
We present results from a SubTER funded series of cross borehole geo-
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ŽĨ�ƚŚŝƐ�ƐƟŵƵůĂƟŽŶ�ŵĞƚŚŽĚ�ŝƐ�ƚŚĂƚ�ĞĂĐŚ�ĚĞƚŽŶĂƟŽŶ�ǁŝůů�ƉƌŽĚƵĐĞ�ŵƵůƟ-
ƉůĞ� ĨƌĂĐƚƵƌĞƐ�ǁŝƚŚŽƵƚ�ĚĞƐƚƌŽǇŝŶŐ�ƚŚĞ�ǁĞůůďŽƌĞ͘�dŽ�ĚĂƚĞ͕�ǁĞ�ŚĂǀĞ�ĐŽů-
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ŝŶŐ͘� dŚĞ� ĮƌƐƚ� ƐĞƚ� ŽĨ� ĚĂƚĂ� ƐĞƌǀĞƐ� ĂƐ� ƚŚĞ� ďĂƐĞůŝŶĞ� ŵĞĂƐƵƌĞŵĞŶƚ� ;ŝ͘Ğ͘�
ƵŶͲƐƟŵƵůĂƚĞĚͿ͕� ƚŚƌĞĞ� ƐĞƚƐ� ĞǀĂůƵĂƚĞ� ŵĂƚĞƌŝĂů� ĐŚĂŶŐĞƐ� ĂŌĞƌ� ĨƌĂĐƚƵƌĞ�
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ƟŽŶ�ŽĨ�ƉŝĐŬ�ĞƌƌŽƌ�ĂŶĚ�ƐĞŝƐŵŝĐ�ǀĞůŽĐŝƚǇ�ĐŚĂŶŐĞƐ�ĂƩƌŝďƵƚĂďůĞ�ƚŽ�ĐŚĂŶŐŝŶŐ�
ĞŶǀŝƌŽŶŵĞŶƚĂů�ĨĂĐƚŽƌƐ�;ŝ͘Ğ͘�ƐĂƚƵƌĂƟŽŶ�ĚƵĞ�ƚŽ�ƌĂŝŶͬƐŶŽǁĨĂůů�ŝŶ�ƚŚĞ�ƐŚĂů-
ůŽǁ�ƐƵďƐƵƌĨĂĐĞͿ͘��ĂĐŚ�ŽĨ�ƚŚĞ�Ɛŝǆ�ĚĂƚĂƐĞƚƐ�ŚĂƐ�ďĞĞŶ�ĞǀĂůƵĂƚĞĚ�ĨŽƌ�ĚĂƚĂ�
ƋƵĂůŝƚǇ�ĂŶĚ�ĮƌƐƚ�ĂƌƌŝǀĂůƐ�ŚĂǀĞ�ďĞĞŶ�ƉŝĐŬĞĚ�ŽŶ�ŶĞĂƌůǇ�ϮϬϬŬ�ǁĂǀĞĨŽƌŵƐ�ŝŶ�
ƚŚĞ�ƚĂƌŐĞƚ�ĂƌĞĂ͘��ĂĐŚ�ƐĞƚ�ŽĨ�ĚĂƚĂ�ŝƐ�ƚŚĞŶ�ŝŶǀĞƌƚĞĚ�ƵƐŝŶŐ�Ă�sŝĚĂůĞͲ,ŽůĞ�Į-
ŶŝƚĞͲĚŝīĞƌĞŶĐĞ�ϯͲ��ĞŝŬŽŶĂů�ƐŽůǀĞƌ�ŝŶ�ƚǁŽ�ǁĂǇƐ͗�ϭͿ�ĂůůŽǁŝŶŐ�ĨŽƌ�ŝƚĞƌĂƟǀĞ�
ƌĂǇ�ƚƌĂĐŝŶŐ�ĂŶĚ�ϮͿ�ǁŝƚŚ�ĮǆĞĚ�ƌĂǇ�ƉĂƚŚƐ�ĚĞƚĞƌŵŝŶĞĚ�ĨƌŽŵ�ƚŚĞ�ƚĞƐƚ�ƉĞƌ-
ĨŽƌŵĞĚ�ďĞĨŽƌĞ�ƚŚĞ�ĨƌĂĐƚƵƌĞ�ƐƟŵƵůĂƟŽŶ�ŽĨ�ŝŶƚĞƌĞƐƚ͘�hƟůŝǌŝŶŐ�ƚŚĞƐĞ�ƚǁŽ�
methods allows us to compare and contrast the results from two com-
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experiment to image the fracture extent through chang-
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�ƌƌŝǀĂů�ƟŵĞ�ĚĂƚĂ�ĚŝƐƉůĂǇĞĚ�ĂƐ�Ă�ĨƵŶĐƟŽŶ�ŽĨ�ĚĞƉƚŚ�ďĞƚǁĞĞŶ�ƚŚĞ�EŽƌƚŚĞƌŶ�;ϭͿ�ĂŶĚ��ĂƐƚĞƌŶ�;ϮͿ�
ŚŽůĞƐ�ĨŽƌ�ƚŚĞ�ƉƌĞͲ͕�ƉŽƐƚ�ηϭ͕�ĂŶĚ�ƉŽƐƚ�ηϯ�ĞǆƉĞƌŝŵĞŶƚƐ͘�WŽƐƚ�ηϮ�ĞǆƉĞƌŝŵĞŶƚ�ĚĂƚĂ�ŝƐ�ŶŽƚ�ƐŚŽǁŶ�
ŚĞƌĞ�ďĞĐĂƵƐĞ�ƚŚĞ�ĞǆƉůŽƐŝǀĞ�ĚĞƚŽƌŶĂƟŽŶ�ǁĂƐ�ƵŶƐƵĐĐĞƐƐĨƵů�ŝŶ�ŐĞŶĞƌĂƟŶŐ�ĂŶǇ�ĐŚĂŶŐĞ͘ 

dŽŵŽŐƌĂƉŚŝĐ� ŝŵĂŐĞƐ�ĐŽŵƉƵƚĞĚ�ǁŝƚŚ�Ă�sŝĚĂůĞͲ,ŽůĞ�ĮŶŝƚĞͲĚŝīĞƌĞŶĐĞ�ϯͲ��ĞŝŬŽŶĂů� ƐŽůǀĞƌ�ǁŝƚŚ�
ĮǆĞĚ�ƌĂǇ�ƉĂƚŚƐ͕�ǁŚŝĐŚ�ĂƌĞ�ĚĞƚĞƌŵŝŶĞĚ�ĨƌŽŵ�ƚŚĞ�ƉƌĞǀŝŽƵƐ�;ŝŶ�ƟŵĞͿ�ƚĞƐƚ͘�dŚŝƐ�ŵĞƚŚŽĚ�ŚŝŐŚůŝŐŚƚƐ�
ƚŚĞ�ĐŚĂŶŐĞƐ�ŝƐ�ƐĞŝƐŵŝĐ�ǀĞůŽĐŝƚǇ�ĂƩƌŝďƵƚĂďůĞ�ƚŽ�ƚŚĞ�ŝŶĚŝǀŝĚƵĂů�ĞǆƉĞƌŝŵĞŶƚƐ͘�dŚĞ�ǀĂůƵĞ�ŝŶĚŝĐĂƚĞĚ�
for competent (i.e. unfractured) rock is the mean of the measured background model . 
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Velocity Reduction
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Borehole Geometry


