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is the calculated transfer resistance for a-model of uniform resistivity. The transfer 
resistance is simply the ratio of voltage to current for an-individual 4 electco&e 
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resistivity structure which fits the data to some tolerarke. The algorithm will tend to find 
resistivity models where there is minimal contrast between an element and its neighbors. 
It is necessary to modify the inversion algorithm because of the tank and soil. Otherwise, 
the resistivity associated with the tank will be "smeared" to the surrounding elements 
representing the soil and yield erroneous values. The algorithm used for this inversion 
was modified to allow for a non-smooth solution at the tank boundary. 

The 3D reconstruction shown in Figure 3, is 21.3 m wide, 21.3 m. long and 10.7 m. tall 
and is the reconstructed volume bounded by the electrode arrays in the sixteen holes 
around the tank. Those parts of the reconstruction with resistivity differences between 0 
and -150 ohm-m are shown as transparent so that the interior of the block can be 
observed. Note that the 2D reconstructions in Figure 2 and 3D images in Figure 3 show 
the same approximate position, shape and size of the anomaly over time. The 3D images 
may provide a better view of the changes caused by the leak because: a) the flow regime 
is truly three-dimensional, so there is no need to assume that the resistivity extends to 
infinity in the third dimension, b) there is no need for interpolation between adjacent 2D 
slices, and, c) the effect of the metallic barrier is explicitly accounted for in the 3D , 

images but not in the 2D images. However, the 3D images takes much longer to 
calculate (5 days per block) than the 2D images (20 minutes per plane). 

Numerical modeling results suggest that the position of the anomaly has a significant 
effect on the results observed. Changes below the tank's center are observed with much 
less sensitivity than changes near the side of the tank. The modeling results suggest that 
anomalies closer to the electrodes are observed with greater sensitivity. If the tank itself 
is used as one large electrode, it may offer increased sensitivity and resolution because it 
is located closer to the leak point than any other electrode. 

Figure 3 illustrates the effects of using the tank as an electrode. The figure compares two 
resistivity difference tomographs. The one on the left shows the results when only hole to 
hole data is used. The right image in Figure 3 shows the results when the tank is used in 
combination with the boreholes electrodes, Le., hole to hole measurements and hole to 
tank measurements were used in combination. The difference image on the left of the 
figure is more elongated than the image on the right, which is more spherical. We do not 
have independent data that can be used to determine which of the two results is closer to 
the true structure. However, we speculate that the image on the right may more closely 
represent the true structure because the spherical shape is closer to what may be expected 
for a reasonably homogeneous sandy soil such as what exists at the experimental site. 

The 3d algorithm can also be used to model the effects of metal cased boreholes. Some 
of the metal tanks at the Hanford site are surrounded by metal cased vertical boreholes 
(Cruse et., 1995). One approach considered in our work is to use these metal cased 
boreholes as long electrodes for ERT leak detection. The test site described in Section 
2.2 and Figure 2 was modified to create an electrical analog to a tank surrounded by 4 
metal cased boreholes and 4 normal ERT electrode boreholes. To approximate a metal 
cased borehole, the eight electrodes in an ERT borehole were shorted together, creating a 
piecewise continuous electrode between the top and bottom electrode. Every other ERT 
hole was used as a "metal casing analog". The data #were inverted using the 3D resistivity 
algorithm and the "metal casing analogs" were modeled as vertical columns of highly 
conducting elements which extended from the ground surface to 10.7 m depth. 
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Figure 3 shows how the resistivity tomographs change when the tank is used as an 
electrode in combination with electrodes in the boreholes. The bottom two images show 
resistivity differences on the last day of the release; these images are transparent where 
the resisitivty differences observed were less than 150 ohm-m. The data for the top left 
and bottom left images was collected using only the electrodes in the boreholes. The data 
for the right image was collected using the tank as an electrode as well as the borehole 
electrodes. 
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Figure 4 shows a series of two-dimensional ERT tomographs which show how the 
electrical resistivity of the soil decreased during the center release experiment. The range 
of values represented by the grey level used is identical used is identical to that used to 
depict the side release results in Figure 2. A vertical dotted line shows the trajectory the 
brine would follow if it moved straight down. 

Ramirez et al., 1995, show resistivity differences obtained when four "metal casing 
analogs" along with four normal electrode boreholes (with eight electrodes in each 
borehole) were used during the center release. These results suggest that metal cased 
boreholes used as long electrodes, in combination with normal ERT electrodes, can be 
used to calculate reasonable images of resistivity changes caused by the leak. 

Figure 4 presents two-dimensional (2D) tomographs collected during the course of the 
center release experiment (spill point location shown in Figure 2). Time and leaked 
volume increase from left to right on the figure. The images for March 11 show clearly 
detectable electrical conductivity increases below the release point and extending to the 
South and East. The changes observed increase in magnitude as time and spilled volume 
increase just as was observed during the side release. Also, note that the bottom of the 
changing region extends deeper as time increases. This behavior suggests that the brine 
is moving mainly down with some movement to the SE. The movement to the SE may 
be explained by the slight SE dip of the sand layers at the site. 

The results obtained early during the middle release show that reliable changes associated 
with the leak were detected after 190 liters (50 gals.) had been released. These results are 
shown in Figure 4, left hand column of images. Note that data was not collected when 


