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ABSTRACT 

 

Defects in soil-bentonite (SB) slurry trench cutoff walls may reduce the effectiveness of the 

engineered structure to minimize groundwater flow and contain pollutants. One potential 

construction defect identified for SB cutoff walls is the presence of granular material in the wall 

due to sidewall collapse or sedimentation on the backfill slope and/or in the trench key.  However, 

post construction methods that could be used to detect these defects are relatively untested or the 

analysis of the results is very complicated. In this study, electrical resistivity (ER) was used in 

unique configurations in an experimental SB cutoff wall installed in a well characterized alluvial 

formation to detect and characterize designed defects placed during construction. Defects were 

placed in the middle of wall at depths of 1 m or 4 m below the top of the wall, well above the 

trench key at ~7 m, and were also placed on the trench key. The granular defects ranged in size 

from 0.02 m3 to 0.3 m3 and were predominantly permeable sandbags with a clean, well sorted 

(poorly graded) medium sand. The largest defect installed in the wall was an impermeable 

limestone boulder. Custom electrodes were developed that could be pushed into the SB cutoff wall 

and thus collect ER data both at the ground surface and at depth within the wall. The ER data 

indicate that while it is possible to detect the defects, the sidewalls of the trench impart a significant 

effect on the ER data and thus affect the maximum distance between the observation electrodes 

and the potential defect.  
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INTRODUCTION 

 

Slurry trench cutoff walls are often installed to limit horizontal groundwater flow and 

contaminant transport. The most common type of slurry trench cutoff wall employed in the United 

States is a soil-bentonite (SB) slurry trench cutoff wall. The construction methods for these walls 

are well documented in the literature (Ryan 1987, Evans, 1993).  

The as-built quality of these walls is typically assessed by collecting field-mixed samples 

of the wall material and measuring hydraulic conductivity (k) in the laboratory. Since this is not a 

measure of the in-situ k, this may not represent macro performance of the wall which may be 

influenced by any localized defects formed during construction. Defects or heterogeneities within 

the SB backfill material can form during construction from incomplete backfill mixing, spalling 

from the trench sidewalls or coarse-grained settlement on the backfill slope. If the defects are 

comprised of coarse material, the defect may result in higher k “windows” like sand lenses or 

trapped slurry zones (Barvenik and Ayres 1987, Ryan 1987, Evans 1993, Evans et al. 2004). 

Laboratory specimens typically are small (60 to 100 mm in diameter) and are therefore less likely 

to represent the influence of defects or macrofeatures that can govern k at the field scale (Daniel 

1984, Shackelford and Javed 1991, Benson et al. 1999). Laboratory tests on small-scale remolded 

samples have been shown to yield the lowest k values, whereas in-situ tests that capture a larger 

representative volume of the barrier (e.g. piezometer, piezocone, and pump tests), consistently 

yield higher k values (Filz et al. 2003, Britton et al. 2004).   

Geophysical methods have been used to provide geotechnical characterization (e.g. 

Steeples 2001), and specifically electrical resistance has been used in detecting defects in vertical 

barriers (Pearlman 1999, Daily and Ramirez 2000, Emsley 2000), but not specifically in SB cutoff 

walls. Electrical resistivity (ER) and electrical resistivity imaging (ERI) has also been developed 

for direct push devices similar to cone-penetrometers (e.g. Pidlisecky et al. 2006), but has not been 

used for in-situ testing in a SB cutoff wall. While ER and ERI are not sensitive to k directly, these 

methods were selected as a means of identifying the presence of a defect, not necessarily the 

makeup of the defect (see limitations).  

The construction procedures for the subject project, described in Malusis et al. (2017), 

followed standard practice for this SB slurry trench installations. Normally the excavated soils are 

re-used in the backfill, but the excavated soils on this site contained too many cobbles and boulders 

so backfill was made from imported soil composed of predominantly silty sand. Prior to and after 

construction, ERI data were collected along the alignment and within the completed SB cutoff wall 

to determine if this technique can be used to locate defects within SB backfill.  

 

LOCATION, METHODS, AND RESULTS 

 

Study Site & Project Description. Details of the construction, instrumentation, and other testing 

performed at this research site are the subject of numerous other papers, e.g. see Evans and Ruffing 

(2017) and Malusis et al. (2017). Generally speaking the geology at the subject site consists of 
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fluvial and glacio-fluvial deposits overlaying a limestone bedrock, as described in Kochel (1994). 

Base soil samples were collected during wall design and construction and tested to determine the 

ER of the sample. 

 

Pre-construction ERI and subsurface interpretation. As an aide in the design of the subject SB 

cutoff wall, ERI data was collected at the surface of the field site prior to construction. The ERI 

data was collected using an AGI SuperSting system with 56 electrodes spaced 4 m apart. The 

observed apparent resistivity data were inverted using a 2D inversion software to determine the 

resistivity model of the subsurface. The resistivity of geologic material is related to the water 

content, and thus porosity (or void ratio), clay content, and hard rock competency. A dry sand can 

have a resistivity >1000 ohm-m, but with the presence of water, the resistivity would decrease to 

~100 ohm-m, as the ions in the water conduct electricity. Wetted clay also conducts electricity 

readily and thus the resistivity is typically <30 ohm-m. Competent rock, such as limestone, 

typically have high resistivities, >1000 ohm-m, compared to rippable shales that have lower 

resistivity, <100 ohm-m.  

 The ERI observations were combined with point observations from borings (Malusis et al. 

2017) to interpolate the subsurface conditions throughout the wall alignment as shown in Figure 

1. The subsurface interpretation based on pre-construction information (Figure 1A) is simplistic, 

it has five layered units with bedrock interpreted as the deepest layer. Figure 1B includes 

corrections based on grab sampling. 

 
Figure 1. Geologic interpretations based on pre-construction ERI results combined with 

geotechnical information. A) ERI and borehole logs used in conjunction. B) ERI, borehole logs, and 

resistivity values measured from bulk samples collected during wall construction. All wall positions 

are relative to the southern end of the cutoff wall. 

The ERI data collected before the wall construction indicated the uppermost subsurface 

was between 2 and 4 m thick and characterized by resistivities between 150 and 800 ohm-m. A 

lower resistivity, <100 ohm-m, material was observed in the ERI data at depths between 2 and 10 
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m. This zone of lower resistivity is thought to be related to a change in the geologic material and/or 

the presence of the water table. The resistivity model indicates higher resistivities below 6 m deep, 

which corresponded with depth of refusal in boreholes at wall positions 100 m, 150 m, and 200 m.  

 Five soil samples were recovered by grab sampling representative excavated soils at 

locations A thru E in Figure 1B. The sample resistivity was then measured at field water content 

in the lab using an electrical resistance testing apparatus (Figure 2) following ASTM G187-18.  

 

 
Figure 2. Resistance testing apparatus to determine material resistivity on field samples in lab. 

 

The observed material is listed in Figure 1B for A thru E, and the resistivity for each sample 

was 27.3, 23.0, 9.9, 56.1, 122.6 ohm-m, respectively. The subsurface interpretation originally 

made from test borings and geophysical testing prior to construction was then improved using the 

results of this testing (Figure 1B). The improved modelling shows nine subsurface units that are 

not as simply layered. The shallowest units did not change between the before and after trenching 

interpretations, however, the depth to bedrock on the southern side of the wall (positions 0 to 26 

m) is shallower due to an unexpected change in bedrock from limestone to shale. 

 

Defect construction and placement. The northern 80 m of the cutoff wall (120 to 200 m in Figure 

1) was allocated to geophysical testing. Defects of different volumes were placed within the SB 

cutoff wall to simulate coarse-grained lenses. Coarse grained defects were created using woven 

bags (Figure 3) to contain sand. The defect volume was increased using larger sandbags as well as 

tying multiple sandbags together (Figure 3). Small defects were suspended in the slurry and large 

defects were placed at the bottom of the trench prior to SB backfill placement. Three coarse grained 

defects, with increasing volume, were placed at wall position 176.5 m; 1.0 m deep with a volume 

of 0.016 m3, 4.0 m deep and 0.058 m3, and 6.7 m deep and 0.149 m3 (Figure 3). In order to create 

a defect that would remain a resistive target for ER methods, a limestone boulder (0.301 m3) was 

placed at the bottom of the trench at wall position 140.5 m.  

Laboratory resistivity testing for defect detection. Electrical resistance testing (Figure 2) was 

performed on samples of the key materials to determine the ER methods ability to detect defects 

in the cutoff wall. The bentonite slurry (liquid) used for wall construction had a resistivity of 5 

ohm-m. Samples of the SB backfill, collected during construction, had an average resistivity of 12 
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Figure 3. Defect construction and placement within wall.  

ohm-m. The sand used for the coarse grained defects had an average resistivity of 173 ohm-m at 

20% saturation with site groundwater. The resistivity of the sandbags was shown in the lab to 

decrease to 43 ohm-m as the bentonite slurry infiltrated the sandbags. The resistivity of the specific 

boulder was not measured prior to placement in the trench, however, as discussed above, solid 

limestone typically has very high resistance, on the order of >1000 ohm-m.  

 

Post-construction geophysical testing method. Long point source electrodes (LPSE) were 

designed and constructed for this study based on an electrode design for direct-push systems 

(Pidlisecky et al. 2006). The electrode itself (Figure 4A) is stainless steel and either designed to be 

permanently inserted into the wall or is threaded and attached to the schedule 80 PVC (Figure 4B) 

for temporary placement in the SB cutoff wall. The longer LPSE PVC piping was reinforced with 

EMT conduit insulted from the electrode. The completed LPSE could then be pushed by hand into 

the SB backfill material (Figure 4C). 

 

 
Figure 4. Long point source electrodes (LPSE) for insertion into SB cutoff wall. A) Point source 

electrode. B) Attaching point source electrodes to PVC piping of various lengths. C) Four LPSE 

inserted into SB backfill material within trench prior to SB cutoff wall completion. 

After the SB cutoff wall construction was completed, including placement of a geotextile 

and protective topsoil cover, a post-hole digger was used to remove the topsoil and access the 

protective liner. The LPSE was then inserted directly into the SB backfill material at the three 

locations (D1, D2, and ND) to collect the ER data (Figure 5). In Figure 5, the base of wall is the line 

separating natural material from SB fill material at approx. 7 m deep. At each location, four LPSE were 
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positioned 1 m apart from each other (Figure 5) and were hand-pushed in 0.1 m increments 

between measurements of apparent resistivity with a Sting R1 resistivity meter. A bubble level 

was used to maintain verticality during insertion for each LPSE, ensuring the distance between 

each LPSE was constant. The LPSE were pushed into the SB backfill until refusal, which occurred 

at 5.7 m deep for D1, 6.8 m deep for D2, and 5.9 m deep for ND. 
 

 
Figure 5. LPSE wall insertions relative to defect locations (D1 and D2) associated with the limestone 

boulder and three sandbags, respectively.  

ER measurements collected using the LPSE are considered apparent resistivity because the 

value is a volumetric combination of the materials within the zone of sensitivity; i.e. unlike the lab 

testing of individual materials, ER data collected from the LPSE is expected to be influenced by 

more than one material. The apparent resistivity expected due to the defects can be estimated based 

on the defect volume, defect resistivity, and resistivity of the SB backfill material. The D1 defect 

(limestone boulder) would be expected to produce the largest apparent resistivity change, 5.3 ohm-

m, from background. The three defects at D2 (sand bags of varying size), would be expected to 

produce apparent resistivity increases of 0.2, 0.6, and 1.6 ohm-m compared to background. Hence, 

apparent resistivity changes in the SB backfill at a non-defect (ND) location is necessary to 

determine the methods ability to detect defects when the defect positions are unknown. The 

apparent resistivity was measured using both Wenner and dipole-dipole electrode configurations 

to evaluate the effect of these configurations on defect detection efficacy. For reference, the 

Wenner configuration is based on the outer electrodes acting as the current electrodes and the inner 

electrodes measuring voltage difference (similar to sample box in Figure 2) whereas dipole-dipole 

configuration has the current electrodes adjacent to each other and the potential electrodes as the 

other pair.  

Post-construction geophysical testing results. The ER data collected in the Wenner 

configuration is shown in Figure 6 and the data collected in the dipole-dipole configuration is 

shown in Figure 7. Both Figure 6 and Figure 7 show a decrease in apparent resistivity for the first 

three meters at all three locations with the greatest rate of change over the upper 1.2 m. This 

decrease is likely due to an increase in water content with depth. 

The ND apparent resistivity for the dipole-dipole configuration (Figure 7) at the ND 

location averages 15 ohm-m less than values from the Wenner configuration (Figure 6). This 

difference likely indicates that the dipole-dipole configuration is more sensitive to the interior of 

the wall. The differences between the apparent resistivity at the ND location compared to D1 (solid 
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line in Figures 6A and 7A) and D2 (solid line in Figures 6B and 7B) for the same depth, excluding 

changes that may be attributed to the defects, could be due to changes in the SB backfill material 

with time, e.g. consolidation.  

 

 

Figure 6. LPSE resistivity data in Wenner configuration at three wall locations from Figure 5. A) 

ER data collected at D1 (solid line) and at non-defect (ND - dashed line). B) ER data collected at D2 

(solid line) and ND (dashed line 

 

Figure 7. LPSE resistivity data in dipole-dipole configuration at three wall locations from Figure 5. 

A) ER data collected at D1 (solid line) and at non-defect (ND - dashed line). B) ER data collected at 

D2 (solid line) and ND (dashed line). 
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The Wenner configuration ER data at D2 (Figure 6B) does not show a discernible response 

to the defects. The dipole-dipole configuration ER data at D2 (Figure 7B) shows an increase of 3.5 

ohm-m associated with the shallow defect at 1.1 m deep; a 2 ohm-m increase from 4 to 4.2 m deep; 

and two increases at depth – 7 ohm-m from 6 to 6.5 m and 2.5 ohm-m starting at 6.7 m deep. The 

magnitude of resistivity increases for the shallow two defects at D2 do not agree with expectations, 

however, the increases do show that the defect is detected using the dipole-dipole configuration. 

The 7 ohm-m increase from 6 to 6.5 m deep is attributed to the sandbag defect. Although the 

resistivity values would be expected to increase near the bottom of the wall, with resistivity values 

>200 ohm-m at all three locations (Figure 1), the ND apparent resistivity does not show an increase 

at depth. Thus, the increase in resistivity observed at depth for both D1 and D2 and for both 

configurations (Figures 6A and 7A), should be related to the presence of the defects. Notably the 

increased resistivity is largest for the dipole-dipole configuration (Figure 7). The defects are shown 

at the depths where they were placed into the wall. 

 

LIMITATIONS & FUTURE STUDY 

 

This study, a component of a larger study, was conducted to investigate a novel way to find defects 

in SB slurry trench cutoff walls. The authors’ acknowledge the technical and practical difficulties 

associated with using this technique on a commercial scale: 

• The methods used herein must account for differences in the subsurface and construction 

materials at any future test site, including adjustments for the makeup of the trench 

sidewalls, the backfill, and the trench bottom.   

• The defect detection for this study was performed with prior knowledge of the location and 

makeup of the defects. Without prior knowledge of the defects, the close spacing of 

measurements needed to detect a defect would render the technology too expensive to be 

commercially feasible. 

• At its current stage of development, it is not commercially feasible to use this method to 

determine the makeup of a defect. In this study, the defects consisted of a high permeability 

material (sand) and an extremely low permeability material (limestone), but both defect 

types showed up as an increased apparent resistivity.  

• While the methods used do show increases in resistivity near the known locations of the 

defects, the resistivity increases may be difficult to distinguish from resistivity differences 

associated with normal backfill heterogeneity or due to other normal (expected) changes 

in the backfill (consolidation and/or drying).  

 

For this method to become commercially viable, further research would need to reduce the cost of 

this evaluation by developing methods that can be used at a larger spacing. Additional 

improvements would also need to identify smaller defects and identify the makeup of the defect 

(ideally k). Although this geophysical method may not be commercially viable for defect detection, 

resistivity is still be a good addition to pre-construction investigations to fill out the information 
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between borings and/or as a means of assessing wet/dry characteristics in the zone of the 

fluctuating groundwater table which may be the subject of a coming paper. 

CONCLUSION 
 

A 200 m SB cutoff wall was installed for testing and monitoring purposes with approximately 80 

m left free of other instrumentation for geophysical testing. The natural subsurface conditions 

surrounding the wall were characterized before the SB cutoff wall construction and indicated that 

the trench sidewalls would have resistivities between 10 and 200 ohm-m. The specially constructed 

electrodes (LPSE) allowed for measurement of apparent resistivity within the SB backfill material. 

Based on the findings of this study, the dipole-dipole configuration appears to be more sensitive 

to the SB cutoff wall material than the Wenner configuration, which appears to be sensitive to the 

side-walls. The data show that small defects, < 0.06 m3, cannot be differentiated from normal SB 

backfill heterogeneity using ER, but larger defects, > 0.15 m3, may be detected using a dipole-

dipole configuration.  

The conclusions of this study can also be presented as a matter of perspective. From a 

geophysical method development standpoint, this study shows that ER, using a dipole-dipole 

configuration, may be able to detect larger defects in an SB wall and characterize heterogeneity.  

From a practical and engineering standpoint, this study shows that ER is not useful for blindly 

distinguishing between normal SB backfill heterogeneity and defects in an SB wall.  From both 

perspectives, the ER data from this study was not able to determine the makeup and size of a 

defect, although theoretically these procedures could be modified to estimate these attributes. 
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