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PHM: Physical Hydraulic Model 

POPLU: Posiva Plug 

R&D: Research and Development 

SA Safety assessment 

THM Thermal, Hydraulic, Mechanical Processes 

TSPA Total System Performance Assessment 

URC: Underground Research Centre 

URL: Underground Research Laboratory 

VSG: Vorläufige Sicherheitsanalyse Gorleben (Preliminary safety assessment for the 
Gorleben site) 

VTT VTT Technical Research Centre of Finland LTD 

WMO: Waste Management Organisation 

WP: Work Package 
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Fig. 2.1: The DOPAS Design Basis Workflow illustrating the iterative development of the 
design basis. Red boxes show, where the WP5 work falls into. 
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Fig. 4.3: Transfer pathways considered in the Andra Argile 2005 TSPA (Andra 2005a). 

The seal failure scenario is represented by introducing a swelling clay to rock interface defect, 
with the seal core maintaining its hydraulic properties. Seal failure is considered as happening 
a few centuries (500 years) after GDF closure. 

4.6 Switzerland 

4.6.1 Background 

The Swiss WMO, Nagra, is considering disposal of spent fuel, HLW and long-lived ILW in a 
GDF in Switzerland. In 2002, Nagra published a safety case for the disposal of waste in the 
Opalinus Clay host rock (Entsorgungsnachweis). More recently, Nagra has been conducting 
siting evaluations for a GDF in several areas of Switzerland with a clay host rock. Stage 2 of 
the work considering six areas was published in 2014 (SGT-E2). This review covers the 2002 
Entsorgungsnachweis study (NAGRA 2002) that includes a TSPA with scenario develop-
ment. At the end of this section, there is also a description of a 2014 modelling study that con-
sidered alternative sealing configurations in a GDF in an Opalinus Clay host rock (Poller et 
al. 2014).  
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closure safety assessment was published in 2011 to support an Environmental Impact State-
ment (EIS) and Preliminary Safety Report (PSR) for the proposed GDF (NWMO 2011). 

4.7.2 Scenarios regarding Sealing 

The future evolution of the DGR system is assessed through a Normal Evolution Scenario and 
four Disruptive Scenarios that consider events that could lead to possible penetration of barri-
ers and abnormal degradation and loss of containment.  

One of the Disruptive Scenarios is termed the Severe Shaft Seal Failure Scenario and consid-
ers the consequences of rapid and complete seal degradation in the shafts, and the increased 
degradation of the GDF and shaft EDZs. Otherwise, the evolution of the DGR system is the 
same as in the Normal Evolution Scenario. 

Another of the Disruptive Scenarios concerns a Poorly Sealed Borehole that extends from the 
surface to the Precambrian basement beneath the DGR The borehole provides a potential ad-
ditional pathway for contaminants from the host rock to the Shallow Bedrock Groundwater 
Zone. 

4.7.3 Modelling and Results 

The conceptual model for the Severe Shaft Seal Failure Scenario is essentially the same as for 
the Normal Evolution Scenario with gradual degradation of the seals. The modelling is im-
plemented in three software codes: AMBER 5.3, a compartment-model code for assessment-
level (system) models; the 3-D finite-element/finite-difference code FRAC3DVS-OPG for 
detailed groundwater flow and transport calculations (Fig. 4.5); and T2GGM, a code that cou-
ples the Gas Generation Model (GGM) and TOUGH2 for detailed gas generation and 
transport calculations. The calculations for the Severe Shaft Seal Failure Scenario differ from 
the Normal Evolution Scenario using modifications to parameter values, with significantly 
degraded physical and chemical characteristics of the seals and increased permeability of the 
GDF and shaft EDZs (the EDZ properties are simply a multiple of the host rock properties).  

The maximum calculated doses for the Severe Shaft Seal Failure Scenario are about 1 mSv/a, 
based on immediate failure of 500 m of low-permeability shaft seals (to 10-9 m/s hydraulic 
conductivity), reduced sorption in the shafts, increased degradation of shaft and GDF EDZs, 
and assuming a family is farming directly on top of the shafts (including a house located on 
the main shaft). The scenario is very unlikely. Therefore, the risk from the severe shaft seal 
failure scenario is low. 

For the Poorly Sealed Borehole scenario, detailed groundwater flow modelling indicates that 
the borehole has limited influence on hydraulic conditions at the disposal horizon. Results 
also indicate that the flow of water up the borehole is relatively small, discharging up to 15 
m3/year into the shallow system that is flowing at a rate of about 60,000 m3/year. Therefore, 
calculated peak annual doses for the Poorly Sealed Borehole Scenario are much less than the 
dose criterion. 
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Fig. 4.5: Modelled advective groundwater velocities for the steady state simplified base 
case for a GDF for LLW and ILW in Canadian basement (NWMO 2011). The 
figure shows the position of the modelled borehole penetrating the geology direct-
ly adjacent to the GDF. 

Additional cases were evaluated to determine the conditions necessary for a disruptive scenar-
io to result in larger impacts than those resulting from the base case. For the Severe Shaft Seal 
Failure Scenario, the hydraulic conductivity of all the shaft seals would have to degrade by 4-
5 orders of magnitude beyond the design basis to 10-7 m/s, about equivalent to fine silt and 
sand. In this case, the peak doses to someone living on top of the GDF site could be tens of 
milliSieverts. 

4.8 Belgium 

4.8.1 Background 

The Belgian WMO, ONDRAF/NIRAS, published a safety case called SAFIR2 for disposal of 
ILW, HLW and spent fuel in a Boom Clay host rock in 2001. ONDRAF/NIRAS has since 
revised the disposal concept significantly, but SAFIR2 remains the latest complete published 
safety case and has been used in this review (ONDRAF/NIRAS 2001). 

4.8.2 Scenarios regarding Sealing 

A poor-sealing scenario is modelled where the main galleries and access shaft are poorly 
sealed, with the result that the seal has a much higher hydraulic conductivity than the Boom 
Clay barrier. 
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Fig. 4.6: Cumulative probability function for the hydraulic permeability of concrete in a 
panel closure (seal) at the Waste Isolation Pilot Plant (USDOE 1996).  

Panel Closure Model 
Disposal rooms are closed off from the access tunnels using panel closures designed to allow 
minimal fluid flow. The TSPA model in BRAGFLO explicitly represents each set of panel 
closures in the computational grid for flow modelling using four materials (salt-saturated con-
crete; anhydrite; an empty drift section; and a block and mortar explosion wall) set out in 13 
grid cells (Fig. 4.7). 
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Fig. 4.7: Representation of a WIPP Panel Closure in the BRAGFLO Modelling Grid 
(USDOE 2009). Key. CONC_PCS = Panel Closure System (PCS) concrete, 
S_ANH_AB and S_MB139 = Anhydrite marker beds, DRZ_PCS = Disturbed 
Rock Zone (healed), DRF_PCS = Empty drift and explosion wall. 

The permeability of the EDZ is assigned the same probability distributions as used for the 
closure concrete; this ensures that any fluid flow is equally probable through or around the 
panel closures, and represents the range of uncertainty that exists in the performance of the 
panel closure system. 

Results 
Releases of radionuclides to the accessible environment (surface or surrounding subsurface) 
from transport in groundwater through the shaft seal systems and the subsurface geology are 
negligible, with or without human intrusion. No releases at all are predicted to occur at the 
ground surface in the absence of human intrusion. 

4.10 Germany  

4.10.1 Background 

The Gorleben salt dome in Germany has been investigated as potential site for a GDF for 
heat-generating waste since the end of the 1970s. A site-specific research project, the Prelimi-






































































































































































































































































































