS 89



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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G Die Nationale Geologiske Undersagelser for Danmark og Grenland
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Udskrewet 3511 20110 Side 1

DGU arkivnr: 59. 380

Borested : Vioresmark, Stewing

8541 Suldrup

Kommune : Randers
Region : Midtjylland

Boringsdato : 873 2001

Boringsdybde : 28 meter
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Brendborer : Poul Christiansen, Hejslev Prever
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BBjoumnr : 18/01 - beskrevet 8232001 af: G
BB-bomr : stewing 2 - antal gemt : O

Formal : Rastofboring Kortblad  : 1315 WS@ Datum : EDS0
Anvendelse : UTM-zone : 32 Koordinatkilde : GEUS
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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/dlst 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.
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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.
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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. NATURA2000 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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