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Flow of In-Drift Water Through Stress Corrosion Cracks

EXPERIMENTAL RESULTS

Drop Experiments
Droplets of deionized water and soapy water 
placed above crack
Advective flow through the crack does not occur 
for deionized water drops
Advective flow occurs for soapy water
Flow rate of soapy water is 2 ml/min
Surface tension of soapy water is 3-4 times 
less than pure water
Contact angle of pure water on Alloy 22 >60°, and contact angle of soapy water <30°
Soapy water is readily imbibed by the crack
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CONCLUSIONS
• Theoretical study

– Capillarity is dominant in stress corrosion cracks
– Crack width is the controlling dimension in the stress corrosion crack
– Liquid bridge stability conditions for a long elliptical crack and a long            

rectangular crack are the same
• Experimental study

– Deionized water drops do not penetrate through cracks 
– Soapy water flows through crack
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INTRODUCTION
Stress corrosion cracking is a possible mode of failure for waste 
packages and drip shields in the potential Yucca Mountain, Nevada,
high-level waste repository
Seepage water could enter the waste packages through cracks
Radionuclides could be released into the in-drift environment
Morphology of stress corrosion cracks: Elliptical
Expected crack dimensions forming on waste packages 

– Nominal case: Radial cracks on closure lid
– Seismic event: Anywhere on waste package
– Dimensions: Length ~ 4 cm, depth = 2.0 cm, width ~ 140 μm

Expected crack dimensions forming on Drip Shield 
– Nominal case: No stress corrosion cracks
– Seismic event: Anywhere on drip shield surface
– Dimensions: Length ~ 5–15 cm, depth = 1.5 cm, width ~ 140 μm

Capillarity can prevent advective flow of in-drift water through stress corrosion cracks
Water may bridge cracks having certain dimensions and prevent advective water flow
For cracks larger than critical dimension, water may seep through in form of film flow
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Rayleigh-Taylor Model for a Rectangular Crack

Segmented rectangular cracks can form on a waste package surface due to rock fall and other events

A long, elongated elliptical crack is geometrically similar to a long rectangular crack
Rayleigh-Taylor model was solved in a rectangular coordinate system to establish 

critical dimensions

Solution of governing equation is in the form of sine and cosine functions

Stability criteria
– Short crack dimension is controlling

– Width of the crack determines the mode of fluid flow

Stability criterion

A graph of Ly as a function of Lx is presented in the figure on the right

For pure water at 25 °C, Ly approaches 8.52 mm for large Lx

Cracks forming on a waste package will likely be at least several 
centimeters long, implying that capillarity will dominate if the 

crack’s width is less than 8.52 mm 

The stability criterion of a long, narrow, elliptical crack is similar to a rectangular crack
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THEORETICAL WORK:  Rayleigh-Taylor Model
Model is developed for a heavy fluid over a lighter fluid

– Equivalent to a water column (bridge) formed in a stress corrosion crack
Governing equations for fluid motion around the equilibrium state at the interface are noted
Governing equation for an interface subjected to perturbations is derived
Solution of governing equation determines the geometric conditions when interface is stable under 
perturbations
Critical crack dimensions are determined when the stability criterion is barely violated
If crack size is greater than critical dimension, capillarity will not determine the fluid flow mode
Governing equations
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APPROACH
Theoretical work

– Gravity is destabilizing, surface tension is stabilizing
– Competition between gravitational and capillary force
– Water column (bridge) will become unstable at a critical crack dimension
– Liquid column (bridge) stability criterion determined by Rayleigh-Taylor model
– Advective flow will occur at crack sizes greater than a critical value
– At crack sizes less than critical, water will either not enter the crack or 

form a water bridge inside the crack
Experimental study

– Alloy 22 test samples 
– Used water drops on cracked Alloy 22
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EXPERIMENTAL STUDY
Parameters affecting flow through cracks
– Size of liquid droplets on the surface of the 

engineered material
– Crack dimensions
– Pressure gradient
– Temperature
– Solution properties (e.g., salt concentration, density, 

contact angle between water and Alloy 22 surface, and  
air-water surface tension)

Planar coupon of Alloy 22
– Alloy 22 plate {8.13 cm long × 6.6 cm wide × 2.54 cm thick}
– 200 μm aperture

Place holders for heating elements
Standing drops on stress corrosion cracks
– Deionized water drops
– Soapy water drops
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Rayleigh-Taylor Model for an Elliptical Crack
Elliptical-cylindrical coordinate system
Solution of governing equation in the form of Mathieu functions
Stress corrosion cracks are long and elongated: Eccentricity ≅ 1
Stability criteria

– Short crack dimension is controlling (2b)
– Aperture of the crack determines the fluid flow mode

Stability criterion

For pure water at  25 °C, b = 4.26 mm
Stress corrosion cracks are narrower than critical b
Capillarity is dominant in stress corrosion cracks

Rayleigh-Taylor Model for an Elliptical Crack
Elliptical-cylindrical coordinate system
Solution of governing equation in the form of Mathieu functions
Stress corrosion cracks are long and elongated: Eccentricity ≅ 1
Stability criteria

– Short crack dimension is controlling (2b)
– Aperture of the crack determines the fluid flow mode

Stability criterion

For pure water at  25 °C, b = 4.26 mm
Stress corrosion cracks are narrower than critical b
Capillarity is dominant in stress corrosion cracks 0boundary)crack at (

)(

  )2cos2(cosh

ModelTaylor Rayleigh

*

22
2

2

2

2

=

−
=

−−=
∂
∂

+
∂
∂

−

φ
γ
ρρλ

φηξλ
η
φ

ξ
φ

g

c

2a

2b

a
bae

22

)(ty Eccentrici −
=

γ
ρρπλ )(

2

*
* −

==
g

b

Elliptical-cylindrical coordinate system

22

22

1
sinh cosh 

cossinh 
coscosh 

bac

c
y

c
x

ηξ c y
ηξ c x

−=

=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+⎟⎟

⎠

⎞
⎜⎜
⎝

⎛

=
=

ξξ


	Flow of In-Drift Water Through Stress Corrosion Cracks

