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1992 1993

- Overview of different
mercury-containing
wastes of

t

system to collect
mercury in discarded
consumer products

- Description of different
disposal options

Government mandate to Swedish EPA in 1994-97

to draw up a proposal for disposal of mercury waste

1994 1997
Feasibility study Swedish
deep repository Parliament

in hard rock Ban for export

of mercury

- Adopting site-specific data
from the SKB/US/OECD study of
the Stripa mine, an abandoned
iron-ore mine, 3-D drift at 360 m
depth in a crystalline granitic intrusion
« Assuming disposal of collected batteries
and some metallic mercury, totally about
800 m? of waste containing 45 tonnes of mercury
« Estimated release of mercury
as low as 35 mg/year

« Detailed inventory of mercury wastes in Sweden (Kemakta)

« Investigation of major disposal alternatives (Kemakta)
- Surface facility for hazardous waste
- Facility in shatlow rock caverns (about 50 m depth)
- Deep hard-rock fadlity (recommended alternative)
« Cost estimates (AEL)
« Criteria for acceptable releases (SEPA)
« Legislative investigations (SEPA)
« Supporting investigations
- Geochemical conditions in Swedish bedrock (Kemakta)
- Behaviour ¢ meecury in the enwironment (SEPA/IVL)
- Hydrological conditions in mining areas in Sweden (Golder)
- Groundwater flow in hard rock {Goldes)
- Treatment facilities for mercury waste (IVL)
- Solubdlity and chemical stabilisation of mercury waste {Kemakta)
- Release calculations for mercury from disposal facilities (Kemakta)

Development of the hard-rock
concept to date

1999 2000 2005 2009
The 1999 Government Inquiry Government
Commission report to EU (SOU 2008:19) decision
(SOU 2001:58)

« Burden should not be « A ban on use of mercury » To ban mercury in products,
put on future generations in chemical analyses etc induding defst?lagna
to maintain supervision of (valid from 2004 {exemption for light bulbs)
disposed mercury —passive = Aban on use of mercu To approve export of
solutions should be developed  in production of chlor-alkali Swiedish mercury for
that isolate the mercury from  (valid from 2010/2014) :'o'::kal dispe ﬂ}" deep
the biosphere over verylong ~ « Restrictions on mercury n
time (> 1000 years) content in light bulbs

» Mercury waste containing
>1% Hg should be deep stored

« This should apply also to waste
>0,1% when found reasonable
« Several amendments to the

« Know-how and methods for deep disposal
legislation were suggested

of mercury waste are available

« Established methodology for safety analysis
of mercury in deep storage is available and can be used

« Disposal of mercury in deep Swedish rock is technically
favourable and would provide large safety margins —
far exceeding the safety of surface facilities

« Chemical stabilisation of mercury prior to disposal is
in line with current legislation and would mean reduced
risks during operation and in the long-term

« Direct-disposal of liquid mercury in steel flasks have
disadvantages from a safety point of view — if considered,
appropriate safety analyses must show that sufficient
safety margins can be guaranteed



paayy” Demands on a disposal facility

for mercury (SEPA, 1997)

A Time aspect
A Short-term or long-term releases of mercury from the disposal facility may not exceed
acceptable load to recipients
A Mercury is a stable element and will not degrade
A This means that the disposal method must meet high demands on the safety function over
very long time
A Protection against accidental human intrusion
A Active knowledge of the disposal facility cannot be proven to last over long time
A The facility must be designed to provide protection against e.g. digging, construction work

A Return mercury in suitable form in its natural geochemical cycle

A The proposed disposal should rely on a sustainable method where the chemical form of
mercury resembles the original ore. Thermodynamical stability is desired.

A Stringent requirements for safety
A The disposal facility must remain sufficiently functional even if events that cannot be
foreseen today would happen.
Changes of chemical conditions
Failure of one or more barriers

A Requirements on restricted release of mercury

A The disposal facility must be designed to restrict the mercury release to a level that can be
accomodated by nature/receiving environment.



Kasmbtn foment 48 Considerations of importance for

selecting a site for disposal (SEPA, 1997)

A The 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:

A A host rock with low hydraulic conductivity.
Absence of major fracture zones.

Chemically stable conditions.

Host rock situated in a mechanically stable area.
Minimising the risk for accidental intrusion.

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

A Localisation to areas where recipients have favourable dilution.

D> > > >

A SEPA judged a disposal in connection to an existing deep mine feasible.
A SEPA also stated the condition that deep disposal must be economically
reasonable

A Estimated costs for deep disposal about 2407 650 SEK/kg mercury,
equivalent to a cost of 25-60 Mu for disposal of 1000 tonnes of mercury.

A SEPA judged this a reasonable cost.
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Groundwater flow |
in hard-rock
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Groundwater ﬂOW In inflow rates

i measured in the
the near fleld Stripa 3-D drift

Drained conditions

lllustration to flow convergence
in open/backfilled rock caverns
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A Swedish
changes

Stable geochemical conditions

hard-rock provides a significant geochemical barrier against
In the groundwater composition

A Conditions in hard-rock are oxygen-free at depth

The rock contain some reduced iron, e.g in biotite
Sulphide minerals are common, mercury is found as HgS-mineral

Groundwaters are reducing, containing Fe(ll) and Mn(ll),
sometimes even traces of HS

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

A Buffering against pH-changes are significant

A The exchange rate of deep groundwater in hard-rock is very low

A SKB

investigations show that groundwaters at a depth of 300 m or more are

typically 15 000 1 30 000 years old
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Geochemical conditions

) Stability field of HgS(s)
A The Fennoscandian shield hard- were Hg-tot < 1 pg/I

rocks are the oldest in Europe peer oo ot ooy
A 25007% 3400 Ma old U B
A Conditions in deep hard-rock are I 3 I
suitable for mercury sulphide 0.2 E =
A HgS(s) resemble the chemical form of | \
mercury found in ore bodies N \ Ho
A Remain thermodynamically stable in E : :

absence of oxygen

A Natural analogue study:

A HgS-mineralisation in Sweden
Severely oxidised near the surface )
Release of mercury to overflow water S » e 8 1o rs

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

HgS is stable in deep rock
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Acceptable mercury releases from a

disposal facility (SEPA, 1997)

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

A

A

A

A

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

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

At release rates equivalent to 501 100 g/year of mercury, the methyl mercury levels
in fish are significantly influenced.

Adopting a precautionary principle, SEPA reduced the calculated values to
0,51 10 g/year of mercury.

A Further, the mercury concentration in a groundwater extracting well
in the vicinity of the repository should not exceed the Swedish
drinking water criterion of 1 ug/I.

A A release of 0,51 10 g/year of mercury should be considered small. For
comparison, this resembles the amount of mercury in one thermometer.

A A theoretical equivalent time of release of the mercury from a repository
containing 1 000 tonnes of mercury would be 1001 1 000 Ma.



Calculated release rates
of mercury (SEPA, 1997)

A Different disposal options were compared:
A A gqualified surface deposit (equivalent to requirements for hazardous waste)
A Drained shallow-rock caverns
A Shallow-rock caverns below the groundwater table
A Deep rock disposal facility
A For comparison, the hypothetical release rates calculated for non-stabilised
merury waste without any engineered barriers:
A From a surface deposit 320 000 g/year of mercury
A From a shallow-rock cavern 3 300 g/year of mercury
A From a deep rock facility 1 000 g/year of mercury
A Introducing the effects of engineered barriers, the calculated release rates were:
A From a surface deposit 260 g/year of mercury
A From a shallow-rock cavern 430 g/year of mercury
A From a deep rock facility 140 g/year of mercury

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

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



gy Stabilisation of mercury (SEPA, 1997)

A Transfer of liquid form (difficult to handle) to solid form (easy to handle, reduced
risk of spreading)

A Different methods may be applicable:

A Reaction of Hg(l) with elemental sulphur -> HgS(s)
Reaction of Hg(l) with elemental selenium -> HgSe(s)
Reaction of Hg(l) with suitable metal, e.g. Copper -> amalgam
Reaction of mixed Hg(l)/Hg(ll) with pyrite FeS,
Physical/chemical stabilisation with cement/slag cement

> v > D

A Significantly reduced aqueous solubility of stabilised mercury
A Increased costs

A Increase of volume due to added stabilisation material, but simplified transport
and less qualified packaging can be used
A Significantly lower vapour pressure
A Less exposure of personnel during operation
A Facilitated operational conditions

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

A Reduced risk for methylation
A Significantly reduced risk for spreading when in contact with groundwater
A Risks of uncontrolled release from the repository are essentially removed
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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 i A possible near-field

layout of a deep repository in hard rock -
solidified mercury waste
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ASolidified waste stored in drums

Addvective groundwater flow in
surrounding rock

AMinimised flow in contact with the
waste by low-permeable liner/backfill

AMercury in low-soluble form (HgS)

ROxygen-free deep groundwater

AMercury release from near-field by
slow diffusion into passing
groundwater

ADilution by groundwater flow
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Summary

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

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

ASwedish hard-rock is mechanically stable

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

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

ANear-field can be designed to provide significant safety margins

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

ACosts may be high




