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Development of the hard-rock 
concept to date



Demands on a disposal facility 
for mercury (SEPA, 1997)

ÁTime aspect
Á Short-term or long-term releases of mercury from the disposal facility may not exceed 

acceptable load to recipients

Á Mercury is a stable element and will not degrade

Á This means that the disposal method must meet high demands on the safety function over 
very long time

ÁProtection against accidental human intrusion
Á Active knowledge of the disposal facility cannot be proven to last over long time

Á The facility must be designed to provide protection against e.g. digging, construction work 

ÁReturn mercury in suitable form in its natural geochemical cycle
Á The proposed disposal should rely on a sustainable method where the chemical form of 

mercury resembles the original ore. Thermodynamical stability is desired.

ÁStringent requirements for safety
Á The disposal facility must remain sufficiently functional even if events that cannot be 

foreseen today would happen.

ÅChanges of chemical conditions

ÅFailure of one or more barriers

ÁRequirements on restricted release of mercury
Á The disposal facility must be designed to restrict the mercury release to a level that can be 

accomodated by nature/receiving environment. 



Considerations of importance for 
selecting a site for disposal (SEPA, 1997)

ÁThe investigation by SEPA did not intend to propose a specific site for a 
disposal facility. However, seven factors of importance for selecting a 
site were given:

Á A host rock with low hydraulic conductivity. 

Á Absence of major fracture zones.

Á Chemically stable conditions.

Á Host rock situated in a mechanically stable area.

Á Minimising the risk for accidental intrusion.

Á Localisation to areas where the travel path to the surface is as long as 
possible.

Á Localisation to areas where recipients have favourable dilution.

ÁSEPA judged a disposal in connection to an existing deep mine feasible.

ÁSEPA also stated the condition that deep disposal must be economically 
reasonable

Á Estimated costs for deep disposal about 240ï650 SEK/kg mercury, 
equivalent to a cost of 25-60 Múfor disposal of 1000 tonnes of mercury. 

Á SEPA judged this a reasonable cost.
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Groundwater 
inflow rates 
measured in the 
Stripa 3-D drift
Drained conditions
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Stable geochemical conditions
ÁSwedish hard-rock provides a significant geochemical barrier against 

changes in the groundwater composition
Á Conditions in hard-rock are oxygen-free at depth

ÅThe rock contain some reduced iron, e.g in biotite

ÅSulphide minerals are common, mercury is found as HgS-mineral

ÅGroundwaters are reducing, containing Fe(II) and Mn(II), 
sometimes even traces of HS-

ÅExtreme scenarios in conjunction with glaciation periods would be required to 
introduce oxygen at depths of about 300 m or lower

Á Buffering against pH-changes are significant

ÁThe exchange rate of deep groundwater in hard-rock is very low
Á SKB investigations show that groundwaters at a depth of 300 m or more are 

typically 15 000 ï30 000 years old
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Geochemical conditions

ÁThe Fennoscandian shield hard-
rocks are the oldest in Europe
Á 2 500 ï3 400 Ma old

ÁConditions in deep hard-rock are 
suitable for mercury sulphide
Á HgS(s) resemble the chemical form of 

mercury found in ore bodies

Á Remain thermodynamically stable in 
absence of oxygen

ÁNatural analogue study:
Á HgS-mineralisation in Sweden

Á Severely oxidised near the surface

Á Release of mercury to overflow water

Á Artesian water in deep drillhole through
mineralisation show very low Hg levels

Á HgS is stable in deep rock
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Source: Swedish 
National Seismic
Network

1 : Divergent plate boundaries ; 
2 : Transform plate boundaries ; 
3 : Convergent plate boundaries ; 
4 : Plate boundary zones ; 
5 : Selected prominent hotspots. 

Latest volcanic 
event 570 Ma ago

The Scandinavian 
Caledonies formed 
450 Ma ago

Source: NASA

Source: Wikipedia/Bjarmason/USGS

Seismic/tectonic activity ï
large regions in Sweden are 
very stable, but postglacial 

landrise still progresses

http://upload.wikimedia.org/wikipedia/commons/f/fa/Tectonic_plates_hotspots-en.svg


Acceptable mercury releases from a 
disposal facility (SEPA, 1997)

ÁSEPA has estimated an acceptable release from a repository of 
maximum 0,5-10 g/year of mercury. 

Á SEPA assumed that the entire release would be collected in a small, oligotrophic 
lake.

Á This hypothesis was adopted since consumption of freshwater fish is the primary 
path for mercury exposure and risk for human health. 

Á At release rates equivalent to 50ï100 g/year of mercury, the methyl mercury levels 
in fish are significantly influenced. 

Á Adopting a precautionary principle, SEPA reduced the calculated values to 
0,5ï10 g/year of mercury.

ÁFurther, the mercury concentration in a groundwater extracting well 
in the vicinity of the repository should not exceed the Swedish 
drinking water criterion of 1 µg/l. 

ÁA release of 0,5ï10 g/year of mercury should be considered small. For 
comparison, this resembles the amount of mercury in one thermometer. 

ÁA theoretical equivalent time of release of the mercury from a repository 
containing 1 000 tonnes of mercury would be 100ï1 000 Ma.



Calculated release rates 
of mercury (SEPA, 1997)

ÁDifferent disposal options were compared:

Á A qualified surface deposit (equivalent to requirements for hazardous waste)

Á Drained shallow-rock caverns

Á Shallow-rock caverns below the groundwater table

Á Deep rock disposal facility

ÁFor comparison, the hypothetical release rates calculated for non-stabilised 
merury waste without any engineered barriers: 

Á From a surface deposit 320 000 g/year of mercury

Á From a shallow-rock cavern 3 300 g/year of mercury

Á From a deep rock facility 1 000 g/year of mercury 

ÁIntroducing the effects of engineered barriers, the calculated release rates were:

Á From a surface deposit 260 g/year of mercury

Á From a shallow-rock cavern 430 g/year of mercury

Á From a deep rock facility 140 g/year of mercury 

ÁThe effect of chemical stabilisation would further reduce the release rates by a 
factor of 100 in all alternatives. 

ÁThe conclusion is that the acceptable release rates can only be met if the mercury 
waste is chemically stabilised.



Stabilisation of mercury (SEPA, 1997)
ÁTransfer of liquid form (difficult to handle) to solid form (easy to handle, reduced 

risk of spreading)

ÁDifferent methods may be applicable:
Á Reaction of Hg(l) with elemental sulphur -> HgS(s)

Á Reaction of Hg(l) with elemental selenium -> HgSe(s)

Á Reaction of Hg(l) with suitable metal, e.g. Copper -> amalgam

Á Reaction of mixed Hg(l)/Hg(II) with pyrite FeS2

Á Physical/chemical stabilisation with cement/slag cement

ÁSignificantly reduced aqueous solubility of stabilised mercury

ÁIncreased costs

ÁIncrease of volume due to added stabilisation material, but simplified transport 
and less qualified packaging can be used

ÁSignificantly lower vapour pressure 
Á Less exposure of personnel during operation

Á Facilitated operational conditions

Á Significantly reduced risk for vapour transport and internal contamination in the 
repository

ÁReduced risk for methylation

ÁSignificantly reduced risk for spreading when in contact with groundwater

ÁRisks of uncontrolled release from the repository are essentially removed



Artists view of a disposal facility for 
mercury waste below an existing facility 
for disposal of bio ashes i rock chambers
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Schematic illustration ïA possible near-field 
layout of a deep repository in hard rock -

solidified mercury waste

ÅSolidified waste stored in drums
ÅAdvective groundwater flow in 
surrounding rock
ÅMinimised flow in contact with the 
waste by low-permeable liner/backfill
ÅMercury in low-soluble form (HgS)
ÅOxygen-free deep groundwater
ÅMercury release from near-field by 
slow diffusion into passing 
groundwater
ÅDilution by groundwater flow



Summary

ÁDeep storage in hard rock can be carried out using available 
technology and know-how

ÁExcellent data and expertise is available from the investigations 
carried out by SKB on hard-rock disposal of spent nuclear fuel

ÁSwedish hard-rock is mechanically stable

ÁGeochemical conditions are very stable and compatible with 
mercury in sulphidic form

ÁHydrogeological conditions are favourable in deep hard-rock 
with low flow rates

ÁNear-field can be designed to provide significant safety margins

ÁLarge volumes of mercury (and other) waste can be 
accommodated

ÁCosts may be high


