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"the portion of the controlled area the physical or 
chemical properties of which have changed as a 
result of underground facility construction or as a 
result of heat generated by the emplaced radioactive 
wastes such that the resultant change of properties 
may have a significant effect on the performance of 
the geologic repository." 10 CFR Part 60.2 

NRC considers changes in permeability and porosity 
define the Disturbed Zone. 

This ignores changes in state of the pore (and fracture) 
fluid and associated effects. 
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• Mass Transport (dissolution)in a Thermal Gradient 

• Changes in Vadose Zone Water Chemistry: 
Corrosion of Canisters 
Leaching of Waste Forms 

• Local Saturation Surrounding Dried Out Zone: 
Perched Water Bodies above Repository 
Saturated Fractures 

• Thermal Fracturing of Repository Horizon Rock: 
Boiling of Pore Water during Heating Phase 
Massively Cemented Zones during Cooling 



Vadose Zone, Yucca Mountain, Nevada 
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Changes in Vadose Water Chemistry 

within the Disturbed Zone 

• Boiling of Vadose Zone Water Produces: 

High pH waters (pH jumps to 9 with small amounts of boiling, 
and is over 10 near dryness) 
Mineral Precipitates of Calcite, Amorphous Silica, Albite, and Talc 

• Condensat ion of Boiled Gases Produces: 

Carbonic Acid Liquid with pH of 6 at 100°C (4.6 at 25°C) 
Series of Mineral Assemblages (when reacted with welded tuff) 
that include Alkali Feldspar, Zeolites, Hematite, Amorphous Silica, 
Laumontite, and Pyrophyllite. 
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Stability of orbing Minerals 
Example ..S Clinoptilolite 

Stability of Clinoptilolite decreases with increasing 
Temperature (=> Kaolinite) 
Aqueous AI activity (-> Kaolinite _+ Pyrophyllite) 
Aqueous activity ratio of Na+/H+ (--> Albite.) 
Aqueous activity ratio of Ca2+/H+ (=> Calc=te _+ 

Epistilbite _+ Scolecite) 

Stability increases with increasing aqueous 
Silica activity. 

CONCLUSION: Clinoptilolite will become unstable 
within the Disturbed Zone as boiling of vadose 
waters proceeds. 
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Redistribution of Water Within 
Disturbed Zone 

Water in Topopah Spring matrix = Porosity * Mean Saturation 
=0.11 * 0.65 
- 0.0715 (7.15% by volume) 

Initial areal power density of 57 kw/acre, 95°C isotherm will reach 
maximum extent of 20m (10m above and below midline of 
repository) in approximately 90 years. 

Volume of displaced liquid water = 2,000 acres * 20m * 0.0715 
= 9 ,381  acre-feet 

RESULT: Extensive envelope of fracture (and perhaps 
matrix) saturation totally surrounds repository. 

Recharge flux also accumulates. 
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A Site Specific, Realistically 
Defined Disturbed Zone 

Is Required to be able to calculate: 

• Travel Time 

• Colloid and Particulate Transport 

• Mineral Stability 

• Changes in Vadose Water Chemistry 
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Schematic Diagram 
Disturbed Zone Boundary 
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Disturbed Zone 
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Conclusions Regarding the 
Disturbed Zone 

• Significant Mass Transport may occur that could: 
- Affect the mechanical stability of the repository horizon 
- Cause local changes in permeability and porosity. 

• Irreversible alteration of potentially sorbing minerals. 

• Significant changes in Vadose Water Chemistry would affect 
- Corrosion rates of canisters, and 
- Dissolution rates of the waste form. 

• Redistribution of water within and near the Repository 
by the thermal pulse may result in: 

Thermal fracturing of repository-level host rock, and 
"Formation of locally saturated zones by condensation. 
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