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Summary 

The alum shales in the Närke deposit indicates an estimated in situ value of over 2 000 000 
000 000 SEK The in situ value of the oil content alone is just under 900 SEK per ton (August 
2011 prices, http://www.oil-price.net/, 2011). The high value of the deposit enables the use of 
more costly mining and extraction methods. Using a cut and fill method with road headers 
and ex situ extraction could be economically feasible, and this method could minimize the 
environmental impact to a level that would be acceptable. The uranium value is only around 
10% of the total uranium + oil value. Every municipality has the right to veto against mining 
of uranium. Possibilities that can be explored are to only mine the oil from the shale, and 
regard the uranium as waste. This has never been tried before, and the strategy could be 
successful (Persson, 2012). 

Glossary 

alum shale  type of shale in Sweden that can contain uranium and oil 

black shale  type of shale that usually contain oil 

Cambrian  time period 488 to 542 million years ago 

Drill core  the core sample rod from a diamond drill hole 

exploration permit Permit for exclusive mineral rights 

extraction  separation of material 

Fischer assay  Method to measure oil extraction of shales 

in situ  at the site, in place 

kerogen  primitive state of oil 

leaching  extraction of a material from a carrier particle into a liquid 

Närke  Area in the middle of Sweden 

open pit  a mine at the surface 

ore  mineral that is economically extractable 

overburden  side rock above the ore 

permeability  property of how liquids or gases flows through the material 

porosity  fraction between the volume of the material and the voids in bewteen the 
particles 

ppm  parts per million 

REE  Rare earth elements 

retort  kiln that extracts oil 

Shale  Sedimentary type of rock 

strip ratio  ratio between ore and side rock 

underground mine a mine below the surface 
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1 Background 
The alum shales in Sweden have a high value  (Svenska skifferoljeaktiebolaget, 2010). The 
shales contain oil, uranium and other valuable metals spreading over large areas.  The 
company Svenska Skifferoljeaktiebolaget has an exploration permit with an area of about 70 
square kilometers that could have an in situ value of several thousand million SEK. The 
company wants to know what extraction methods that are available today, and in the near 
future. They also want to know which of the methods that could be feasible to use when 
extracting the value materials from the alum shales in terms of economy and environmental 
impact. 

The deposits are large but have a low grade, some are located in domestic or farmland areas. 
One of the challenges is how to extract the valuable materials. The extraction has to be cost 
effective but at the same time the environmental impact has to be acceptable. 

Internationally, alum shales are being extracted, and the activity seems to be increasing. Alum 
shale projects in the Americas with similar oil contents as the Närke alum shales is currently 
being developed, and the interest in these projects could be increasing (Fischer, 2005). 

The company Svenska skifferoljeaktiebolaget initiated this master thesis project with the aim 
to compile and evaluate different methods for extraction of the alum shales in Närke. There 
are several mining and extraction methods currently available for extraction of oil and 
uranium in bedrock. A review of the technical, economic and environmental usability of these 
methods in regard to the Närke alum shales is sought for by the company. This information 
would help in decision making for further evaluation of the development of the Närke alum 
shales.   

Both the uranium (Dyni, Geology and Resources of Some World Oil-Shale Deposits, 2006) 
and the oil (Sundius, 1942) has been mined from the Närke alum shales historically. The 
company has an interest of both these, and thy will be the focus in this thesis.  

1.1 Scope of work  
This master thesis will describe and evaluate different extracting methods of the shales, with 
emphasis on environmental impact, cost effectiveness and technical feasibility. 

1.2 Method 
A literature review was made including studies of reports that are written about the Närke 
alum shales, documents retained from the internet pages of govermental insitutes and private 
shale develeoping companies. In addition to the litterature studies a site visit to the Närke 
district was done to examine the shales. Interviews with some key persons was also done.   
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The methodology can be described as follows: 

• A literature study of the current and developing methods around alum shales.  

• Collecting of old data from research reports created during the historical mining of the 
alum shales in Närke. 

• Collecting of new data from current oil shales and uranium projects that are active or 
in development internationally. 

• Interviews with experienced key persons that have knowledge and/or experience of 
mining, mining of oil shales, or from other relevant fields. 

• Site visits to the Närke area to examine the shales at the site. 

• Site visit and tests of the Cassandra oil reactor 

• Compiling all information into the thesis report 

2 Alum and oil shales 
Oil shale is a sedimentary rock with relative high contents of organic material and oil. The oil 
in the shale is both crude oil and oil in an immature state of oil called Kerogen. Oil extracted 
from oil shales is called shale oil. Oil shales were created in lakes or sea basins where organic 
material (usually algae and plants) was deposited on the bottom. The shales where formed in 
an environment with low oxygen content that prevented the organic material from being 
decomposed.  Oil shales are usually laminated with the different sedimentary levels visible 
(Encyclopedia britannica, 2013). 

 
Figure 1 Overview of shales in Sweden (Dyni, Geology and Resources of Some World Oil-Shale Deposits, 2006) 
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Figure 1 Overview of shales in Sweden (Dyni, Geology and Resources of Some World Oil-
Shale Deposits, 2006) shows a map of Sweden with the black areas marking locations where 
alum shales are found. 

Alum shales are the type of oil shales that are found in Sweden and some of the other nordic 
countries. Alum shales are named after the aluminum sulfate, alum that was used for coloring 
of fabrics and treating leather. Alum shales in addition to kerogen also contain uranium, 
vanadium, nickel, and molybdenum (Dyni, Geology and Resources of Some World Oil-Shale 
Deposits, 2006). 

 
Figure 2 Uranium Map of Sweden over uranium ground content (Larsson-Vidmo, 2008) 

Figure 2 Uranium Map of Sweden over uranium ground content (Larsson-Vidmo, 2008) 
shows the different uranium ground content in Sweden. It is clear that an increase of the 
uranium content in the Närke area is present. 

The Swedish alum shales are normally near horizontal and around 10-20 meter thick (Fromm, 
1971).  

8 
 

 
Figur 1. Koncentration av uran i ppm i de översta 0,2 meterna av marken i Sverige. Informationen är 
uppmätt med gammastrålningsmätning med flygplan. [12] 

 
Brytningsprocessen 
Uranbrytning sker genom utgrävning i antingen underjordiska gruvor eller i öppna 
dagbrott samt med ”in situ” teknik. De underjordiska gruvorna är idag de vanligaste 
medan de öppna dagbrotten har blivit mer sällsynta. [11][13] 
 
Öppna dagbrott används där fyndigheterna ligger nära ytan medan de underjordiska 
typiskt ligger på djup på över 120 meter.  De underjordiska gruvorna har ofta en låg 
halt och kräver därför relativt ofta stora underjordiska arealer, och efterlämnar stora 
mängder slagg. Däremot så efterlämnar de underjordiska gruvorna mindre synlig 
påverkan ovan jord. Det blir mindre arealpåverkan på ytan för de underjordiska än för 
de öppna dagbrotten. Dessutom krävs det mindre materialförflyttning i de 
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Figure 3 Side view of the Kvarntorp shales (Fromm, 1971) 

Figure 3 Side view of the Kvarntorp shales (Fromm, 1971) shows a sideway view of the alum 
shales around the Kvarntorp old open pit. The figure demonstrates the horizontal layering of 
the shales and the underlying limestone (Fromm, 1971).  

Extracting oil and uranium from shales is challenging both technical, environmentally and 
economically. As the shales are thin and horizontal and covering large areas, the 
environmental impact of an open pit method would affect large areas that are often farm land. 
The shales have low permeability and to be able to in situ leach the oil and uranium from the 
bedrock the permeability has to be modified and increased. New emerging technologies aim 
to solve these problems, and shows that the shale reserves have a huge potential (Crawford, 
2009). 

A conservative estimation defines the shale oil reserves in the world to 2  800 000 million 
barrels (445 000 million cubic meters) (http://www.nationmaster.com/graph/ene_oil_con-
energy-oil-consumption, 2009). 

The world consumption of oil was 2009 around 83 million barrels per day (Officers of the 
World Energy Council, 2007). This means 30 000 million barrels per year, which means that 
the global shale oil reserve would meet the world demand for 93 years. 

Alun shale (alum shale) is a type of oil shale that is found in the Baltic area. Alum shale 
usually has oil content of around 5% and uranium content of around 100-200 ppm. An oil 
content of 5% is considered low, and is close to the limit of what would today be 
economically feasible (Fischer, 2005). The Närke alum shales have not only oil content, but 
also a content of Kerogen. Kerogen is a juvenile state of oil, and could be converted to oil. A 
total of 184 liters of oil per ton shale has been demonstrated to be a possibility (Andersson, 
1985). The uranium content of 100-200 ppm is also considered low, and is currently only 
mined when found in combination with other metals, such as copper (World Nuclear 
Association, 2011). 



	   9	  

2.1 The world oil and uranium market 
The global demand for oil is currently, mid 2012 just under 90 million barrels per day. The oil 
demand has increased from around 70 million barrels per day since the mid 90’s. The price of 
Brent crude oil has been increasing from around 20 USD per barrel in the end of the 90’s, and 
peaked around 140 USD per barrel before the financial crisis of 2008.  The Brent crude oil 
price is currently around 100 USD per barrel June 2012 (International Energy Agency, 2012). 
The crude oil prices over time are shown in Figure 4 Price of Brent crude oil between 1995 
and 2011 (International Energy Agency, 2012) 4. 

 
Figure 4 Price of Brent crude oil between 1995 and 2011 (International Energy Agency, 2012). 

The global demand for Uranium is currently 77 000 tons of Uranium oxide per year. Only 60 
000 tons of uranium oxide was produced from mines and currently all civil stockpiles of 
Uranium are depleted. This has resulted an increase of the price of Uranium over the last few 
years (World nuclear association, 2010). 

 
Figure 5 Uranium oxide prices between 1972 and 2007 (World nuclear association, 2010) 

Figure 5 Demonstrates the uranium price over time. The current price as of July 2012 is just 
above 50 USD/lb (www.u308.biz, 2012) 
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2.2 Oil shales in the world  
Three countries are currently mining oil shale; Estonia, China and Brazil. The shale in Brazil 
and China is used to produce fuel oil while the shale in Estonia is used to burn and produce 
electricity directly (Fischer, 2005). There are oil shale reserves in several other countries as 
well, but none are exploited today. The largest known oil shale deposit in the world is situated 
in the United States of America, in the Green river basin (Fischer, 2005). 

 
Figure 6 Global oil shale production (Officers of the World Energy Council, 2007) 

Figure 6 Global oil shale production (Officers of the World Energy Council, 2007) shows the 
global oil shale production (Officers of the World Energy Council, 2007). 

It is clear that the oil shales in the world have potential for the future. The in place resources 
of oil are large, but the production is low. Only Estonia and Brazil are currently producing oil 
from shales, as the annual production is only 684 thousand tons of oil.  It will be interesting to 
observe whether this production rate increases in the future, and whether new producing 
companies joins the list. USA is one of the countries that has a potential of a high production 
due to its unprecedented large oil shale deposits in the green river basin (Officers of the 
World Energy Council, 2007), but also Canada, Russia, Jordan, Australia and Italy have 
resources of oil shales that could be exploited. In Table 1 the different in situ resources are 
demonstrated. 
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Table 1 Oil shale deposits in the world (Officers of the World Energy Council, 2007, Fischer, 2005) 

 

 

2.2.1 Europe 
Estonia has the only oil shale production in Europe. There are some known oil shale deposits 
in France, Germany, Turkey and Sweden (Officers of the World Energy Council, 2007). 

Estonia 

Estonia has been mining shales since 1918 and is still mining today (Officers of the World 
Energy Council, 2007). The Estonian resource is estimated to 16 000 milion barrels of oil 
(2 550 milion m3) 345 000 tons of oil was produced in 2005 (Officers of the World Energy 
Council, 2007). Estonia is mining around 50% in open pit mines and 50% underground. 90% 

In-place shale oil resources In-place shale oil resources Production 2005
million barrels million tonnes thousand tonnes oil

Egypt 5700 816
Conco 100000 14310
Madagascar 32 5
Morocco 53381 8167
South africa 130 19
Total africa 159243 23317
Canada 15241 2192
USA 2085228 301566
Total North america 2100469 303758
Argentina 400 57
Brazil 82000 11734 159
Chile 21 3
Total south america 82421 11794 159
Armenia 305 44
China 16000 2290 180
Kazakhstan 2837 400
Mongolia 294 42
Burma 2000 286
Thailand 6400 916
Turkey 1985 284
Turkmenistan 7687 1100
Uzbekistan 8386 1200
Total Asia 45894 6562 180
Austria 8 1
Belarus 6988 1000
Bulgaria 125 18
Estonia 16286 2494 345
France 7000 1002
Germanu 2000 286
Hungary 56 8
Italy 73000 10446
Luxembourg 675 97
Poland 48 7
Russia 247883 35470
Spain 280 40
Sweden 6114 875
Ukraine 4193 600
United Kingdom 3500 501
Total Europe 368156 52845 345
Israel 4000 550
Jordan 34172 5242
Total Middle east 38172 5792 0
Australia 31729 4531
New Zealand 19 3
Total Oceania 31748 4534 0

Total world 2826103 408602 684
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of the electricity in Estonia is produced from oil shales (Fischer, 2005, Dyni, Geology and 
Resources of Some World Oil-Shale Deposits, 2006). 

France 

An estimation in 1978 concluded that the oil reserves in shales is around 7 000 million barrels 
(1 1000 million m3) .Oil shale was mined between 1840 and 1957 with a peak output of 0.5 
million tons of shale per year (Officers of the World Energy Council, 2007). 

Germany 

Germany has an estimated resource of 2 000 million barrels of shale oil (234 million cubic 
meters). The Herman oil shale has high ash content and low energy content (Officers of the 
World Energy Council, 2007). 

Turkey 

Turkey has an estimation of 3 000 to 5 000 million tons of shale containing oil. The Turkey 
Government decided to use this shale in coal power plants instead of extracting the oil 
(Officers of the World Energy Council, 2007, Dyni, Geology and Resources of Some World 
Oil-Shale Deposits, 2006). 

2.2.2 Africa 
Africa has currently active oil shale production in Morocco. Other oil shale deposits are 
known in Egypt, Ethiopia and Nigeria (Officers of the World Energy Council, 2007).  

Egypt 

Two areas with oil shales are known in Egypt, the Red sea area and the Abu Tartour area. The 
red sea area has an estimation of 4 5000 million barrels and the Abu Tartour area 1 2000 
million barrels (Officers of the World Energy Council, 2007). Studies concluded by the 
Soviet Union in 1959 showed that the red sea area only was accessible through underground 
mining. The study also concluded that the Abu Tartour shale oil could be extracted while 
mining for the phosphates that exist in the Abu Tartour oil shales (Officers of the World 
Energy Council, 2007).  

Ethiopia 

Ethiopia has an estimated resource of 3 890 000 million tons. The resource is considered for 
open pit mining (Officers of the World Energy Council, 2007). 

Morocco 

Oil shale has been mined in Morocco since 1939. The total amount of oil in oil shales is 
estimated to 50 000 million barrels (7 950 million m3). Two larger deposits was explored in 
the 1960’s. The Timahdit has a reserve of 16 .1000 million barrels (2 6000 million m3) and 
Yarfaya 22 7000 million barrels (3 610 million m3)  (Dyni, Geology and Resources of Some 
World Oil-Shale Deposits, 2006). 

The Office National des Hydrocarbures et de Mines (ONHYM) developed a processing 
method in 1985 using two identical retorts operating simultaneously in a retorting mode and a 
cooling mode. Retorting is explained on page 44. This method was called T3. ONHYM 
recommend that pilot tests of this method should done to evaluate if any by products could be 
processed commercially (Officers of the World Energy Council, 2007). 
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Nigeria 

Nigeria has an estimated shale oil reserve of 1 700 m barrels (270 million m3) (Officers of the 
World Energy Council, 2007). 

2.2.3 The Americas 
North and South America has a majority of the global oil shale resources. Currently only 
Brazil has an ongoing oil shale production. USA has an estimation of 74% of the global shale 
oil reserves, and the interest of these oil shales is increasing. Canada also has significant 
reserves of oil shale (Officers of the World Energy Council, 2007). 

Canada 

Canada has 19 known oil shale deposits. Mining has been performed in two of these. The 
Stellarton was mined 1852-1859 and 1929-1930 and Antigonish was mined around 1865 
(Officers of the World Energy Council, 2007). The Stellarton had an estimation of 168 
million barrels of oil and the Antagonish 76 million barrels of oil (Officers of the World 
Energy Council, 2007). 

Testing extraction of Albert Mines shale in New Brunswick was made in 1988 (Dyni, 
Geology and Resources of Some World Oil-Shale Deposits, 2006). 

USA 

USA has an estimation of around 74% of the world’s recoverable oil shales. 70% of the oil 
shales in the USA are found in the Green River formation in Colorado. An estimation made in 
the 1980’s demonstrated the shale oil in the USA to exceed 400 000 million barrels (63 4000 
million m3). USA started exploiting the oil shales in a small pilot scale in 1946 after the 
Second World War.  With the oil crisis in the 70’s the oil shales was used for commercial 
production, though no one exploited their leases. In 1991 the last company gave up their 
rights. In 2004 the interest for the oil shales in USA increased again (Bartis J. T., 2005). 

Brazil 

The Praíba valley in the State of Sao Paolo has a reserve of 840 million barrels (134 million 
m3) of oil, and estimation has been made at 2 000 million barrels at total. The area is 86 km2 
and the shale containing oil is 45 meters thick (Dyni, Geology and Resources of Some World 
Oil-Shale Deposits, 2006). 

The reservoir of Sao Mateus do Sul contains of two layers, a 6.4 m thick upper layer with an 
oil content of 6.4% and a 3.2 meter thick lower level with an oil content of 9.1%.  8500 tons 
per day is produced. The shale is mined using strip mining, and is processed using a method 
called the Petrosix process (Epifanio, 2007). 

The Iratí Formation starts in the State of Sao Paolo and ends 1 700 km south, in the south of 
Uruguay.  The oil content is up to 7 percent by weight (Dyni, Geology and Resources of 
Some World Oil-Shale Deposits, 2006). 

2.2.4 Asia 
China is the only country in Asia that currently mines oil shales, and the shales there are 
mined as a by-product and burned as fuel (Officers of the World Energy Council, 2007). 
Russia had a production active between the 1930’s until 1995. Other countries where oil 
shales are known are Thailand, India, Indonesia, Kazakhstan and Mongolia. Mongolia is 
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currently planning a feasibility study for their oil shales (Dyni, Geology and Resources of 
Some World Oil-Shale Deposits, 2006). 

Russia 

Extraction of oil from oil hales has been done since the 1930’s. The Russian company Renova 
plans building an oil producing plant. Until 1995 a small plant was in operation with a 
production of 50 000 tons per year (Dyni, Geology and Resources of Some World Oil-Shale 
Deposits, 2006). 

Thailand 

Thailand has a deposit in the Lampoon deposit near Mae Sot in the Tak Province with 15 
million tons of shale containing 50 to 270 liters of oil per ton. In the Mae Sot Basin 18.6 
million tons of shale containing 6.4 million tons shale oil has been explored. The Thai 
Government has done an estimation of 810 million tons shale oil (Dyni, Geology and 
Resources of Some World Oil-Shale Deposits, 2006, Officers of the World Energy Council, 
2007). 

China 

China evaluated its shale oil reserves in between 2004 and 2006. This resulted in an 
estimation of 48 000 million tons of oil for 80 deposits spreading across 22 provinces 
(Officers of the World Energy Council, 2007). 

Fusun in the province of Liaoning has a reserve of 3 600 million tons with 6% oil. Fushun is 
an oil field with the oil shale is mined as a by-product.  Fushun has a annual oil shale 
production of 180 000 tons (500 tons per day) (Fischer, 2005). 

Maoming in Guandong has a reserve of 4 100 million tons with 7% oil. 

In the Longkow mining area, an oil extraction plant with a capacity of 2000 000 tons of shale 
oil is planned.  

In Huadian a project similar to the Longkow is planned, but using the Petrosix method (Dyni, 
Geology and Resources of Some World Oil-Shale Deposits, 2006, Fischer, 2005). The 
petrosix method is a type of retort separating shale oil, sulfur and fuel gas from the shales, 
developed by the Brazilian company Petrobras (Epifanio, 2007). 

India 

Oil shale is known to exist in the northeastern regions of Assam and Aranachal Pradesh, but 
the amount is unknown (Officers of the World Energy Council, 2007). 

Indonesia 

Three main oil shale areas exist in Indonesia. One of these is located in Sulawesi the extent of 
the shales is being explored (Officers of the World Energy Council, 2007). 

Kazakhstan 

Research was done between 1998 and 2001 to evaluate the oil shales in Kazakhstan. An 
estimation of 2 8000 million barrels of oil (445 million m3). Some of the shales were 
concluded to contain REE (rhenium and selenium).  The shales occur with hard and brown 
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coal, which add to the value (Dyni, Geology and Resources of Some World Oil-Shale 
Deposits, 2006, Officers of the World Energy Council, 2007). 

Mongolia 

Twenty-six deposits of oil shale have been studied in the east of Mongolia. 

The University of Petroleum in china will do a feasibility study if the Khoot oil shale deposit 
in Mongolia (Officers of the World Energy Council, 2007). 

 

2.2.5 Middle east 
Israel is currently mining oil shales as by product when mining for phosphates that lay 
underneath the oil shales. Jordan also has an oil shale resource and both Brazilian and 
Estonian countries are currently performing feasibility studies (Officers of the World Energy 
Council, 2007). 

Israel 

Israel has a theoretical reserve of at total 300 000 million tons (40 000 million m3). The 
Rotem Tamin deposit has a thickness of 35-80m containing 60-71 liters oil per ton. The plan 
is to produce 3 million tons per year . 

Oil shales are currently being mined in Israel as by product by companies that are reaching 
phosphates that lay underneath the shales. 

The government is encouraging in situ underground extraction methods (Officers of the 
World Energy Council, 2007). 

Jordan 

Jordan has a large proven oil shale resource. Some of the deposits are suitable for open pit 
mining, and some are so thick that they are considered for underground mining. The oil shale 
could be extracted using burning or retorting. Research has also been done using solvent 
extraction of the oil. The Jordanian Natural Resources Authority and the National Energy 
Research Center did this study (Officers of the World Energy Council, 2007). 

The Eesti Energia of Estonia started a study in 2006 to establish whether a shale oil facility 
for the El Lajjun resource would be feasible. 

Petorbras of Brazil is exploring the feasibility of the Attarat Umm Ghudran deposit (Officers 
of the World Energy Council, 2007). 

 

2.2.6 Australia 
Australia has a “demonstrated” oil shale deposit of around 58 000 million tons of oil in oil 
shales, where around 3 100 million tons is seen as recoverable.  Mining of oil shales in 
Australia started in the mid 1800s, and Australia is still mining today. Between 1860s and 
1960s an oil shale type called Torbanite was mined, with high oil content in between 480 to 
600 liters per ton. 220 to 250 liters per ton was recoverable. 

The Toolebuc oil shale in Queensland is a lower grade oil shale with average oil content of 37 
liters per ton.  As the Toolebuc oil shale also contains Uranium it could be similar to the 
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Närke deposits. The shale is a lot thinner and has a shale zone at a depth of 6.5 to 7.5 meters. 
The formation is 484 000 km2 and is estimated to contain around 245 thousand million m3 of 
oil. 

The Stuart oil shale deposit was mined in between 1999 and 2004. It was estimated to contain 
3 000 million barrels. Around 700 000 barrels of shale oil (111 300 m3) was recovered from 
1.16 million tons of shale. A plan for a daily production of 200 000 barrels per day using 
Alberta-Taciuk Processor (ATP) retort technology (Officers of the World Energy Council, 
2007). 

2.2.7 Summary of the global oil shale status 
Only a few oil shale deposits are mined today. Shale oil is expensive to extract and mine 
compared to most crude oil resources, and the shale oil require a high oil price to be 
considered feasible for the investments that has to be done. The oil price is currently high, and 
as developing countries are increasing the demand of oil, the oil shales are being more and 
more considered as a plausible oil resource. Feasibility studies are performed on several 
locations, and investments on research of developing mining and extraction methods are done 
by the large oil producing companies. 

2.3 Uranium in the world 
Twenty-six countries are currently mining uranium. The mines have very varying grades of 
uranium from the highest of 20% U down to the lowest with 0.02% U. The uranium is 
sometimes associated with other minerals, as gold or copper, which results in that lower 
grades than 0.02% can be mined (World Nuclear association, 2010). Canada and Australia 
represents the majority of the global uranium, and the nine largest uranium producers produce 
close to 95% of the global uranium supply (Officers of the World Energy Council, 2007). 

The uranium is mined using open pit mining, underground mining or in situ leaching. The in 
situ leaching is used where the host rock has a high porosity, as sand stone or gravel. 57% of 
the world production comes from open pit and underground mines, and 36% comes from in 
situ leaching. 7% is produced as by products when mining for other materials (World Nuclear 
association, 2010). 
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Table 2 Uranium production 2011 (World nuclear association, 2010) 

Country Tons uranium 2 011 
Kazakhstan 19 451 
Canada 9 145 
Australia 5 983 
Niger 4 351 
Namibia 3 258 
Russia 2 993 
Uzbekistan 2 500 
USA 1 537 
Ukraine (est.) 890 
China (est.) 885 
Malawi  846 
South Africa 582 
India (est.) 400 
Brazil 265 
Czech Republic 229 
Romania (est.) 77 
Germany 52 
Pakistan (est.) 45 
France 6 
Total world  53 494 
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Table 2 Uranium production 2011 (World nuclear association, 2010) shows a list of the global 
uranium production in tons 2011 from the 19 largest uranium producers. 
Kazakhstan is today the world’s largest uranium producer. Kazakhstan has been mining for 
uranium, since the late 40’s, and became the largest uranium producer in 2009. 27% of the 
world’s uranium production comes from Kazakhstan.  Kazakhstan is mining using 
conventional methods and also in situ leaching from sedimentary sands. In situ leaching was 
successfully tested in the 1970’s in Kazakhstan (World Nuclear association, 2010). 

Canada has been mining for uranium since the early 1930’s (World Nuclear association, 
2010). Canada is the second largest uranium producer in the world, but only has about 8% of 
the resources. Mac Arthur River has the highest grade of uranium with over 20% uranium 
(Officers of the World Energy Council, 2007). 

The USA had in 2008 fifteen mines producing in total 1500 tons uranium. Several mines in 
the Usa are using in situ leaching; the Smith Ranch-Highland mine in Wyoming, the Crow 
Bitte mine in Nebraska, the Vasquez ISL mine, the Kingsville Dome and the Alta mesa ISL 
plant in south Texas. The rest of the mines in the USA uses conventional ex situ mining 
methods (World nuclear association, 2010). 

Russia has a uranium resource of around 142 000 tons (Officers of the World Energy Council, 
2007). All mines and exploration are operated by the government owned AtonMedMetZoloto. 
In 2009 Russia produced around 3500 tons Uranium, and they are planning to increase the 
production to 5000 tons uranium per year (World Nuclear association, 2010). 

Australia has an annual production of around 8500 tons uranium, which is about 16% of the 
world production. It’s reserves are around one third of the world reserve. Australia uses both 
in situ and ex situ extraction methods. Olympic dam is the world’s largest uranium mine with 
an annual production of 3500 tons uranium per year. Beverly mine is an in situ mine with an 
annual production of 600 tons uranium per year (World Nuclear association, 2010). 

Canada, Australia and Kazakhstan have a clear majority of the world uranium production. As 
Canada has a high production in comparison to the resources, the Canadian role in the world 
uranium production might change if the resources are depleted without any new resources are 
found. Other countries also have significant production of Uranium. Russia, as an example 
has a small production in comparison to the large uranium resource, and they are planning to 
increase the production, and could in that case be one of the larger producers. 

2.3.1 Mining methods used for uranium mining 
The mining methods used for uranium are open pit mining, underground mining or in situ 
leaching. The majority of the uranium is extracted using open pit or underground mining 
(Officers of the World Energy Council, 2007). 

The uranium ores are classified in two types of categories, Sedimentary and Vein type.  The 
sedimentary ores are close to horizontal, which is layered from a couple of decimeters to tens 
of meters. The vein type ore are sized similar to sedimentary ores, but are often close to 
vertical, and are varying more (IAEA, 1993). 

The uranium is either mined as the main metal, or mined as a by-product when mining for 
other metal, such as copper and gold (Officers of the World Energy Council, 2007). The 
Olympic Dam in Australia is an underground mine where the uranium is mined as a by-
product. Copper is there the main metal that is mined (Officers of the World Energy Council, 
2007). Even considering that the mine is mining uranium as a byproduct,  it is the second 
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largest uranium mine with over 3000 tons uranium per year, or 6% (World nuclear 
association, 2010). 

Open pit mining is where the ore is mined at the surface. Open pit mines are chosen when the 
ore is near to surface. The open pit mine has many advantages, such as being a low cost 
method with possibilities for high capacities (Hustrulid, 2001) Other advantages when mining 
for uranium is that they are naturally ventilated and thus ventilate away the radon gas that can 
occur in uranium mines. Open pit mines are due to this often the first choice. A disadvantage 
of the open pit mine is that it can have a larger environmental impact then other mining 
methods (IAEA, 1993).The open pit mines with highest uranium capacity are the Arlit mine 
in Niger, the Ranger mine in Australia and the Rossing mine in Namibia with 6% of the world 
uranium production (World nuclear association, 2010) . 

Underground mines are often used when the ore is deeper situated. Underground uranium 
mines has to be well ventilated to prevent radon exposure on the miners as radon is highly 
cancerogenic (IAEA, 1993). Radon is not dangerous by itself, but becomes dangerous when it 
decays to radon daughters. The radon daughters produce short distance high energy alpha rays 
and can attatch to dust particles in the air. It is when these particles are breathen into the lungs 
that they become dangerous and can cause lung cancer. Ventilation that reduces dust particles 
in the air decreases the exposure of the radon daughters and can eliminate risk of exposure to 
the alfa radiation (Socialstyrelsen, 2005). If the uranium content of the ore is high, gamma 
rays will occur. To prevent gamma rays the dust has to be controlled (World nuclear 
association, 2010). The maximum annual radiation exposure is set by the Swedish Radiation 
Safety Agency (strålsäkerhetsmyndigheten) to 50 mSv for one year and 20 mSv per year five 
years in a row (Strålsäkerhetsmyndigheten, 2012).The risk of reaching the maximum annual 
radiation levels of 50 mSv starts when the ore has a uranium content of around 0,5% (IAEA, 
1993).  

If the uranium ore is of sediment origin, it is often near horizontal and regular. Room and 
pillar mining is often used, where uranium ore is left as pillars to support the roof. This results 
in that not all the uranium ore can be mined. If the uranium ore is in veins, cut and fill mining 
can be the chosen method. In cut and fill mining the ore is mined out, and the void is filled 
with concrete paste. The cut and fill mining method can follow the veins easily, and can also 
mine ores that are vertical (IAEA, 1993, William A. Hustrulid, 2001) 

In situ leaching (ISL) has shown to have some major advantages over conventional mining for 
uranium. As the ore isn’t removed and mined in place, the disturbance at the surface is kept 
minimal, both for the mining. Crushing and grinding of the ore isn’t necessary, and these 
facilities don’t have to be constructed. Fewer personnel are required and the safety improves 
as no mine is necessary (IAEA, 1993). 45 % of the global uranium production is extracted 
using in situ leaching . ISL is used when the host rock has ha high permeability (World 
nuclear association, 2010). All of the current commercial ISL mines have been sandstone with 
high permeability (IAEA, 1993). In ISL a chemical, sometimes hydrogen peroxide is pumped 
down to the ground. There the uranium is dissolved to the liquid and then pumped out and can 
then be extracted from the solution above ground (World nuclear association, 2010).  

2.3.2 Concentration and treatment methods used for uranium 
One of the methods that are most commonly used when separating the uranium from the host 
rock is leaching (Officers of the World Energy Council, 2007). 

When leaching uranium the ore has to be crushed and milled to a size smaller or equal to the 
uranium mineral size in order to expose the uranium minerals to the leaching process. The 
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uranium ore is then treated with an acid or alkaline reagent to dissolve the uranium minerals. 
The host rock that is not dissolved is then possible to separate from the solution through 
filtration or sedimentation. The solution containing the uranium can then be treated to 
precipitate the uranium minerals. This is either done in tanks or in heaps (IAEA, 1993). 

In underground uranium mines, the host rock that otherwise considered as waste rock, 
sometimes still contain some uranium. This rock can be treated with a method called in place 
leaching. Bacteria are used that converts sulphides to sulphuric acid. A water solution with 
bacteria is pumped in to the stope. The water is then pumped out to aerate the stope, and the 
bacteria are left to react for about a month. The stope is then flooded again, and the water 
dissolves uranium that the bacteria has made solvable (IAEA, 1993). 70% of the uranium can 
in some cases be recovered using this method during one year (IAEA, 1993). 

3 The oil shales in Sweden 
The shales in Sweden consist of Alum shales and black shales. Black shales are similar to 
alum shales and located in Gotland and Öland. The name Alum shale comes from that the 
shales where mined for its alum (potassium aluminium sulphate) content (Officers of the 
World Energy Council, 2007). The alum shales normally have a thickness ranging between 20 
and 60 meters. The oil content of the shales ranges from a few percent to up to 20 % by 
Fischer assay (SGU, 2011). The Fischer assay is a method to determine the performance of 
extraction of oil from shales that was developed in 1929. The Fischer assay doesn’t show 
actual oil content from the shales, and the method can show various results depending on how 
the assay was performed. Despite the drawbacks it has been used in several cases (Heistand, 
1976). In 1978 the alum shales in Sweden was estimated to 13 000 million tons, and the total 
amount of shale oil was estimated to 452 million tons (SGU, 2011). Hydroretorting can in the 
Swedish shale increase the oil output by 300 to 450 percent of the Fisher assay (Raymond, 
1984). The Hydroretorting (Hytort) process uses a hydrogen rich environment and high 
pressure in the retort to enable a higher oil output. The Hytort is favorable to use in certain 
shale types that has higher kerogen content (Tippion, 1985). 

3.1 The alum shales in Närke 
The Närke alum shales have an area of total 60 km2 (Fromm, 1971). The Närke alum shales 
are situated to the south and to the west of the town Örebro. The Närke shales are divided in 
four different areas, Bredsätter, Kvarntorp and Asker to the east of Kumla Lattorp to the west 
of Örebro (North east of Kumla) (Svenska skifferoljeaktiebolaget, 2010). 
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Figure 7 Geological overview of the shales in Närke (From Andersson et al 1985). 

 

3.1.1 Geology 
The shales are late Cambrian, the Cambrian period was 488 to 542 million years ago. The 
Cambrian shales are laying flat underneath a layer of limestone. The limestone is Ordovician, 
and thus younger than the Cambrian shales. The thickness of the shales is between 12 and 19 
meters. The Närke shales have a stink stone  content of around 15%, and an organic content 
averaging 20%. Stinkstones are a type of limestone that can emit a unpleasant odor. 
(www.dictionary.com, 2013) The shales in east Närke are typically divided into a 6-8 meter 
thick upper layer with higher uranium and lower organic contents and a lower layer, up to 10 
meters thick, with a lower uranium and higher organic contents. The shales in east Närke has 
a larger variation of thickness, varying from 12 to 19 meters thickness (Fromm, 1971). 

 
Figure 8 North-south profile through Vrana and Tartsta in Närke (Fromm, 1971) 

 

Figure 8 (Fromm, 1971) shows the profile of the from Vrana and Tarsta in the Närke district. 
Figure 9 (Fromm, 1971) demonstrates the profile from the prevoiusly mined Kvarntorp 
shales. 
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Figure 9 North-south profile through kvarntorp and tynninge (Fromm, 1971) 
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3.2 The asker area 
To estimate a value of the deposits, the Asker area was chosen. The Asker area is the most 
eastern area of the Närke alum shale deposits. The area is also called the “Asker claim #1”. 
The area is located east of Kumla, south east of Örebro. The area of the shale was estimated to 
22.4 square kilometers using the SGU geological maps.   

 
Figure 10 Satellite view of the Asker area relative to Stockholm (Google, 2012) 

 

 
Figure 11 The asker area where the exploration permit is highlighted in purple (Fromm, 1971). 
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3.2.1 Grades 
Thirteen drill holes was drilled and analyzed in the Asker area in between 1939 and 1969 
(Fromm, 1971). Data from the analysis of the uranium content of all of these holes, and data 
of the oil content using Fischer assay of one of the drill holes are used in the calculations 
below. The data of the uranium content was acquired from charts produced by Bertil 
Dahlman. Dahlman produced these charts from analyzes of the drill cores that where drilled 
in the 1930’s and the 1960’s. Uranium samples was made every decimeter for the drill cores 
that where made in the 1960’s . Samples where taken every meter of the drill cores made in 
the 1930’s (Dahlman, 1962). 

 
Figure 12 Uranium content in ppm in the shale layer, leveled to the shales  (Dahlman, 1962)  

 

Figure 12 shows the uranium grades in the shales, where 0 is chosen to the level where 
uranium is first measured. This was done so to show that the uranium content follows the 
inclination of the shales. The figure shows that the bedrock have a layer of up to 15,6 meters 
that indicates uranium, and a layer that is around 12 meter thick where the uranium is above 
50 ppm. The black line shows the average uranium content in parts per million (ppm) of all 
the cores from the Asker area (Dahlman, 1962). One can notice that the uranium content are 
relatively even through the depth in the shales. 
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Figure 13 shows the uranium content in ppm at varying depth from the surface. (Dahlman, 1962)  

Figure 13 shows how the uranium content varies more when the zero level is adjusted to 
follow the surface instead of the top of the shales.  

The curve of the average is more spread out in Figure 12 than in Figure 13, as the level of the 
average follows the shale. The grades from Figure 13 will be used in the calculations, as any 
underground or in situ method used would follow the shales and the grades above the shale 
“vein” will be considered as an overburden and either used as a roof of a tunnel or as material 
that has to be treated as waste rock. 

3.2.2 Estimated amount of oil and Uranium 
To guide in the discussion and choice of an extraction method of the uranium and the oil, a 
rough value of the total uranium and oil content was calculated by the author. This sum aided 
in the recommendation of mining method, and also encourages further investigation and 
research in the Närke alum shales. 

An rough estimate of the total amount of Uranium was calculated using the average uranium 
content from the drill holes in the Asker claim #1. 

101.3 g/ton was the average uranium content extracted from the data displayed in Figure 12. 
The data used are the average value for the 15,6 meter of the shales that had an uranium 
content according to the drill holes where the data was acquired. With an alum shale density 
of 2.6 tons per m3 (Henning Holmström, 2005) this gives 263 g/m3.  

2,6  𝑡𝑜𝑛𝑛𝑒𝑠/𝑚! ∙ 101,3  𝑔/𝑡𝑜𝑛𝑛𝑒   =   263𝑔/𝑚! 

The average grade was calculated from the 15.6 meters thickness of shale with uranium, 
which gives 4.1 kg per surface square meter  
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15,6𝑚 ∙ 263𝑔/𝑚! = 4100  𝑔/𝑚2 

The area of the asker area is 22.5 square kilometers (22 500 000 m2) If the uranium contents 
is consistent over the shales, the total uranium content for the asker area would be  92 400 
tons uranium. 

22  500  000  𝑚! ∙ 4,1𝑘𝑔/𝑚! = 92  400  000  𝑘𝑔 

This might seem like an unrealistic large amount of uranium considering the low grade, but 
one has to remember that 22,5 square kilometers is a significant area.  According to 
Andersson, the Uranium average of the Närke shales is 175 ppm (Andersson, 1985). Even if 
the uranium content of 101,3 g/ton are significantly lower then what Andersson claims, new 
drill holes have to be made to modern standards to confirm the grades.  

The author found data from an unknown source that Närke alum shales have traces of rare 
earth elements, REE. As no source is currently known, it is unknown whether this data is 
correct or reliable. 

3.2.3 Value of uranium in the Asker claim #1  
The average uranium grade in the shales is 101.3 g/ton U.  

The uranium price 2011-06-16 was 54.75 dollars per pound (lb) U3O8. 

As U3O8 contains 85% uranium (World Nuclear association, 2010) this equals a price of  
64.41  dollars per pound U. 

One dollar is 2011-06-16 6.525 SEK. 

One pound is 453.6 g. 

This gives a gross in situ uranium value SEK per ton ore of: 

64,41  𝑈𝑆𝐷/𝑝𝑜𝑢𝑛𝑑   ∙ 6,525  𝑆𝐸𝐾/𝑈𝑆𝐷
453,6  𝑔/𝑝𝑜𝑢𝑛𝑑 ∙ 101,3𝑔/𝑡   =   93,85  𝑆𝐸𝐾/𝑡 

 

The uranium value per ton of the shales in the Närke areas according to this calculation is 
around 94 SEK. 

3.2.4 Value of oil content in the Asker area 
Analysis of the oil content was only found in the “Tångsätter” drill core.  The average oil 
content of the Shales in the Tångsätter drill core was 3.94% from Fischer assay (Dahlman, 
1962). The average oil content in the Närke alum shales in total, according to Lundegårdh and 
Fromm is 5.6% from Fischer assay (Fromm, 1971) . 

Samples from the Närke area has demonstrated that,  hydroretorting in an atmosphere of 
hydrogen under pressure, can produce a yield of 134 litres per ton. This is is around 13% by 
weight and almost tripple of the Fischer assay. The Närke alum shales have an average 
organic content of 20% (Andersson, 1985). 

The value of the oil in the Närke alum shales can be calculated as follows. 

The oil price 2011-06-16 (http://www.oil-price.net/, 2011) was 117.10 USD/Brent Crude Oil 
barrel. 
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One barrel is 0.11735 m3. 

The Density of one barrel Brent Crude oil is 835 kg/ton. (Stock Trkr, 2011) 

One dollar was 2011-06-16 6.525 SEK. 

Using the average oil content of 3.94% from the Tångsätter drill core gives an in situ oil value 
SEK per ton shale of: 

 

Using the oil yield demonstrated from hydroretorting in an atmosphere of hydrogen under 
pressure of 134 liters per ton gives an extractable:  

117.10  𝑈𝑆𝐷/𝑏𝑎𝑟𝑟𝑒𝑙   ∗   6.525  𝑆𝐸𝐾/𝑈𝑆𝐷
117.35  𝑙𝑖𝑡𝑒𝑟𝑠/𝑏𝑎𝑟𝑟𝑒𝑙 ∗ 134  𝑙𝑖𝑡𝑒𝑟𝑠/𝑡𝑜𝑛   =   872.5  𝑆𝐸𝐾/𝑡𝑜𝑛𝑛𝑒 

 

The oil value of over 800 SEK per ton shale shows that the oil value of the convertible oil 
from the kerogen is almost nine times as high as the uranium value of just over 90 SEK per 
ton. This means that a focus on the kerogen content would be preferred as its value is a lot 
higher than the uranium content.  

3.2.5 Value of the deposit 
In situ Uranium value per ton shale: 93.85 SEK/ton 

As demonstrated earlier in Figure 12, the uranium content is rather even horizontally through 
the shales, the average uranium content was extrapolated to the whole shale area to enable an 
easy overview of the ore value. The average uranium content was calculated for the 15.6 
meters of shale that had an uranium content according to the data acquired from the drill holes 
in the Asker area (Dahlman, 1962). This thickness was used to calculate an uranium content 
per surface area in the calculations on page 22.   

The value of the oil in the Asker shales can be calculated as follows: 

A density of the shales of 2.6 tons per cubic meter was used.  The average uranium content is 
calculated from the 15,6 meter thick shale. Each surface square meter thus have 15,6 cubic 
meters of shale underneath it with the average uranium content of 93,86 g/ton.  A shale 
density of 2,6 ton/m3 is used. (Henning Holmström, 2005) 

2,6 t/m3·15,6𝑚2 ·93,86 𝑔/𝑡𝑜𝑛 = 3806,96 Sek/m2  

Oil value per ton calculated in previous chapter: 870 SEK/ton  

Extrapolating the oil content fom the Tångsätter drill core gives  

2,6  𝑡𝑜𝑛/𝑚! ∙ 15,6𝑚 ∙ 870  𝑆𝐸𝐾/𝑡𝑜𝑛 = 35000  𝑆𝐸𝐾/𝑚! 

 

With the uranium value per surface square meter calculated to 3 800 SEK, and the oil value 
per surface square meter: 35 000 SEK/m2, the Total value per surface square meter is 3800 
SEK+ 35000 SEK =38 800 SEK/m2 

€ 

117,10USD /barrel⋅ 6,525SEK /USD
0,835t /m3 ⋅ 0,11735m3 /barrel

⋅ 3,94% = 307,23SEK / ton
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The oil value per surface square meters is interesting when estimating the value if extraction 
would occur on smaller areas. An area of 100m x 100 m (10 000m2) would, as an example 
have a value of 10 000 m2 x 38800 SEK/m2 = 388 000 000 SEK. This demonstrates that also 
a smaller area could be interesting to extract. The total area of 60 km2 (Fromm, 1971) could 
then have a total in situ value of 38 800 000 000 SEK/ km2 * 60 km2= 2 328 000 000 000 
SEK. 

3.3 Rough estimation of total Uranium and Oil content 
When studying the values of the alum shales in the Närke region, the Oil content shows to be 
the major component of value. Several sources indicate that the oil content is around 5 % 
according to Fisher assay (Andersson, 1985, Fromm, 1971), but the total amount of oil that 
can be extracted is usually higher, or a lot higher than the Fisher assay results. (USGS, 2011) 
Tests has shown that the Närke alum shales can produce 300% of the fisher assay (Tippion, 
1985).This will be discussed later in this report. 

Using the Lundegårdh and Fromm (Fromm, 1971) average oil content of 5.6% by Fisher 
assay for the shales, 56-kilogram oil per ton is present in the shales. 300% of this equals 158 
kg per ton. Using a density of 835 kg/m3 (Brent Crude Oil) this gives 189 liters oil per ton 
shale (53.1 gallons or 1.266 barrels per ton). The Green river formation in USA, for a 
comparison holds 20-30 gallons per ton by Fisher assay (Bartis J. T., 2005), and has an output 
of 130% of the fisher assay. This means that an output of 53 gallons per ton from the Närke 
shales are higher than the 26-39 gallons per ton that the shales in the Green river basin can 
produce.  

A shale density of 2.6 tons/m3 and an average shale thickness of 15.6m gives: 

 2.6ton/m3*15.6m3/m2 * 189 liters/ton = 7666 liters oil per surface square meter  

60 km2 = 70 000 000 m2 

7666 l/ surface m3 * 60 000 000 m2 = 459 960 000 000 liters = 459,96 million m3 

Using a total shale area of 60 km2 for the shales (Fromm, 1971), a total 460 million cubic 
meters of oil is present in the shales.  

According to Astrid Andersson (Andersson, 1985), the total kerogen content of 60 km2 of 
alum shales in the Närke district is 340 million tons. To be able to compare the results the oil 
content is below calculated to tons. 

60  000  000  𝑚! ∙ 15,6𝑚!/𝑚! ∙ 2,6  𝑡𝑜𝑛/𝑚! ∙ 158  𝑘𝑔/𝑡𝑜𝑛 = 385 ∙ 10!  tons 

The results from the Astrid Andersson study and the calculations in this thesis are close. 385 
million tons compared to 340 million tons in the Astrid Andersson study.  

 

  



	   29	  

3.4 Rare earth elements in the shales 
Another mineral in the shales that could be interesting to investigate is REE. Data from the 
Svenska Skifferoljeaktiebolaget indicates that REE is present in the shales. The data did not 
show any information of when and where the drill hole was made.  

The data regarding the Rare Earth elements in the Närke alum shales are obtained from an 
unidentified drill hole called CPS GR-110 supposedly originating in the area. As no reference 
or documented source of the data from the drill hole has been found the data cannot be 
verified. A verification of the results of this drill hole should be done in further works. The 
data was acquired from Svenska skifferoljeaktiebolaget. 

The contents of the CPS GR-110 drill hole are according to the Table 3 

Table 3 Data from CPS GR-110 drill hole  (Svenska Skifferoljeaktiebolaget, 2011) 

Yttrium 32,2 ppm 
Lanthanum 33,2 ppm 
Cerium 62,3 ppm 
Praseodymium 7,7 ppm 
Neodymium 30,0 ppm 
Samarium 6,0 ppm 
Europium 1,3 ppm 
Gadolinium 14,0 ppm 
Terbium 1,0 ppm 
Dysprosium 5,3 ppm 
 

 
Figure 14 Chart over REE in the unknown drill hole. (Svenska Skifferoljeaktiebolaget, 2011) 

Figure 14 shows a chart over the REE contents of the CPS GR-110 drill hole. 

The value of the different REE are not easy accessible. Data regarding some of the REE was 
aquired from www.metal-pages.com (Metal Pages, 2011) these prices should only be 
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considered as a guide only, and more reliable data would have to be obtained if a dependable 
estimation is necessary. 

The value per ton of the REE content of the alum shales are from this data as in the table 
below: 

Table 4 (Metal Pages, 2011) 

Yttrium 107,6 USD/kg 3,5 USD/ton ore 
Lanthanum 17,5 USD/kg 0,6 USD/ton ore 
Cerium 16,6 USD/kg 1,0 USD/ton ore 
Praseodymium 120,3 USD/kg 0,9 USD/ton ore 
Neodymium 122,9 USD/kg 3,7 USD/ton ore 
Samarium 18,0 USD/kg 0,1 USD/ton ore 
Europium 1392,6 USD/kg 1,8 USD/ton ore 
Gadolinium 55,0 USD/kg 0,8 USD/ton ore 
Terbium 1055,7 USD/kg 1,0 USD/ton ore 
Dysprosium 688,1 USD/kg 3,6 USD/ton ore 

     
   

17,0 USD/ton ore 
 

The data with the REE content from the drill hole and the aquired pricing from www.metal-
pages.com shows that each ton of shale has an REE value of 17 USD/ton. This shows that 
further drilled holes should be analyzed for REE. This would also confirm the data. 

It would be advisable in further works to determine if the REE could be extracted from the 
shales to an acceptable cost together with the oil and uranium. 

3.5 Explorers for alum shales 
Continental precious minerals (CPM) is an alum shale exploring company that currently 
focuses on the Viken project in the north of Sweden. CPM is looking to extract uranium, 
vanadium and molybdenum from the shales using Open Pit mining. The Viken deposit is 
thicker than the Närke alum shales, with a thickness of up to 200 meters as shown in Figure 
15. The deposit is 1,5 meters wide and 2 km long. The planned production rate is 40 000 tons 
per day in two open pit mines, and they have estimated an average operating cost of 50,64 
USD/ton (Continental Precious minerals inc, 2012). 
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Figure 15 Viken license (Continental Precious minerals inc, 2012) 

4 Extraction 
Extraction of the valuable contents of the shales can be done in several different ways. In this 
section discussions on the advantages and disadvantages of the different extraction strategies 
for extracting oil and uranium from the Närke alum shales are presented. The purpose of the 
extraction is to remove the oil and uranium from the shales and bring the valuable content to 
the surface.  

Some of the Närke shales are located in domestic areas and on farmland.  The effect of the 
extraction method on the surface area and surrounding environment has to be carefully 
evaluated and investigated.  

The chosen method has to be economic enough to get a cut off value below the value of the 
shales. The cut of grade is the point where the costs of extracting the ore meets the profits 
from the ore (Hustrulid, 2001). This means that the total cost for all the investments, interest 
and production is equal to the value of the recoverable oil and mineral . This has to be 
achieved while applying to strict environmental standards and also following all existing 
environmental laws and regulations that exists for mines in Sweden. The goal should be to 
have lower levels of environmental impact than the law demands. 

Aspects that should be considered when discussing the mining/extraction methods are 
(Mutmansky, 2002) 

• Spatial characteristics of the deposit 
• Geologic and hydrologic conditions 
• Geotechnical properties 
• Economic considerations 
• Technological factors 
• Environmental concerns 
• Health and safety factors 
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Figure 16 (Mutmansky, 2002) demonstrates how the different mining methods can be 
considered while using some of the different technical aspects listed above.  

 
Figure 16 Chart over properties for different mining methods (Mutmansky, 2002) 

Economic considerations should be done in more depth in further works. Figure 17 shows 
rough order-of-magnitude costs for the different mining methods. These values are rough and 
do not contain all of the costs involved in running the mine. Further, special conditions may 
occur that increases the costs (Mutmansky, 2002). 
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Figure 17 estimated overall mining costs for traditional mining methods (Mutmansky, 2002) 

4.1 Available extraction methods 
Two main categories of extraction of the shales will be explored, In situ and Ex situ. 

Ex situ is where the shales are mined using conventional mining methods, and the value 
material is extracted from the shales at an extraction plant at the surface. The shales can be 
mined using both underground mining and open cast mining (Blokhin, 2008). 

In situ is where the valuable materials are extracted from the shales underground without 
removal of the shales. The sought for content are instead leached or in some other way 
extracted from the shales while it remains underground (Bartis J. T., 2005). 

There are no records available that shows that any shales in the world are mined for both oil 
and uranium. Thus methods for mining and extracting oil and uranium separately would have 
to be combined when finding a possible method for the alum shales if both the uranium and 
kerogen/oil is to be extracted.  

4.1.1 Description of geological properties of the Närke Shales 
The top layer of the bedrock above the Närke alum shales is a layer of limestone, usually 
varying around 5 meters, reaching up to 20-30 meters in the western Närke shale deposits. 
The layer in the deposits are thinner in the north, and thicker in the southern parts (Fromm, 
1971). 

The layer underneath the limestone is the layer of alum shales. The alum shales have a 
relatively constant thickness of around 12 meters. (Fromm, 1971) When the author made a 
visit to the area it was found that the alum shales are brittle and have a low strength. When 
surveying the area it was possible to break the shales using only a shovel. The shales showed 
a high level of horizontal fracturing. The horizontal fracturing is eminent in Figure 19. 
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Conventional mining of the shales should not require blasting due to the low strength, but 
could at the same time require stabilization using bolts, grouting and/or shotcrete. The 
stability and necessary reinforcements will be discussed in the chapter Rock	  support	  and	  Q-‐
value on page 35. It should be noted that only the exposed surface of the shales was examined 
during the site visit.  

 
Figure 18 Panorama from Bredsätter  

Figure 18 Shows a panorama of the Bredsätter deposit. As can be seen in the picture the area 
has been mined and is now water filled.  
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Figure 19 Detail of the Bredsätter shales 

Figure 19 Shows how the fractures in the shales are horizontal. 

4.1.2 Rock support and Q-value 
 

The Q-value is a quality index introduced in 1974 by Nick Barton. (Barton, 1974) The Q-
value uses geotechnical parameters and the result can be used in designing rock support. 
(Barton, 1974)The different ratings were acquired during a field trip to the Bredsätter area. 

The formula for the Q-value is a product of the following 

RQD  = degree of jointing (Rock Quality Designation)  

Jn  = number for joint sets  

Jr  = joint roughness number  

Ja  = joint alteration number  

Jw  = joint water reduction factor  

SRF  = Stress Reduction Factor 
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𝑄 =   
𝑅𝑄𝐷
𝐽!

∙
𝐽!
𝐽!

∙
𝐽!
𝑆𝑅𝐹  

The RQD is an estimation of how high the frequency of the faults are. The RQD is normally 
calculated from drill cores (Nordlund, E., 1998), but was here done at site examining the 
shales. 

The RQD is the sum of the number of core pieces over 10 cm divided by the length of the 
core, multiplied by 100. 

𝑅𝑄𝐷 =
𝐿𝑒𝑛𝑔ℎ𝑡  𝑜𝑓  𝑡ℎ𝑒  𝑐𝑜𝑟𝑒  𝑝𝑖𝑒𝑐𝑒𝑠   >   10𝑐𝑚

𝑡𝑜𝑡𝑎𝑙  𝑠𝑎𝑚𝑝𝑙𝑒𝑑  𝑙𝑒𝑛𝑔𝑡ℎ ∙ 100 

As the shales was brittle and layered, none of the pieces where over 10cm, thus the RQD 
would be 0. 

The number of joint sets for the shales was on joint set plus random, and this gives a Jn of 3. 

The Roughness of the joints was smooth and planar, this gives a Joint Roughness number, Jr 
of 1. 

The Joint alteration number was determined to be 2, as the joint wall where slightly 
alternated, with clay free rock. 

The Joint water reduction was difficult to estimate, would water inflow be eminent? A value 
for medium inflow was chosen, as the area was humid and the old deposits filled with water. 
This gives a Joint water reduction value, Jw of 0,66. 

The stress reduction factor is a value that considers zones that can affect the excavation.  The 
shales had multiple weakness zones that seemed to be chemically disintegrated. This gives a 
stress reduction factor, SRF, of 10. 

The Q-value using these numbers would then be: 

𝑄 =   
𝑅𝑄𝐷
𝐽!

∙
𝐽!
𝐽!

∙
𝐽!
𝑆𝑅𝐹 =

0
3 ∙
1
2 ∙
0,66
10 =   0 

𝑄 =   
𝑅𝑄𝐷
𝐽!

∙
𝐽!
𝐽!

∙
𝐽!
𝑆𝑅𝐹 =

10
3 ∙

1
2 ∙
0,66
10 =   0,11 

A Q-value of 0,11 indicates a low strength of the shales. This should be considered when 
choosing a suitable mining method. The Q-value indicates that a large amount of rock support 
could be needed if excavating underground tunnels in the shales. A low Q-value in 
combination with horizontal layering and vertical fractures could require a tight bolting 
pattern in combination with shotcreate or meshing in order to both create a strong arch for 
stability and to prevent small rocks to fall. Both free span and bolt pattern have to be 
developed and tested in a real situation. 

4.1.3 Ex situ extraction 
Ex situ extraction is where the shales are mined using conventional underground or surface 
mining and the shales are brought to a surface retort plant where the oil is extracted from the 
shales (Blokhin, 2008). 

The extraction is done in three steps; 
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The first step the conventional mining. The experience of conventional mining is extensive, 
both in Sweden and in the world. The mining method could be chosen using the standard 
methology for choosing mining methods. The physical properties of the shales and the host 
rock would be evaluated and a mining method adapted for these properties. The fact that the 
shales contain uranium will not affect the decision of mining method. The uranium has a low 
radiation level, and precautions as proper ventilation would be enough (World Nuclear 
Association, 2011). 

The second step is pyrolysis of the shale in kilns or retorts to produce kerogen oil (Crawford, 
2009). The kiln is a large “oven” that heats the material and takes care of the gasses that ar 
produced. Pyrolysis is when a material is “burned” without oxygen. The organic material is 
vaporized and collected and thus separated from the host rock (Center for public 
environmental oversight, 2012). 

The third step is to upgrade the kerogen to crude oil and high value chemicals (Crawford, 
2009). Calculations by James T. Bartis et al (Bartis J. T., 2005) have demonstrated that a plant 
designed for 50 000 barrels per day would need several retorts, and each  retort would contain 
at least 1500 barrels per day, which is beyond the state of the art (Bartis J. T., 2005). With the 
MRI combined benefication hydroretoring method, The MRI physical beneficiation process 
uses fine milling and flotation to remove the parts of the shales that doesn’t contain organic 
materials (Tippion, 1985), the output of oil from the Närke shales could reach 300 percent of 
Fischer assay as a higher percentage of the kerogen is converted to oil (Raymond, 1984). 

By comparing the physical properties of the shale ore and the required functions for the 
different mining methods some methods can be ruled out (Mutmansky, 2002). Sub level 
caving and stope mining are both designed for ore bodies with a high inclination. Thus, these 
will not be considered further. The different mining methods and the property requirements 
for them are shown in Table 5. 

 

Table 5 Property table for guiding in choosing mining method (Mutmansky, 2002) 

 

It is necessary to further evaluate how the different mining methods would be suited and 
designed for the Närke alum shales due to that all mining projects have unique properties and 
conditions that has do considered. Further work could evaluate this in more detail.  

Properties Open%pit Room%and%pillarStope%mining Cut%and%fill Sub%level%caving

Ore%position Shallow all not%deep all Not%shallow
Inclination all flat steep all steep
ore%shape all regular regular all all

Stability
Ore all good good good pretty%good
Host%rock all good good bad bad

Economy
Ore%value Low medium medium high
Exchange 90D100% 70D95% 85D95% 90% 70D90%
Host%rock 0D10% high High Low 15D30%
Capacity Very%high high High Low high
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4.1.4 Surface mining 
The ore can be mined with an open pit if the ore is located near the surface. This makes the 
mine naturally ventilated. Large machinery can be used enabling a high production rate to low 
costs (Mutmansky, 2002). 

To ensure stability and safety the side walls have to be inclined. This means that an amount of 
side rock has to be excavated on the edge of the mine. If the ore is located at greater depths, a 
larger amount of side rock has to be mined to maintain the constant inclination, and this 
increases the cost for the surface mine if the ore is mined at greater depths. The ratio between 
the ore and the side rock is called strip ratio (Mutmansky, 2002). 

 
Figure 20 How depth can affect the amount of side rock 

Figure 20 Shows how the strip ratio increases at greater depths. Near the surface the amount 
of side rock in this example is lower than the ore. When the ore is mined further down more 
side rock then ore has to be extracted to maintain the same inclination of the walls. 

Where the shales are located at shallower depths, open surface would be an available 
technique. The overburden over the shales are typically between 5 and 15 meters, sometimes 
up tp 30 meters (Fromm, 1971). 

 
Figure 21 Shales and the overburden 

Figure 21 demonstrates how the overburden and the side rock for the shales would affect the 
strip ratio. With a shale thickness of 15 meters this means a strip ratio of between 1-3 to 2-1. 
1-3 would be where the overburden is 5 meters and the shales three times as thick (15m). 2-1 
is where the overburden of 30m is twice as thick as the shales (15m).  

The areas of the shales are large and thin. As Figure 21 demonstrates the affect that the side 
rock has on the strip ratio would be small 
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Mining from the surface have some advantages and disadvantages.  Some of the advantages 
are that it is a bulk method that produces a high tonnage at low costs. The disadvantages are 
the environmental impact during the mining sequence and the higher costs at greater depths 
due to the increased strip ratio. Open pit mining usually allows higher extraction rates of the 
value materials 

As the surface mine is located at the ground level, the existing infrastructure and buildings in 
the area has to be removed. This would especially be a problem regarding the shales, as the 
shales spread out in large habituated areas. 

A possible solution for surface mining could be selective surface mining, where areas without 
infrastructure or buildings are mined, and the sensitive areas are avoided. Even this could 
show to be a problem as the mining would be highly visible and disturbing to the people 
living and working around the area. 

Surface mining could be done either with a conventional open pit or with strip mining. Open 
pit was used when the shales was mined in the mid 1900’s Strip mining is currently used in 
the oil shales in Brazil (Epifanio, 2007). 

Open pit mining 

An open pit is typically a mine where the top of an ore is mined from the surface. The open 
pit mine is a bulk, high capacity and usually cheap mining method. To ensure stability of the 
walls of the open pit side rock has to be mined. Further down in a pit, more and more side 
rock has to be mined for each meter of ore. If the ratio of the waste rock and ore makes the 
mining so expensive that an underground method is cheaper, the open pit method is 
abandoned and an underground method is chosen instead (Mutmansky, 2002). 

 

Strip mining 

Strip mining is similar to open pit mining, but is often used in coal mines where the ore is 
horizontal, or near horizontal. As the mining process follows the ore, the mined out areas can 
be remediated continuously. Due to the swelling of the rock, the topography can slightly 
change after an area has been mined out (Mutmansky, 2002, Bartis J. T., 2005) 

 
Figure 22 Illustration of strip mining of the Närke alum shales 

Figure 22 illustrates how strip mining could function if the shales would be mined using this 
method. A forest is in this illustration replanted at the all ready mined out areas. 

The main disadvantage with the surface mining methods is the surface requirements during 
the mining process. Domestic and agricultural areas are present on a large part of the claims, 
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and a surface mining method would affect these significally.  During the mining process 
buildings and farmland has to be moved or removed.  The shales are spread over a large area, 
and this means that a considerable number of inhabitants will be affected. This could make it 
practically impossible to implement a surface mining method to the shales.  

The main advantage with strip mining is the very high capacity for mining horizontal ores that 
are near the surface. Even if the total affected area is large, it is only during a limited time, 
and the mined out areas are covered with soil that is planted with grass or soil. Strip mining is 
best used where the areas are uninhabited so that the disturbance can be minimized. 

 

4.1.5 Underground mining 
One of the main advantages with underground mining is the minor impact of the surface 
environment that underground mining produces. One of the disadvantages are the higher costs 
that the mining method produces (Blokhin, 2008, Mutmansky, 2002). 

Surface mining, even if domestic areas are avoided, could be disturbing to the public. An 
underground mine could have an entry to the mine at one point, and the shales would be 
mined with drifts spreading out through the area. The limestone above the shales would serve 
as a roof where it is thick enough to ensure stability. This way the impact at the surface could 
be held at a small level. The impact of mining underneath or close to domestic areas and 
buildings has to be examined. Vibrations and settlements at the surface should be avoided or 
controlled. Selective mining where the domestic areas are avoided could also be considered 
when mining underground. 

 
Figure 23 Illustration of underground Shale mining 

Figure 23 shows how an underground operation could avoid disturbing the environment at the 
surface. Vibrations from the operation might still disturb the domestic areas, and actions to 
reduce these should be made. Vibrations can be caused by operations such as pile-driving, 
blasting, or passing loads (Safe work Australia, 2011). 
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Mining close to the surface could cause problems with stresses in the limestone overhead.  

 
Figure 24 Stress distribution of different depths of excavation  

Figure 24 Is simulations made in examine 2D of an excavation at two different depths. Where 
the tunnel is located near the surface, the stresses are lower, and it is these low stresses that 
should be considered if excavating near the surface. 

If an excavation is to be made close to the surface, the limestone overburden might have to be 
stabilized and strengthened to ensure stability. Where the limestone is thicker the stabilization 
requirements should be reduced, as the stresses are higher. This is demonstrated in the left 
part of Figure 24.  

Room and pillar mining 

One of the mining methods used for mining shales in Estonia is the room and pillar method.. 
These shales have a thickness of between 2.7 and 2.9 meters, situated at a depth of about 30 
meters. They can produce 125 kg of shale oil from every ton of shale (Eesti Energia, 2011). 
The possible output of oil from the Närke alum shales have been demonstrated to be 184 liters 
per ton shales (Andersson, 1985) which is an argument that the shales in Närke could have a 
chance of being economically feasible to be mined in the same way as the Estonian shales. 

In Room and pillar mining, the ore in the horizontal ore body is mined and pillars that 
stabilizes the roof are left. The pillars have to be wide enough to ensure stability, which 
results in  a large amount of ore has to be left as pillars if the strength of the rock is low. The 
stability of the pillars are dependent of the stability of the ore, and with lower ore rock 
strength, larger and/or more pillars have to be made, which decreases the mined output 
(Mutmansky, 2002). The pillars can be mined out in the end and then replaced by artificial 
pillars.  

Room and pillar mining is designed for flat ore bodies with an inclination of up to 30°. In the 
normal case it is possible to extract 70 to 95% of the ore with room and pillar mining 
(Mutmansky, 2002, Hustrulid, 2001). 
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An alternative to drilling and blasting when excavating could be using road headers as these 
perform well in softer rock (Sandvik AB, 2010). 

After the ore is extracted the voids are can be filled with the extracted and processed shales, 
that are either stabilized with concrete or unstabilized. Filling the voids with waste ore both 
takes care of a part of the materials that would be put on tailings dams, and it also prevents 
settlements at the surface. Another benefit could be that it lowers the permeability, decreasing 
or eliminating the risk of ground water contamination.  

Room and pillar mining using drilling and blasting 

The conventional method used when excavating rock is drilling and blasting. The ore is 
drilled a couple of meters from the face of the tunnel, the drill holes are filled with a blasting 
agent, the ore I basted, and then excavated. If the roof or walls are unstable, they are stabled 
using grouting, shotcrete and/or a grid (Hustrulid, 2001). The shales showed at a site visit 
made by the author to be brittle and soft. It might thus not be necessary using drilling and 
blasting. The experience that was made from the previous mining operations should be 
retained and examined.  

 

Room and pillar mining using road headers 

The low strength of the shales might make it possible to eliminate the need of drilling and 
blasting, and use road headers instead.  A caterpillar cm400 has a maximum cutting height of 
4.7 meters and a cutting capacity of up to 36 tons per minute (Caterpillar, 2011). 

A possible mining sequence where road headers are used would be to mine the shales in three 
sublevels, each one-third o the shale thickness. This mining method could be defined as a 
modified version of the Post Room and Pillar method (Hustrulid, 2001).  

The first level would be the top 4 meters of the shales. To ensure stability the roof would be 
bolted and shot created, and possibly the walls would be grouted. Figure 25 demonstrates how 
the first stage of this mining sequence could look. The dark blue areas represent the shale, and 
the light beige areas represent the overlaying limestone. 

 
Figure 25 Stage 1 of the mining sequence  
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The second stage would be to mine 4 meters below, and the third stage to excavate the four 
meters in the bottom as demonstrated in Figure 26 and Figure 27 The whole room would 
finally be filled up with concrete stabilized tailings as demonstrated in Figure 28. Figure 29 
illustrates a view of the excavated drifts from the side where the shales have an inclination. 
The inclination in Figure 29 has been exaggerated.. 

 

 

 

 

 

 

 

 

  

Figure 26 Stage 3 of the mining sequence 

Figure 28 Side view of excavated area  Figure 29 Stage 4 of the mining sequence 

Figure 27 Stage 2 of the mining sequence  
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The strength of the remaining walls between the drifts have to be enough to ensure stability of 
the roof (Hustrulid, 2001). Due to the low strength of the brittle shales the walls might require 
shotcrete stabilization. If the walls in between the drifts would be as wide as a drift, it would 
be possible to mine the walls after the first drift are filled up with concrete stabilized tailing 
fills. 

To be able to keep the roof stable enough, the underground drifts would be done when the 
limestone above is thick enough as described in Figure 24. In the illustrations the roofs are set 
to five meters, but the actual necessary minimum limestone overburden thickness would have 
to be evaluated in detail in further works. 

Cut and fill mining 

Cut and fill mining is where the excavated voids are filled upp with concrete stabilized 
tailings. The mine is mined from top to bottom, or from bottom to top, as is described in 
Figure 30.  

 
Figure 30 Cut and fill sequence 

In Figure 30 the ore is represented with orange, an open drift is represented in blue, and the 
concrete fill is represented with dark grey. The sequence illustrated is a cut and fill method 
going from the bottom and up. 

 If the shales would to be mined with this mining method the distance in between the drift 
would be the same as the width of the drifts. When a column of drifts have been mined out, 
and it has been filled with the concrete stabilized tailings, then the ore in between the drifts 
can be mined as illustrated in figure 30. 

The drifts could be long, spreading several kilometers from the entrance tunnel. This would 
minimize the affected surface areas. The drifts could be either drilled- and blasted, or cut with 
road headers. 
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Retorting methods 

The mined shales that are brought to the surface where it is treated to extract the oil. The 
shales are treated in a retort so that the oil is extracted from the shales. In the retort the shales 
are heated, the hot shale oils are then brought to an upgrading plant where it is stabilized and 
purified (Bartis J. T., 2005). A plant designed for 50 000 barrels per day would need several 
retorts, and each retort would need to contain over 1500 barrels per day, which is beyond the 
state of the art (Bartis J. T., 2005). Extensive efforts are currently done to make the process 
more effective. Issues like thermal efficiency, oil yield, gas richness, water use, emission 
controls and groundwater protection are researched and improved (Crawford, 2009). If less 
energy input is needed, the costs are lowered and the shales become more competitive with 
conventional oil and gas (Crawford, 2009). Currently only small-scale technology is applied 
in Estonia, Brazil and China. Small scale is defined as a retort with a capacity of less than 
5000 barrels per day (Crawford, 2009). Retorting oil the Swedish shales has shown that the 
output yield can be more than the Fisher assay. The shales in Sweden have show an output of 
more then 450% of Fischer assay. Tests with the Närke shales has demonstrated an output of 
300% of Fischer assay (Raymond, 1984). 

 
Hycrude Hytort 
 
The Hytort process uses a hydrogen rich environment and high pressure in the retort to be 
able to convert a higher percentage of the kerogen to oil (75-80%).  It is favorable to use in 
certain shale types that has higher kerogen contents. Shales that has a naturally high hydrogen 
content, and has naturally converted a higher percentage of kerogen to oil does not take the 
same advantage of this method. If the method is combined with MRI physical beneficiation 
process (Raymond, 1984) the oil yield has proven to increase even more when tested in 
shales. The MRI physical beneficiation process uses fine milling and flotation to remove the 
parts of the shales that doesn’t contain organic materials (Tippion, 1985). 

 
Figure 31 Output percent of fischer assay (Tippion, 1985)  
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The chart above shows how the oil output increases in percent of Fischer assay when the 
Hytort extraction method is used alone. The table below shows the different oil yields from 
the same tests (Tippion, 1985). 

Table 6 Oil yields from shales (Tippion, 1985) 

Oil yield (gal/ton)    
    
Oil Shale Sample Fischer assay Hytort Assay Percent of Fischer Assay 
Sweden, Billingen 3.8 17.5 440 
Sweden, Närke 10.9 32.3 300 
Italy, Sicily 4.4 12.2 280 
Indiana - New Albany 12.5 28.2 230 
Montana - Hath Formation 16.2 33.6 210 
Canada - Kittle 10 21.1 210 
Jordan - El Lajjun 32.8 57 170 
Brazil - Lower Irati 19.4 32.7 170 
 

 

Table 7 shows the output yield that the Hytort method has produced when combined with the 
physical beneficiation process  

Table 7 Oil yield when combined with physical beneficiation process (Tippion, 1985) 

Oil yield (gal/ton)     

 
    

Oil shale sample 
Fischer 
assay 

Flotation 
concentrate 

Hytort 
assay 

Overall percent of fischer 
assay 

Alabama - 
Chattanooga 

11.6 34.3 65 560 

Indiana - New 
Albany 

12.5 27.2 54.4 430 

Brazil - Irati 18.6 33.5 53.3 290 
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Figure 32 total percent fischer assay (Tippion, 1985)  

 

Alberta-Taciuk Processor 

The Alberta –Taciuk processor, or ATP, has been considered to be one of the most advanced 
retorts for oil shales (Brandt, 2007). The ATP is a horizontal and rotating kiln that heats up 
the shales to around 700°C (Brandt, 2007) .The method was developed in the late 1970’s and 
the largest ATP retorts have today a capacity of 500 tons per hour (Odut, 2008). Figure 33 
shows a schematic of the 500 t/hour retort. The total oil production coming from the ATP 
retort was in 2008 1,65 million barrels from 2,6 million tons of shale (Odut, 2008) . 

 
Figure 33 Alberta taciuk processor (Odut, 2008) 

 

Petrosix process  

The petrosix retorting technology is a vertical retort developed by the Brazilian company 
Petrobras. The petrosix technology principle is illustrated in Figure 34. It was developed with 
the Irati shales, and can be used with other shales, though not all other shales. Petrobras lists 
properties as mechanical strength, oil + gas content, humidity, retorting velocity, kinetic 
Parameters oil shale thermal properties- and heat demand, chemical composition and product 
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quality- and properties as the most important parameters whether the shales are possible to 
extract using the petrosix retort. Petrobras aim to adjust design according to the properties of 
different shales, and also to support prototype unit tests (Epifanio, 2007). 

 
Figure 34 the petrosix retort (Epifanio, 2007) 

Eureka reactor 

The Eureka reactor is a technology developed by Cassandra oil, which is primarily designed 
to extract oil from used tires (cassandra oil, 2012) . The reactor uses friction that in a patented 
process breaks the molecules in the tires and produces oil (cassandra oil, 2012) At the site 
visit to the Närke area the reactor was tested and it was shown to be able to be able to extract 
oil from oil shales. The test could only demonstrate that oil could extracted from the shales, 
but the performance of the extraction was not evaluated nor measured. 

 

4.1.6 In situ extraction 
In situ extraction, or in situ retorting, is where the desired material is extracted from the host 
rock directly underground. Several methods have been explored both for oil and uranium.  
The in situ extraction methods that are used commercially today are used in sandstone, and 
not in shales. The reason for this is that the sand stones have a higher permeability then the 
shales and this makes it easier to extract the oil or uranium. The higher permeability makes it 
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a lot easier to get the liquefied material to flow out of the host rock (Bartis J. T., 2005, 
Blokhin, 2008). 

When retorting oil from shales in situ, the permeability can be lowered using different 
methods, or the oil can be liquefied using slow heating, as in the Shell In-situ conversion 
process (Bartis J. T., 2005 Crawford, 2009). 

In the different in extraction methods, drill holes are drilled in to the host rock, parallel or 
perpendicular to the shales. The material that is going to be extracted is then separated from 
the host rock using heat, chemical- or bio leaching. The oil, or the dissolved uranium is then 
pumped up to the surface through the drill hole.  

An advantage with in situ extraction are the that the surface environmental impact to the area 
can be kept at a low level. Pumping and drilling stations are constructed, and the drill holes 
are drilled underground (Brandt, 2007). 

Another advantage is that the method will be cheaper than the ex situ process, both regarding 
the upfront investments, remediation costs, and the operating costs. Shell has anticipated that 
with their technology, a crude oil price in the mid 20 dollars per barrel would make their in 
situ technology competitive (Bartis J. T., 2005). 

In situ extraction also requires less water during production, it can easier extract from deeper 
depths and a whole column can be extracted without any need to select the richer layers 
(Brandt, 2007). 

 

Steam Assisted Gravity Drainage   

Steam Assisted Gravity Drainage (SAGD) is an in situ extraction method used for oil in oil 
sands. SAGD was developed for oil sands that lay at high depth that made conventional 
mining uneconomical. SAGD was first tested commercially in the 1980’s and in March 2007 
120 barrels per day was mined using SAGD. A challenge in transferring the SAGD 
technology from oil sands to oil shales is the lower permeability of the oil shales (Feltin, 
2007). 

When using SAGD, two parallel drill holes are drilled down to the oil sands, where the drill 
hole is cornered 90° so that the drill holes follow the oil sands. Steam is first introduced to 
both drill holes for a couple of months, when the heat lowers the viscosity of the oil. 
Afterwards, steam is only pumped in to the higher drill hole, and the oil is drained and 
pumped out through the lower drill hole (Feltin, 2007).  

The Steam –Oil ratio is the key performance factor for measuring the effectiveness of the 
SAGD process.  A target of three cubic meters of steam to one cubic meter of oil is often 
used. The steam volume is the volume of water that is used.  SOR’s are currently ranging 
from 2 to 8.7 (Feltin, 2007) 

The factors that affect the SOR the most is the weight % of the oil and the Permeability 
(Feltin, 2007).  
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Hydraulic fracturing 

Hydraulic fracturing, or “fracking” is an in situ extraction method that mostly used when 
extracting natural gas from shales, but oil is also extracted using the method. Drill holes are 
filled with water, sand and chemicals under high pressure. This forces the shale to crack from 
the pressure, and the sand enters the open cracks, keeping them stable and permeable. After 
the pressure is released, the gas and oil is able to flow through the drill hole up to the surface. 
The solution that fills the drill hole is made of 98 % sand and water, and 2% additives 
(hydraulicfracturing.com, 2011). 

There has been some debate regarding ground water contamination from gas extraction using 
fracking. The well construction can be surrounded with concrete and steel to protect the 
ground water, but as many have experienced gas content in the tap water after that fracking 
has initiated in an area, caution should be made regarding these problems. The documentary 
“Gasland” brings up problems with contaminated ground water. The state of Colorado oil and 
gas conservation commission addresses all claims in the documentary. Analyzing the type of 
gas from the water wells has shown that the gas in most cases are different in origin from the 
gas that has been extracted from fracking. Some of the claims are though shown to be due to 
improper sealing of the well (Ritter, 2011). 

Shell in situ conversion 

In the Shell mahogany project in Colorado the Shell company are researching its own in situ 
process called in situ conversion process, or ICP. Figure 35 displays a design for ICP. ICP is 
different from other oil shale processes, and is classified as a “true in situ process” (Brandt, 
2007). ICP doesn’t only heat up the shales, but also uses a freeze wall to prevent ground water 
contamination (Brandt, 2007). The technique is based on underground electric heaters that 
heats the shales to around 350-400°C during a longer time period (Vinegar, 2006). The shales 
are slowly heated with about 0,5°C per day, resulting in a timespan of two years to reach the 
desired 350°C (Brandt, 2007). A difference between the shell in situ process and other in situ 
methods is the slower heating to lower temperatures. The slow heating converts the kerogen 
in the shales to high quality fuels. The technology manages to convert a larger amount of oil 
and gas per ton shale then previous in situ oil extraction methods (Crawford, 2009). The 
heating is done using electrical resistance. A possibility of using natural gas for the heating is 
also explored. The shell in situ conversion produces a higher quality feedstock, with 90% of 
the extracting oil composed of naphtha, jet fuel and diesel. Conventional surface retorting that 
have higher contents of asphalt and tar like solids (Vinegar, 2006). 
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Figure 35 Shell in situ conversion (Royal dutch shell, 2011) 

 

Shell has been testing its in situ conversion process since 1997. Developing the heaters, 
product transport models, containment and reclamation (Vinegar, 2006). The freeze wall that 
the ICP technology uses prevents the ground water to be contaminated by the hydrocarbons, 
and also prevents water to enter the extraction areas. A ring of drill holes are made 
surrounding the area and frozen down to about -40°C. The drill holes have a distance in 
between each other of about 2,5 meters. The time that the shales need to be cooled is in 
between 1,5 and two years (Brandt, 2007). After the shale oil wells are emptied enough they 
are remediated using water to flush the drill holes. This water not only recovers any remaining 
hydrocarbons, but also cools the shales to original temperatures. The holes are flushed until 
the water has a satisfying quality (Brandt, 2007). 

In situ leaching of uranium 

In situ leaching, or in situ recovery (ISL/ISR) stands for almost one third of the global 
uranium production. Injection- and recovery wells are drilled in a pattern over the area that is 
going to be leached. A solvent that either is alkaline or acid is pumped down the injection 
wells. The solvent is then pumped through the ore where it dissolves the uranium and then up 
through the recovery wells. The pregnant solution is then treated at the surface so that the 
uranium can be extracted from the solution, and the solution separated to be reused in the 
production again (Uranium One Inc., 2012). 

   

4.1.7 Current in situ operations 
There are some in situ operations that currently are extracting uranium in Australia (World 
Nuclear association, 2011). 

 

Beverley mine, Australia 
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The Beverly mine in Australia is an in situ mine currently in operation. The uranium is 
located in sandstone at a depth of 110-130 meter. The deposit has a uranium oxide content of 
a total of 21 000 tons at an average content of 0.18% where most of the uranium is 
recoverable by in situ leaching. Field leach trials was started in 1998 and the mine was in 
commercial production in 2001 (World Nuclear association, 2011). 

Honeymoon, Australia 

The honeymoon mine is an in situ uranium mine in south Australia where the uranium is 
extracted from sandstone. The pilot operation of the mine started in September 2011 and will 
have a designed annual production of 339 tons of uranium. The probable uranium grade of the 
honeymoon deposit is 3,64 million tons of ore containing 0,068% uranium (Uranium One 
Inc., 2012). The uranium is leached using a weak sulfuric acid supplemented by sodium 
perchlorate (Uranium One Inc., 2012).  

	   	    

4.2 Extraction of alum shales in Sweden 
The first recorded mining of alum shales was 1637 in Andrarum, Skåne. The shales where 
then mined for its potassium aluminum sulphate. The shales was burned using wood and the 
potassium aluminum sulphate leached with water. In the end of the 1700’s techniques using 
the shales own oil contents for burning the shales was developed (Andersson, 1985). 

The first tests of extracting oil from alum shales in Sweden was performed in the 1880’s. The 
first test were successful and was continued using a larger retort form Scotland. The tests was 
continued for one and a halv year in 1890, but was discontinued due to the poor quality of the 
final product. The main problem with the oil was the water emulsion that they couldn’t 
separate (Sundius, 1942). 

In 1904 a small retort was constructed in Uppsala, and in 1908 trials where done to evaluate 
how to be able to extract and retort oil from shales in a commercial scale. About 800 liters of 
oil was extracted during these trials. Between 1914 and 1916 a larger double retort was 
constructed with a capacity of 5 tons per day. The production costs where though larger than 
the possible profits, and the tests stopped. The engineer G. Hultman had the opinion that the 
extraction of the oil from the shales would only be economical if the shale ashes were treated 
(Sundius, 1942). 

During the First World War the fuel import limitations triggered a construction of a full scale 
retort but the construction was never finalized before the import restrictions was cancelled 
due to the ending of the war (Sundius, 1942). 

Even if the shale oil production couldn’t be motivated economically, it could be motivated as 
a national security necessity. The domestic alum shale was a source for oil that could 
eliminate the dependency of imported fuel. Fuel shortages in 1917 demonstrated the effects 
that dependency of imported oil could have.  A fuel shortage could have devastating effects 
on both the military function, but would also affect the agriculture and other functions in the 
society (Sundius, 1942). 

In 1937 a retort facticity with a capacity of 70-80 tons was taken in production but was shut 
down after a while due to lack of funding.  The navy did some trials in 1930 and concluded 
that continuous works had to be done due to the importance of the shale oil for the navy.  In 
1932 the navy was approved to perform test mining of shales. After 1933 an annual 
production of 500 tons of crude oil was produced from the shales.  
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The shales where mined using open pit mining with two benches. Oil content of just over 4% 
was and 3.3% was extracted. This means that 33 kg crude oil per ton shale was produced. 
Further 45-50 m3 gas per ton shale was extracted. The oil had a sulfur content of 1.7%. A 
production cost of 80 SEK per ton crude oil was achieved (Sundius, 1942). Converted to the 
currency value today this would correlate with a price of around 1700 SEK (June 2011) per 
ton crude oil (SCI, 2011). 

The alum shales was mined for its oil content in the 1930-1940’s due to the fuel shortage that 
existed during the second world war.  The alum shales was the only domestic source of 
material to produce oil and gasoline (Sundius, 1942). 

Between 1960 and 1961 62 tones of uranium was mined in Ranstad and between 1965 and 
1969 50 tons of uranium was extracted in Kvarntorp (Dyni, Geology and Resources of Some 
World Oil-Shale Deposits, 2006). 

4.3 Environmental challenges 
In all mining operations the environment is affected. The main principle is to minimize the 
environmental impact to at least a level that is acceptable in comparison to benefits for the 
community.   

The different extraction methods have all different impacts in the environment. As one of the 
main challenges with the alum shales are the public feelings, consideration should be done do 
chose one of the extraction methods that have the least and most controllable impact on the 
environment.  

Shales mined and treated ex situ all produce tailings that are have to be deposited. A rule of 
thumb is that the volume of the material increases to 150% of the original volume. If only 
uranium was to be mined, each cubic meter of shale mined produces 1.5 cubic meters of 
tailings, one cubic meter of tailings can be returned to the mine and one half cubic meter 
would be deposited in a tailings dam.  Depending of the amount of kerogen and oil that could 
be extracted, the amount of tailings deposited in a tailings dam decreases when a higher 
amount of kerogen and oil is extracted. 

Most mines have a tailings dam where the remaining sand from after extracting the valuable 
materials  is deposited (Hustrulid, 2001). 

The tailings dam is constructed in such a way that process water is reused and that seepage of 
contaminated water is prevented. The ground water would be monitored so that any seepage 
would be identified. The tailings dam from when Alum shale has been mined would not need 
to differ in construction from any other type of tailings dam. A construction sufficient so that 
no dam breakage occurs has to be ensured. A tailings dam in Sweden is always designed to 
hold until the following ice age. During that ice age, the alum shales in the bedrock would 
probably be scaled of in either case. 
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4.3.1 Environmental impact of the different extraction methods 
 

In situ leaching 

The surface footprint with in situ extraction from the shales would be slim to none as the 
drilling and pumping stations can be located in a small site, from where a large area of shales 
are developed. Other factors have instead to be considered and monitored.  The shales are 
treated blindly underground, and the effect that the in situ leaching has on the ground water 
etc would have to be monitored by sampling the ground water before, during and after the 
leaching process. To prevent any contamination of the ground water Shell is researching a 
technology with freeze walls where the ground is frozen downstream during the extraction 
process. The frozen wall creates an impermeable layer that prevents oil products to 
contaminate the ground water and the subterranean environment (Royal dutch shell, 2011, 
Crawford, 2009). 

Open pit mining 

The open pit creates an easy controllable environment when mining. During the mining 
sequence water leakage is easy monitored. As the open pit is at the surface, natural ventilation 
occurs, reducing the risk of radon gas and dust (World Nuclear Association, 2011). The 
downside with an open pit mine, especially with the alum shale case is the requirements of 
large surface areas during the mining sequence. If the mining and reclamation is done 
properly the mined out areas can be restored to its previous natural state. The mined out pit is 
backfilled with the tailings, possibly stabilized tailings, and covered with soil and other layers 
that are designed to prevent any escape of any remaining toxic content (Bartis J. T., 2005, 
Blokhin, 2008). 

Underground mining 

Underground mining has the similar advantages as in situ leaching in terms of surface 
footprint. Only the access tunnels and process plants would have to be located at the surface.  
If the mine is designed to be underneath a layer of limestone and where stability is ensured, 
the surface effect would not be noticeable. Further if excavation can be done without blasting 
this would eliminate sound and seismic effects that blasting can have at the surface. The effect 
of the ground water can be easier controlled and prevented. The material that would be filled 
in the mine afterwards could also be stabilized so that any leftover material is prevented to be 
leached to the ground water.  

Underground mining can also cause vibrations to the surface from the operations. Limiting 
the vibrations can be done by using careful blasting where the amount of blasting agent is 
reduced, and the delays in the blast are controlled (Safe work Australia, 2011). 

Any underground method also produces amounts of tailings that have to be deposited. A 
possibility is to refill the old open pit mines with the tailings that remains after backfill. 

4.3.2 Working environment 
There are three risks with uranium mining that are present in the different mines globally. 
These are direct radiation, dust and radon (IAEA, 1993). Uranium has a low level of 
radiation, comparable to granite (World Nuclear Association, 2011). Mines in Canada are 
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constructed to be safe with an uranium content of 26% (World Nuclear Association, 2011). 
The alum shales in Sweden contain an average of around 200 ppm uranium, see page 25. 

A first risk is the direct radiation. The risks of being exposed of the annual limit of 50mSv 
from direct radiation starts when the uranium ore has a uranium content that exceeds 0,5%. 
(IAEA, 1993) As the alum shales only contain up to 200 ppm (0,02%) this risk will not be 
present when extracting uranium from the alum shales. 

Dust is a second risk associated with uranium mining. Radioactive dust that is inhaled 
accumulates in the lungs and emits radiation. The risks here also starts when the uranium 
content exceeds 0,5%, and a significant amount of dust is required. This risks is not only 
present in the mine, but also in the milling and concentrating operations. To eliminate this risk 
dust masks has to be used by the operators, and the dust has to be suppressed (IAEA, 1993). 
As well as with the direct radiation, the alum shale uranium content of 0,02% is far below the 
limit for where the risks start (0,5%) and will thus not be present when extracting uranium 
from alum shales. 

The third risk associated with uranium mining is radon. Radon falls out in radon daughters 
that can be inhaled and accumulates in the lungs where it radiates. Radon is primarily present 
in underground mines and can be easily eliminated using proper ventilation (IAEA, 1993). 
Each employee carries a radon dosimeter that measure the total radon exposure. Radon is also 
present in metal mines, especially in Sweden, and measures to minimize the radon exposure is 
also present there (Mossberg, 2011). 

Each employee also have to wear a radiation dosimeter that constantly measures the exposed 
radiation, and the total radiation level for a worker is lever allowed to be higher than the limits 
set as safe levels by the government (World nuclear association, 2010). 

 

4.4 Public opinion and municipal veto 
Any mining in Sweden requires an environmental approval from an environmental court. An 
extraction permit is given if it is technical and economical probable to perform mining 
operations during the time of the permit. An environmental impact assessment is attached to 
the application for the extraction permit.  The environmental court decides if it is possible to 
perform the mining operations in line with the Swedish law, and also rules which terms and 
conditions that have to be followed (Bergsstaten, 2011). 

Mining of uranium in Sweden requires an approval from the local community. It is not 
possible for the Swedish government to approve uranium mining if the local county has 
denied it. This differs from mining of other metals and minerals, as in these cases the Swedish 
government can rule over the decision of the local community if the mining is seemed as of a 
national interest (Miljöbalken kap 17 §6, 2009). 

It is hard to evaluate the public opinion of uranium mining. It is clear that negative opinions 
exist, and that the people that hold those opinions feel very strongly regarding mining of 
uranium. There are many arguments held by the people holding the people with the negative 
opinions that only loosely are based on facts, feelings and fear seems to be the base for their 
opinions. The only way to handle these negative feelings is information and proof that it is 
possible to mine uranium in Sweden in a safe and environmentally acceptable manner. 

If the public opinion is seemed to be negative, it is only logical to see that the county would 
use its veto and prevent any uranium mining. To prevent the county to use its veto it is also 
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here necessary to inform and prove that safe and environmentally acceptable uranium mining 
is possible. To be able to prove that safe and environmentally acceptable uranium mining is 
possible, test mining has to be done. As a county veto against uranium mining also is probable 
for the test mining, proving that uranium mining could be done in a safe and environmentally 
acceptable manner is difficult. 

One way to be able to go around this problem is Kvarntorpshögen. Kvarntorpshögen is the 
stockpile that was left after the shale mining in Närke in the mid 1900’s. Kvarntorpshögen 
was never remediated in in accordance to today’s requirement, and is currently leaching both 
oils and heavy metals to the ground water (Ucore uranium, 2008) .Kvarntorpshögen is an 
example of how shale mining should not be done and is one of the reasons to some of the 
negative public opinion.  The material in Kvarntorpshögen still contains significant levels of 
kerogen oil, uranium and other metals (Ucore uranium, 2008). Extraction of the material in 
Kvarntorpshögen would probably not be affected by the county veto, as the veto only applies 
for mining of uranium, and as the material in Kvarntorpshögen already has been mined the 
veto does not apply. If it would be possible to extract the remaining kerogen and metals from 
the waste, with both profit and correct remediation, it can be proven that uranium mining is 
possible to perform in a safe and environmentally acceptable manner. The remediation of 
Kvarntorpshögen would show that even environmental improvement is possible when 
extracting oil and uranium.  

4.5 Avoiding the uranium. 
The shales are often considered as uranium ore, but when the oil value is so much higher than 
the uranium value, it is clear that the shales should mainly be considered as an oil ore. The 
chart below demonstrates this fact. It shows the value of oil and uranium respectively in the 
alum shales. 

 
Figure 36 Value of the Oil and Uranium in SEK per ton 

As the value of the extractable oil in the Närke district is almost ten times as high as the value 
of Uranium (870 SEK/Ton compared to 94 SEK/ton) considerations should be done whether 
the uranium content is worth extracting with the risks of the municipal veto. If the uranium in 
the ore only is considered as a by-product, the risk of the municipal veto might be avoided.   
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4.5.1 Recommendations 
The Närke alum hales has a very high in situ value. More detailed studies have to be made to 
evaluate how much oil that can be extracted from the shales, and to what cost. Evaluations 
regarding which areas that can be easiest accessed for mining operations should be done, As 
the environmental impact and the public opinion should be strongly considered, a method that 
has a low environmental impact, and that is not disturbing to the habitants should be chosen.  

An underground mining method could then consequently be the best method to look more in 
to in further studies. There are technical challenges in an underground mine of the shales that 
has to be considered. The underground mine would be close to the surface and the overburden 
material above the tunnels are limestone with limited strength. 

To prove to the locals that environmental correct extraction is possible, Kvarntorphögen 
should be remediated.  

It should be evaluated if the uranium could be considered as a waste, and not to be extracted, 
if then the municipal veto could be avoided due to that the extraction de facto would not be an 
uranium mine. 

The environmental challenges should be carefully addressed. An extensive plan to remediate 
the mined out areas has to be presented. The areas that are chosen for mining should initially 
be areas already industrialized and then remediated to an improvement over the pre-mined 
state to demonstrate to the public that remediation is possible. 

The development of the Shell in situ conversion method should be watched, as this method 
could show to be interesting and useful in extracting the oil from the Närke alum shales. An 
extraction with this method would not have an environmental impact as complicated as when 
mining conventionally and a lot of the problems with conventional mining would be avoided. 

The calculations that where done showed a great potential to extract the shales with a profit. 
The total value of the shales are significant enough to further investigate whether an 
extraction if feasible. The value per ton is an important factor, and it was shown to also be 
high enough for a feasible extraction even if only the oil would be extracted. 
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