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Abstract: In order to decrease the dependence on fossil fuels it is of paramount importance that renewable sources 

are used as effectively as possible. Therefore it is necessary to store excess energy when supply is higher than de-

mand. One way to do so is by storing the energy as compressed air in a porous aquifer. The Lund Sandstone in the 

Kyrkheddinge area, Skåne, southern Sweden, has previously been investigated for natural gas storage. This paper 

tries to find a method to digitalize the analog data from these investigations to create a 3D model that can be used 

for further studies. The model, as well as data from the previous investigations, are used to evaluate the possibilities 

to utilize the Lund Sandstone for compressed air energy storage (CAES) in the Kyrkheddinge area. The well logs 

from these investigations and from the geothermal project outside of Lund were also evaluated to compare the geo-

thermal energy possibilities to the Lund Geothermal Field. This was done by calculating the net sand for the wells 

in the two areas. The model turned out useful for evaluating possible dome structures for energy storage and could 

be used to determine areas and closed volumes of the structures. The possibilities for CAES in the area are slim, but 

one reservoir structure beneath the so-called Brown Marker, could be worth investigating further. The measured net 

sand is lower in the Kyrkheddinge area than in the geothermal field, but it could still be an option for a geothermal 

energy plant. 
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Sammanfattning: För att minska vårt beroende av fossila bränslen så är det viktigt att de förnybara energikällorna 

används så effektivt som möjligt. För att göra detta krävs det att vi förvarar överskottsenergi när efterfrågan är lägre 

än tillgångarna. Ett sätt att göra detta är att förvara energin som komprimerad luft i en porös akvifär. Lundasandste-

nen i Kyrkheddingeområdet har tidigare blivit undersökt för möjligheten at förvara naturgas. Det här arbetet utfors-

kar möjligheten att digitalisera den analoga datan från dessa undersökningar för att skapa en 3D modell som kan 

användas i ytterligare studier. Modellen, samt data från de tidigare undersökningarna, används för att undersöka 

möjligheten att använda Lundasandstenen för lagring av komprimerad luft (CAES) i Kyrkheddingeområdet. Borr-

loggarna från dessa undersökningar och från geotermiprojektet utanför Lund undersöktes också för att utvärdera 

möjligheterna för geotermi jämfört med Lundafältet. Detta gjordes genom att beräkna nettosand i borrhålen i båda 

områdena. Modellen visade sig vara användbar för att utvärdera möjliga domstrukturer som kan användas för ener-

gilagring och kunde användas för att beräkna strukturernas areor och volymer. Den kan vara användbar för liknande 

studier. Möjligheterna för energilagring i form av komprimerad luft är små, men en reservoar under den seismiska 

markören `Brown Marker’, kan vara värd att undersöka. Den uppmätta nettosanden är lägre i Kyrkheddingeområdet 

än i Lundafältet, men kan ändå vara ett alternativ.  
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1  Introduction 
As energy consumption increases and more focus is 
being put on renewable energy sources we are faced 
with new challenges regarding assessment of the geo-
thermal  resources (Li et al. 2018). The efficiency of 
renewable sources such as wind and solar power vary 
over time and the generated energy does not always 
match the demand (Li et al. 2018). To increase the use 
of these renewable sources there is a need that they are 
stable over time to match the demand, thus increasing 
their degree of accessibility (Mouli-Castillo et al. 
2019). One way of doing this is to create buffer capac-
ities in the distribution systems where energy storage 
of various kinds is considered a way forward. One way 
of storage is utilizing deep sandstone reservoirs. Stor-
age of natural gas in deep reservoirs is an established 
method in many countries, i.e. in the Stenlille area in 
Denmark there is a major storage facility utilizing the 
porous and permeable sandstones of the Lower Juras-
sic Gassum Formation. Similarly, in the sedimentary 
subsurface bedrock in Germany there are several stor-
age facilities for natural gas. Deep saline aquifers are 
also considered main alternatives for storage of CO2 
(Wang et al. 2016). In Sweden, suitable sandstone res-
ervoirs are merely found in the sedimentary bedrock 
on Gotland and in south-west Skåne. The sedimentary 
succession in south-west Skåne includes a series of 
potential sandstone units of Mesozoic age, which 
might prove suitable both for extraction of geothermal 
heat and for energy storage. One of these is the Upper 
Cretaceous Lund Sandstone which presently is used 
for extraction of geothermal heat for the city of Lund 
(Aldenius 2017). The sandstone is considered one of 

the most potential storage reservoirs based on the vast 
knowledge on the reservoir hydraulic properties from 
more than 30 years of production and injection of geo-
thermal water in the Lund geothermal plant. Besides 
this data there is also considerable amounts of infor-
mation from a pre-investigation project regarding stor-
age of natural gas in the Kyrkheddinge area south-east 
of Lund (Lindblom & Svenssson 1985). These prereq-
uisites have been used in the following study. The 
main task has been to compile existing analogue data 
into digital format with the aim to create 3D-models 
for the reservoir units and estimate the reservoir vol-
ume for closed parts of the formation. In combination 
with existing petrophysical data an assessment of the 
storage capacity is performed. Another purpose of the 
study has  been to perform a methodology study on 
how older analogue and raster data can be used in the 
process of constructing a 3D model of the Lund Sand-
stone reservoir.  

 

2  The area of investigation 
The Lund Sandstone is found along the north-east 
margin of the Danish Basin in Skåne (fig. 1). The sub-
surface outline is known from regional seismic surveys 
performed by OPAB during the 1970-s. The per-
formed investigation has incorporated this information 
into a regional digital 3D model, which shows the top 
and base of the Lund Sandstone. The outline of this 
area is shown in fig. 2. Focus has, however, been put 
on a compilation and modeling of a 36.5 km2 large 
area south-east of Lund, at Kyrkheddinge (fig. 3). In-
formation about the Lund Sandstone has also been 
obtained from the Lund geothermal field. 

Fig. 1. Map of the tectonic structures in Skåne and Denmark. The studied area is shown as a red 
framed area. It is situated at the margins of the Danish Basin on the south side of the Sorgenfrei-
Tornquist Zone (modified from Erlström 2009).  
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2.1  The Kyrkheddinge area 
During the end of the 1970s there was an increasing 
interest in finding suitable sites for aquifer storage of 
natural gas in Skåne. The launched extensive investi-
gation program that took place 1977–1985 is summa-
rized by Lindblom & Svenssson (1985). Site selection 
investigations were done by Swedish Geological Sur-
vey (SGU) 1977–1982 and the first investigations was 
mainly based on seismic and well data from hydrocar-
bon explorations in Skåne done by Oljeprospektering 
AB (OPAB). In 1980 and 1982 new seismic investiga-
tions were made to add to the data available. The 
French company Sofregaz evaluated the SGU investi-
gations and found the Kyrkheddinge structure, situated 
on the south-west side of the Romeleåsen Horst, to be  
most suitable for storage out of five different struc-
tures found. In 1982 three slimholes were drilled, 
Kyrkheddinge -1, -2, and -3 (Ky-1, Ky-2, Ky-3), tar-
geting the Lund Sandstone. Additional seismic lines 
were measured in 1983 as well as a drilling of conven-
tional sized well, Kyrkheddinge-4 (Ky-4). The most 
interesting find was a structure corresponding to the 
seismic horizon called the Green Marker, which is a 
6–26 m thick cap rock of argillaceous limestone (fig. 

4). Beneath this lies a 40 m thick porous sandstone 
aquifer called Sand B. The seismic investigations 
show a possible 4.5 km2 convex structure at around 
750 m depth that could be a possible storage reservoir. 
The seismic investigations showed that the Sand B and 
associated caprock showed the most promising proper-
ties and structure regarding its suitability for storage of 
natural gas (Lindblom & Svenssson 1985). Three more 
slim-hole investigation wells were therefore subse-
quently drilled by Microdrill in 1984, i.e. Kyrkhed-
dinge-5, -6, and -7 (Ky-5, Ky-6 and Ky-7). The well 
data from these showed that the Green Marker struc-
ture, that was visualized in the seismic data as an anti-
clinal structure, was less significant than expected, and 
that it also flattens out to the north-east. This rendered 
that the closed potential reservoir volume was not 
enough. Due to this the aquifer was thought to be un-
suitable for gas storage and in 1985 the Swedegas stor-
age exploration project was shut down (Lindblom & 
Svenssson 1985). Other possible reservoirs levels in 
the area are described by Hagconsult AB (1983). They 
identified six different aquifers, Sand A–G, with Sand 
A being the deepest lying one. Sand G is the shallow-
est aquifer at less than 600 m depth and with a cap 

Fig. 2. Aerial photo of western Skåne. The inves-

tigated area is marked with black borders. This 

area is 700 km2. The green frame marks the 

Kyrkheddinge area in which the detailed model-

ing has been performed. This area is 36.5 km2 

(fig. 3). The blue filled circles show the locations 

of the studied wells and the red lines represent 

the seismic lines that the isochron maps are based 

on. 

Fig. 3. Close up of the Kyrkheddinge study area 

(in green). Blue filled circles are the studied 

wells. Red lines are the seismic lines which the 

isochron maps are based on.  The wells included 

in the Lund geothermal field are shown in the 

upper left area outside the town of Lund. 
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in the Lund Geothermal field, Hansagården 1–2 (Ha-1 
and Ha-2), Skälsåker 1–2 (Sk-1 and Sk-2), Värpinge 
1-6 (Vä-1 – Vä-6) and Flackarp 1 (Fl-1), and one well 
south of the Kyrkheddinge area, Mossheddinge 1 (Mo-
1), were used. Logs were available for all wells except 
for Vä-1. The Natural gamma logs were used for all 
wells to identify the sandstone beds. The well data was 
evaluated together with the reports from the natural 
gas explorations in the area and supported by the well-
evaluations presented by Erlström (1990). 

 

3.2  Seismic data 
The existing seismic data set consists of data from 
several campaigns. The first one was a regional study 
performed by OPAB and in phase 3 of the natural gas 
storage investigations lines were added in Vellinge and 
Mossheddinge (Kumpas 1981). Five areas were select-
ed for additional seismic investigations in phase 4, 
Kyrkheddinge, Klågerup, Anderslöv, Mossheddinge-
Sturup, and two lines in the Vomb Trough (Larsson & 
Kumpas 1982). During phase 5 three new seismic lines 
were carried out in Kyrkheddinge where two (M5X 
and M5Y) were done in the north-north-east region 
and the last one (M5Z) covered the top of the structure 
(Larsson 1982). Seismic investigations were also made 
in Törringe and Skurup during this time (Sofregaz 
1982). These were all done with the mini-sosie tech-
nique (Barbier et al. 1976). In phase 8 extensive seis-
mic investigations were carried out in the Kyrkhed-
dinge area with shot-hole technique to improve on the 
data quality (lines S1–S4) (fig. 5) (Lindblom & 
Svenssson 1985). During the early investigations the 
seismic data had been evaluated and a few significant 
levels were recognized. The Tan Marker was recog-
nized as the top of the Lund Sandstone, the Orange 
Marker is a layer slightly below the top, the Brown 
Marker is related to a dense cap rock in the sandstone. 

rock just 2 m in thickness. It is thought to correspond 
to the seismic lines called the Brown Marker and is 
less well studied than Sand B. 

 

2.2  The Lund geothermal field 
The data from OPAB was also used by the Division of 
Engineering Geology, LTH, at Lund University in 
their work on assessing the geothermal potential of the 
Mesozoic sandstone reservoirs in south-west Skåne 
(Alm & Bjelm 1995). Their investigations, that started 
in 1982, focused on the Lund Sandstone, and in 1985 
the geothermal plant started its operations in Lund 
(Bjelm & Lindeberg 1994). During the initial phase of 
investigation two test wells were drilled west of Lund, 
i.e. Flackarp-1 and Värpinge-1 (Fl-1 and Vä-1) (Lunds 
Tekniska Högskola 1984). These wells gave valuable 
information regarding the general reservoir properties 
of the Lund Sandstone, such as temperature, net sand 
and hydraulic properties. Based on the outcome of 
these two exploration wells ten additional wells were 
drilled and incorporated in the Lund geothermal plant. 
All wells were investigated using various logging 
methods including natural gamma logs, which have 
been used in the overall assessment of the reservoir 
included in this study. The Lund geothermal system 
has now been running for more than 30 years and is 
still a significant component in the Lund district heat-
ing system. An evaluation of the production history is 
presented by Aldenius (2017). 
 

3  Materials and methods 
3.1  Well data 
During the natural gas storage investigations by 
Swedegas AB 1978–1985 seven wells were drilled in 
the Kyrkheddinge area: Ky-1–Ky-7. In this study 
wire-line logs from these seven wells, the eleven wells 

Fig. 4. Marker horizons along a schematic cross-section between Vä-1 in the Lund geothermal field and Ky-4 in the Kyrkhed-

dinge field showing possible anticlinal structures in the Brown and Green Marker by the Ky-4 well (Andersson et al. 1984). 
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The Green Marker is another significant cap rock and 
the Yellow Marker is related to the base of the Lund 
Sandstone (table 1). Isochron maps are available for 
these markers showing the depth in two-way travel 
time (TWT) compiled by SGU and Pipeline Engineer-
ing for the Swedegas project (fig. 6) (Lindblom & 
Svenssson 1985). The Orange, Brown, Green and Yel-
low markers were first mentioned by Cherns & Lars-

son (1980) and the Tan Marker was added by Larsson 
& Kumpas (1982). The definitions of the markers were 
revised and changed by PLE (1983). The Tan Marker 
is only mapped in the Kyrkheddinge area whereas the 
Yellow Marker is mapped from north of Landskrona 
along the south-west side of the Romeleåsen Horst 
down to Mossheddinge south of Lund. 

 

Fig. 5. Example of the seismic signature of the Lund Sandstone in the Kyrkheddinge area. Line S4 with allocated wells along 

the line. Sandstone dominated intervals are marked in yellow (Bjelm et al. 2014). 

Fig. 6. The isochron map of the Green 

Marker in the Lund-Mossheddinge 

area (the other isochron maps are 

shown in the appendix). These maps 

are based on the seismic data and 

show the depth to the marker in TWT 

(two-way travel time). These isochron 

maps are the basis for the 3D model 

(SGU 1981). 
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3.3  Additional data 
Beside the borehole information and seismic survey, 
data from petrophysical analyzes on core material 
from the Kyrkheddinge wells have been used in this 
study. These data are gathered from various un-
published reports found in the archives at the Geologi-
cal Survey of Sweden. In addition, the geological in-
terpretations reported from the natural gas storage in-
vestigations and the interpretations presented in Erl-
ström (1990) have been taken into consideration. Ele-
vation data from Lantmäteriet has been used as refer-
ences for the ground level used for 3D-modelling eval-
uation. 

 

3.4  Digital modelling 
Before the 3D-model could be created the data were 
handled in ArcMap as maps in 2D. For the 3D model-
ling the extension program ArcScene was used. Refin-
ing of figures was done in Adobe Illustrator. 
 The workflow for creating the model is shown 
in fig. 7. The first step in creating the model is digital-

izing the existing isochron maps. The maps were 
scanned and transferred to ArcMap where they were 
fitted to the SWEREF99 grid and the isolines for the 
various stratigraphic marker horizons traced and a line 
shape file was created. The isolines were recalculated 
from Two Way Travel (TWT), time in seconds, to 
metric depths by using the well data. First the average 
bedrock velocities were calculated for each marker by 
correlating the TWT from the isochron maps with the 
depths from the well data, using this equation:   

 Where v is the velocity, d is the depth, TWT is 
two-way travel time. Since the bedrock is hetero-
genous the velocity varies between sites so an average 
between all the well velocities was used. Since the top 
of the Lund Sandstone (Tan Marker) is only mapped in 
the Kyrkheddinge area the wells Ky-1–7 were used to 
calculate the velocity. The same velocity was used for 
the Orange Marker since it is very close to the Tan 
Marker and there is no well data available for it. The 
velocity for the base of the formation (Yellow Marker) 
was calculated from the wells Mo-1 and Ky-7 since 
these are the only ones that penetrate the complete 
Lund Sandstone. The velocity for cap rock B (Green 
Marker) and cap rock G (Brown Marker) is based on 
the depths specified from the well Ky-4. The isolines 
were then recalculated into metric depth with the help 
of the calculated velocities, using this equation: 

Marker Lithostratigraphic correlation 

Tan Top of the Lund Sandstone 

Orange Base of a sandstone close to the Tan 

Marker 
Brown Caprock G 

Green Base of caprock B 

Yellow Bottom of the Lund Sandstone 

Table 1. The different markers that were mapped as major 

stratigraphic boundaries in the Lund Sandstone, based on 

seismic investigations. 

Fig. 7. Workflow for creating a 3D model in ArcScene. The first steps are done in ArcMap. The seismic data combined with 

well data gives bedrock velocity and can then be used to calculate the depth. Together with an elevation map over the area the 

isochron maps can then be used to map out the depth. Once topography maps are created for each layer these can be transferred 

to ArcScene where they can be displayed in 3D at the correct depth as raster files. These have good details and can be used to 

find structures in the formation, such as anticline structures, and areas and volumes can be calculated in great detail. Block mod-

els can also be created as well as cross-sections, but these have less details and are not used for this study.  
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 The isolines were then turned into a raster sur-
face and combined with the ground elevation raster 
from Lantmäteriet to correct the depth in relation to 
the ground level. All the surfaces were then transferred 
to ArcScene where they could be presented as 3D sur-
face. The raster files can also be turned into TIN files 
(triangular irregular networks) which makes it possible 
to make blocks of the formation to be presented as 
cross-sections.  

 The closure depths of the dome structures that 
were recognized in the Brown and Green markers were 
checked by creating a horizontal surface which could 
be used to check at which depth the structure was open 
(fig. 14–16). The structures were then turned into their 
own raster surface and in ArcScene their area and vol-
ume could be calculated with the Surface Volume 3D 
analysist tool.  

 

3.5  Assessment model for energy stor-
age 

The possibilities to use the Kyrkheddinge aquifer for 
Compressed Air Storage (CAES) is evaluated with the 
help of criteria suggested by Succar & Williams 
(2008) (table 2). Besides the suggested criteria other 
important data related to CAES were compiled based 
on Sopher et al. (2019). The data used to do the evalu-
ations come from the natural gas storage investigations 
and the model created for this thesis. 

 The permeability needs to be high enough to 
have good flow rate in the aquifer and should at least 
be around 300 mD for successful CAES operations 
together with a porosity preferably above 13 % to have 
enough pore space (Succar & Williams 2008). For this 
thesis these values are taken from the Natural Gas stor-
age investigations and are derived from core samples 
and well logging. Total reservoir volume (VR/VS) is 
the volume of pore space above the spill point (VR) 
compared to the size needed for CAES operation (VS) 
and should be close to 1, too small and operation is not 
possible, too large and it drives up the cost of the plant 
(Succar & Williams 2008). Since no plant is planned 
in the study area comparison is made to a large scale 
CAES plant that is under construction; the Norton 
plant in the USA. Total closure rating (h/H) is the pro-
portion of the reservoir which is above the spill point 
where h is the height of the reservoir above the spill 
point and H is the total height of the reservoir for any 
given point (Succar & Williams 2008). Here h is de-
rived from the volume and area given by the model 
(V/A=h) to give an average height of the reservoir 
above the spill point. H is taken from Hagconsult AB 
(1983). The depth and pressure is based on the integri-
ty of the caprock and limits on the machinery and is 
based off of a study done in 1982, which means that 
higher pressures could be possible with newer machin-
ery (Succar & Williams 2008). Pressure tests were 

Score 1 2 3 4 5 

Score Interpreta-

tion 
Unsatisfactory Poor Satisfactory Good Excellent 

Permeability (mD) <100 100–200 200–300 300–500 >500 

Porosity (%) <7 7-10 10–13 13–16 >16 

Total Reservoir 

Volume (VR/VS) 

<0.5  0.5–0.8 or >3 0.8–1.0 or 1.2–

3.0 

1.0–1.2 

Total Closure Rat-

ing (h/H) 

<0.5  0.5–0.75 0.75–0.95 0.95–1.0 

Depth to Top of 

Reservoir (m) 

<137 or >760 140–170 170–260 or 670

–760 

260–430 or 

550–670 

430–550 

Reservoir Pressure 

(bar) 

<13 or >69 13–15 15–23 or 61–69 23–39 or 50–

61 

39–50 

Type of Reservoir Highly discontinu-

ous 

Moderately 

vulgar lime-

stone & dolo-

mite 

Reefs, highly 

vulgar lime-

stone & dolo-

mite 

Channel sand-

stones 

Blanket 

sands 

Residual Hydrocar-

bons (%) 

>5%  1–5%  <1% 

Cap rock leakage Leakage evident No data availa-

ble 

Pumping tests show no leakage 

Cap rock Permea-

bility (mD) 

  >10-5 <10-5  

Cap rock Threshold 

Pressure (bar) 

  21–55 <55  

Cap rock Thickness   <6 >6  

Table 2. Ranking criteria for CAES taken from Succar & Williams (2008). These are used to evaluate how suitable a porous 

aquifer is for compressed air energy storage. A higher score means a better fit for storage, but a score of 1 in one of these criteria 

means it cannot be used as a storage as it lacks a vital property.  
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performed during the natural gas storage investigations 
and the depth is based on the model. The type of reser-
voir affects the flow through the aquifer, blanket sands 
are the best alternative whereas a highly discontinuous 
reservoir would not work as it would limit the flow 
rate (Succar & Williams 2008). One problem that can 
appear in porous aquifers is residual hydrocarbons, 
which can create compounds that reduce permeability 
as well as a risk for flammability when introduced to 
high pressure air. This is mainly a problem when the 
reservoir is located in a depleted oil or gas reservoir 
(Succar & Williams 2008) and has not been included 
in the chemical testing done. The last important thing 
in evaluating a reservoir for CAES operations is the 
cap rock properties. In order to know if the cap rock 
can hold air under high pressures cap rock thickness 
and permeability has to be known and cap rock leak-
age and cap rock threshold pressure, at which pressure 
leakage starts, needs to be tested (Succar & Williams 
2008). The thickness and permeability were investigat-
ed during natural gas storage investigation with cores 
and well logs, but no tests have been done on leakage 
and threshold pressure in the area.  
 Other important properties for CAES opera-
tions are, area of closure and gross rock volume which 
are calculated from the model. In order to calculate 
pore volume, porosity and net reservoir rock (part of 
the gross rock volume that is reservoir) needs to be 
known. From the model you can also derive the mini-
mum closure depth and spill point as well as the reser-
voir thickness. The temperature is not taken from the 
Kyrkheddinge area but from the Ha-1 well in the Lund 
Geothermal field 10 km away at 770 m depth.  
 Too calculate the total energy storage capacity 
in the structure the method suggested by Sopher et al. 
(2019) was utilized. The equation used was: 

where E equals the total energy storage capacity in 
MWh, G is the total rock volume inside the structure 
(gross volume), θ is the porosity where 0 means no 
pore space and 1 means 100 % pore space, N is net-to-
gross reservoir (the proportion of the total rock volume 
which can be considered reservoir), and V is the ener-
gy that can be stored per volume of pore space 
(kWh/m3). The gross rock volume (G) can be extracted 
from the model in ArcScene after the closure point is 
known. The closure point can be deduced visually 
from the model with the help of a flat surface which 
shows when the closure point is reached. The porosity 
(θ) was estimated for the different levels of the reser-
voir by Hagconsult AB (1983) and are based on cores 
and well log interpretations. From those values an av-
erage porosity can be calculated for the reservoir. The 
gross and net thickness for the reservoir was taken 
from Hagconsult AB (1983) where net thickness was 
estimated from the porosity values with a cut-off at 
23%. The net-to-gross (N) value of the reservoir can 
be calculated from that. Energy that can be stored per 
volume of pore space (V) depends on geological fac-
tors as well as the CAES plant design. For this thesis a 
low estimate of 0.1 kWh/m3 and a high estimate of 1 
kWh/m3 is used. The low value of 0.1 kWh/m3 is sug-
gested by Allen et al. (1983) and the high value of 1 

kWh/m3 is from the proposed plant in Iowa (Succar & 
Williams 2008). Flow rate was tested during pump 
tests in the well Ky-4 and estimated for Sand B (Green 
Marker). 
 

3.6  Geothermal energy potential evalu-
ation 

To evaluate the geothermal energy potential of the 
Lund Sandstone reservoir in the Kyrkheddinge area 
the geology was compared with that of the Lund geo-
thermal field. The net sand was calculated for 18 out 
of 19 wells, data was not available for Vä-1. The top 
200 m of the Lund Sandstone was evaluated where 
possible, not all well logs covered the full extent of the 
top 200 m (Sk-1: 109 m, Sk-2: 109 m, Ha-1: 119 m, 
Ha-2: 131 m). The net sand was determined from eval-
uation of the natural gamma ray logs. The sand units 
have lower values in the gamma ray logs than the units 
rich in clay and were separated from the other units by 
drawing a sand line at around 20 API. All sections 
below the sand line were regarded as sand. The upper 
200 m of the Lund Sandston in the Kyrkheddinge aq-
uifer was then compared with the net sand in the fil-
tered parts (where pumping of water occurs in the 
wells) of the wells in the geothermal field. The net 
sand of the geothermal wells was calculated by 
Aldenius (2017). Here the gamma ray logs were paired 
with resistivity logs. Sand sections that contain water 
shows lower values on the resistivity logs. This means 
that here only porous sand was counted as net sand 
compared to the new evaluations in this work where 
all sandy sections were counted.  
 

4  Geothermal energy and vari-
ous energy storage tech-
niques  

4.1  Geothermal energy 
Geothermal energy refers to energy from the heat in-
side earth. The heat is a product of radioactive decay 
and remnant heat from when earth was formed ~4.5 
billion years ago (Glassley 2015). The temperature in 
the bedrock increases with depth at an average of 
30˚C/km but can be more than 100˚C/km in areas with 
active volcanism and as low as 10˚C in ancient conti-
nental crust (Barbier 2002). At high temperatures the 
geothermal energy can be used to generate electricity 
and at lower temperatures for heating and industrial 
processes (Barbier 2002). These low-temperature pro-
cesses are so-called direct uses and include food pro-
cessing, drying materials, agricultural activities, aqua-
culture, paper manufacturing and heating of green-
houses (Glassley 2015). A typical geothermal system 
for direct use consists of at least two wells where hot 
water is produced in the production wells and when 
the heat is extracted the cold water is re-injected into 
the aquifer through the re-injection wells (Limberger 
et al. 2018). It is done in a sealed system so the fluids 
do not react with the oxygen in the air (Erlström et al. 
2016). It is also important that the fluids are injected 
into the same reservoir to keep an even pressure and at 
an adequate distance from the production wells as not 
to cool them; in the Lund Geothermal Field it is about 
2 km between them (Alm 1999;  Erlström et al. 2016).  
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 In Lund the geothermal heat plant has been 
supplying the district heating system for over 30 years 
(Aldenius 2017). It uses water from the Lund Sand-
stone at around 700 m depth (Alm & Bjelm 1995). The 
temperature is around 20˚C at this depth, however, it 
has decreased slightly since the start of operations but 
with modern heat pumps it is still economically feasi-
ble to use aquifers with temperatures below this (Alm 
& Bjelm 1995).  
 Geothermal plants are usually calculated to last 
around 30 years (Barbier 2002). This means that the 
Lund Geothermal plant could be near the end of its 
operations and it might be time for a replacement. The 
temperature in the production well had gone down 
between 2 and 8˚C in 2016 from the start of operations 
in 1985 (Aldenius 2017). The Lund Sandstone extends 
to the Kyrkheddinge area at similar depth as in the 
geothermal field with no major lateral changes in geol-
ogy (Erlström 1990). This could be of interest to ex-
pand on the geothermal energy production to the area 
south-east of Lund.  
 According to Barbier (2002) the prerequisites 
for successful geothermal operations is a good reser-
voir, the reservoir has to have sufficient permeability 
in each well for pumping as well as a high temperature 
and for longevity a large amount of heat store. To not 
risk corrosion the fluids in the aquifer should have a 
pH near neutral (Barbier 2002).  
 There are risks of both air and water pollution 
in geothermal operations, but with re-injection it is not 
a major concern (Barbier 2002). With re-injection the 
risk of land subsidence declines but the risk of induced 
seismic events increases, although it is suggested that 
they only increase in number while decreasing in mag-
nitude (Barbier 2002).  
 As about half of the worlds’ energy consump-
tion is for heating, and only a small percentage of the 
geothermal aquifers available can be used for electrici-
ty production, low-temperature uses can make a big 
dent in the fossil fuel use (Brown & Eisentraut 2014;  
Glassley 2015). Around 0.15% (0.565 EJ/year) of the 
world energy supply came from geothermal sources in 
2014 (Bertani 2016). About half of that was direct heat 
use and district heating stood for 13.5% of the total 
geothermal energy use (Lund & Boyd 2016). The low 
temperature geothermal energy available in the world 
for direct use is estimated by to be around 32 EJ/year 
(Stefansson 2005). This means less than 1% of the 
geothermal energy available for direct use is utilized 
(Limberger et al. 2018). 

 

4.2  Energy Storage 
To reach their goal for ‘clean, secure and affordable 
energy for all EU citizens’ the European Commission 
wants to diversify the energy sources inside the EU 
(European Commission 2016). Renewable energy 
sources are critical in lowering the emission of green-
house gasses and needs to be integrated in the power 
grid (Muttaqi et al. 2019). The problem with many 
renewable sources, like wind and solar power, is that 
the energy production fluctuates and does not match 
the electricity demand (Li et al. 2018). To match the 
energy production from renewable sources with the 
demand, long- and short-term energy storage is needed 
(Muttaqi et al. 2019). The following main alternatives 

to store energy exist today; mechanically (Pumped 
Hydro and Compressed Air Energy Storage), thermal-
ly (Latent Heat and Sensible Energy Storage), Super-
conducting Magnetic Energy Storage (SMES) and 
electro chemically (batteries and fuel cells) 
(Venkataramani et al. 2016).  
 One of the projects that deals with energy stor-
age is ESTMAP (European Commission 2016) which 
maps out possible sites for energy storage below and 
above ground. The underground storage methods sug-
gested in ESTMAP are:  

 

• Compressed Air 

• Natural gas 

• Hydrogen 

• Thermal 

• Underground pumped hydro 
  
 Compressed Air Energy Storage (CAES) is a 
relatively new technology and is considered to be one 
of the most economical and effective methods for 
large scale and long term storage (Li et al. 2018). The 
Huntorf CAES Plant in Germany became the first 
CAES facility in the world when it was finished in 
1978 (Succar & Williams 2008). It is a way to store 
energy during long periods by compressing air and 
pumping it into a reservoir, when the air is recovered it 
is used to drive a turbine so the energy can be used for 
electricity (Succar & Williams 2008). Around 80 % of 
the electricity production can be regenerated in a 
CAES plant (Venkataramani et al. 2016).  There are 
three classes of CAES plants described by Venkata-
ramani et al. (2016); Adiabatic, Diabatic and Isother-
mal. Adiabatic refers to a process where the heat of the 
compressed air is not lost and is instead used for pow-
er generation. In the diabatic process heat is lost to the 
atmosphere as waste while renewable energy drives 
the compression and natural gas can be used to reheat 
the compressed air when needed. An isothermal pro-
cess allows the air to compress without changes to the 
temperature. The air can be stored with minimal loss 
of energy while there is no need for combustion of 
natural gas for power generation.  
 A CAES plant consists of five basic compo-
nents; a reservoir and the machinery which includes a 
compressor, a turbine, motor or generator and a ther-
mal storage system (Li et al. 2018). It is possible to 
store compressed air above ground in gas pipes and 
steel containers but for large scale CAES-operations 
an underground reservoir is needed as it is both cheap-
er and more secure (Li et al. 2018).  
 The storage reservoir requirements are de-
scribed by Succar & Williams (2008). The needs are 
similar to those for natural gas storage. The alterna-
tives for reservoirs are; salt domes, hard rock and po-
rous rock. Salt domes are easy to mine, and cavities 
can be shaped in the way that is needed. Hard rock is 
expensive to mine while porous rock could be the 
cheapest way to store air as no mining is needed. Natu-
ral gas has been stored in porous rock since 1915 and 
today 95 % of all natural gas storage is done in porous 
rock, so at this point the technology for storage is well 
developed (Li et al. 2018). According to Succar & 
Williams (2008) a porous aquifer needs to have ade-
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quate permeability to work as a reservoir, as well as 
the porosity, which is what will determine how much 
air that can be stored. The reservoir should be a closed 
convex structure, so the air does not escape to the 
sides. The cap-rock needs to have low permeability to 
keep the air in and it needs to be able to withstand the 
increased pressure of the compressed air. The reservoir 
pressure needs to be high enough to keep tight but not 
too high for the machinery to work, 39–50 bar was 
determined to give the best performance. According to 
Succar & Williams (2008) a problem that can arise, 
especially if the reservoir is in an abandoned oil or gas 
field, is that there is residual hydrocarbons. These can 
react with the oxygen and create compounds that re-
duce permeability. There is also a risk for increased 
flammability and combustion in the reservoir.  
 Right now there are two plants in operation, the 
Huntorf CAES plant in Germany, which is the smallest 
one at 310,000 m3 and the McIntosh plant in the USA, 
both salt caverns (Succar & Williams 2008;  Li et al. 
2018). There are two more plants under construction 
where the largest one, Norton (USA), is a 9,600,000 
m3 hard rock cavern. The other one, The Iowa Energy 
Park, is in a porous rock formation with only a tenth of 
the power capacity of Norton, 270 MW compared to 
2700 MW (Li et al. 2018). Another three plants using 
salt rock are planned and two using porous rock for-
mations (Li et al. 2018). A test plant using porous rock 
was used successfully in Italy until it had to be shut 
down due to geological disturbances (EPRI-DOE 
2003).  
 Hydrogen can be stored in similar ways as to 
natural gas, mainly in salt caverns, depleted oil or gas 
reservoirs, and  aquifers (Lord 2009). Hydrogen is a 
good energy vector with high energy density (Sainz-
Garcia et al. 2017). It can be produced by water reduc-
tion or electrolysis and stored under high pressure 
(Shatnawi et al. 2018).. Hydrogen is a small molecule 
and there is a high risk of leakage, it is also costly, 
especially in aquifers where it requires a large volume 
as up to 80 % needs to be cushion gas (Lord 2009).  
 Thermal energy storage can be done in aquifers 
as well. By pumping warm or cold water into a water-
bearing permeable layer the water in the aquifer will 
be cooled or heated and the cold or warm water can 
later be pumped back out when needed (Rudolph et al. 
2018). The requirements for thermal energy storage in 
an aquifer are that the aquifer can handle high flow 
rates from the wells, the heating and cooling require-
ments vary with the seasons, and that the thermal loads 
are preferably above 250 kW (Schmidt et al. 2018). It 
is preferred that the drift velocity in the layer is low 
and it should be capped by an impermeable layer so as 
not to lose the temperature changes to other layers 
(Rudolph et al. 2018).  
 Underground pumped hydro utilizes two reser-
voirs at different levels where one can be above 
ground (Pickard 2012). It can utilize surplus energy to 
pump water from the lower reservoir to the upper one, 
when there is an energy deficit the water can be re-
leased from the upper reservoir to the lower one and 
driving a turbine as it flows down (Pickard 2012). This 
type of storage requires excavation of a reservoir 
(Uddin 2012). 

 

5  Geological setting and proper-
ties of the Lund Sandstone 

5.1  Stratigraphy 
The stratigraphical information presented in the fol-
lowing text regarding the Cretaceous deposits is main-
ly based on the comprehensive work by Erlström 
(1994). The characteristics of the Lund Sandstone is 
also largely based on the work by Erlström (1990) and 
references therein. 
 The Lund Sandstone is found in the marginal 
eastern parts of the Danish Basin (fig. 1). This basin is 
ca 200 km wide and stretches from Poland all the way 
up to the North Sea. It dates back to the Late Paleozo-
ic; however, it is largely dominated by a Mesozoic fill 
(fig. 8). The Fennoscandian Border Zone including the 
Sorgenfrei-Tornquist Zone mark the north-east margin 
of the basin. The basin was split from the adjacent 
Vomb Trough and Kristianstad Basin during peak in-
version of the Sorgenfrei-Tornquist Zone in the Santo-
nian and Campanian. In south-west Skåne the north-
west trending Romeleåsen Fault and Flexure Zone 
marks the border of the Danish Basin. The uplift, i.e. 
inversion of previously submerged strata to the north-
east of the Romeleåsen Fault Zone, greatly controlled 
the prerequisites for the formation of the Lund Sand-
stone in the subsiding margins of the Danish Basin 
during Santonian–Campanian times. 
 The Lund Sandstone is one of several units that 
together make up the ca 1800 m thick Upper Creta-
ceous–lower Paleogene Höllviken Formation within 
the marginal parts of the Danish Basin in south-west 
Skåne (Erlström 1994). The Höllviken Formation con-
sists of, from bottom to top; the Arnager Limestone, 
Granvik Member, Lund Sandstone, Kyrkheddinge 
Member, Hansa Member, Kruseberga Member, Lim-
hamn Member, Copenhagen Limestone and Landskro-
na Member (fig. 9; Sivhed et al. 1999). In comparison 
to the thick Upper Cretaceous, the Lower Cretaceous 
is considerably thinner, ca 200m, with a less well de-
fined stratigraphy (Norling 1981). 
 The 20–60 m thick Cenomanian Arnager 
Greensand subcrop the Höllviken Formation. It was 
deposited during a time of widespread marine condi-
tions in northern Europe. In the marginal areas the 
dominating deposition was glauconitic sands (Larsson 
et al. 2000).  
 The lowest member of the Höllviken For-
mation, and the start of the Upper Cretaceous, is the 
Arnager Limestone, which is of Turonian and Coni-
acian age. General subsidence in the area led to even 
more marine influence and chalk facies spread to the 
marginal areas which resulted in a dense biomicritic 
and partly silicified limestone that is up to 75 m thick. 
 Above the limestone lies the up to 400 m thick 
Granvik Member, dominated by variably argillaceous 
limestone. The Granvik Member is followed by a thick 
Santonian–Campanian succession which is dominated 
by mixed clastic deposits, i.e. the Lund Sandstone. 
This unit increases significantly in thickness towards 
the bounding Romeleåsen Fault, as a result of subsid-
ence and high rates of sedimentation coupled to ero-
sion of the uplifted area north-east of the Romeleåsen 
Fault Zone. As the rate of subsidence was consistent 
with the amount of sediment entering the basin margin 
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there was enough accumulation space to keep the dep-
ositional setting relative constant and consequently 
resulting in thick sedimentary successions dominated 
by proximal deltaic sandstone beds. Further out in the 
Danish Basin the Lund Sandstone is considerably thin-
ner and dominated by fine-grained distal sandstone 
and siltstone. Synchronous Campanian deposits are 
also found in the Vomb Trough and in the Kristianstad 
Basin (Erlström 1994). Similar thickening Campanian 
strata towards the Christiansö Fault are in addition 
found in the Hanö Bay Basin (M. Erlström, Lund, 
pers. Commun., 2019).  
 The Lund Sandstone is sub-cropping the Maas-
trichtian, which is divided into three different mem-
bers, with the lowest one being the Kyrkheddinge 
Member. During the Maastrichtian the subsidence con-
tinued in the Danish Basin and in places this sedimen-
tary succession is up to 700 m thick. This is related to 
the fact that the Maastrichtian was characterized by an 
overall rising sea-level and Maastrichtian deposits 
covered previously most of Skåne and south Småland 
(Lidmar-Bergström 1982). The Kyrkheddinge Member 
is dominated by fine-grained carbonate-rich sediments 
(Sivhed et al. 1999). At the top of the Maastrichtian 
strata is the Kruseberg Member which is a chalky for-
mation with chert layers at the top. In between these 
two layers is the Hansa Member which as the Lund 
Sandstone is dominated by sandstone beds. Clastic 
sediments coming from Romeleåsen Horst formed a 
50-meter-thick succession dominated by poorly con-
solidated, medium- to coarse-grained sandstone beds. 

Some beds are also conglomeratic. The Hansa Mem-
ber indicates that rejuvenated uplift occurred in the 
middle Maastrichtian, involving the Romeleåsen 
Horst, which resulted in coarse clastic deposits in the 
Lund area (Sivhed et al. 1999). 
 The Kruseberg Member marks the uppermost 
part of the Cretaceous and at the top of the Höllviken 
Formation lies three Paleogene members (fig. 9); the 
Limhamn Member and the Landskrona Member are 
Bryozoan limestones whereas the Copenhagen Lime-
stone is a bioturbated, fine-grained limestone with 
chert layers. Above the Höllviken Formation is the 
Lellinge Greensand, which is found as scattered occur-
rences south of the city ofMalmö and in the Svedala 
area (Sivhed et al. 1999). 

  
5.2  Petrological and physical properties 
Based on cores from the Kyrkheddinge area south-east 
of Lund, Erlström (1990) found that the Lund Sand-
stone is dominated by four lithofacies with distinguish-
ing petrological and physical properties. The four faci-
es are; quartzose sandstone, calcareous sandstone, are-
naceous limestone and argillaceous limestone. The 
sandstone mostly exhibits high porosity and permea-
bility but also contain well-cemented parts that are less 
permeable.  

 

5.2.1 Quartzose sandstone facies 
The quartzose sandstone facies is the facies with both 
the highest and lowest porosity and permeability, de-

Fig. 8. Cross-section showing the stratigraphy from the Romeleåsen Horst in the north-east to Höllviken in the south-west. It 

shows the Lund Sandstone getting deeper to the south-west and then thinning out (modified from Erlström 2017).  
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pending on if it is cemented or not. The usually thin 
beds, often <1 m, consists of mainly medium- and 
coarse-grained polycrystalline quartz which can be 
cemented with silica or sparite. The porosity can reach 
up to 38% and the non-cemented beds generally have a 
porosity >25%. The cemented beds have generally a 
porosity that is <10%. However, porosities <5% are 
also noted. The variably well-cemented quartzose 
sandstone beds have commonly a permeability <10-3 

mD while the non-cemented beds can have much high-
er permeabilities of >104 mD. 

 

5.2.2 Calcareous sandstone facies 
The calcareous sandstone facies often display porosi-
ties between 20 and 30% and permeabilities of 10–300 
mD. However, this facies is commonly cemented with 
sparite, which at times leads to voids and pores being 
more or less completely filled with cement. The corre-
sponding porosities are hence, generally <10%. The 
calcareous sandstone is less well sorted and more het-
erogenous in comparison with the quartzose sandstone. 
The beds display mixed grain-sizes from fine- to 
coarse-grained and there is commonly a significant 
skeletal component of up to 14% (Erlström 1990). The 
calcareous content comes from three components; bio-

micrite, sparite and skeletal debris, and comprise 
around 30 to 60% of the bulk. The quartz component 
is around 60%. The poorly sorted texture is interpreted 
to be caused by intense bioturbation. 

 

5.2.3 Arenaceous limestone facies 
The sandstone facies is often interbedded or alternat-
ing with the two limestone facies. The arenaceous 
limestone consists of a tight heterogeneous fabric of 
biomicrite and a non-micritic matrix of clays, organic 
material, fossils and detrital grains of mainly fine- to 
coarse grained quartz. The arenaceous limestone has 
relatively high porosities of 10–20%. Parts of this po-
rosity is related to the content of smectitic clays. The 
clay content also causes the low permeabilities that are 
generally <0.1 mD.  

 

5.2.4 Argillaceous limestone facies 
The argillaceous limestone is sometimes hard to distin-
guish from the arenaceous limestone and usually occur 
in connection with the latter limestone beds. It has 
similar porosity as the arenaceous limestone, i.e. 10–
20% but usually slightly lower permeabilities of 0.1–
10-4 mD. It has a patchy texture of fine and very fine-
grained detrital quartz and some feldspars and an argil-
laceous biomicritic matrix. It has a lower quartz con-
tent than that of the arenaceous limestone. 

 

5.3  Depositional environment 
During the late Campanian the European Cretaceous 
shelf seas may have reached its largest extent (Tyson 
& Funnell 1987). Basin type facies was spread across 
most areas that were not tectonically active (Tyson & 
Funnell 1987). General subsidence coupled with inver-
sion and down warping of underlaying sediments dur-
ing the Late Cretaceous led to complex geology in the 
area (Pegrum 1984). Along the Romeleåsen Horst 
clastic deposition started during the Late Santonian 
and led to thick clastic deposits along the horst thin-
ning out to the south-west (Erlström 1990). The sedi-
ments were mainly accumulated in three different dep-
ositional centra; the Kyrkheddinge, Lund and 
Landskrona areas with possibilities for more undiscov-
ered centras along the south-west side of the Ro-
meleåsen Horst (Erlström 1990).  
 Erlström (1990) described the deposits as clas-
tic dominated shore-line type. According to Heward 
(1981) these kind of deposits have four main geome-
tries and origins; transgressive sheet sands of deltaic 
association, transgressive sheet sands of non-deltaic 
association, regressive sheet sands and linear sand 
bodies. The Lund Sandstone is dominated by trans-
gressive sheet sands and regressive sheet sands associ-
ated with a prograding delta (Erlström 1990). Trans-
gressive sheet sands in deltas are the result of delta 
lobe abandonment or submergence during rapid rise of 
the sea level and the regressive sheet sands are gener-
ated due to the high sedimentation rate in an expand-
ing source area in the prograding delta (Heward 1981).  
 The four main facies in the Lund Sandstone 
were interpreted by Erlström (1990) to be accumulated 
in different types of environment. The quartzose sand-
stone beds are interpreted to be longshore sandbars 
and beach sand, the calcareous sandstone is thought to 

Fig. 9. Lithostratigraphy of the Upper Cretaceous in south-

western Skåne. The Lund Sandstone is part of the Höllviken 

Formation. It is at the top of the Granvik Member, thinning 

out from the north-east towards the south-west (modified 

from Sivhed et al. 1999) 
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be channel distributary mouth bars, arenaceous lime-
stone derives from offshore delta front or proximal 
delta, and argillaceous limestone are thought to have 
accumulated in interdistributary bays and the distal 
delta.  

 

5.4  Distribution, thickness and depth 
The distribution, thickness and depth of the Lund 
Sandstone is described by Erlström (1990) and much 
of the information is taken from there. The Lund Sand-
stone is distributed parallel to the Romeleåsen Horst 
from Skurup in the south-east to north of Landskrona 
in the north-west (fig. 11). It is also recorded in bore-
holes in the Öresund area between Helsingborg and 
Helsingör (Larsen et al. 1968). It is thickest and has its 

shallowest position close to the Romeleåsen Fault and 
Flexure Zone thinning out and getting deeper further 
out in The Danish Basin to the south-west. Outside of 
the flexure zone the top of the sandstone dips gently 
towards the south-west. The deepest position of the 
Lund Sandstone is around 650 ms TWT (two-way 
travel time) and the shallowest is around 150 ms TWT 
north-west of Lund. In the two wells in the studied 
area where the boreholes have penetrated the Lund 
Sandstone it is 310 and 565 m thick (in Mo-1 and Ky-
7 respectively). According to Erlström (1990) the 
sandstone is up to 845 m at its maximum thickness and 
the top of the Lund Sandstone can be traced to be-
tween 8 and 15 km south-west of the Romeleåsen 
Horst. The sandstone extends at least 100 km from 

Fig. 10. Illustration of two type sections of the subsurface geology in the Lund-Kyrkheddinge area exemplified by the Ky-7 and 

Fl-1 wells. The top (Tan Marker) and base (Yellow Marker) of the Lund Sandstone is shown in the well Kye-7 as well as the 

Green and Brown markers (modified from Bjelm et al. 2014) 
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south-east to north-west (Bjelm & Lindeberg 1994).  
 In the Lund-Kyrkheddinge area poorly consoli-
dated medium-grained sandstones dominate the suc-
cession. The upper c. 200 m of the Lund Sandstone in 
the Kyrkheddinge area is dominated by the two sand-
stone facies described above. The total thickness as 
well as the number of sandstone beds in the Lund 
Sandstone decreases significantly to the south-west, 
i.e. distally out into the Danish Basin. The Lund Sand-
stone is increasingly heterogenous towards the Ro-
meleåsen Fault and Flexure Zone with a slight fining 
of the deposits towards the north-west and south-east. 
The dense interbeds are difficult to correlate due to 
limited lateral extent of cementation and their lateral 
extent is often less than that of the distance between 
the boreholes. 

 

5.5  Physical, hydraulic and chemical 
properties 

5.5.1 Porosity and permeability 

The porosity and permeability of the Lund Sandstone 
is described by Erlström (1990). Analytical results 
from the different facies porosities and permeabilities 
are illustrated in fig. 12. The porosity and permeability 
differ due to different grain size, sorting and cementa-
tion. According to Erlström (1990) the quartzose sand-
stone facies has the highest porosity and permeability, 
when uncemented, reaching >40% and >104 mD re-
spectively. Cemented beds of quartzose sandstone dis-
play the lowest values for both porosity and permea-
bility. The porosity values are generally <10% and 
sometimes <5% and the permeability values between 

Fig.11. Map over western Skåne and eastern Denmark with 

the distribution of the Lund Sandstone in yellow. It is bor-

dered by the Romeleåsen fault and flexure-zone to the north-

east (modified from Erlström). Red filled circles refer to 

deep wells (see Sivhed et al. 1999;  Lindström et al. 2018). 

Fig. 12. Diagram showing permeability and porosity of the different facies in the Lund Sandstone. The quartzose sand-

stone is the facies with the highest porosity and permeability, but porosity can be <10 % and permeability can be <1 mD. 

The calcareous sandstone has the lowest porosity and permeability and is generally <15 % porosity and <1 mD in perme-

ability. The two limestone facies are hard to differentiate but they fall in the middle when it comes to porosity and vary in 
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10-3 and 10-4 mD. The calcareous sandstone beds dis-
play somewhat lower values with porosities between 
20 and 30% and permeabilities ranging between 10 
and 300 mD in the uncemented parts, whereas where 
the beds are cemented with sparite the porosity de-
creases to 10% and the permeability to as low as 10-2 
mD. The two limestone facies have similar porosities 
of around 10 to 20% but the argillaceous limestone has 
lower permeability of 0.1–10-4 mD while the arena-
ceous limestone is around 0.1 mD. 

 
5.5.2 Temperature and pressure 

Data from the start of production in the Lund Geother-
mal field 1985 and tests by the department of engi-
neering geology of Engineering LTH at Lunds 
Tekniska Högskola (1984) both show temperatures of 
around 20–21˚C at an aquifer depth mid-point of 
around 700 m. The tests show that the formation pres-
sure is slightly higher than hydrostatic pressure 
(Hagconsult AB 1983). 

5.5.3 Chemical composition of formation fluids 
and gases 

The formation fluid composition was analyzed in the 
Lund Geothermal Field before operations started in the 
wells Fl-1 and Vä-1 (Lunds Tekniska Högskola 1984). 
The data comes from analyses performed during 40 
days of pumping tests. All analyses were performed by 
the laboratory at the Division of Engineering Geology, 
LTH at Lund University. Both the chemical composi-
tion and the gas content of the geothermal water was 
tested and showed similar results for both wells. 
Chemical composition of the formation fluid is shown 
in table 3 and gas content in table 4. An average chem-
ical composition of the formation fluids from the Ky-4 
well in the Kyrkheddinge area was also analyzed by 
the water laboratory of SGAB, Uppsala (table 5).  

 
 

6  Results 
6.1  Digital model 
The work resulted in a 3D model in ArcScene which 
display subsurface structure of the Lund Sandstone. 
Both the top and base is modeled as well as the key 
horizons (Green Marker and Brown Marker) (fig. 13). 
The model successfully shows the structural outline of 
the Lund Sandstone. Moreover, the model gives the 
necessary input to estimate the depths, areas and 
closed volumes of the structures. 

 

Table 3. The chemical composition of the fluids in the wells 

Fl-1 and Vä-1 in the Lund Geothermal field. Also includes 

the pH, redox potential and conductivity. These could be 

indicative of the conditions in the Kyrkheddinge area. 

Parameter /well Fl-1 Vä-1 

pH 6.5 6.5 

Redox potential (mV) -52 -26 

Conductivity (ms/cm) 83 72 

Chloride (mg/l) 38 000 35 800 

Sulphate (mg/l) 20 1.0 

COD (mg/l) 1220 2030 

Ammonium (mg/l) 27.8 20.5 

Nitrate (mg/l) <0.002 <0.002 

Nickel (mg/l) <0.005 <0.008 

Iron (mg/l) 38.4 53.0 

Potassium (mg/l) 87 88 

Silicon (mg/l) 6.2 6.1 

Aluminum (mg/l) 0.40 0.32 

Strontium (mg/l) 1350 1050 

Calcium (mg/l) 7200 6500 

Sodium (mg/l) 13 100 13 400 

Copper (mg/l) 0.07 0.10 

Manganese (mg/l) 0.23 0.24 

Lead (mg/l) 1.00 0.04 

Silver (mg/l) 0.11 0.09 

Magnesium (mg/l) 1130 980 

Phosphate (mg/l)   0 

Bicarbonate (mg/l)   104 

Total salinity (%) 6.2 5.8 

Gas Fl-1 Vä-1 

Nitrogen N2 90% 92.5% 
Methane CH4 3.0% 1.9% 

Carbon dioxide 

CO2 

0.9% 1.0% 

Argon Ar +(O2) 2.8% 2.0% 

Helium He 0.4% 0.4% 

Hydrogen H2 traces 0 

Hydrogen sulfide 

H2S 

<1 ppm <1 ppm 

Carbon monoxide <1 ppm <1 ppm 

Ammonia NH3 <0,5 % <0,5% 

Table 4. The gas composition in the wells Fl-1 and Vä-1 in 

the Lund Geothermal Field. It comprises of mainly Nitrogen 

(>90%) and has a methane content of less than 5%. These 

could indicate how the conditions are in the Kyrkheddinge 

area. 

Water Composition Ky-4 (%) 

Sodium chloride 3.50 

Potassium Chloride 0.59 

Calcium chloride 2.10 

Magnesium chloride 0.25 

Table 5. Estimated formation fluid composition in the well 

Ky4 in the Kyrkheddinge area. 
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6.2  Suitability for Compressed Air Ener-
gy Storage 

Two closed structures were identified in the Kyrkhed-
dinge area in the model. One below the Green Marker 
(top at 716 m) (fig. 14) and one below the shallower 
Brown Marker (top at 568 m) (fig. 15). Whereas the 
Green structure is a single large dome structure, the 
Brown structure is smaller and interpreted as two indi-
vidual, partly interconnected dome structures (fig. 16). 
The key properties for compressed air storage are pre-
sented in table 6. For the Green structure the permea-
bility and porosity are excellent. Both properties are 
clearly above the necessary values for being classified 
as an excellent reservoir. To be considered an excel-
lent reservoir permeability needs to be >500 mD and 
porosity >16%. A low estimate for porosity in the 
Green structure is 23% which would still be above the 
excellent range. Presently, there is no energy storage 
plant planned in the area, so the Total Reservoir Vol-
ume (the volume of pore space above the spill point 
compared to the size needed for CAES operation) is 
difficult to assess but the volume is about 3.6 times as 
large as the largest CAES operation in construction; 
the Norton plant in the USA. This would give the 
structure a score of 3 (see table 2) which is satisfactory 
since it is more than 3 times as large as necessary. The 
total closure rating of 0.43 is too low and would dis-
qualify the structure since more than half of the reser-
voir ought to be above the spill point. This is based on 

the reservoir having the same thickness outside of the 
structure as in the structure. Well data also shows that 
it might not be closed to the north-east. The depth to 
the top of the reservoir is 716 m which gives a satis-
factory score of 3, to be considered good the top of the 
structure should be located above 670 meters depth. 
The pressure in the reservoir is 77.5 bar which is to 
high according to the ranking criteria (score=1), based 
on the pressure capacity of 14–69 bars with the tur-
bomachinery in the 1982 EPRI study (Succar & Wil-
liams 2008).With newer machinery this pressure might 
not be considered unsatisfactory. The Lund Sandstone 
was deposited as a delta and the channel sandstones 
are considered a good type of reservoir. 
 Residual hydrocarbon is not tested in the wells 
in Kyrkheddinge, but the well Fl-1 in the Lund Geo-
thermal field show a methane content of 3% and Vä-1 
in the same area has a methane content of 1.9%. This 
is considered satisfactory but to be an excellent reser-
voir the residual hydrocarbon content should be below 
1%. 
 Regarding the caprock for the Green structure 
there is no data available on cap rock leakage or cap 
rock threshold pressure. The cap rock permeability is 
0.062 mD which is considered satisfactory, to be good 
it would need to be <10-5 mD. The thickness of the cap 
rock is between 6–26 m, which is good as anything 
above six meters is considered a good thickness.  
 The Brown structure is not studied in the same 
detail as the Green and because of this there are some 

Fig.14. 3D model showing the dome structure in the Green Marker. The green plane is horizontal at 

770 meters below sea level and shows the level the green structure is closed at. Green arrow pointing 

north. Map is showing ground level, Green Marker and Yellow Marker. Blue dots are the wells used 

in the study with lines showing their depth.   
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Fig. 15. 3D model showing the Brown structure as one closed structure with two peaks. Horizontal 

plane at 595 meters below sea level. Ground level, Brown Marker and Yellow Marker shown. Blue 

dots are the wells used in the study with lines showing their depth. Green arrow is pointing north. 

Fig. 16. 3D model showing brown structure as two separate dome structures. Horizontal plane at 590 meters below sea level. 

Ground level, Brown Marker and Yellow Marker shown. Blue dots are the wells used in the study with lines showing their 

depth. Green is arrow pointing north. 
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data missing and some of it is not as certain. There are 
no data available for permeability and the porosity is 
uncertain due to extreme washouts during testing (i.e. 
poor hole conditions) but is estimated at 32% by 
Hagconsult AB (1983). The Brown structure can be 
divided into two smaller dome structures. If both could 
be utilized as a reservoir the total reservoir volume is 
good. It is 0.9 which means it is slightly smaller than 
the aforementioned Norton plant. If the Brown struc-
ture is used as two separate dome structures, they 
would both be unsatisfactory at 0.2 and 0.3 when com-
pared to the Norton plant, but they are both larger than 
the small scale Huntorf plant in Germany. The 568 m 
depth to the top of the formation is good, which is not 
far off from an excellent score of 430–550 m. It is the 
same type of reservoir as the Green structure, channel 
sandstones, and the residual hydrocarbon can be as-
sumed to be similar, i.e. 1.9–3%. The cap rock is esti-
mated to be only two meters thick which is satisfacto-
ry, but it needs to be above 6 m to be classified as 
good.  
 Other important reservoir properties are shown 
in table 7. The areas of the different structures are ac-
cording to the model calculations 7*106 m2 for the 
Green Structure and 3.1*106 m2 for the Brown struc-
ture when both dome structures are connected. For the 
separate Brown structures, the areas are 1.1*106 m2 for 
the North structure and 1.0*106 m2 for the South struc-
ture. According to model calculations the gross vol-
umes for the structures are 1.7*108 m3 for the Green 
structure, 3.0*107 m3 for the Brown structure, 

1.10*107 for the North structure and 5.9*106 for the 
South structure. Pore volume with 28.5 % porosity for 
the Green structure and 32 % for the Brown structure 
gives, and net sands of 0.7 for the Green structure and 
0.9 for the Brown (Hagconsult AB 1983) gives pore 

volumes of; 3.48*107 m3 for the Green structure, 
8.47*106 m3 for the Brown structure, 3.12*106 m3 for 
the North structure and 1.66*106 m3 for the South 
structure. The model shows a minimum closure depth 
of 716 m and a closure spill point of 770 m for the 
Green structure. The Brown structure has a closure 
depth of 568 m and a spill point of 595. For the North 
structure the depths are 568 m and 590 m, respectively 
and for the South structure they are 571 m and 590 m. 
The temperature was measured in the Lund geothermal 
field before the geothermal operations started. It 
showed 22 ˚C at a depth of 609–709 m in the well Ha-
1 which is the closest depth to the Green structure. The 
well Sk-2 had a temperature of 20.8 ˚C at a depth of 
262–669 m which is the closest to the Brown structure. 
Data on reservoir pressure is only available for the 
Green structure and it shows a formation pressure of 
77.5 bar. The Green structure scored 38 out of 60 in 
the ranking based on the Succar & Williams (2008) 
assessment model and the Brown structures scored 26 
out of 60. The lower score is partly caused by the fact 
that there are several property values missing in the 
data base. 
 The energy storage capacity is estimated to be 
between 3,480 GWh and 34,800 GWh for the Green 
structure. If the same values for porosity and net reser-

Structure Green structure Score Brown structure Score 

Permeability (mD) 1700 5     

Porosity (%) 28.5 5 32 5 
Total Reservoir Volume (VR/VS) 3.6 3 0.17–0.88 4 

Total Closure Rating (h/H) 0.43 1 0.20–0.34 1 

Depth to Top of Reservoir (m) 716 3 568 4 

Reservoir Pressure (bar) 77.5 1     

Type of Reservoir Channel Sandstone 4 Channel Sandstone 4 

Residual Hydrocarbons (%) 1.9–3 3 1.9–3 3 

Cap rock leakage No data 2 No data 2 

Cap rock Permeability 0.062 3     

Cap rock Threshold Pressure 

(bar) 

        

Cap rock Thickness 6-26 4 2 3 

CAES score using ranking table 

from Succar and Williams 

(2008) 

  34/60   26/60 

Available   55   37 

Score percent (%)   64   70 

Table 6. CAES ranking criteria from Succar & Williams (2008) with the data for the structure found in the Green Marker as well 

as data for the Brown Marker. For the Brown Marker the size and closure rating are calculated for both the domes as one struc-

ture and as separate structures. Data is based on the 3d model as well as the reports from the Natural Gas investigations.  
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Closure Green Brown Brown N Brown S 

Area of closure (m2) 6.97E+06 3.14E+06 1.10E+06 1.02E+06 

Gross rock volume (m3) 1.69E+08 3.00E+07 1.11E+07 5.89E+06 

Pore volume (m3) 3.48E+07 8.47E+06 3.12E+06 1.66E+06 

min closure depth (mBSL) 716 568 568 571 

closure spill point (mBSL) 770 595 590 590 

Reservoir max thickness (m) 54 27   

Confidence in structure Low Moderate Moderate Moderate 

reservoir temperature (˚C) 22 20 20 20 

reservoir pressure (bar) 77.5       

CAES score using ranking 
table from Succar and Wil-
liams (2008) 

38 26   

Energy storage Capacity 
Low Estimate (MWh) 

3,479,809 846,684 312,327 165,608 

Energy storage Capacity 
High Estimate (MWh) 

34,798,093 8,466,840 3,123,273 1,656,088 

Flow rate (m3/h) 40,000       

Table 7. Additional calculated  properties for CAES operation (Succar & Williams 2008;  Sopher et al. 2019). The Brown 
Structure is both described as one closed structure and as two separate structures, one structure to the north and one to the 
south. Data is based on the 3d model as well as the reports from the Natural Gas investigations. 

voir rock volume are applied to the Brown structures 
the energy storage capacities are between 620 and 
6200 GWh for the Brown structure, 230–2300 GWh 
for the North structure and 120–1200 for the South 
structure.  
 Hagconsult AB (1983) estimated the gas flow 
rate for Sand B (Green Marker) to be 40 000 m3/h, 
which is around 13 kg/s, in well Ky-4. There are no 
corresponding data available for the Brown structure. 
 

6.3  Geothermal energy potential of the 
Lund Sandstone 

The top 200 m of the Lund Sandstone in the wells 
were compared. For some of the wells in the Lund 
Geothermal Field data was not available for all of the 
200 m (Sk-1, Sk-2, Ha-1, Ha-2 and Vä-2) and no data 
was available for Vä-1. The net sand was generally 
lower in the Kyrkheddinge area with wells having net 
sand as low as 34% (Ky-1). The Kyrkheddinge area 
has three wells with 70% net sand or above (Ky-2, Ky-
4 and Ky-7) and a fourth one above 50% (Ky-6). In 
the geothermal field all four of the production wells 
(Sk-1, Sk-2, Ha-1 and Ha-2) are above 70% and all the 
injection wells (Vä-2 – Vä-6) are above 50% net sand 
(table 8). The net sand was calculated for the filtered 
parts of the geothermal wells (Aldenius 2017). Here 
the net sand was determined with resistivity logs as 

well as natural gamma to see if they contained saline 
formation water (table 9). The net sand varies between 
69 and 83% for the production wells and 50–58% for 
the injection wells. This corresponds to 43–72 m sand 
for the production wells and 63–78 m sand for the in-
jection wells. 

 

7  Discussion 
One of the goals of this study was to test if using 
ArcGIS and ArcScene is a good way of digitalizing 
and visualizing older analog data. The result is a 3D 
model of the sandstones where each marker bed can be 
visualized with detailed undulations. The model is 
useful for visualizing, identifying and making volu-
metric calculations of structures, such as the dome 
structures examined in this study. Even though the 
model facilitates the analysis of the structures it is still 
affected by the same problems and difficulties that the 
analog data have. The main problem is the heterogene-
ities in the geology and therefore the difference in ve-
locities. This makes calculations from TWT to meters 
difficult and the results are not very accurate. The 
model is only visualized as layers because when trying 
to create a block model there is no smoothening and 
there are not enough details, this also makes it difficult 
to create cross-sections from the model. A method to 
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Kyrkheddinge area Net sand (m) Net sand (%) Total measured Depth to top (m) 

Ky-1 68 34 200 422 

Ky-2 145 72.5 200 338 

Ky-3 77 38.5 200 490 

Ky-4 140 70 200 399 

Ky-5 93 46.5 200 432 

Ky-6 132 66 200 369 

Ky-7 150 75 200 347 

Lund Geothermal 
Field 

        

Sk-1 138 72.6 190 510 

Sk-2 93 85.3 109 534 

Ha-1 88 73.9 119 538 

Ha-2 97 74.0 131 529 

Vä-2 95 51.6 184 464 

Vä-3 101 50.5 200 412 

Vä-4 130 65.0 200 420 

Vä-5 133 66.5 200 416 

Vä-6 114 57.0 200 422 

Others         

Mo-1 82 41.0 200 616 

Fl-1 97.5 48.8 200 519 

Table 8. Table showing net sand of the top 200 m of the Lund Sandstone in the Kyrkheddinge area as well as the Lund Geother-

mal Field and the well Mo-1 which is south of the Kyrkheddinge area and Fl-1 which is by the Geothermal field. The net sand 

was calculated with natural gamma logs and resistivity logs. The result is shown both as a percentage and in total meters. All 

200 meters could not be evaluated for Sk-1, Sk-2, Ha-1, Ha-2 and Vä-2 due to available logs. Vä-1 could not be evaluated at all. 

Production well Gross Sand (m) Net sand (m) Net sand (%) 

Ha-1 100 70 70 

Ha-2 90 62 69 

Sk-1 61 43 70 

Sk-2 87 72 83 

Injection well       

Vä-2 135 74 55 

Vä-3 125.5 63 50 

Vä-4 147 78 53 

Va-5 120 69 58 

Table 9. Gross and net sand in the wells used at the geothermal plant in Lund. The production wells have around 70 % sand 

while the injection wells are closer to 50 %. The net sand in meter is more similar at about 60-80 m except the production well 

Sk1 at only 43 m. 
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visualize faults in the model would make it more suffi-
cient for energy storage investigations as faults can 
have a large effect on the storage abilities of a struc-
ture. To get the full use out of the data another pro-
gram might have been useful to incorporate more well 
data and seismic profiles and to create cross-sections, 
but for finding structures and calculating their size 
ArcScene is satisfactory. The digitalization of the 
isochron maps is time consuming and for large scale 
work another method than tracing the lines is recom-
mended. There are ways to automate the tracing, but 
the maps need to be cleared from other data before or 
after as the computer cannot distinguish between 
isochron lines and other information on the maps.   
 When it comes to the possibilities for CAES in 
the Kyrkheddinge area two closed anticlinal structures 
could be found in the model. One beneath the Green 
Marker and one below in the shallower positioned 
Brown Marker. The Green Structure is the largest of 
the two with a pore volume that could be more than 
three times as large as the largest CAES plant in plan-
ning. The size is mainly an economic issue. It has ex-
cellent values for permeability, porosity and cap rock 
thickness and the channel sandstones of the Lund 
Sandstone are good reservoirs (fig. 17). The cap rock 
permeability is a bit too high but still satisfactory and 
the reservoir is a bit too deep which makes drilling and 
well construction more expensive (fig. 18). There is a 
risk of high amounts of hydrocarbons, but this is only 
measured in other parts of the Lund Sandstone, where 
the values are still satisfactory, so the actual values for 
the structure is not known. The biggest problems with 
the structure are the closure rating and pressure. The 
pressure of 77.5 bar is deemed too high by Succar & 
Williams (2008), which is based on an 1982 EPRI 
study. The max pressure that is deemed usable is based 
on what the machinery can handle so with more mod-
ern machinery higher pressures might be possible for 
successful CAES operations. The closing rating is 
based on average thickness of the reservoir and not 
exact measurements. This means that if the reservoir is 
thinner than the average at the edges of the structure 
the closure rating could be more suited for operations. 
In addition to better knowledge on the closure rating 
and hydrocarbons there needs to be made testing on 
cap rock leakage and cap rock threshold pressure to 
get a better understanding on the suitability of the 
structure. During the natural gas explorations focus 
was put on this structure, in the end it was deemed 
unusable as the last boreholes (Ky-5–Ky-7) showed no 
anticlinal structure to the north-east and it is highly 
unlikely that the structure is closed in this direction 
(Lindblom & Svenssson 1985). Therefore, further 
studies should not focus on this structure.   
 The Brown structure is less studied than the 
Green one, with no data on permeability, pressure, cap 
rock leakage and threshold pressure. There is a good 
chance that the permeability values are in the same 
range as for the Green structure since the lithology is 
quite similar. The pressure can, however, be consid-
ered lower as the structure is at a shallower depth. This 
could favour the structure. The volume of the Brown 
structure depends on how you utilize it. It is separated 
into two dome structures so it can either be seen as one 
structure or two smaller ones. If calculated together the 

volume is slightly smaller (0.88) than that of the larg-
est planned CAES plant which would be excellent for 
large scale operation. If used as two separate structures 
they are only 0.3 and 0.2 times the size of the large 
CAES but 10 and 5 times the size of the smallest 
CAES in operation (the Huntorf plant in Germany). As 
no plant is planned in the area at the moment it is hard 
to evaluate the size needed, but to balance the power 
of the city of Lund large scale operation would be 
needed.  
 As with the Green structure the porosity is ex-
cellent, and it is the same type of reservoir (channel 
sandstones) that is good for CAES operations. There is 
the same uncertainty when it comes to hydrocarbons 
that might be on the high side, but still viewed as ac-
ceptable. The thickness of the cap rock is satisfactory 
for the Brown structure, but at only 2 m it is not opti-
mal and was thought to be too thin at well Ky-4 for 
natural gas storage by Hagconsult AB (1983). The 
closure rating faces the same problems as for the 
Green structure where the average thickness of the 
reservoir gives a too low rating but with more 
knowledge of the exact thickness it might be usable if 
it thins out towards the edges of the structure. Focus 
should be on this structure for further investigations if 
the volume is deemed appropriate for CAES operation 
in the area. 
 The Lund Geothermal plant has been running 
for over 30 years and might need to be expanded or 
replaced in the future. Other parts of the Lund Sand-
stone distribution or deeper parts of the sandstone 
would be a good substitute as there are possibilities to 
find similar properties as in the Lund Geothermal 
Field. The results show slightly less sand in the top 
200 m of the Lund Sandstone in the Kyrkheddinge 
area compared to the geothermal field. Three of the 
Kyrkheddinge wells, Ky-2, Ky-4 and Ky-7, show sim-
ilar net sand as the production wells (>70%) which 
indicated a potential to be a good replacement area 
even though three of the other wells had much less net 
sand at around 40%. This shows how heterogenous the 
formation is, and more research would be needed to 
find the best placements for wells before a new plant is 
possible. In the Lund Geothermal Field the net sand 
over the filtered parts of the wells is 43–72 m for the 
production wells and 63–78 m for the injection wells 
with a net sand of around 69–83% and 50–58%, re-
spectively. For economical purposes it is important 
with high net sand to keep well costs down and for 
better pumping results. It seems like this could be 
achieved in the Kyrkheddinge area but more spots 
with high net sand would need to be found to have a 
similar energy output as the existing geothermal plant.  
 It would be possible to have both CAES and 
geothermal operations in the area, as long as the geo-
thermal wells do not penetrate the structure used for 
CAES operations. A geothermal plant would be a safer 
option with less research needed beforehand and a 
higher likelihood of success. CAES operations would 
have a higher upfront cost as more research would be 
needed beforehand, and it is a higher risk as the Brown 
structure that would be the possible target is not well 
researched and might not be possible to utilize.  
 Natural gas storage, hydrogen storage and 
CAES all have similar needs and would require similar 
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geological prerequisites. Hydrogen puts high demands 
on the caprock and the questionable caprock of the 
Brown Marker makes it not very likely it is going to 
work. Thermal energy storage could be a good option 
as it does not require a closed structure and could uti-
lize the reservoir even if no closed structures are avail-
able. Underground pumped hydro would require exca-
vation and is not the most efficient use of a porous 
aquifer. 

8  Conclusion 
Digitalizing analog isochron maps into a 3D model 
using ArcMap and ArcScene is not overly complex but 
time consuming. It is a good way to find and visualize 
closed structures. It can also be used to do precise cal-
culations on the area and volume on these structures. It 
is not as useful for incorporating well data and making 
cross-sections, but it has been a useful asset in this 

Fig. 17. Thin-section from well Ky-1 taken from a depth of 777 meters below sea level. It shows a possible reservoir layer with 

high porosity and a grain size at around 2–5 mm. 

Fig. 18. Thin-section from well Ky-1 taken from a depth of 722 meters below sea level. It shows a potential caprock that is well 

cemented and fine grained with grain sizes <1 mm. 
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study. If the method is further developed and stream-
lined it could prove an important tool in similar stud-
ies.  
 The Kyrkheddinge area is likely a good place 
for geothermal energy utilization for district heating if 
expansion is needed for Lund and nearby towns. It 
would probably be the lowest risk and upfront cost 
geoenergy project in the area as geothermal energy is 
already utilized with success in the Lund Sandstone. 
CAES could be possible in the Kyrkheddinge area. 
The Brown structure is the most likely option, but 
more research is needed. This is a more high-risk pro-
ject with a higher upfront cost and the chance for suc-
cess lower. 
 It would be possible to utilize both geothermal 
energy and have a CAES plant in the area as long as 
the geothermal energy does not use the structures used 
for CAES. 
 If no closed structure can be used, thermal ener-
gy could be the best option.  
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Appendix 
 
Appendix 1. Isochron map showing the depth of the Tan Marker in the Kyrkheddinge area (Larsson 1982). 
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Appendix 2. Isochron map showing the depth of the Orange Marker in the Lund-Mossheddinge area (SGU 1981).  
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Appendix 3. Isochron map showing the depth of the Orange Marker in the Mossheddinge-Sturup area (Larsson & 

Kumpas 1982).  
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Appendix 4. Isochron map showing the depth of the Orange Marker in south-western Skåne (SGU 1981)  
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Appendix 5. Isochron map showing the depth of the Brown Marker in the Lund-Mossheddinge area (SGU 1981)  
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Appendix 6. Isochron map showing the depth of the Brown Marker in the Mossheddinge-Sturup area (Larsson & 

Kumpas 1982).  
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Appendix 7. Isochron map showing the depth of the Yellow Marker in the Lund-Mossheddinge area (SGU 1981)  
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Appendix 8. Isochron map showing the depth of the Yellow Marker in south-western Skåne (SGU 1981)  
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