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Summary 

1). Introduction. Knowledge of how water flows through unsaturated, fractured rock is 
critical for understanding and predicting the performance of a high-level nuclear waste 
repository. For instance, during gravity driven fracture flow, the distance that water can 
travel through a fracture network might be controlled by 1) the amount of water available, 2) 
the fracture aperture, 3) the capillary properties of the matrix, and 4) the saturation of the 
matrix[l]. We have experimentally investigated fracture flow and fracture-matrix interactions 
using x-ray radiography to image some of the above factors and processes. 

2). DescriDtion of work. A 14 x 10 x 2.5 cm block of densely welded tuff (-10% 
porosity) was prepared from a larger outcrop sample from Fran Ridge, NTS (ID 
SPCOO50163 1.1). A tensile fracture was induced in the middle of the sample, oriented so 
that the plane of the fracture was parallel to the direction of x-ray transmission, which is 
parallel to the smallest dimension. The sample was coated with a silicon moisture barrier 
on all vertical sides, and mounted in a lucite frame. At the top and bottom of the sample 
were chambers for ponding and collection of water. 

X-ray radiographs were taken periodically to image water movement into the fracture 
and rock matrix by translating the sample vertically through a 160 kVp linear x-ray source. 
X-rays passing through the sample were converted to a digital signal by a photodiode 
linear array detector and stored by computer. X-ray attenuation contrast was enhanced by 
adding KI to the water. 

The tests conduckxi on this sample include: (1) Fracture flow and imbibition with 
nominal normal stress on the unshimmed fracture (23"C, sample initially dry, water ponded 
on top). (2) Fracture flow and imbibition with shims of 25 pm thickness placed in the 
fracture (23"C, sample dried after (l), water ponded on top). (3) Dehydration of the 
sample after (2) under a thermal gradient created by imposing temperatures of -95°C at the 



bottom and -33°C at the top. Each experiment provides information about the wetting and 
drying behavior of the fractured material. 

Images were normalized using aluminum standards. After normalization, difference 
images were created by subtracting a beginning image (dry or saturated state) from 
subsequent images. In this manner, changes in saturation level were observed. . 
3). Results. A roughly v-shaped wetting front was observed for the unshimmed case, and 
after more than 2017 hours of ponding, water still had not flowed the length of the fracture. 
During the shimmed fracture experiment (Figure l), water flowed the fracture length after 
only -0.15 hours. Different imbibition rates were observed in different regions of the 
sample demonstrating the heterogeneous properties of the rock. Enhanced imbibition 
appears to be controlled by the presence of lithic fragments that contain small 
microfractures. After 1000 hours a large portion of the sample was highly saturated, 
largely due to horizontal imbibition from the fracture to the matrix. 

The dehydration experiment began after no more imbibition- into the matrix was 
observed (>1200 hours of imbibition). Dryout along and adjacent to the fracture was 
observed and was most pronounced between 4.5 and 23 hours after heating began. At 
longer times dryout along the fracture was not as strong, and at times greater than -215 
hours the fracture was slightly attenuating. Possible explanations include: 1) the fracture 
increased in saturation at times greater than 215 hours, or 2) evaporation of water 
continuously along the fracture resulted in the crystallization of salt (KI) that attenuates the 
x-rays. Another feature was the development of a horizontal band of high attenuation 
approximately 1.5-2 cm from the bottom of the sample. This band appeared at about 0.5 
hours after heating, and became more pronounced with time. At about 25 hours after 
heating, two such bands were observed, again near the bottom of the sample. 
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yre  1. X-ray radiograph (difference image) of fracture flow 2 hours after water was ponded on top of the 
sample. Darker shades indicate relatively high x-ray attenuation and the presence of water, while lighter 
areas correspond to lower attenuation and relatively dry areas. Three regions of rapid lateral flow are 
observed. A lithic fragment occurs in each of these areas. The spots on the right hand side of the image are 
repaired sensor access holes and did not affect the experiment. 

4). Conclusions. We are able to visualize phenomena related to fracture flow and matrix 
imbibition during experiments at a variety of conditions. Preliminary results indicate that 
fracture aperture has a strong effect on fracture flow and matrix imbibition. Future 
experiments are being planned to investigate higher temperature imbibition processes, the 
effect of initial moisture content on fracture flow, and different fracture orientation, i.e., 
imaging the plane of the fracture. This configuration should enable the observation of 
processes Occurring in the fracture (i.e., fingering, channels, etc.). 

5). References. 
1. Nitao, J.J. and T.A. Buscheck, Infiltration of a liquid front in an unsaturated, fractured 

porous medium, Water Resources Research, 2 7,2099-2 1 12,199 1. 

Acknowledpments, Denill Rikard and David Ruddle provided technical support. We thank Dan Schneberk 
for valuable discussions and ideas. This work was supported by the Yucca Mountain Site Characterization 
Project. Work pedomed under the auspices of the U.S. Department of Energy by Lawrence Livermore 
National Laboratory under contract W-7405-ENG-48. 

3 


