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Salt Club Workshop: 

Natural Analogues for Safety Cases of Repositories in Rock Salt 
 

Á4. and 5. September 2012 in Braunschweig 

Áincluding visit of ERAM (6. September) 

Áhosted by PTKA-WTE, GRS 

Á37 participants from 8 countries  

(Salt Club members + CH, CZ, F and UK) 

Åresearch institutes 

Åuniversities 

Åregulators 

Åfederal institutes 

Åengineering companies 

Åsalt mining and oil/gas storage industry 
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Salt Club Workshop: 

Natural Analogues for Safety Cases of Repositories in Rock Salt 
 
Ápart I: presentations 

Åorganised in 4 sessions: 

I. overview session 

II. integrity of rock salt 

III. long-term properties of technical barriers 

IV. chemical and microbial processes 

 

Ápart II: workshop 

Åworking groups 

Åwrap-up discussion 

 

 

 

 

 

 13th NAWG Workshop - 13.-16.May 2013, Nagoya 



Part I: Presentations 
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R. Alexander: The changing role of natural analogues in waste disposal 

C. Pescatore: Current activities of NEA-FSC  

N. Rempe: The current status of the geological disposal of radioactive waste in the USA 

J. Janeczek: The current status of the geological disposal of radioactive waste in Poland 

E. Verhouf: The current status of the geological disposal of radioactive waste in the Netherlands 

W. Steininger, U. Noseck: The current status of the geological disposal of radioactive waste in Germany 

J. Wolf: Overview on potential analogues for repositories in rock salt 

N. Rempe: Geological analogues for hot waste and for radionuclide releases 

J. Urai: Deformation mechanisms and constitutive behavior during long term creep of salt formations 

M. Dulinski: Isotope monitoring of water appearances in salt mines: the Polish experience 

J. Urai: Geological constraints on mobility of brines and hydrocarbons in salt 

M. Mertineit: The mechanical behavior and geometry of anhydrite layers in rock salt: Thermomechanical experiments 

J. Hammer: The mechanical behavior and geometry of anhydrite layers in rock salt: Observations from nature 

M. Knauth, W. Minkley: Integrity of rock salt formation under static and dynamic impact 

J. Urai: Geomechanical modeling of salt tectonics and structural evolution in salt 

F. Crotogino: Experiences from Gas storage in salt caverns 

V. Lukas: Experiences from salt mining and hazardous waste disposal  

V. Metz: Ra-Ba Co-precipitation in a Large Scale Evaporitic System: Field Study and Laboratory results  

V. Havlova: Results from Ruprechtov Site as analogue for uranium retention in sedimentary formations overlying salt formations  

G. Bracke: Properties and behavior of hydrocarbons in rock salt 

A. Meleshyn: Analogues for microbial effects in rock salt 

 

Integrity of rock salt 

Long-term behaviour of technical barriers 

Disposal programmes 

Microbial and chemical processes 

General aspects 



Part II: Working Groups / Wrap-up Discussion 

Áworking in 4 groups 

ÅWhat are the most important points you have learned? 

ÅWhat are the key unresolved issues? 

ÅWhat are your highest priority recommendations for future NA studies for salt? 

ÅDo you have any other thoughts you would like to recommend to the Salt Club? 

 

Áplenum 

Ådiscussion of results 

Åoutlook 
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Results (I): General Aspects of NA 

ÁNA are an essential part of the Safety Case portfolio (Finland, Sweden) 

ÁñWhen is a study an analogue? 

Are there objective criteria? 

Laboratory studies  NA 

BE CAREFUL USING NA (overinterpretation) 

 there is now more realism about what NA studies can achieve 

 

ÁHow to apply NA in a Safety Case? 

NEA/RWM/FSC(2008)3: analogue, analogy, anecdote 

ÁñStill too many bottom-up projects, driven by science, not SA or safety case (because 

science is sexy) ï need to think about this over the next couple of daysñ (Russell) 

ÁSafety Case should lead NA, not vice versa 

How to document / communicate NA? 
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Analogues for the Integrity of rock salt 
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Relevant aspects for the integrity of the geological barrier 

ÁImpact of subrosion and diapirism 

ÁTransport pathways in the geological barrier 

ÁMechanical load capacity 

ÅEarthquakes 

ÅCompetent rock formations 

ÁThermal load capacity 

ÅHigh temperatures (waste) 

ÅLow temperatures (glacials) 

 



Water pathways in the geological barrier 
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German safety requirements (BMU 2010): It has to be shown that 

Áthe formation of secondary water pathways, which might lead to in- or outflow of 

evtl. contaminated brines within the isolating rock zone can be excluded, and 

ÁAny pore water that may be present in the isolating rock zone does not participate 

in the hydrogeological cycle outside of the isolating rock zone as defined by water 

legislation.  

 

Arguments that no fluids from adjacent formations intruded into the salt formation can 

be derived from Natural Analogues: 

ÁMechanical behaviour of rock salt Ą presentation Jens Wolf 

ÁChemical composition and isotope content of fluid inclusions (brines and gases) 

ÁTrace element profiles (Br, Rb) in salt rocks 

 

Ą Presentation: M. Dulinski: Isotope monitoring of water appearances in salt mines: 

the Polish experience  



Location of salt deposits in Poland 

Czapowski G. & Bukowski K. Prz. Geol., vol.57, No. 9, 2009 

Zechstein salts ς deposited at the 
final stages of sea water 
evaporation, rich in Ca, Mg salts 

Miocene salts ς formed at the 
initial stage of sea water 
evaporation, dominated by halite 

Wapno

Kįodawa

Wieliczka

Inowrocįaw

M. Dulinski: Isotope monitoring 
of water appearances in salt 
mines: the Polish experience   



Isotopes routinely used in water 

hazard studies in salt mines 

  
OXYGEN:   DEUTERIUM: 

 18R = 18O/16O   2R = 2H/1H 

 
 

Standard: Vienna Standard Mean Ocean Water (VSMOW): 

  ŭ18O = 0 ă ;  ŭ2H = 0 ă by definition  
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Evaporation of sea water 
Stable isotope composition of groundwaters 
in the vicinity of the Polish salt mines 
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Stable isotope composition of brines in 

the Klodawa mine 
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Stable isotope composition of waters in the 
Wapno Salt Mine 

d
18
O (ă SMOW)

-12 -10 -8 -6 -4 -2 0 2 4 6 8 10 12

d
2
H
 
(
ă
 
S
M
O
W
)

-80

-70

-60

-50

-40

-30

-20

-10

0

10
water appearances inside the mine

waters in Quaternary formations

waters in Tertiary formations

U
P

P
E

R
 L

IM
IT

 O
F

 G
L
A

C
IA

L
 W

A
T

E
R

S

W
M

W
L

SMOW

EVAPORATION

EVAPORATIO
N

SYNGENETIC BRINES

SYNGENETIC BRINES MODIFIED BY THE ISOTOPE
EXCHANGE WITH ATMOSPHERIC MOISTURE

PERIOD OF INVESTIGATIONS:  1973 - 1975
24 TU

22 TU

21 TU

26-28 TU

Baranski, Florkowski, Grabczak, Zuber

10 TU

69 TU

1
4
C

 a
c

ti
v
it

y
 (

p
m

c
)

0

20

40

60

80

100

120

140

160

30 TU shaft I 

In the night, 4/5 of August 1977, within 5 hours about 1.5 million of cubic 
metres of water flooded mine corridors and chambers. 
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Potential of isotope analyses for demonstrating the integrity of salt 

formations 

13th NAWG Workshop - 13.-16.May 2013, Nagoya 

Method 

Áŭ18O and ŭ2H in brines of 

Zechstein rock salt 

Áŭ37Cl in Zechstein rock 

salt 

Áŭ34S and ŭ18O in sulfates 

of Zechstein rock salt 

Áŭ13C and ŭ18O in 

carbonates 

Á
87Sr/86Sr in rock salt 

 

ÁMicro-thermometry of 

fluid inclusions 

Objective 

Ádistinguish between meteoric or marine origin of 

formation waters 

ÁAmount of evaporation, input of seawater, re-

dissolution of salt 

Áindicate changes in the inflows, restriction conditions, 

redox reactions, and biogenic processes 

Ápost-sedimentation transformation of carbonates due 

to a contact with meteoric waters 

Ámodifications of brine chemistry by interaction 

processes with deep hydrothermal fluids or adjacent 

rocks  

ÁHomogenization temperature Ą temperature during 

formation of fluid inclusion 
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Not much analogue information at 
the workshop 

Áexperiences from salt mining 
and hazardous waste disposal 

Áprovide very useful practical 
information on aspects such as 
design of tunnel backfills, plugs 
and seals 

 
Potential fields for investigations 

Áperformance confirmation 
monitoring of the seals in 
hazardous waste repositories 
over several decades into the 
future 

ÁDensity of H2 filled gas storage 
caverns 

ÁMore thoughts needed 

1,5 m 
1,0 m 

1,5 m 

3,0 m 

ca. 2,60 m 

ca. 3,25 m 
gravel 
Upper filter 

sealing 

Lower filter 

(fine sand) 

(compacted 
bentonite) 

(fine sand, 
gravel) 

ca. 4,00 m 

ca. 2,60 m 

gravel 

0,5 m 

ca. 6,0 - 7,0 m 

8,0 m 

Long-term properties of barriers 

F. Crotogino: Experiences from 
Gas storage in salt caverns, 

V. Lukas: Experiences from salt 
mining and hazardous waste 
disposal 


