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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

Selection of potential areas on Langeland, Tasinge, Fyn and two small islands has to fulfil
the criteria and aims described and put forwards in Gravesen et al., (2010, Rapport no.1).

The areas chosen on Langeland and Tasinge only include Quaternary and Paleogene de-
posits on the mid and southern parts of the Islands. On the southern part of Langeland, a
disposal area will be relatively isolated while a locality in mid Langeland will be more ex-
posed. On the small islands Sig and Stryng, an isolation of the waste will be possible. On
southern part of Tasinge near Bjerreby and Vemmenaes, a thick sequence of fine-grained
Paleogene clays is found. On Fyn, two areas are recognized. At Kertinge Mark east of Ker-
teminde, a peninsula seems to be a potential disposal area in Paleocene Kerteminde Marl.
At Hindsgavl and Feeng west of Middelfart, thick sequences of Oligocene, Eocene and
Paleocene clay deposits can give good possibilities for a disposal site.

Therefore, it is relevant to investigate and analyse these different geological situations in
relation to potential disposal areas.
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5. Area 7. Langeland south

5.1 The location of the area

Langeland is located southeast of Fyn (Fig. 1).The area is found in the southern part of
Langeland between Seedballe and Gulstav (Fig. 2).

DENMARK

‘ JYLLAND

S|ALLAND

50 km

Figure 1. Location of the area 7. Langeland is located in the Baltic Sea southeast of Fyn.
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Figure 2. A detailed map of Area 7. Area 7 is located on the southern part of Langeland.

5.2 Terrain, topography and surface processes

The area is located on the southern part of Langeland and includes c. 17.4 km?. Approxi-
mately half of the area is marked by a very plane, low-lying terrain (0 — 5 m above sea lev-
el), while the other half is undulating, marked by a large number of small but steeply slop-
ing, local hills with the top levels typically situated 20 - 40 m.a.s. Toward the east, the de-
limitation of the area follows the coastline. The area holds some very small lakes towards
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north and north-east and a few small streams/drainage ditches in the central, west and
southern part of the area.

A few small villages, some farms, a number of houses (primarily located along the roads),
several windmills, a traditional mill and a camping place are found in the area. Moreover,
one main road and several minor roads cross the area. Nevertheless, it is possible to find
open areas many places. Approximately 5-7 % of the area is woods; the remaining and
dominating part is used for agriculture.

Owing to the low relief and intensive cultivation, the surface processes (soil creep, frost —
thaw processes, soil development etc.) proceed slowly and undramatic. This counts for the
steeply sloping hills as well, as long as they are protected and overgrown by vegetation.
The coastal section is partly under erosion and low cliffs have developed locally. The coast-
line is without coastal protection.

The north-western c. 1/3 of the area is included in an area of National Geological Interest
(no. 132).

5.3 Surface geology and profiles

The surface geology mainly consists of clayey till but an area of meltwater sand and gravel
is found in the northern part of the area and just outside the area. To the west along the
coast, the tills are bordered by marine Holocene deposits. Just outside the area, a cliff sec-
tion occurs at Ristinge Klint cliff that shows that the area is build up by glaciotectonic dis-
turbed glacial and interglacial deposits. Along the south coast at Gustav, low cliffs consist-
ing of clayey tills and meltwater sand and gravel are Isituated (Dovnsklint, Gulstav Klint)

(Fig. 3).
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Figure 3. Map of the Quaternary surface deposits (From GEUS’s Homepage. After Peder-
sen, 1989). Legend: Brown: Clayey till, Red brow: Sandy till, Red and orange: Meltwater
sand and gravel, Green: Holocene freshwater deposits, Light blue: Holocene marine de-
posits. Legend for boreholes: See fig.4.
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5.4 Boreholes and geophysical surveys

172225 3 ) | 1 _ . SBifey Bhge!se
i [ b 172,307 _ gk Tl Y g
5453 » . £l : e
@ 7223 173.433
. ®
® ° 341004.8
] 173227 ) []
v o” i R W 541008.4
e W @ . L 541008.26 ®
EDQQ Yo i e L] 173235 e
of: : of 179.191 f
N 1adBgee 9 511008.25
. el i 1 adB i o
* R i 541008.19
. 14 .‘ L e ogj s s41008.29 . o
racis 8 * o f - R I P
* 9:#)0 L 980 ammasc Y=oy G' i
[
= 178.146 renazll e R T i
L [} & _inws o 541008.27
17855 o oy ®
L) 178.151 2 79 187
% 17853 A © Hafble
[ ] ol 2 119 12
el 8 @ ) L] 541008.3
PUSUINGE -~ o 1ra.25 179.199 | 5410089 ®
o o e
o € >
. o 179,142 179.70
o o8 B0
h % a 179125 | 541008.15
~5447 2 3 17918 ® e
[ @
v
179.65 17963
s e L
. 3 | 54100823
man S ®
179.103. 17952
® 179.98
PR Lo
179.22 E3
B o o
i 541008.22
: ®
S 332 germiar o 179205
= i - [
B : : : 5410123
; o a s
178.204 )
179201
o [+] 179.36 ®
&
—

0 3km 10 36 10l 42 1043

Figure 6. Map of the locations of boreholes from the Jupiter Database at GEUS. Legend:
179.17c: 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.

Relatively few boreholes are known from the area which can be used to describe the geo-
logical build up in the area (Figs. 4, 5). The main target is Paleogene clays probably from
the Eocene and ten to fifteen boreholes reach the Paleogene clays in the area. It is a prob-
lem that most boreholes only reach the Eocene clay and only one sample is taken in this
layer. In borehole DGU No0.179.17b, 20 m of green Eocene clay is penetrated but no sam-
ples have been available. In another older borehole, almost 60 m of plastic clay is reached

but no samples have been collected. A borehole example is seen in fig. 6.

Geophysical surveys just north of the area have been performed for the County of Fyn. The

methods were seismic and geoelectric surveys.
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Figure 5. Location of boreholes in the area. (From GEUS Jupiter Well Database). Legend:
Se fig. 4.
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Figure 6. Geological borehole log of DGU No. 179.17C. Upper part of the 61 m deep bore-
hole. Legend: Brown: Clayey till, Red: Meltwater sand and gravel.
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5.5 Sediment and rock characteristics, mineralogy and chemis-
try

5.5.1 Pre-Quaternary deposits

According to the map of the pre-Quaternary deposits (Fig. 7), the sediments below the
Quaternary should belong to Eocene. The relatively few borehole samples are mainly litho-
logical described as plastic, very fine-grained strongly calcareous to calcareous brown and
red brown clay or green calcareous plastic clay. One green sample is dated by foraminifera
to the Eocene. The clays could tentatively belong to the following formations: The green
clays to the Lillebeelt Clay Formation and the brown to the Rgsneaes Clay Formation. Exam-
ples of the two clay types can be seen in figs. 8 and 9.
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Figure 7. Map of the pre-Quaternary surface: Time units. Original scale: 1:50.000. Legend:
Red lines: Precambrian intrusions, grey: Precambrian, olive: Cambrian-Silurian, red: Per-
mian, light red: Triassic, blue: Jurassic, yellow: Lower Cretaceous, green: Upper Creta-
ceous, light green: Danian, brown: Paleocene, yellow olive: Eocene, red brown: Oligocene,
light yellow brown: Lower Miocene, very light yellow brown: Upper Miocene, white: Pliocene
(Hakansson & Pedersen, 1992).
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Figure 8. Green plastic clay, probably the Eocene Lillebaelt Clay Formation from Albaek
Hoved CIiff, Jylland.
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Figure 9. Section from the Albaek Hoved clift, Juelsminde, Jylland. Red and green plastic
clays which are comparable clays with the Lillebaelt Clay and Rgsnaes Clay Formations.

In the southern part of the area at Holmegard (Langelandsfortet), the green and brown
clays are reached approx. 30 m below the surface and are covered by clayey till and melt-
water deposits.

At Bagenkop, the water wells reach the clays in the same depth. To the north, in the area at
Brolgkke, green plastic clays are covered by clayey tills and at Seedballe just north of the
area, apparently approx. 50 m Quaternary tills cover the Eocene clays.

Towards the north, outside the area, the Eocene clays are reached in 25-30 m depth and at

Hjortholm and Skovsgéard 25-40 m clayey till rest on Eocene clays. The borehole data can
be seen on the Geological Basic Data Map (Fig. 10).
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GV Oligocene — Miocene alternating thin beds PL Paleocene clay
HI  Postglacial salt-water silt PV Alternating thin Paleocene beds
HL Postglacial salt-water clay S Sand
HP Postglacial salt-water gyttja SL Eocene marl
HS Postglacial salt-water sand U  Clay, sand and gravel
HV Postglacial thin salt-water beds V  Alternating thin beds

B
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EE
[ET
]
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[EH
)
(=)
(=)
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X No information

LITHOLOGY (interpretation)
Post-glacial fresh-water sand, -gravel
Post-glacial salt-water sand, -gravel
Post-glacial salt-water clay, -silt, -gyttja, -peat, -alternating beds

Late-glacial fresh-water sand, -gravel

Late-glacial fresh-water clay, -gyttja, -peat, -alternating beds
Glacial melt-water sand, -gravel

Glacial melt-water silt

Glacial melt-water clay, alternating beds

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 10. Geological Basic Data Map. a. Legend to the map (From Andersen & Gravesen,
1989. b. Part of Geological Basic Data map 1311 | Rudkgbing showing borehole data from
southern Langeland. Original scale 1:50.000 (From Gravesen, 1993).

5.5.2 Quaternary deposits

The area is dominated by relatively thick sequences of Quaternary sediments, mainly clay-
ey tills but locally also thick meltwater sand and gravel layers (Figs. 3 and 12). All the in-
formation is from borehole sample descriptions but in Ristinge Klint cliff, some of the sedi-
ments can be recognized besides interglacial clays and silts from the Eemian.

The upper 5.5 m of clayey till is sandy and silty, gravelly, non-calcareous and slightly cal-
careous. The color is brown to yellow brown indicating the oxidized character of the sedi-
ment. The lower clayey till is sandy, silty and calcareous. The color is grey or olive grey and
the till often contain chalk particles. This till is reduced (Fig. 11). Tills just above the pre-
Quaternary sediments are called local tills because they contain material of the Eocene
clays from below. Floes of Eocene clays also occur in the clayey tills.
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The meltwater sediments consist of stony sand and gravel, fine to medium-grained sand
and silt. These sediments are often intercalated in the tills but they are also found resting
directly on the pre-Quaternary surface.

Figure 11. Example of clayey, sandy and stony till deposits.

The Glacial landscape on Langeland is specially known from the occurrence of circular hat-
shaped hills (known as kames) on a lodgement till plain.

GEUS 22



Jordartsklasser
Flyvesand
1 Ferskvandsdannelser
I Marsk
Marint sand og ler
Il Strandvolde
Il Morenesand og grus
I Mors=neler
B sSmeltevandssand og -grus
I Smeltevandsier
I Extramarginale aflejringer
I ZEldre havaflejringer
S Preskvartsr
Seer
E88 Fyld, havne, deem ninger, diger m m .

Figure 12. 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: Holocene marine deposits.
Green: Holocene freshwater deposits, yellow: Aeolian sand (From Pedersen, 1989).

5.6 Tectonics, structures and seismic activity

5.6.1 Major tectonic structures

According to the map (Fig. 7) no structures crosses the pre-Quaternary surface within the
area.

At the southern tip of Langeland, a borehole reaches the Eocene deposits in level -70.5 m
and the Eocene clays seems be more than 60 m thick as the clay occurs in level -130 m.
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The information from the borehole is sparse. Nevertheless, this means that the pre-
Quaternary surface is inclined from level -25 —-30 m towards -70 m over a short distance.

e Systofte gravelpit

Figure 13. Examples of glaciotectonic disturbances of Quaternary and pre-Quaternary de-
posits from Sgrvad, Sydtofte, Mgn and Fur (Photos: K.E.S. Klint).

Field investigations at Ristinge Klint cliff show that the Quaternary deposits are disclosed
and inclined slices of sediment have been pushed up. It can be seen in some boreholes
that least the upper parts of the Quaternary deposits have been deformed by glaciers from
the northeast and east. The Young Baltic advance has pushed up the ice borderline, which
can be followed from north to south on Langeland (Fig. 13).

5.6.2 Fractures

There is no information from the boreholes. From the cliff sections, fractures in the clayey
till have been recognized to 5 m below ground surface (Fig. 14 and 15). Fractures in the
fine-grained Tertiary clays have to be expected.

GEUS 24



Figure 14. Example of fractures in clayey till (Photo: K.E.S. Klint).

5.6.3 Geological model

The geological model of the area is rather simple in relation to lithology and the structural
conditions.

Model of the area is as follows (Fig. 15):

A. Quaternary Clayey till with meltwater gravel sand and clay, 25-50 m thick. The till
can be glaciotectonic displaced.

B. Eocene sticky clay from the Rgsnaes Clay Formation and/or the Lillebeelt Clay For-
mation which are at least 60 m thick.
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Figure 15. Schematic model of the geological conditions of Area 7.

5.6.4 Earthquake activity

The seismic activity in southern Langeland and the near surrounding sea is very low (Fig.
16). 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.
BO'N

5'E 10°E 185°E

Figure 16. Map of the seismic activities in Denmark and surrounding areas. Red dots show
positions of earthquake epicentres (From GEUS’s Home Page).

GEUS 26



5.7 Ground stability

The stability of the area is considered as very good. But it is important to remember that
constructions on and in plastic clays can give problems.

5.8 Groundwater hydrogeology

5.8.1 Groundwater characteristics

The boreholes show thick clay layers of Eocene plastic clay and clayey till with only thin
layers of meltwater sand and gravel. It is not possibly to abstract enough amounts of water
from the sand layers.

Langeland South (Area 7) is positioned in an area that is characterized by the presence of
two shallow groundwater bodies (DK1.14.1.3 and DK1.15.1.4) and one regional groundwa-
ter body (DK1.15.2.4) (Figs. 17 and 18). All three groundwater bodies consist of meltwater
sand deposits. Deep groundwater bodies have not been identified in or near Area 7 in the
catchment management plan. The subdivision into groundwater bodies is described as part
of the basis analysis carried out by the former Fyn Amt (www.ode.mim.dk). The overall
assessment of the chemical and quantitative status of the shallow and regional groundwa-
ter bodies is poor, due to a poor qualitative status (see Section 5.9).

DK2[B11

L
a 48880 9608 14480 19208 n

£ Termermnesr- Samket tistand, god

B~ Termemner - Samiet tistand, rirge

Figure 17. Shallow (or terrain near) groundwater bodies DK1.14.1.3 and DK1.15.1.4 at the
areas Langeland South (Area 7), Langeland Mid, Sig & Stryng (Area 8), and Vemmeneaes
(Area 9). The overall assessment of chemical and quantitative status of all three areas:
poor status (Red shaded area). (After Ministry of Environment, 2010).
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Figure 18. Regional groundwater bodies in the Langeland-Tasinge region. Near Langeland
South area (Area7): DK1.15.2.4; Near Langeland Mid Area 8): DK1.15.2.9; At Vemmenaes
(Area 9): DK1.15.2.5. The overall assessment of chemical and quantitative status for all
three areas: poor status (Red shaded area) (After Ministry of Environment, 2010).

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. 19).

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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= Seerlige drikkevandsinteresser
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- Begreensede drikkevandsinteresser

Figure 19. 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 categorised by the Environmental Centre Odense for the Lange-
land-T&singe region is shown in Fig. 20. The Langeland South is located in an area with
drinking water interests (OD) at the southern tip of Langeland. It is important to notice that
Bagenkop town is supplied by Bagenkop waterwork that is abstracting groundwater within
Area 7 together with waterworks in Humble, Tryggelev and Hesselbjerg that all three are
located north of Area 7.

The status for the mapping of the groundwater resources is seen in fig. 21.
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Figure 20. Various drinking water areas situated in the Langeland-Tasinge region. 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 inter-
ests.(http://kort.arealinfo.dk/).

5.9 Groundwater chemistry

The overall groundwater quality aiming for drinking water purpose has been assessed by
the former Fyns Amt and Environmental Centre Odense for each groundwater body and
reported in the catchment management plans “Hovedvandopland 1.15, Det Sydfynske
@hav” and “Hovedvandopland 1.14, Storebaelt”. The groundwater bodies have a poor sta-
tus due to findings of total phosphorus and chlorinated solvents in concentrations that ex-
ceed the acceptable limits in groundwater.

Saltwater intrusion is not a general problem in Hovedopland 1.15. However, Area 7 located
at the southern tip of Langeland has a distance from coast to coast of 4 km. Groundwater
levels in wells registered in JUPITER within Area 7 indicate groundwater levels placed few
meters above present sea level. Sea level rise due to climate change can potentially raise
the salt/freshwater transition to the critical depth at less than 100 m below terrain. However,
this scenario is considered less likely.
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Figure 21. The finished (Orange), ongoing (Yellow) and future (Light Yellow) mapping of
the groundwater resources. (From Environment Centre Odense Home Page).
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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). The expected increase in precipitation and
a sea level rise may cause flooding problems to the low-lying parts of this area during this
century. Moreover, the sea level rise may increase the ongoing erosion of the coast along
the eastern delimitation of the area.

5.11 Restrictions and limitations

Parts of the area are included in the National Geological Interest Area 133 Gustav. The
western shoreline and the area within a distance of 200-500 meter from the shoreline is
categorised as a NATURA2000 habitat (Fig. 22). Furthermore, there are areas protected in
accordance to Naturbeskyttelsesloven (law for nature protection). The salt/freshwater tran-
sition underneath Area 7 is considered less likely to rise as result of climate change driven

sea level rise.
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Figure 22. NATURA2000 Habitat areas in the Langeland-Tasinge region.
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5.12 Summary of the area conditions

Amount of data:
Sparse: Few boreholes and geophysics.

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.

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

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

Groundwater conditions

The groundwater conditions in the Eocene clays and the overlaying tills and meltwater de-
posits should be positive with slow flow towards the sea but the variation in the groundwa-
ter table has to be analysed if the disposal has to be established under saturated condi-
tions.

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 an OD area. Local well supplies to Bagenkop are located north of the area and
the area is also outside the recharge area to the water supply wells.

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

Sea level rises according to future climate changes have to be evaluated. Climate changes
and extremes as storms and heavy precipitation will probably not influence on a disposal
situated below ground surface.

Other restrictions
Apparently, no other restrictions will give problems.
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5.13 Final remarks

Area 7 holds some important geological characters in relation to a potential waste disposal
because of the abundant Quaternary and pre-Quaternary clay deposits but the amount of
data is too limited to make a clear conclusion.
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6. Area 8. Mid Langeland, Stryng and Sig

6.1 The location of the area

Langeland is situated southeast of Fyn (Fig. 23).

The area is situated from east of the city of Rudkgbing to Spodsbjerg in the west and
from Tullebglle in the east and Fuglsbglle in the south. The two islands east of Lange-
land Sig and Stryng are included in this area (Fig. 24).

DENMARK

‘ JYLLAND

SJALLAND

- GERMANY “ ,,,,, F@
,s: o foza e

Figure 23. Location of the area 9. Langeland is located in the Baltic Sea southeast of Fyn.
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Middelgrund

Figure 24. A detailed map of Area 8. Area 8 is located on: a. the central part of Langeland
and b. on Sig and Stryng.

6.2 Terrain, topography and processes

The terrain is situated just above sea level to up to x m above sea level.
Mid Langeland
The area is located on the central part of Langeland and includes c. 37 km?. The landscape

is undulating, marked by a large number of small but steeply sloping, local hills. Most of the
area is situated between 10 and 20 meters above sea level (m.a.s.) but the top levels of the
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hills are typically situated 25 - 40 m.a.s. Toward the east, the delimitation of the area fol-
lows the coastline and here, a small marine foreland with a lagoon is found. The area holds
some very small lakes (at Kulepile, Assemose, Fuglsbglle and Longelse Sand) and two
small streams are located toward south-east and at the marine foreland.

A few small villages, some farms, a larger number of houses (primarily located along the
roads), several groups of windmills, a few camping places and a cluster of summer cot-
tages are found in the area. Moreover, three main roads and a number of minor roads
cross the area. Nevertheless, it is possible to find open areas many places. Approximately
10 % of the area is woods; the remaining and dominating part is used for agriculture.

Owing to the low relief and intensive cultivation, the surface processes (soil creep, frost —
thaw processes, soil development etc.) proceed slowly and undramatic. This counts for the
steeply sloping hills as well, as long as they are protected and overgrown by vegetation.
The coastal section in front of the Gammel Spodsbjerg summer cottages/residential neigh-
bourhood (?) is protected by 10 - 12 smaller groins. The remaining part of the coastal sec-
tion seems to be without erosional problems.

The eastern approx. half of the area is included in an area of National Geological Interest
(no. 132).

Stryng

The area is a small island of c. 4.9 km? In the central part, the level is c. 10-12 meters
above sea level. From here, the landscape slopes gently towards the coast. The area is
without lakes and streams. Smaller marine forelands are found on the south and south-
western part of the coast. The coastline as a whole is a beach ridge type, almost without
coastal protection as the island is situated in very calm and shallow waters surrounded by
islands in all directions.

The small village Stryng is located in the central part of the island. Moreover, several
smaller roads, scattered houses, a windmill and an old-fashioned mill are found in the area.
The area is used for agriculture.

Owing to the low relief and intensive cultivation, the surface processes (soil creep, frost —
thaw processes, soil development etc.) proceed slowly and undramatic. The island is situ-
ated in low-energy, shallow waters and coastal development proceeds slowly.

The island is included in an area of National Geological Interest (no. 128).

Sig

The area is a small island of c. 1.4 km?. The landscape is plane and low-lying, between 0 m
along the coast to less than 3 meter above sea level, where it is highest. The island is in-
tersected by the main road connecting Langeland to Tasinge/Fyn. A major farm is located
in the central part of the islands and a few (summer-?) houses are located on the eastern
part of the island. The island is used for agriculture.
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Sections of the coastline (especially toward north, facing the longer fetch from the Lange-
lands Belt) are protected by groynes or stone revetments. The coastline sections at the
junction points for the main road are protected as well. A marine foreland is found on the
south-eastern part of the island.

Owing to the low relief and intensive cultivation, the surface processes (soil creep, frost —
thaw processes, soil development etc.) proceed slowly and undramatic. The island is situ-
ated in relatively low-energy waters and coastal development proceeds slowly. The coastal
section towards north/north-east, facing the longer fetch from the Langelands Belt, is a little
more exposed and partly protected.

The island is included in an area of National Geological Interest (no. 128).

6.3 Surface geology and profiles

The area is mainly covered by clayey till with a few occurrences of sandy till. Spots of
meltwater sand and gravel and Holocene freshwater deposits can be found. No surface
exposures are available (Fig. 25).
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Figure 25. Map of the Quaternary surface deposits (From GEUS Homepage. After Peder-
sen, 1989). Legend: Brown: Clayey till, Red brown: Sandy till, Red and orange: Meltwater
sand and gravel, Green: Holocene freshwater deposits, Blue: Holocene marine deposits.
Legend for boreholes: see fig. 26.
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6.4 Boreholes and geophysical surveys

The target is Eocene/Paleocene clays and several boreholes within the area reach these
clays. Many ditch samples have been collected and described lithological. No sample has
been dated by microfossils (Figs. 26, 27, 28 and 29). An example of borehole data can be

seen in fig. 30.
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Figure 26. Map of the locations of boreholes from the Jupiter Database at GEUS. Legend:
173.4: 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 28. Details about the borehole locations on Stryng. Legend: See fig.26.
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Figure 29. Details about the borehole locations on Sig. Legend: see fig. 26.
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G D Nationale Geologiske Undersagelser for Danmark og Grenland

BORERAPPORT

&
BELUS

Udskrevet 284 2010 Side 1

DGU arkivnr: 173. 4

Borested : SKRBELEV.MEJERI
5800 Rudkabing

Kommune : Langeland
Region : Syddanmark

Boringsdato : 20/1 1905

Boringsdybde : 115 meter

Terrenkote : 17 meter o. DNM

Brendborer : Kebenhawns Brandborer Kompagni Prawver
MOB-nr : - modtaget -
BB-joumr - beshrevet : af: G
BB-bomr - antal gemt :
Formal : Korthlad - 1311 INE@ Datum : ED5S0
Anvendelse : UTM-zone : 32 Koordinatkilde
Boremetode - UTM-koord. : 612811, 6088688 Koordinatmetode : Dig. pa koor bord
Ro-vandstand Pejledato Ydelse Sankning Pumpetid
Indtag 1 (seneste) 15,4 meter ut 11 1805 0.2 meft 0 metar
Notater : Brendborer: Artesisk Borecompagni, H.C.@rstedwej 4, Kabbenhawn V.
meder ut
8 ukendt [
— 5T (brend). T
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— a7+ (ghacial morsnaler leret ).
FEL]
- Jas
Jan
fortsaties .

Figure 30. Geological log from the borehole DGU no. 173.4 from the Jupiter Database.
Upper parts of the 119 m deep borehole. Legend: ml: Clayey till, . Paleogene Clay.
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Figure 30, continued.

Geophysical investigations: seismic, geoelectric and electromagnetic surveys are carried
out on some parts of Langeland.
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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 (Fig. 31), the formations in the area
are from the Paleocene and Eocene. The county of Fyn has mapped Paleogene clays
close the ground surface north of Lindelse Nor, on Sig and on Stryng. Some borehole
samples have been identified as Paleocene/Eocene from lithological description but no
samples have been related to a formal lithostratigraphical unit or have been dated by
microfossils.

Mid Langeland

In an area from Rudkgbing in west to Spodsbjerg in the east, towards Tullebglle in the
north and Fuglsbglle in the south, deposits from Eocene and Paleocene are found below
the Quaternary clayey till deposits. The Paleogene deposits occur 20 m to 30 m below
ground surface but outside the area, in the city of Rudkgbing, between 10 m and 20 m be-
low ground surface.

Towards the south in the area, Eocene clays are reached below the tills. In a few very deep
boreholes, Paleocene clays occur above Danian limestones. The Paleogene can have a
thickness of 75 m.

The Eocene plastic clays have red, brown, grey and green colors often with volcanic ash
layers in the red and brown parts. The clays are very fine-grained and calcareous or non-
calcareous. Some samples contain glauconite. It is difficult to distinguish between the
Rasnaes Clay Formation and the Lillebaelt Clay Formation in the area but the Rgsnees clay
is nearly always calcareous. The Eocene deposits are approximately 20-40 m thick in the
central part of the area and probably 25 m at Tullebglle (if present)(Fig. 32).

The Eocene/Paleocene deposits are up to 30-50 m thick and consist of black and grey,
non-calcareous to weakly calcareous fine-grained clays with glauconite. They belong prob-
ably to different formations. The calcareous content is increasing downwards where also a
higher sand content is found.

The grey plastic non-calcareous clay with volcanic ash layers probably belongs to the @lst
Formation or the Holmehus Formation. Brown grey and grey non-calcareous very fine-
grained plastic clay is characteristic for the Holmehus Formation. These deposits are ap-
prox. 27 m thick. Dark grey fine-grained clay which is little sandy, glauconitic and non-
calcareous probably belongs to the older Abelg Formation (21 m thick).

Below these clays, 4 m of grey marly silicified calcareous clay with glauconite content could

possibly also point to the older CaCO3 rich Paleocene formations as Kerteminde Marl (see
DGU no. 173.4). Danian bryozoan limestone is found below the Paleogene clays.
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Sig

The pre-Quaternary clays are situated close to the ground surface and are only covered by
5-10 m clayey till. The plastic clay is brown and red brown, very fine-grained and calcare-
ous. Indications of the volcanic ash layers are found in few samples. The clay probably
belongs to the Rgsnaes Clay Formation.

Stryng

The pre-Quaternary sediments occur approximately 25 to 45 m below ground surface cov-
ered by mainly clayey tills. Several boreholes reach green plastic clay but the few samples
are not investigated in detail. The green plastic clay probably belongs to the Lillebeelt Clay
Formation.
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Figure 31. Map of the pre-Quaternary surface: Time units. Original scale: 1:50.000. Leg-
end: Red lines: Precambrian intrusions, grey: Precambrian, olive: Cambrian-Silurian, red:
Permian, light red: Triassic, blue: Jurassic, yellow: Lower Cretaceous, green: Upper Creta-
ceous, light green: Danian, brown: Paleocene, yellow olive: Eocene, red brown: Oligocene,
light yellow brown: Lower Miocene, very light yellow brown: Upper Miocene, white: Pliocene
(Hakansson & Pedersen, 1992).

GEUS 46



Figure 32. Section from the Albaek Hoved cliff, Juelsminde, Jylland. The plastic clay is litho-
logical comparable to the plastic clays from the Rgsnaes and Lillebeelt Formations.

6.5.2 Quaternary deposits

The Quaternary deposits in the area mainly consist of clayey tills as seen on figs. 25 and
33.

Mid Langeland
Clayey till deposits are the totally dominating sediments in the area. Only in the Rudkgbing
area thicker deposits of meltwater sand and gravel occur.

From east of Rudkgbing and Skrgbelev to Spodsbjerg, the Quaternary deposits have a
thickness of 30-50 m. The upper 3-4 m of the clayey till is sandy to strongly sandy, yellow
brown and calcareous while the lower parts are sandy, silty, grey and calcareous. This
clayey till often contains clasts of limestones, chalk and Paleogene clay.

At Tullebglle, the Quaternary deposits are approx. 30 m thick and in some boreholes the
samples show tills strongly modified by the Paleogene clays.

Sig

On Sig, the clayey tills dominate. The till is silty and very sandy with gravel and stones. It is
often very calcareous. The thickness is 2-10 m. The tills are bordered by thin Holocene
deposits.
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Stryng

The 25-40 m thick Quaternary deposits mainly consist of clayey till with few thin layers of
medium to coarse-grained meltwater sand. The upper 0-4 m thick clayey till is silty and
gravelly, oxidized, yellow brown and non-calcareous. The lower clayey tills are silty, gravel-
ly, olive grey and calcareous.

Jordartsklasser

Flyvesand
I Ferskvandsdannelser
B Marsk

Marint sand og ler
B Strandvolde
Il Morenesand og grus
Bl Morsneler
B Smeltevandssand og -grus
I Smeltevandsier
I Extramarginale aflejringer
B Aldre havaflejringer
“ Preskvartser

Samer
= Fyld, havne, deem ninger, digerm m .

Figure 33.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: Holocene marine deposits.
Green: Holocene freshwater deposits, yellow: Aeolian sand (From Pedersen, 1989).
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6.6 Tectonics, structures and seismic activity

6.6.1 Major tectonic structures

A major hiatus seems to occur between the Danian limestone deposits and the Paleocene
plastic clays as deposits from the Lower Paleocene Selandian corresponding to the green-
sand, limestone and clay from The Lellinge Greensand Formation. So, maybe the Kerte-
minde Marl is missing. The few and poor ditch samples from the boreholes is a problem in
this respect. The characters of the boundary are not known. The boundary could probably
be a major fault crossing Langeland in continuation of the fault on southern Lolland
(Fig.31). The borehole data points to fault activity and erosion and perhaps a series of
faults bringing different Paleogene deposits to the pre-Quaternary surface (Figs. 34, 35).
Glacial erosion has formed valleys where thick sequences of clayey tills afterwards became
deposited.

Mid Langeland

The pre-Quaternary surface is situated from 20 to 50 m below ground surface with an incli-
nation from north towards south. The boundary between the Eocene and The Paleocene
on the Pre-Quaternary surface is situated between Tullebglle and Frellesvig but it is difficult
to place it exactly (see above).

Sig

The pre-Quaternary Eocene clays are reached between 6 and 16 m below ground surface.
The boreholes along the bridge between Langland and Sig show the same variations which
indicate glacier erosion into the Eocene clays.

Stryng

The Pre-Quaternary surface below the island is situated 40 m below surface and inclined
from north towards south. The occurrence of several floes of the plastic clay in the tills
makes this judgement problematic.
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Figure 34. Part of Geological Basic Data map 1311 | Rudkgbing showing boreholes from
mid Langeland area. a. Mid Langeland and Sig, b. Stryng. Original scale 1:50.000. Legend:
see fig. 10 (From Gravesen, 1993).
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Figure 35. Geological section from central mid Langeland between Torpe and Tullebglle,
oriented NE-SW.

6.6.2 Fractures

The plastic clays often contain fractures and some small faults or fractures. The clayey tills
are always cut by fractures but the conditions on southern Lolland are not investigated be-

cause of

GEUS

lack of field localities (Fig. 36).
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Figure 36. Fractures in clayey tills.

6.6.3 Geological model

The geological model of the area comprises six units (Fig. 37).

A. Quaternary till 2 m to 50 m thick: Sandy, gravelly clayey till with thin meltwater sand
layers at some locations.

B. Eocene plastic clays from the Rgsnaes Clay Formation and the Lillebezelt Clay For-
mation. 20-40 m thick.

C. Eocene/Paleocene clays from the @Ist and/or the Holmehus Formation are up to 27
thick.

D. The Paleocene Abelg Formation is approx. 21 m thick.
E. Paleocene calcareous clays (Kerteminde Marl ?) is 4 m thick.

F. Danian bryozoan limestone, at least 25 m thick and perhaps overlaying Maastricht-
ian chalk.
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Figure 37. Schematic geological model of the area.

6.6.4 Earthquake activity

The seismic activity in mid Langeland and the near surrounding sea is very low (Fig. 38).
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.
BO'N

6.7

5'E 10°E 15°E

Figure 38. Map of epicentres from earthquakes in the Danish and surrounding area. (From
GEUS’s Home page).
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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.

6.8 Groundwater hydrogeology

6.8.1 Groundwater characteristics

The Quaternary and Paleogene sediments include approximately 100 m of clays without
groundwater reservoir characteristics. The groundwater in the clays will move slowly to-
wards the sea.

Area 8 is divided into a central part of Langeland (Langeland Mid) and the two smaller is-
lands Sig and Stryng (Fig. 39). Langeland Mid is characterized by the presence of two
shallow groundwater bodies (DK1.14.1.3 and DK1.15.1.4) and, in the northern margin, of a
regional groundwater body (DK1.15.2.4) (Figs. 39 and 40). The two islands Sig and Stryng
do both contain the shallow groundwater body DK1.15.1.4. All three groundwater bodies
that exist within the three subareas of Area 8 consist of meltwater sand deposits. Deep
groundwater bodies have not been identified in or near Area 9 in the catchment manage-
ment plan. The subdivision into groundwater bodies is described as part of the basis analy-
sis carried out by the former Fyn Amt (www.ode.mim.dk). The overall assessment of the
chemical and quantitative status of the shallow and regional groundwater bodies is poor,
due to a poor qualitative status (see Section 6.9).

DK2[B.11

C — —
a 4888 9688 144868 19288 n

£ Termermnesr- Samket tistand, god
B~ Termemner - Samiet tistand, rirge

Figure 39. Shallow (or terrain near) groundwater bodies DK1.14.1.3 and DK1.15.1.4 at the
areas Langeland South (Area 7), Langeland Mid, Sig & Stryng (Area 8), and Vemmenaes
(Area 9). The overall assessment of chemical and quantitative status of all three areas:
poor status (Red shaded area)(After Ministry of Environment, 2010).
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Figure 40. Regional groundwater bodies in the Langeland-Tasinge region. Near Langeland
South area (Area 7). DK1.15.2.4; Near Langeland (Mid Area 8): DK1.15.2.9; At Vem-
menaes (Area 9): DK1.15.2.5. The overall assessment of chemical and quantitative status
for all three areas: poor status (Red shaded area) (After Ministry og 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. 41).

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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Figure 41. 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.

Langeland Mid, Sig and Stryng are all located within areas with drinking water interests
(OD) (Fig. 42). However, at Stryng and Sig there is no water works and only few private
abstraction wells. Drinking water to the two islands is piped from the water supply at Lange-
land. Rudkgbing town is located at the western margin of the Langeland Mid subarea.
Rudkgbing is primarily supplied with drinking water from the northern part of Langeland
(Lej-bglle waterwork) from the regional limestone groundwater body (DK1.15.2.14). In the
eastern part of the Langeland Mid area, Tullebglle waterwork is situated, consisting of sev-
eral abstraction wells and a permission for groundwater abstraction of 70.000m? per year in
total.
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Figure 42. Various drinking water areas situated in the Langeland-Tasinge region. 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 inter-
ests.(http://kort.arealinfo.dk/).

6.9 Groundwater chemistry

The overall groundwater quality aiming for drinking water purpose has been assessed by
the former Fyns Amt and Environmental Centre Odense for each groundwater body and
reported in the catchment management plans “Hovedvandopland 1.15, Det Sydfynske
@hav” and “Hovedvandopland 1.14, Storebeelt“. The groundwater bodies have been as-
sessed to have a poor status. Saltwater intrusion has not been reported at the two islands;
however, it is likely that the saltwater-freshwater boundary appears underneath both is-
lands.

However, as long no significant groundwater abstraction appears at Sig and Stryng, then a
sea level rise driven by climate change do not necessarily affect the position of the
salt/freshwater transition. Groundwater abstraction wells within the Langeland Mid area do
in accordance to the JUPITER Database contain around 50 mg/L of chloride. No significant
effects of sea water intrusion in the Langeland Mid area is expected due to climate change
driven sea level rise.
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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).

Mid Langeland

The expected increase in precipitation and a sea level rise may cause flooding problems to
the minor, low-lying marine foreland in the eastern part of the area during this century.
Moreover, the sea level rise may increase the ongoing erosion of the coast at Gammel
Spodsbjerg at the eastern delimitation of the area. The major part of the area is not ex-
pected to meet serious problems from the climate changes during this century.

Stryng and Sig
According to the very low-lying terrain of Sig and a major part of Stryng as well, both is-
lands are expected to be affected by a sea level rise.

6.11 Restrictions and limitations

Stryng and Sig are both situated within NATURA2000 habitat areas (Fig. 43). In addition,
the western margin of Langeland Mid is protected as a NATURA2000 habitat regulation
and sporadic locations of areas protected in accordance to Naturbeskyttelsesloven (law for
nature protection) are found. Sea water intrusion is not considered as a significant problem,
either at the two islands, Sig and Stryng, or in Langeland Mid.
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Figure 43. NATURA2000 Habitat areas in the Langeland-Tasinge region (After Ministry of
Environment, 2010).
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6.12 Summary of the area conditions

Amount of data:
Sparse but in some parts of the area several boreholes are found.

Homogeneous conditions and isolation of the waste by low, permeability layers:

Perhaps perfect at depth of 50 to 100 m because of abundant clay deposits but the frame-
work of the fractures is unknown. Probable fracture problem have to be considered in rela-
tion to other sites.

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

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

Groundwater 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 as an OD area.

Groundwater chemistry, non- aggressive components
The groundwater contains apparently no aggressive components but saltwater problems
can possibly occur on the islands.

Ground surface conditions
Processes on the ground surface should not give problems on a disposal. The low eleva-
tion of the landscape on the islands has to be considered in relation to future sea level rise.

Climate extreme conditions
Climate changes and extremes as heavy rain and storms will not have influence on a dis-
posal.

Other restrictions
Apparent no other restrictions in most of the area will give problems but Sig and Drejg are
covered by a NATURAZ2000 area.

GEUS 59



6.13 Final remarks

Area 8 on mid Langeland is divided into three subareas of which two are small islands.
Comprehensive thick deposits of Paleogene clays occur in the area, although only few de-
tails are known. The cover deposits are mainly clayey tills with few sand layers. The struc-
tural conditions within the area are poorly documented.
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7. Area 9. Vemmenees, Tasinge

7.1 The location of the area

Tasinge is situated south of Fyn and west of Langeland (Fig. 44). The area is a peninsula
situated on east Tasinge north of the Sundbrovej (Fig. 45).

DENMARK

‘ JYLLAND

SAELLAND

.y GERMANY "
(] R I
Q M

Figure 44. Location of the area 9. Tasinge is located south of Fyn and east of Langeland.
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Figure 45. A detailed map of Area 9. Area 9 is located on the Vemmenees peninsula on
eastern part of Tasinge.

7.2 Terrain, topography and processes

Area 9 is a peninsula of c. 3.6 km? The landscape is relatively level and low-lying as the
central part, about half of the area, is situated between 5 and 10 meters above sea level
(m.a.s.) and the other half part, the area along the coast is situated between sea level and
5 m.a.s. The highest point of the area is 10 m.a.s., found toward south, outside the village
Vemmenees. The land is sloping very gently toward the coast all the way around the penin-
sula and no cliffs have developed along this low-energy coastline, as the peninsula is situ-
ated in very calm waters, between Tasinge, Fyn and Langeland. Some very small lakes
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(lagoons in a beach meadow?) are found close to the west coast. Streams are not found in
the area. Toward southeast, a small cuspate foreland is located.

Most of the area is used for agriculture. Some c. 20 % of the area is wood. Towards south-
west, the small village Vemmenaes is found and a larger number of weekend cot-
tages/summerhouses are located toward northwest. The area is crossed by few smaller
roads along which scattered houses are located. A windmill is found in the western part of
the area.

Owing to the low relief and intensive cultivation, the surface processes (soil creep, frost —

thaw processes, soil development etc.) proceed slowly and undramatic. The peninsula is
situated in low-energy waters and the coastal development proceeds slowly.

7.3 Surface geology and profiles

The area is mainly covered by clayey till with a few occurrences of sandy till. No surface
exposures are available (Fig. 46).

Figure 46. Map of the Quaternary surface deposits (From GEUS’s Homepage. After
Pedersen, 1989). Legend: Brown: Clayey till, Red brown: Sandy till, Red and orange: Melt-
water sand and gravel, Green: Holocene freshwater deposits, Blue: Holocene marine de-
posits. Legend for boreholes: See fig. 47.
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7.4 Boreholes and geophysical surveys

The target is Eocene/Paleocene clays but only 3 boreholes within the area reach these
clays (Figs. 47 and 48). Very few samples have been collected and described lithological.
No sample has been dated on microfossils. A map with borehole locations from the adja-
cent Bjerreby area is on fig. 49 as the deposits have been used as reference. An example
of a borehole log is found in fig. 50.

= 164,826 e 164.1466 . s mme—s | [ AR <l o 1042 1045
& 64;\® i & Ehgnse & 164724 c! R ] i
O o 164.940 164.1585 o \® | 164.356 165.466 i
] © L@ 182 ) i
® - 164253 g5y 4555 @ 164,854 g ; § ; S5 02
- . o 164 360 AT, g g 184.1233 I g sl -
641089 - 164.344 1641542 - o O (] . Cl = ®
® . o0 164.1528 ®o oo ® 0 & e foa, L
) O 164.1476 16473 O e
o 165,458
1(,):7:: 1|5t1(,%5>§|;a1 o o 164:30 Skovsbg o L] lndeby! 164 12I2 o S 2
164.429 164:1557 1641436 - 597 B Lo, | 165,440 i
o . Rant1s minde" ., 51 164.106 G 165.426 165468 O
164.1547 o7 2 o 1691258 O : ) o 551032.24
104261 L] 164.1093 ° A tes472 O E:
i 164233 T sncan 84 PO 0
O i & To41082, 2 o N‘ﬁ:‘? oy I®ISE "0, il
. 1641447, o il o
. : H Y
S e 1o - PO e
4 ' . L [ Gagimel ‘\lyjyﬁ“ : € |
501 - 5 . 5 & ! % ey © ang! i Em 1303
551031.1 “ 1%4‘ 8
@ }-1)
164.1261 b
i ‘“é:m E‘?rre\s 41211
164.1563 154 1058 1631162 164459 184.1272
[ 164.1268 o L]
C1ga715 0@ \JN&HIO naes; 8’ e 00
a@Skareg o I faq
o 1641548 fo! : et |353‘ 164461 : ! .
® . P . leY i : ¢ : : svosm
e . . = |72:ﬂ k - bRy T 172,560 i 173(,-;91
| 72,311 @ %
- % B o TRENGE . ‘ oty
1722:50 i - "2.“27“2 T ddens Ssmmeriand ools
172292 lelby Z p
@ mswe s . Ny VermeCaass
12ing ! 172433 Lum‘“‘"s 172431 » Y VEM73lasy 0
[ B tull g ® PO “5ie : o 1134T1
o ] 172444 ol
e ﬂzémn L e 172511 o 172183 (e § 172.;&31 o |
L] ! esinn 172553
[ 172,485 G
. ¢o . ﬂ“" 8 w2am © OVEmmgng? [ ] 1. - i 54 s
| iEEg 172512 177406 1 o® BDE”EDVO 50475 mémn ; |
Skovbatey: cooby 5 1723 \ O 541003.32 : -
o] ‘E? % 172, :m t 17352
2 \-
172,301 172473 ‘72.3;4 O -. "““2 i 410032 it
112473 o | o . } 17351
HIGGTo Vinr2ae2 ! ) | : 31
< . ; 12198 0 172478 - 7350 o
§ o = | i L/ Rifbjerg
f m2%9 @ 2 | Stjovi ® ' ";ﬁbmn Strandhusraas !
| s ° | L E TR AR
| o® | : M maw v, 0
B = - o e = l=cho el [ T - ‘ ) u' o % & . 171.15 '"=: e
: | [} | i 375! ng-
| | - e s W
172215 |5-|1nns.77 ! 173232 47374y 173495 - © Sey
| | i | ] | GEUS
2km 1055 e 1058 . ,’ Rud a 1945 2304.2010 1418

Figure 47. Map of the locations of boreholes from the Jupiter Database at GEUS. Legend:
173.455: 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 48. Detailed map with borehorlgwlocations on Vemmenaes. Legend see fig. 47.
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Figure 49. Borehole locations from the Bjerreby area. Legend: See fig. 47.
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Borested : Graweengewe] 18, Vemmenses, Tasinge
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Kommune : Svendborg
Region : Syddanmark

Boringsdato : 28/8 1200

Boringsdybde : 51 meter

Terr=nkote : 2.5 meter o. DNN

Erendborer : Vandfax Prever
MOB-nr : 8841 - modtaget : 161 1881 antal : 17
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BB-bomr - antal gemt -
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Anvendelse : Slajfetfopgivet bor UTM-zone : 32 Koordinatkilde
Boremetode : Tarboring/slagbaoring UTM-koord. - 608020, 6084278 Koordinatmetode : Dig. pa koor.bord
Kranosiratigran
meder ut Klimastratigraf
—— ol
] T ¥ LER, sifet, sangat, olivan, kalkholdig, "morsnaler. Prave udtaget ved 3 m. al T

ved 6 m

& LER, siited, svagt grusat, merk oivangrd, kalkhoidig, “morsneler”. Laggreense skannet. Preve
udtaget ved 9 m.

T~ LER, siited, svagt gruset, mevk olvengrd, kalkhoidig, "moreeneler”. Laggraense skannet. Prove
udtaget ved 12 m.

udtaget ved 15 m.

udtaget ved 18 m.

udtaget ved 21 m.

21 LER, siitet, vagt gruset, merk grabrun, kalkholdg, "morsneler”. Laggraense skannet. Prave
udtaget ved 24 m.

24 LER, sitat, svagt gruset, mark gribrun, kalkholdlg, “"morsneler. Laggreense skannet. Arava
udtaget ved 27 m.

2 LER, siiiet, sandat, menk gribrun, kalkholdlg, “morsnsler. Laggresnss skennet Frove udtaget

F12 LER, sitet, svagt gruset, menk olivengrd, kalkhokllg, “morsneler. Laggrenss skennet. Frove

15 LER, sitet, svagt gruset, menk clivengrd, kalkhokllg, “morsneler. Laggranss skennet. Frove

15 LER, siitet, svagt gruset, mark ollvengrd, kalkhokdly, “morssneler. Laggrense skennet. Prove

a0
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Torsaties

Figure 50. Geological log from the borehole DGU no. 173.455. Upper parts of the 51 m
deep borehole. Legend: ml: Clayey till, | Marine Eocene.
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Fig. 50. Continued.

Geophysical investigations: geoelectric and electromagnetic surveys are carried out on
selected parts of Tasinge.
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7.5 Sediment and rock characteristics, mineralogy and chemis-
try

7.5.1 Pre-Quaternary deposits

According to the map of the pre-Quaternary surface, Eocene clays should be reached be-
low the Quaternary, but this can be discussed (Fig. 51). The county of Fyn has mapped
Paleogene clays close to the ground surface at Bjerreby, just east of Bjerreby and on
Vemmenazes.

Paleogene clays occur between 2 and 25 m below ground surface at Vemmenaes. Towards
the south, the layers consists of fine-grained to silty olive grey and olive green clays con-
taining volcanic ash layers. The clays are non-calcareous and are at least 17 m thick. To-
wards the east, the clay is fine-grained, green and olive green calcareous or non-
calcareous. A faint lamination seems to occur and here the thickness is at least 18 m. It is
difficult to include the deposits into formal units but the clays could belong to the Paleocene
Holmehus Formation (Fig. 52).
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Figure 51. Map of the pre-Quaternary surface: Time units. Original scale: 1:50.000. Leg-
end: Red lines: Precambrian intrusions, grey: Precambrian, olive: Cambrian-Silurian, red:
Permian, light red: Triassic, blue: Jurassic, yellow: Lower Cretaceous, green: Upper Creta-
ceous, light green: Danian, brown: Paleocene, yellow olive: Eocene, red brown: Oligocene,
light yellow brown: Lower Miocene, very light yellow brown: Upper Miocene, white: Pliocene
(Hakansson & Pedersen, 1992).
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Figure 52. Section from the Albaek Hoved cliff, Juelsminde, Jylland. Red and green plastic
clays comparable to the plastic clays Holmehus Formation.

As a support for the conditions in the Vemmenaes area, detailed descriptions and dating of
clay samples from a 48 m deep borehole at Bjerreby exist. Very fine-grained plastic olive
green, black and olive grey clays covered by 2 m clayey till are found in the borehole.

The Paleogene clays have been dated and the clays belong to the Paleocene Holmehus
Formation and the Eocene @Ist Formation. The deposits have been deformed by Weich-
selian glaciers and the formations are repeated and pushed up into several floes along
thrust  faults with meltwater sand on the thrust planes. The clay (bentonite) has been
mapped by geoelectric methods showing that probably the glaciotectonic and deformed
deposits have a distribution north, south and northeast of Bjerreby.

7.5.2 Quaternary deposits

The Quaternary deposits in the surface layers in the area mainly consist of clayey tills
(Figs. 46 and 53). Towards the east, the clayey tills are silty, sandy, olive grey and calcare-
ous from the ground surface and down to 30 m below. Towards the west, the clayey tills
have the same characters but are only few m thick. Towards the north, clayey tills are
slightly silty, sandy, yellow brown and non-calcareous down to 2 m. Toward the north and
northeast, coarse-grained meltwater sand and gravel are found above olive grey calcare-
ous clayey till down to 28 below ground surface.

GEUS 69



Jordartsklasser
Flyvesand
1 Ferskvandsdannelser
I Marsk
Marint sand og ler
Il Strandvolde
I Morenesand og grus
I Mors=neler
B Smettevandssand og -grus
I Smeltevandsier
I Extramarginale aflejringer
I ZEldre havaflejringer
S Preskvartsr
Seer
E88 Fyld, havne, deem ninger, diger m m .

Figure 53. 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: Holocene marine deposits.
Green: Holocene freshwater deposits, yellow: Aeolian sand (From Pedersen, 1989).

7.6 Tectonics, structures and seismic activity

7.6.1 Major tectonic structures

No major fault lines have been registered and mapped on Tasinge but as faults apparently
cut the pre-Quaternary surface at Langeland between Rudkgbing and Tullebglle, it would
be logical to expect faults on Tasinge as a continuation of these structures. The map of the
pre-Quaternary deposits (Fig. 51) shows Eocene in the area but the deposits could be of
Paleocene age. This could be open for discussion, as it is difficult to relation samples to
formations.
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Many of the Quaternary deposits have been glaciotectonic disturbed and also the Paleo-
gene deposits have often been pushed up and occur as floes in the clayey tills (Fig. 54).
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Figure 54. Part of the Geological Basic Data map 1311 | Rudkgbing, showing borehole
data from Vemmenaes, Tasinge. Original Scale 1:50.000. Legend: See fig. 10 (From
Gravesen, 1993).

7.6.2 Fractures

The plastic clays often contain fractures and some small faults or fractures. The clayey tills
are always cut by fractures but the conditions on Tasinge are not investigated because of
lack of field localities.

7.6.3 Geological model

The geological model of the area is fairly simple with three units (Fig. 55).
A. Quaternary till 2 to 30 m thick: Sandy, gravelly clayey till.
B. Meltwater sand and gravel (partly). Up to 8 m thick.

C. Tentatively Holmehus Formation, at least 25 m thick. Sticky, fine-grained plastic
clay, green or brown.
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Figure 55. Schematic geological model of the area.

7.6.4 Earthquake activity

The seismic activity in Tasinge and the near surrounding sea is very low (Fig. 56). There-
fore it is impossible to relate recent seismic activity to the faults and fractures in the bed-
rocks. Other signs of recent movements along the faults and fractures have not been prov-

en.
6O'H

55°'M

5'E 10°E 15°E
Figure 56. Map of epicentres from earthquakes in the Danish and surrounding area. (From
GEUS’s Home page).
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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. These are caused
by fractures in the clays and because of large changes in volume at drying and water filling.

7.8 Groundwater hydrogeology

7.8.1 Groundwater characteristics

The Quaternary and Paleogene sediments include approximately 65 m of clays without
groundwater reservoir characteristics. The area is close to a drinking water area on the
northernmost part of Vemmenees.

The Vemmenees location include a shallow (DK1.15.1.4) and a regional groundwater body
(DK1.15.2.5) (Figs. 57 and 58). Both groundwater bodies consist of meltwater sand depos-
its. Deep groundwater bodies have not been identified in or near Area 9 in the catchment
management plan. The subdivision into groundwater bodies is described as part of the ba-
sis analysis carried out by the former Fyns Amt (www.ode.mim.dKk).

The overall assessment of the chemical and quantitative status of the shallow and regional
groundwater bodies is poor, due to a poor qualitative status in the shallow groundwater
body and a poor quantitative status in the regional groundwater body (see Section 7.9).

.

DK2[B.1 1
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Figure 57. Shallow (or terrain near) groundwater bodies DK1.14.1.3 and DK1.15.1.4 at the
areas Langeland South (Area 7), Langeland Mid, Sig & Stryng (Area 8), and Vemmenaes
(Area 9). The overall assessment of chemical and quantitative status of all three areas:
poor status (Red shaded area)(After Ministry og Environment, 2010).
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Figure 58. Regional groundwater bodies in the Langeland-Tasinge region. Near Langeland
South area (Area 7): DK1.15.2.4; Near Langeland Mid Area 8): DK1.15.2.9; At Vemmenaes
(Area 9): DK1.15.2.5. The overall assessment of chemical and quantitative status for all
three areas: poor status (Red shaded area)(After Ministry of Environment, 2010).

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. 59).

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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- Begreensede drikkevandsinteresser

Figure 59. 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 Vemmenees area is located in an area with drinking water interests (OD) with the
Stenodden waterwork placed in the northern part (Fig. 60). The waterwork belongs to
Svendborg Vand and has permission to abstract up to 20.000 m* of groundwater per year.
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Figure 60. Various drinking water areas situated in the Langeland-Tasinge region. 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/).

7.9 Groundwater chemistry

The overall groundwater quality aiming for drinking water purpose has been assessed by
the former Fyns Amt and Environmental Centre Odense for each groundwater body and
reported in the catchment management plans “Hovedvandopland 1.15, Det Sydfynske
@hav”. Generally, the shallow groundwater body has been assessed to have a poor chemi-
cal status.

No seawater intrusion problem has been reported from the Vemmenaes area and is not
considered to be a significant problem.

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). The expected increase in precipitation and
a sea level rise may cause flooding problems to the low-lying parts of the area along the
coast, especially the marine forelands toward west and southeast, during this century.
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7.11 Restrictions and limitations

No raw material restrictions exist on Vemmenaes but an area at Bjerreby, southeast of the
town, is digging area for bentonite (Holmehus Formation).

The southern and western margin of Area 9 is protected by NATURA2000 regulation; how-
ever, no habitat interests are located within Area 9 (Fig. 61).
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Figure 61. NATURA2000 Habitat areas in the Langeland-Tasinge region.

7.12 Summary of the area 10 conditions

Amount of data:
Sparse. Very few boreholes but some geophysical surveys exist.

Homogeneous conditions and isolation of the waste by low, permeability layers:
Perhaps perfect on depths below 30 m but the framework of the fractures below 20 m is
unknown. Probable fracture problem have to be considered in relation to other sites.

Stability
Good stability on surface and depth but plastic clays can give problems.
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Seismic activity and tectonic movements
No seismic and tectonic movements and problems, although the area is situated along the
margin of a salt diaper. The area is probably also fault bounded towards the south.

Groundwater 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
No OSD area within the Area 9 but the area is an OD 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. The low eleva-
tion of the landscape has to be considered in relation to future sea level rise but dikes are
already established along the coast.

Climate extreme conditions
Climate changes and extremes as heavy rain and storms will not have influence on a dis-
posal.

Other restrictions
Apparently no other restrictions will give problems.

7.13 Final remarks

Area 9 on Vemmenaes, Tasinge is a possible waste disposal area. The area is not a well
documented area, but geophysical investigations (indirect data) indicate that relatively thick
Paleogene clay deposits can be found on Vemmenaes. At Bjerreby, the Paleogene deposits
are found in several floes and at Ny Sgby toward east, some indication of comprehensive
clay deposits based on TEM and a few boreholes occur. These two last areas are not in-
cluded in the potential waste disposal areas.
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8. Area 10. Kertinge Mark, East Fyn

8.1 The location of the area

The area is situated on north-eastern Fyn (Fig. 62). It is a peninsula situated west of Ker-

teminde at Kerteminde Fjord and Kertinge Nor (Figs. 62 and 63).
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Figure 62. Location of the area 10. Kertinge Mark is located on north-east Fyn, west of

Kerteminde.
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Figure 63. A detailed map of Area 10, which is located on a peninsula in eastern part of
Fyn, west of Kerteminde.
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8.2 Terrain, topography and processes

The area is located next to Kertinge Nor and Kerteminde Fjord. The size of the area is c. 7
km?. The area is marked by a central, N-S oriented, elongated hill that reaches a level be-
tween 15 and 20 meters above sea level (m.a.s.). The top of the hill has character of a
plateau and from this central part of the area, the landscape slopes gently toward the pe-
riphery of the area. Toward west, north and northeast, the area is delimitated by Kertinge
Nor and Kerteminde Fjord (Fig. 64 & 65). There are no cliffs along this low-energy coast-
line. Towards southeast and south, the plateau slopes gently to levels around 5 m.a.s. Nei-
ther lakes nor streams are found in the area.

The predominant part of the area is used for agriculture. Towards southwest, the small vil-
lage Kertinge is found. The area is crossed by some smaller roads along which scattered
houses are located. A windmill is found in the middle of the area. The museum
Ladbyskibet, holding the only Danish burial in a viking ship, is situated in the north-eastern
periphery of the area, next to Kerteminde Fjord.

Owing to the low relief and intensive cultivation, the surface processes (soil creep, frost —
thaw processes, soil development etc.) proceed slowly and undramatic. Kertinge Nor and
Kerteminde Fjord are low-energy waters and the coastal development proceeds slowly.

8.3 Surface geology and profiles

The area is mainly covered by clayey till with a few occurrences of sandy till. No surface
exposures are available (Fig. 66).
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Figure 64. Photo of Area 10 towards South.

Figure 65. Panorama photo of Area 10 taken towards Kertinge Nor and Kerteminde Fjord.
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Figure 66. Map of the Quaternary surface deposits (From GEUS’s Homepage. After
Pedersen, 1989). Legend: Brown: Clayey till, red brown: Sandy till, red and orange: Melt-
water sand and gravel, green: Holocene freshwater deposits, blue: Holocene marine de-
posits. Legend for boreholes: See fig. 67.

8.4 Boreholes and geophysical surveys

The target is Eocene/Paleocene clays, but only 5 boreholes within the area reach these
clays (Fig. 67). Very few samples have been collected and described lithological. No sam-
ple has been dated on microfossils. An example of a borehole log is found in fig. 68.
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Figure 67. Map of the locations of boreholes from the Jupiter Database at GEUS. Legend:
137.384: 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 68. Geological log from the borehole DGU no. 137.384. Upper parts of the 40.5 m
deep borehole.
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Geophysical investigations: geoelectric and electromagnetic surveys are carried out on
selected parts of the area.

8.5 Sediment and rock characteristics, mineralogy and chemis-
try

8.5.1 Pre-Quaternary deposits

According to the map of the pre-Quaternary surface, Paleocene clays should be reached
below the Quaternary (Fig. 69). Paleogene clays occur between 16 and 28 m below ground
surface at Kertinge Mark but the boreholes are mainly located in the south-eastern part of
the area.

The clays are silty and fine-grained, light olive grey and grey, strongly calcareous and ce-
mented or silicified layers occur occasionally. The calcareous content range between 40
and 70 %. A few samples are dated to Selandian and the clays belong to the Kerteminde
Marl Formation. The formation is at least 40 m thick but a borehole just outside the area
includes 60 m Selandian above interpreted Danian limestone. But the limestone layer could
be greensand deposits and several cemented layers occur above the limestone.
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Figure 69. 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: Eocene, red brown: Oligocene, light yellow
brown: Lower Miocene, very light yellow brown: Upper Miocene, white: Pliocene (Hakansson &
Pedersen, 1992).
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8.5.2 Quaternary deposits

The Quaternary deposits in surface layers in the area mainly consist of clayey tills (Figs. 66
and 70). The boreholes contain up to 28 m thick layers of clayey tills which are sandy, silty,
olive grey and calcareous.
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Figure 70. 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: Holocene marine deposits.
Green: Holocene freshwater deposits, yellow: Aeolian sand (From Pedersen, 1989).
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8.6 Tectonics, structures and seismic activity

8.6.1 Major tectonic structures

No major fault line have been registered and mapped in the Kertinge Mark area or the sur-
roundings. The map of the pre-Quaternary deposits (Fig. 69) shows Paleocene in the area.

Many of the Quaternary deposits on the peninsula Hindsholm north of the area have been
glaciotectonic disturbed and also the Kerteminde Marl deposits are found as a large floe in
the cliff Lundsgard Klint south of Kerteminde. Moreover, floes are demonstrated in several
boreholes at Munkebo and Kerteminde. The few boreholes are shown in fig. 71.
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Figure 71. Part of the Geological Basic Data map 1313 Il Kerteminde showing borehole
data from Kertinge Mark, Fyn. Original Scale 1:50.000. Legend: See fig. 10 (From Jakob-
sen, 1993).

8.6.2 Fractures

The Paleocene clays often contain fractures and some small faults or fractures. The clayey
tills are always cut by fractures but the conditions on Kertinge Mark are not investigated
because of lack of field localities.
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8.6.3 Geological model

The geological model of the area is fairly simple with two units (Fig. 72).
A. Quaternary till up to 30 m thick: Sandy, gravelly clayey till.

D. Kerteminde Marl Formation, at least 40 m thick. Silty and fine-grained plastic clay,

olive grey.
KERTINGE MARK
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Figure. 72. Schematic geological model of the area.

8.6.4 Earthquake activity

The seismic activity in the Kertinge Mark area and the near surrounding sea is very low
(Fig. 73). Therefore it is impossible to relate recent seismic activity to the faults and frac-
tures in the bedrocks. Other signs of recent movements along the faults and fractures have

not been proven.
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Figure 73. Map of epicentres from earthquakes in the Danish and surrounding area. (From
GEUS s Home page).
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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 fine-grained clays can give problems. This is
caused by fractures in the clays.

8.8 Groundwater hydrogeology

8.8.1 Groundwater characteristics

The Quaternary and Palaeogene sediments include approximately 70 m of clays without
groundwater reservoir characteristics.

Kertinge Mark (Area 10) is positioned in an area that is characterized by the presence of a
shallow (DK1.14.1.3) and a regional groundwater body (DK1.15.2.4) (Figs. 74 and 75).
Both groundwater bodies consist of meltwater sand deposits. Regional groundwater bodies
are not situated within Area 10 but a regional groundwater body (DK1.14.2.2.) exists along
the southern margin of Area 10 (Fig. 75). Deep groundwater bodies have not been identi-
fied in or near Area 10 in the catchment management plan. The subdivision into groundwa-
ter bodies is described as part of the basis analysis carried out by the former Fyns Amt
(www.ode.mim.dk). The overall assessment of the chemical and quantitative status of the
shallow and marginal laying regional groundwater bodies is poor, due to a poor qualitative
status (see Section 8.9).
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Figure 74. Shallow (or terrain near) groundwater body DK1.14.1.3 at the Kerteminde Mark
area (Area 10). The overall assessment of chemical and quantitative status of shallow
groundwater body: poor status (Red shaded area). (After Ministry of Environment, 2010).
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Figure 75. Regional groundwater bodies in the Kerteminde region. South of Kertinge Mark:

DK1.14.2.2. The overall assessment of chemical and quantitative status for DK1.14.2.2:
poor status (Red shaded area). (After Ministry of Environment, 2010).

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. 76).

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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Figure 76. Areas of special drinking water interests (OSD): Dark blue and areas of drinking
water interest (OD): Light blue. Areas with limited drinking interests are olive brown.
(http://kort.arealinfo.dk/).

The drinking water areas categorised by the Environmental Centre Odense for the Kerte-
minde region is shown in fig. 77. Kertinge Mark (Area 10) is located in an area with drinking
water interests (OD). Just south of Area 10, an important groundwater abstraction area
exists with special water interests (OSD). There are no registered private abstraction wells
or waterworks right in the Kertinge Mark area. Along the southern margin, few private ab-
straction wells for household purposes exists.
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Figure 77. Various drinking water areas situated in the Kerteminde region. Dark Blue: Are-
as of special drinking water interests (OSD); Light blue: Areas of some drinking water inter-
ests (OD); VYellow: Areas with Ilimited or none drinking water interests.
(http://kort.arealinfo.dk/).

8.9 Groundwater chemistry

The overall groundwater quality aiming for drinking water purpose has been assessed by
the former Fyns Amt and Environmental Centre Odense for each groundwater body and
reported in the catchment management plans “Hovedvandopland 1.15, Det Sydfynske
@hav” and “Hovedvandopland 1.14, Storebaelt“. The groundwater bodies have a poor sta-
tus due to findings of total phosphorus and other contaminants in concentrations that ex-
ceed the acceptable limits in groundwater. Seawater intrusion is not considered to be a
problem within Area 10, even at sea level rise caused by climate change, due to a general
terrain level around 10 meters above present sea level.

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 this area seriously during this century, although a sea level rise may cause minor,
local flooding problems to the low-lying parts of the area along Kertinge Nor and Kerte-
minde Fjord.
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8.11 Restrictions and limitations

The Kerteminde Mark area and the nearby region has no restrictions in accordance to the
NATURAZ2000 regulation, and land protected in relation to the naturbeskyttelsesloven (law
for nature protection) is not found within area 10 (Fig. 78).
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Figure 78. NATURA2000 habitat areas in the Kerteminde region (After Ministry of Environ-
ment, 2010).

The famous Ladby ship is located in the north-eastern part of the Area 10.

8.12 Summary of the area 10 conditions

Amount of data:
Very sparse. Only few boreholes, no geophysical data or outcrops exist.

Homogeneous conditions and isolation of the waste by low, permeability layers:
Perhaps perfect at depths below 30 m but the framework of the fractures below 20 m is
unknown. Probable fracture problem have to be considered in relation to other sites.

Stability
Good stability on surface and depth but fine-grained clays can give problems.
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Seismic activity and tectonic movements
No seismic and tectonic movements and problems.

Groundwater 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
No OSD area within the Area 10 but the area is an OD 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. The low eleva-
tion of the landscape has to be considered in relation to future sea level rise.

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

Other restrictions
Apparently no other restrictions will give problems.

8.13 Final remarks

Area 10 on Kertinge Mark is a possible area for a waste disposal.

The area is not a well documented area but borehole data indicate that relatively thick
Paleogene clay deposits can be found on Kertinge Mark.

It has to be considered that around the area, the Paleocene Kerteminde Marl is found in
glacial tills as floes in boreholes as well as in cliff outcrops at Kerteminde.
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9. Area 11. Hindsgavl and Faeng, west Fyn

9.1 The location of the area

The area is situated on western Fyn (Fig.79). The area consists of the western tip of the
Hindsgavl peninsula, situated south of Fredericia and east of Middelfart. The Island Feeng
is located south of Hindsgavl (Fig. 80).

DENMARK

‘ JYLLAND

SJALLAND

Figure 79. Location of the Area 12. Hindsgavl and Feeng are located on west Fyn.
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Figure 80. A detailed map of Area 11. Area 11 is located on the Hindsgavl peninsula and
the island Faeng on western part of Fyn.

9.2 Terrain, topography and processes

Hindsgavl

The area is located on the distal part of a peninsula north-west of the town Middelfart and
measures c. 2.2 km?. Most of the area is marked by a central plateau 20 — 25 m above sea
level. Centrally, a top level of 28 m is found. From the plateau, the landscape slopes rather
steeply to the shore. The coastal cliffs seem to be inactive, and overgrown by trees and
vegetation. A small lake is found toward the north and a marine foreland is sound in the
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western part of the area, at Slotsbanke. No streams are found in the area. In front of the
coast, the near shore zone slopes deeply into Lillebaelt.

The area is crossed by several small roads. Two camping places are found, one toward
NW and one in the eastern part of the area. The Hindsgavl manor house is situated in the
south-western part of the area. Only very few houses are located in the area. Approximate-
ly 1/3 of the area is used for agriculture and 2/3 for plantation including many rare trees and
bushes and a deer park. The eastern part of the area is crossed by some major (N-S run-
ning) supply cables for electricity.

Owing to the low relief and intensive cultivation, the surface processes (soil creep, frost —
thaw processes, soil development etc.) proceed slowly and undramatic. Parts of the coastal
cliffs are potentially erosive if the protecting vegetation cover is damage or if coastal ero-
sion proceeds landward from the shore. Otherwise, the peninsula is situated in low-energy
waters (concerning the waves but the current in Lillebaelt is strong) and the coastal devel-
opment proceeds slowly.

Feng

Feeng is an island located in Lillebaelt, southwest of the town Middelfart and measures c.
3.9 km?. The part of the island is marked by an elongated, relatively narrow, high-lying plat-
eau 30 — 40 m above sea level. From the plateau, the landscape slopes more or steeply
steeply to the shore. The coastal cliffs seem to be inactive, and overgrown by trees and
vegetation. A small lagoon is found in a beach meadow toward northeast; another small
beach meadow/marine foreland is sound in the south-eastern part of the area. No streams
are found in the area. In front of the coast, the near shore zone slopes deeply into Lillebeelt.

The area is crossed by one small road. The modern and exclusive Feeng Estate is build on
the central part of the island and more than 700.000 trees and bushes are planted all over
the island. Today, all the islands 400 hectares are classified as forest reserve, holding an
extraordinarily rich wild life.

Owing to the intensive cultivation, and in spite of the undulating landscape, the surface
processes (soil creep, frost — thaw processes, soil development etc.) proceed slowly and
undramatic. Parts of the coastal cliffs are potentially erosive if the protecting vegetation
cover is damage or if coastal erosion proceeds landward from the shore. Otherwise, the
peninsula is situated in low-energy waters (concerning the waves but the current in Lil-
lebeelt is strong) and the coastal development proceeds slowly.

9.3 Surface geology and profiles

The area is mainly covered by clayey till with a few occurrences of sandy till. Outcrops are
known from the cliff area at the Lillebzelt Bridge, at the @xenrade cliff at Middelfart and from
the opposite side of Lillebaelt, at Hagengr and Bgrup (Fig. 81).
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Figure 81. Map of the Quaternary surface deposits (From GEUS Homepage. After Peder-
sen, 1989). Legend: Brown: Clayey till, Red brown: Sandy till, Red and orange: Meltwater
sand and gravel, Green: Holocene freshwater deposits, Blue. Holocene marine deposits,
White: Pre-Quaternary deposits. Legend for boreholes: See fig. 82.

9.4 Boreholes and geophysical surveys

The target is Oligocene/Eocene/Paleocene clays but only few boreholes within the area
reach these clays (Figs. 82 and 83). Very few samples have been collected and described
lithological. No sample has been dated on microfossils. An example of a borehole log is
found in fig. 84.
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Figure 82. Map of the locations of boreholes on Hindsgavl from the Jupiter Database at
GEUS. Legend: 134.226: DGU No., Blue dot: Water supply well, Red dot: Geotechnical
borehole, Pink dot: Raw material borehole, Green dot: Other borehole, Light red dot: Aban-
doned borehole, Black dot: Unknown purpose.
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Figure 83. Map of the borehole locations on Faeng. Legend: See fig. 82.
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Figure 84. Geological log from the borehole DGU no. 134.226.
deep borehole.
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Geophysical investigations: geoelectric and electromagnetic surveys are carried out on
selected parts of the area.

9.5 Sediment and rock characteristics, mineralogy and chemis-
try

9.5.1 Pre-Quaternary deposits

According to the map of the pre-Quaternary surface, Paleocene, Eocene or Oligocene
clays should be reached below the Quaternary (Fig. 85).

Hindsgavl

At the western tip of Hindsgavl, the boundary layers between Oligocene and Miocene occur
as c. 18 m Vejle Fjord Formation of which 6 m is the Brejning clay Member (Formation).
The Oligocene Brejning clay consists of brown black mica clay with glauconite and some
sandstone layers while the Miocene Vejle Fjord clay consists of black micaceous clay.

The Late Oligocene deposits rest on 32 m Eocene Sgvind Marl Formation of sticky calcar-
eous clay, 35 m grey plastic clay from the Eocene Lillebeelt Clay Formation, 14 m red plas-
tic clay from the Eocene Rgsnaes Clay Formation, 10 m clay with volcanic ash from the
Eocene dIst Formation, 37 m fine-grained clay with glauconite from the Paleocene Kerte-
minde Marl, and at last 6 m Bryozoan limestone with flint from the Danian (see DGU no.
134.226). Some of the sediment types can be seen in fig. 86.

Yellow brown and red brown sandstone layers are also known from the outcrop at
@ksenrade on the south coast of Hindsgavl just east of Middelfart. The sandstone is ce-
mented by iron minerals and contains glauconite. In the shallow cliff, the sandstone is rest-
ing on dark brown Brejning clay.

On the northern side of Hindsgavl, at the Lillebzelt Bridge, the Late Oligocene deposits are
approx. 25 m thick. Below these follows the Eocene Lillebeelt Clay Formation. The alternat-
ing thin layers of brown and grey micaceous Oligocene sand and clays are found in the cliff
west and east of the old bridge. Towards the northwest, at Galsklint, it is possible that
younger sand and clay deposits from the Miocene occur.

Towards the south-east part of Hindsgavl, Eocene clays are found approx. 1 m below
ground surface.

Feng

On Feeng, Oligocene clays are reached approx. 36 m below ground surface. The clays are
rather fine-grained black brown non-calcareous and contain mica and glauconite. Some of
these marine Oligocene clays contain so much glauconite that the colour changes to green
gray and they are calcareous. The deposits seem to belong to the Brejning

Clay Member and are at least 24 m thick.
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Figure 85. Map of the pre-Quaternary surface: Time units. Original scale: 1:50.000. Leg-
end: Red lines: Precambrian intrusions, grey: Precambrian, olive: Cambrian-Silurian, red:
Permian, light red: Triassic, blue: Jurassic, yellow: Lower Cretaceous, green: Upper Creta-
ceous, light green: Danian, brown: Paleocene, yellow olive: Eocene, red brown: Oligocene,
light yellow brown: Lower Miocene, very light yellow brown: Upper Miocene, white: Pliocene
(Hakansson & Pedersen, 1992).

Figure 86. Section from the Albaek Hoved cliff, Juelsminde, Jylland. Red and green plastic
clay from the Lillebaelt Clay Formation and the Rgsnees Clay Formation.
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9.5.2 Quaternary deposits

The Quaternary deposits in surface layers in the area mainly consist of sandy deposits
(Figs. 81 and 87).

Hindsgavl
On Hindsgavl, the Quaternary deposits consist of sandy till and meltwater sand. The thick-
ness is between 1 m and 6 m but at the northern part up to 18 m.

Feeng

On Feeng, the Quaternary deposits are thicker, and range from 30 m to 40 m. The upper
20-30 m consists of sandy and silty gravelly grey and light olive brown calcareous clayey till
which contain many clasts of limestone/chalk. Medium-grained gravelly meltwater sand
often follows below.
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Figure 87. 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: Holocene marine deposits.
Green: Holocene freshwater deposits, yellow: Aeolian sand (From Pedersen, 1989).
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9.6 Tectonics, structures and seismic activity

9.6.1 Major tectonic structures

No major fault line have been registered and mapped in the Hindsgavl-Feeng area. The
Geological basic data map of the area demonstrates the positions of the Oligocene and
Eocene deposits (Fig. 88). Further towards the southeast, outside the area, a 175 m deep
valley in the pre-Quaternary deposits exists around Gamborg Fjord. It has been suggested
that a local doming in the area has exposed Late Oligocene deposits.

The area is now sinking approx. 1 mm pr. year according to deep tectonic movements.

Figure 88. Part of the Geological Basic Data map 1213 Il Fredericia showing borehole data
from Hindsgavl, Fyn. Original Scale 1:50.000. Only data from one borehole were available
on Feeng when the map was produced. Legend: See fig. 10 (From Grambo-Rasmussen,
1995).
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9.6.2 Fractures

The Paleocene and Eocene clays often contain fractures and some small faults or frac-
tures. The clayey tills are always cut by fractures but the conditions on Hindsgavl and
Feeng are not investigated because of lack of field localities.

9.6.3 Geological and structural model

The geological and structural model of the area is fairly simple with five major units (Fig.

89).

Ground surface m.b.s.

A.

50 —

100 —

150 —

200

Quaternary tills and meltwater deposits, up to 18 m thick, but often thinner: Sandy,

gravelly clayey till dominates.

Oligocene clay and sand from the Vejle Fjord Formation, Brejning Member, 18 m

thick.

Eocene plastic clays from the Sgvind Marl, Lillebeelt Clay, Rgsnaes Clay and dlist

Formations. Together at least 90 m thick.

Kerteminde Marl Formation, at least 40 m thick. Silty and fine-grained olive grey

plastic clay.
Danian bryozoan limestone, at least 6 m thick.

HINDSGAVL-FANO

Schematic geological model
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Vejle Fjord Formation
Brejning Formation

Sevind Marl Formation

Lillebaelt Clay Formation

Rasnaes Clay Formation
@lst Formation

Kerteminde Marl
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Figure 89. Schematic geological model of the area.
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9.6.4 Earthquake activity

The seismic activity in the Hindsgavl-Feeng area and the near surrounding areas is very
low (Fig. 90). 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.

5E 10°E 15°E

Figure 90. Map of epicentres from earthquakes in the Danish and surrounding area. (From
GEUS’s Home page).

9.7 Ground stability

The area is expected to have good ground stability. Nevertheless, it is always important to
remember that constructions established on and in fine-grained and plastic clays can give
problems. This is caused by fractures in the clays.

9.8 Groundwater hydrogeology

9.8.1 Groundwater characteristics

The Quaternary and Palaeogene sediments include approx. 150 m of clays without
groundwater reservoir characteristics.
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The island Feeng in Lillebaelt and the peninsula Hindsgavl nearby Middelfart (Area 11) is
positioned in an area that is characterized by the presence of the shallow groundwater
body (DK1.12.1.1) (Fig. 91), that consists of meltwater sand deposits. Regional or deep
groundwater bodies have not been identified in or near Area 11 in the catchment manage-
ment plan (Figs. 92 and 93). The subdivision into groundwater bodies is described as part
of the basis analysis carried out by the former Fyns Amt (www.ode.mim.dk). The overall
assessment of the chemical and quantitative status of the shallow groundwater body is
poor, due to a poor qualitative status (see Section 9.9).
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Figure 91. Shallow (or terrain near) groundwater body DK1.12.1.1 in the Faeng-Hindgavl
area (Area 11). The overall assessment of chemical and quantitative status of shallow
groundwater body: poor status (Red shaded area). (After the Ministry of Environment,
2010).

GEUS 107






9.8.2 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. 94).

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

Figure 94. Areas of special drinking water interests (OSD): Dark blue and areas of drinking
water interest (OD): Light blue. Areas with limited drinking interests are olive brown
(http://kort.arealinfo.dk/)..

The drinking water areas categorised by the Environmental Centre Odense for the Feeng-
Hindsgavl area is shown in Fig. 95. The island Feeng is located in an area with drinking
water interests (OD). Feeng Gods (estate) has its own water supply, which is abstracting
groundwater from few meter thick local sand layers at 20 to 30 meters depth. At the

GEUS 109



Hindsgavl peninsula, the Environmental Centre Odense has assessed the drinking water
interests to be limited or ignorable. The assessment is supported by the fact that no water
supply wells are registered in the JUPITER database west of the Middelfart main road
crossing the old Lillebeelt Bridge.

B 18688 26888 3068 4800 n

Omrader med sarlge drikkevands inteesser
Omrader med drikkevandsinteresser

Omrader uden udpegnirg

Figure 95. Various drinking water areas situated in the Kerteminde region. Dark Blue: Are-
as of special drinking water interests (OSD); Light blue: Areas of some drinking water inter-
ests (OD); Yellow/green: Areas with Ilimited or none drinking water interests
(http://kort.arealinfo.dk/).

9.9 Groundwater chemistry

The overall groundwater quality aiming for drinking water purpose has been assessed by
the former Fyns Amt and Environmental Centre Odense for the shallow groundwater body
(DK1.12.1.1) and reported in the catchment management plan “Hovedvandopland 1.14,
Lillebeelt/Fyn* . Relevant groundwater chemistry in the abstraction wells belonging to Feeng
Gods does not show indication of problems with salt water intrusion. Groundwater chemis-
try at the Hindsgavl peninsula is unknown.

9.10 Climate and climate changes

Hindsgavl and Feeng
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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 this area seriously during this century. A sea level rise may cause minor, local flood-
ing problems to the low-lying parts of the areas (the marine forelands) and some sections
of the coasts will most probably be affected by erosion.

9.11 Restrictions and limitations

On Hindsgavl two sites with Areas of National Geological Interest are located at the @ksen-
rade Klint and at Hindsgavl Klint. The Feeng-Hindsgavl area has no restriction in accord-
ance to the NATURA2000 regulation. An adjacent NATURA2000 habitat area is located
southeast of Feeng (Fig. 96).
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Figure 96. NATURA2000 habitat areas in the Lillebeelt region (After Ministry of Environ-
ment, 2010).

9.12 Summary of the area 11 conditions

Amount of data:
Sparse. Few boreholes and no geophysical surveys
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Homogeneous conditions and isolation of the waste by low, permeability layers:
Perhaps perfect at depth of 10-20 m but the framework of the fractures below 20 m is un-
known. Probable fracture problem have to be considered in relation to other sites.

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

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

Groundwater 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
No OSD or OD areas within the Area 11, as the area is of limited 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. The low eleva-
tion of the landscape has to be considered in relation to future sea level rise.

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

Other restrictions
Apparently no other restrictions will give problems

9.13 Final remarks

Area 11 on Hindsgavl and Feeng is a possible area for a waste disposal. The area is not
well documented. Boreholes indicate that relatively thick Paleogene clay deposits can be
found on both Hindsgavl and Feeng.
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10. 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.

GEUS 113



11. References/Literature

Andersen, L.J. & Gravesen, P., 1989: Cyclogram Maps in the Interpretation of Pumping
Tests. Recent Advances in Groundwater Hydrology. American Institute of Hydrology,
589-604 + map.

Andersen, S.A., 1937: De vulkanske Askelag i Vejgennemskeeringen ved @lIst og deres
Udbredelse i Danmark. Danm. Geol. Unders. Il Series, No. 59, 50 pages.

Atomenergikommissionen, 1976: Affald fra kernekraftvaerker, Handelsministeriet april-maj
1976, 133 pages.

Broholm K, Nilsson B, Sidle RC Arvin E 2000. Transport and biodegradation of creosote
compounds in clayey till, a field experiment. Journal of Contaminant Hydrology, 41,
239-260.

Baggild, O.B., 1918: Den vulkanske Aske i Moleret. Danm. Geol. Unders. Ser. Il, 33, 84 p.

Baggild, O.B., 1943: Danmarks Mineraler. Danm. Geol. Unders., Il reekke, Nr. 71, 68 pa-
ges.

Cartwright, D.J., 2001: Using hydraulic testing to determine vertical transport properties of a
fractured clay aquitard. M.Sc. thesis. University College of London.

Clausen & Huuse, 2002: Mid-Paleocene palaeogeography of the Danish area. Bull. Geol.
Soc. Denmark, Vol. 49, Part 2, 171-186.

Dinesen, A., Michelsen, O. & Lieberkind, 1977: A survey of the Paleocene and Eocene
deposits of Jylland and Fyn. Geol. Survey of Denmark, Series B, No.1, 15 pages.
Dybkjeer, K. & Rasmussen, E.S., 2000: Palynological dating of the Oligocene-Miocene suc-

cessions in the Lille Baelt area, Denmark. Bull. Geol. Soc. Denm. Vol 47.

Ernstsen, V., 1998: Clay minerals of clayey subsoils of Weichselian Age in the Zealand -
Funen area, Denmark. Bull. Geol. Soc. Denm. 45, pp. 39-51.

Fredericia, J., 1990. Saturated Hydraulic Conductivity of Clayey Tills and the Role of Frac-

tures. Nordic Hydrology, 21(2), 119-132.

Fyns Amt, 1991: Status over vandforsyningsforholdene pa Langeland, dec 1991, 13 pages
+ appendices.

Fyns Amt, 1998: Rastofkortleegninpg. Bjerreby nr. 26. Fase 2. Bentonit. Svendborg Kom-
mune. 57 pages + appendices.

Fyns amtskommune, 1982: Fyns amtskommune, Vandindvindingsplanlaegning, Delrapport
4. Oplaeg til vandindvindingsplan for Langeland. Fyns amtskommune, Kemp & Laurid-
sen, 100 pages + appendices.

Fyns Brgndboring, 1978: Sydlangelands Kommune. Datarapport over hydrogeologiske
undersggelser i 1978, 15 pages + appendices.

Grambo-Rasmussen, A., 1995: Geologisk kort over Danmark. 1:50.000. Kortbladet 1213 i
Fredericia. Geologisk Basisdatakort. Danm. Geol. Unders. Kortserie Nr 43, 3-8 + map.

Gravesen, P., 1991: Geologisk Basisdatakort 1312 Il Svendborg + del af 1412 Ill Lohals.
1:50.000. Danm. Geol. Unders. and Fyns Amtskommune.

Gravesen, P., 1993: Geological map of Denmark. 1:50.000. Map sheet 1311 | Rudkabing,
part of 13111l Bagenkop and part of 1411 IV Spodsbjerg. Geological basic data map.
Danm. Geol. Unders. Kortserie No. 40, 3-6 + map.

GEUS 114



Gravesen, P. & Pedersen, S.A.S., 2005: De geologiske forhold ved Risg. Redeggrelse
udarbejdet pa basis af eksisterende data. Danmarks og Grgnlands Geologiske Un-
dersggelse Rapport 2005/30, 40 pages.

Gravesen, P. & Pedersen, S.A.S., 2009: Vurdering af lerforekomster i Danmark med hen-
blik pa anvendelse i cement. Danm. og Grgnl. Geol. Unders. Rapport 2009/85, 25
pages.

Gravesen, P., Petersen, K.S., Binzer, K. & Rasmussen, L.Aa., 1988: Geological map of
Denmark. 1:50.000. Map sheet 1312 Il Svendborg. Geological basic data map.
Danm. Geol. Unders, Kortserie nr. 6, 2 pages + map.

Gravesen, P., Jakobsen, P.R., Kelstrup, N. & Ernstsen, V., 1999: Kortleegning af radon i
danske jordarter 1. Indsamlinfg af grunddata. Danm. og Grgnl. Geol. Unders. Rapport
1999/81, 37 pages + appendices.

Gry, 1935: Petrology of the Paleocene Sedimentary Rocks of Denmark. Geol. Surv. of
Denmark, Il Series, No. 61, 171 pages.

Haldorsen, S. & Kriger, J., 1990: Till genesis and hydro geological properties. Nordic Hy-

drology, 21(2), 81-94.

Hansen, M.,1994: Geological map of Denmark. 1:50.000. Map Sheet 1311 IV Mommark.
Geologica basic data map. Danm. Geol. Unders. Kortserie nr, 41, 3-5 + map.

Harrar, W.G., 2004: Transient infiltration (flux) and fracture transmissivity in clayey till. In:
Ernstsen, V (Ed.). Afprgvning af undersggelsesmetoder med henblik pa etablering af
et zoneringskoncept for danske lerjorde: Statusrapport. ISBN 87-7871-142-8.

Harrar, W.G., Murdoch, L.C., Nilsson, B. & Klint, K.E.S. (2007). Field characterization of
vertical bromide transport in a fractured glacial till. Hydrology Journal, 15(8), 1473-
1488.

Heilmann-Clausen, C., 1985: Dinoflagellate stratigraphy of the uppermost Danian to
Ypresian in the Viborg 1 borehole, central Jylland, Denmark. Danm. Geol. Unders.,
Serie A, No.7, 69 pages.

Heilmann-Clausen, C., 1995: Paleeogene aflejringer over Danskekalken. I. Nielsen, O.B.
(red.): Danmarks geologi fra Kridt til i dag. Aarhus Geokompendier Nr. 1. Geologisk
Institut, Aarhus Universitet, 69-114.

Heilmann-Clausen, C., Nielsen, O.B. & Gersner, F., 1985: Lithostratigraphy and deposi-
tional environments in the Upper Paleocene and Eocene of Denmark. Bull. Geol. Soc.
Denmark, vol. 33, 287-323.

Heilmann-Clausen, C. & Surlyk, F., 2006: Kapitel 10. Koralrev og lerhav. Paleeogen. Natu-
ren i Danmark. Geologien, Gyldendal, 181-226.

Houmark-Nielsen, 1987: Pleistocene stratigraphy and glacial history of the central part of
Denmark. Bull. Geol. Soc. Denmark, Vol. 36, part 1-2, 187 pages.

Hyde, G., Pedersen, K.E. & Pedersen, D., 1993: Bentonit — iseer pa Lolland. Varv nr.2
1993, 55-62.

Hakansson, E. & Pedersen, S.A.S., 1992: Geologisk kort over den danske undergrund.
VARV, 1992.

IAEA, 1994: Siting of Near Surface Disposal Facilities. Safety Guides. Safety series no.

111-G-3.1, 37 pages.

IAEA, 1999: Near Surface Disposal of Radioactive Waste. Requirements. |IAEA Safety
Standards Series No. WS-R-1, 29 pages.

IAEA, 2005: Borehole Facilities for the Disposal of Radioactive Waste. IAEA Safety Stan-
dards Series, 102 pages.

GEUS 115



Indenrigs- og Sundhedsministeriet, 2005: Slutdepot for radioaktivt affald i Danmark. Hvor-
for? Hvordan? Hvor?. Juni 2005, 18 pages.

Indenrigs- og Sundhedsministeriet, 2007: Beslutningsgrundlag for et dansk slutdepot for lav
— og mellemaktivt affald. Udarbejdet af en arbejdsgruppe under Indenrigs — og
Sundhedsministeriet, april 2007, 47 pages.

Jakobsen, P.R., 1993: Geologisk kort over Danmark. 1:50.000. Map Sheet 1313 Il Kerte-
minde. Geological Basic data map. Danm.Geol. Unders. Kortserie Nr. 42, 3-5 + map.

Jakobsen P.R. & Klint K.E.S., 1999. Fracture distribution and occurence of DNAPL in a
clayey lodgement till. Nord. Hydr., 30(4/5), 285-300.

Jones, E.H., 1999: Hydraulic characterization of a fractured clayey till aquitard, Western
Sjeelland, Denmark. M.Sc. thesis. University College of London.

Jargensen P.R. & Fredericia, J., 1992. Migration of nutrients, pesticides and heavy metals
in clayey till, Géotechnique, 42, 67-77.

Jorgensen, P.R., Hoffmann, M., Kistrup, J.P., Bryde, C., Bossi, R & Villholth, K.G., 2002:
Preferential flow and pesticide transport in a clay-rich till: Field, laboratory, and mod-
eling analysis WRR, 38(11), 28-1 — 28-11.

Jargensen, F & Sandersen, P.B.E. (2006). Buried and open tunnel valleys in Denmark—
erosion beneath multiple ice sheets. Quaternary Science Reviews 25, 1339-1363

Klint, K.E.S. (personel communication)

Klint, K.E.S., 2001: Fractures in Glacigene Deposits; Origin and Distribution. Ph.D. Thesis.
Danm. og Grgnl. Geol. Unders. Rapport 2001/129, 40 pages + Appendices.

Klint, K.E.S. & Gravesen, P., 1999: Fractures and Biopores in Weichselian Clayey Till Aqui-
tards at Flakkebjerg, Denmark. Nordic Hydrology, Vol. 30, No. 4/5, 267-284.

Klitten, K., 2003: Log-stratigrafi for Selandien Lellinge Grgnsand formationen og Kertemin-
de Mergel formationen. Geologisk Tidsskrift 2003/2, page 20-23.

Knudsen, B., 1993: Plastisk ler — geotekniske problemer. GeologiskNyt 1/93, 9-11.

Knudsen, J. & Rasmussen, P.C., 1979: Fyns amtkommune. Vandforsyningsplanleegning.
Delrapport 3. Hydrogeologisk kortlaeegning.- Danm. Geol. Unders., Fyns Amtskommu-
ne, Cowiconsult, 72 pages.

Kriger A/S, 1976: Sydlangeland Kommune. Rapport over hydrogeologisk kortlaegning med
vurdering af vandindvindingsmulighederne pa Sydlangeland, 27 pages + appendices.

Larsen, G., 1998: Forvaltning af rastoffer — et eksempel fra Fyns Amt. GeologiskNyt 3/8, 3-
6.

Larsen, G., 1999: Bentonit ved Bjerreby. GeologiskNyt nr.1/99, 26-29.

Larsen, G., 2002: Geologisk Set — Fyn og @erne. En beskrivelse af omrader af national
geologisk interesse. Fyns amt, Geografforlaget, Skov- og Naturstyrelsen, 144 pages.

Larsen, G. & Dinesen, A., 1959: Vejle Fjord Formationen ved Brejning. Sedimenterne og
foraminiferfaunaen (Oligocaen-Miocaen). Danm. Geol. Unders. Il series, nr. 82., 114
pages

Larsen, G. & Kronborg, C., 1994. Geologisk set. Det mellemste Jylland. En beskrivelse af
omrader af national geologisk interesse. Geografforlaget, Skov- og Naturstyrelsen,
272 pages.

Larsen, G., Baumann, J., Tychsen, J., 1982: Storebeelt, geological relations of the Eastern
channel. Danish geotechnical Institute, DGI Bulletin No 34, 79 pages.

Madsen, V., Nordmann, V. & Hartz, N.,1908: Eem —zonerne, Studier over Cyprinaleret og
andre Eem-aflejringer | Danmark, Nordtyskland of Holland. Danm. Geol. Unders. Il
Series, No. 17, 302 pages + atlas.

GEUS 116



McKay, L., Fredericia, J., Lenczewski, M., Morthorst, J. & Klint, K.E.S., 1999. Spatial varia-
bility of Contaminant Transport in a Fractured Till, Avedgre, Denmark. Nordic Hydro-
logy, Vol. 30, 4/5, 333-360.

Miljgministeriet (2010a). Forslag til Vandplan 2010-15. Hovedvandopland 1.15 Det Syd-
fynske @hav. By By- og Landskabsstyrelsen, Miljgministeriet. Hearing version, Octo-
ber 2010 http://www?2.blst.dk/download/Vandplaner/DetSydfynske_Fyn.pdf

Miljgministeriet (2010b). Forslag til Vandplan 2010-15. Hovedvandopland 1.14 Storebeelt.
By By- og Landskabsstyrelsen, Miljgministeriet. Hearing version, October 2010
http://www?2.blst.dk/download/Vandplaner/Storebaelt_Fyn.pdf

Miljgministeriet  (2010c). Forslag til Vandplan 2010-15. Hovedvandopland 1.12 Lille-
beelt/Fyn. By By- og Landskabsstyrelsen, Miljgministeriet. Hearing version, October
2010 http://www?2.blst.dk/download/Vandplaner/Lillebaelt_Fyn.pdf

Milthers, K., 1959: Kortbladene Faborg, Svendborg og Gulstav, A: Kvarteere aflejringer.
Danm. Geol. Unders. | series No. 21, 112 pages +maps

Mgller, R.R. & Richard, N.L., 2006: Kerteminde mergels hydrauliske egenskaber i Ringsted
kortleegningsomrade. Memo carried out by Rambgll A/S. (In Danish).

Nilsson, B., Sidle, R.C., Klint, K.E., Bgggild, C.E. & Broholm, K., 2001: Mass transport and
scale-dependent hydraulic tests in a heterogeneous glacial till - sandy aquifer system.
Journal of Hydrology 243, p. 162-179.

Nordmann, V., 1958: beskrivelse til Geologisk Kort over Danmark, 1:100.000. Kortbladet
Fredericia. Danm. Geol. Unders. | Series, no..22-A, 125 pages.

Pedersen, D.L., 2004: En geologisk og hydrogeologisk undersggelse af inhomogeniteter i
moraeneler. Kandidatafthandling, Geologisk Institut, Kgbenhavns Universitet. Juni
2004. + appendix.

Pedersen, S.A.S., (ed.)1989: Jordartskort over Danmark 1:200.000. Four maps: Nordlyl-
land, Midtjylland, Sydjylland og Fyn, Sjeelland, ger og Bornholm. Danmarks Geologi-
ske Undersggelse, 1989.

Radwanski, A., Friis, H. & Larsen, G., 1975: The Miocene Hagengr-Bgrup sequence at
Lillebaelt (Denmark): its biogenic structures and depositional environment. Bull. Geol.
Soc. Denmark, Vol 24, 229-260.

Rasmussen, L. Aa, 1975: Kineto-stratigraphic glacial units on Hindsholm, Denmark. Bore-
as, Vol. 4, 209-217.

Rasmussen, E.S., Dybkjeer, K. & Piasecki, S. 2010: Lithostratigraphy of the Upper Oligo-
cene — Miocene succession of Denmark. Bull. Geol. Surv. Denm. and Greenl. 22, 92
pages + plates.

Nordmann, V., 1958: Beskrivelse til Geologisk Kort over Danmark- Kortbladet Fredericia.
Danm. Geol. Unders., | Series, Vol 22-A, 125 pages + maps.

Rosenkrantz, A., 1944: Nye bidrag til forstdelsen af Ristinge Klints opbygning. Meddr.
Dansk Geol. Foren. Vol 10, 431-435.

Region Syddanmark, 2008: Rastofplan 2008 for Region Syddanmark. 36 page + maps.

Rardam, K., 1890: Undersggelse af mesozoiske Lerarter og Kaolin paa Bormholm i geolo-
gisk og teknisk Henseende. Danm. Geol. Unders. | Series, no. 1, 109 pages.

Sandersen, P.B.E. & Jgrgensen, F., 2003: Buried Quaternary valleys in western Den-
mark—occurrence and inferred implications for groundwater resources and vulnera-
bility. Journal of Applied Geophysics 53 (2003) 229— 248.

Scharling, P., Rasmussen, E.S., Sonnenborg, T.O., Engesgaard, P., Hinsby, K., 2009:
Three-dimensional regional-scale hydrostratigraphic modeling based on sequence

GEUS 117



stratigraphic methods: a case study of the Miocene succession in Denmark. Hydro-
geology Journal, Online First, DOI 10.1007/s10040-009-0475-6

Seifert, D., Sonnenborg, T.O., Scharling, P. & Hinshy, K., 2008: Use of alternative concep-
tual models to assess the impact of a buried valley on groundwater vulnerability. Hy-
drogeology Journal, 16, 659-674.

Sheldon, E. & Nghr-Hansen, H., 2010: Fehmarn Belt Fixed Link Pre-Quaternary Biostratig-
raphy — a mid-term status report for Rambgll/-Arup JV. Geol. Surv. Denm Greenl.
Report 2010/27, 32 sider + bilag.

Sidle R.C., Nilsson, B., Hansen, M. & Fredericia, J., 1998: Spatially varying hydraulic and
solute transport characteristics of a fractured till determined by field tracer tests, Funen,
Denmark. Water Resources Research, Vol. 34, No. 10, pp. 2515-2527.

Sjarring, S., Nielsen, P.E., Frederiksen, J., Hegner, J., Hyde, G., Jensen, J.B., Mogensen, A.
& Vortisch, W., 1982: Observationer fra Ristinge Klint, felt- og laboratorieundersggel-
ser. Dansk Geol. Foren. Arsskrift for 1981, 135-149.

Smed, P., 1962: Studier over den fynske ggruppes landskabsformer. Meddr. Dansk Geol.
Foren. vol. 15, 1-74.

Sorgenfrei, Th., 1949: Nye undersggelser over Fyns undergrund. Meddr. Dansk Geol, Foren,
11, 490-493.

Sorgenfrei, Th, 1951: Oversigt over praekvarteerets topografi, staigrafi iog tektonik i omradet
Fyn-Sydsjeelland-Lolland-Falster Mgn. Meddr. Dansk Geol, Foren. Bd. 12, 166-171.

Sundberg, P., 2000: Hindsgavl profilet, Vejle Fjord Formationen fra @vre Oligoceen. Geolo-
giskNyt 5/00, page 8.

Sundhedstyrelsen, 1987: Radioaktive stoffer i drikkevand. SIS, 23 pages.

Tage Sgrensen, 1985: Sydlangelands Kommune. Rapport om boreundersggelse i Brands-
by omradet, 14 pages + appendices.

Tank, R.W., 1963: Clay Mineralogy of some Lower Tertiary (paleogene) sediments from
Denmark. Danm. Geol. Unders., IV ser., no. 9, 54 pages.

Thomsen, E., 1995: Kalk og kridt i den danske undergrund. I: Nielsen, O.B.(red.): Dan-
marks geologi fra Kridt til i dag. Aarhus Geokompendier Nr. 1, Geologisk Institut, Aar-
hus Universitet, 31-67.

Thomsen, E. & Heilmann-Clausen, C., 1985: The Danian-Selandian boundary at Svejstrup
with remarks on the biostratigraphy of the boundary in western Denmark. Bull. Geol.
Soc. Denm. 33, 3-4, .339-360.

Troldborg, L., Jensen K.H., Engesgaard, P., Refsgaard, J.C., Hinshy, K., 2008: Using Envi-
ronmental Tracers in Modeling Flow in a Complex Shallow Aquifer System Journal of
hydrologic engineering, 13(11), 1037-1048.

Ussing, N.V. & Madsen, V., 1897: Beskrivelse til geologisk kort over Danmark. Kortblad
Hindsholm. Danm. Geol. Unders. | Series, no. 2, 80 pages.

WaterTech a/s, 2000: Fyns Amt. Supplerende MEP and TEM kortlaegninger pa Tasinge. 16
pages + appendices.

WaterTech a/s, 2002: Fyns Amt. Sammenstilling af grundvandsundersggelser pa Tasinge.
Hovedrapport. 68 pages.

www.ode.min.dk : Miljgministriets Homepage

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

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