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ABSTRACT 
 
Coal combustion residuals (CCR) within basins or impoundment can become unstable 
during construction and mitigation activities such as building floating roads, bridges, or 
dewatering activities. One way to evaluate the stability of the CCR materials is to 
monitor pore water pressure utilizing vibrating wire piezometers (VWPs).  VWPs are 
one of the few tools that provide real-time pressure data to geotechnical engineers that 
allow evaluation of the risk of failure. 
 
VWPs are traditionally installed in vertical boreholes or buried directly into 
embankments, meaning personnel and drilling equipment must access the potentially 
unstable surface, putting them both at risk. Ellingson has successfully used horizontal 
directional drilling (HDD) rigs to install VWPs into unstable ground underneath a tidally 
influenced marine channel; by drilling laterally from a stable ground surface. VWP 
sensors are highly durable and can provide decades of high-resolution reliable data 
without replacement. Pressure data from VWP sensors allows for evaluation of pore 
pressure and estimated hydraulic parameters. This drilling and instrumentation 
technology allows an HDD rig to be set up outside of a CCR basin and install VWPs in 
potentially unstable ash without risk to employees or equipment.  
 
 
BACKGROUND 
 
Vibrating wire piezometers (VWPs) are one of the most common instruments in use 
today for the measurement and monitoring of pore pressure in embankments, dams, 
and other geotechnical settings. Their relatively simple construction and ease of 
installation has made them indispensable for monitoring changes in pore pressure and 
predicting the stability of man-made and natural slopes. 
 
Until recently, VWP installation has generally been limited to either vertical or angled 
bores in unconsolidated soil or bedrock, such as core holes in mining applications. 



Although horizontal directional drilling (HDD) has been in use for over three decades for 
environmental and geotechnical applications, challenges in navigation, bore stability, 
and other factors have impeded VWP use in directional bores.  
 
Recently, VWPs were installed in four directional bores to monitor pore pressure and 
evaluate hydraulic gradients and seepage velocities at a CERCLA Site in California. In 
addition to proving a success for the project itself, this installation shows merit in the 
wider application of monitoring pore pressure, water surfaces, and stability of coal ash 
bodies. VWPs are a proven technology consisting of a durable pressure sensor that can 
operate for multiple decades while grouted in place. 
 
Coal ash storage can generally be classified into two categories, or a hybrid of the two. 
Lagoons or impoundments make use of natural topographic depressions or dammed 
impoundments in which ash is typically emplaced as hydraulic fill. Dry stacks are 
constructed by hauling dry or moist ash and placing it as fill, creating a mound of ash 
which eventually may be capped. Hybrid storage may start as a filled impoundment or 
lagoon, upon which additional ash is stacked, and these may be constructed either on 
relatively flat ground or on hillslopes.  
 
Stability of these structures can become an issue if pore pressure increases due to 
insufficient drainage, compromised covers, leachate collection or drainage systems, 
inadequate design, or other factors. In a lagoon or impoundment, the ash is contained, 
but if elevated pore pressure occurs in the retaining structure, it could lead to failure of 
the dam or lagoon, with release of the contents downstream. In stacked ash piles, poor 
groundwater management and increased pore pressure could directly result in slope 
failure, with saturated ash flowing downslope.  
 
Many coal-fired energy generation plants are now decommissioning historic coal ash 
disposal sites, moving the ash from relatively vulnerable environmental locations (such 
as adjacent to rivers) to ash landfills of current and improved designs. These projects 
often deal with saturated conditions and must dry the material so it can be excavated 
and hauled. Traditional piezometers – either open-tube or closed – can be placed in 
networks across accessible ash deposits but are much more challenging to install when 
standing water is present in a lagoon or the ash is too wet for equipment or personnel to 
enter. They can also be hazardous to install; construction induced vibrations can be a 
failure mechanism on ash basins that can cause liquification of the material. Even 
lightweight vertical drilling equipment utilized for the installation of VWPs could 
potentially cause the ash material to fail. Further, even when it is relatively easy to 
access the ash surface to install a vertical piezometer, they are generally destroyed as 
excavation proceeds in layers, limiting the lifespan of the instrumentation.  
 
Horizontal VWPs can solve these issues. Drilling from an offset location on stable 
ground, directional bores can be safely advanced by HDD to subsurface locations that 
might otherwise be inaccessible, including deep targets near the base of a lagoon, just 
above a liner. VWPs installed at these locations provide useful data on pore pressure, 
which can guide excavation efforts through the entire construction process without 



concern for periodic destruction and replacement of the instrumentation that might occur 
with vertically VWPs.  
 
In California, VWPs were installed in stacked pairs at two locations to monitor pore 
pressure in offshore sediments adjacent to a marine shoreline CERCLA Site.  
 

 
 
 
 
As shown in Figure 1, part of the cleanup effort to address sediment contamination on 
the site includes dredging and placement of an engineered sediment cap to prevent 
contact of the underlying contaminants (PCBs, lead) with human, ecological, and 
marine receptors. The VWPs were installed to monitor pore pressure in sediments 
under the channel and to constrain the hydraulic parameters for the engineered 
sediment cap.  
 
 
From entry locations set back about 50 ft (15 m) from the top of the shoreline slope, 
bores were extended to depths of 17 ft (5 m) and 40 ft (12 m) below sea level using a 
small, 20,000 lb (89 kN) capacity drill rig. The bores extended over 150 ft (46 m) 

Figure 1. Map of monitoring wells, VWP locations and utilities, sensitive areas. 



offshore, under a tidally influenced wetland and were terminated at depth as single-
ended, or blind borings as shown in Figure 2. 
 

 
 
 
 
Despite encountering demolition debris from historic buildings at the site, as well as soft 
drilling conditions, the bore stability was maintained and the bores remained open from 
the entry point to the terminal end, allowing the installation of the VWPs. Figure 3 
shows the instruments were attached to PVC pipe of similar diameter, with the 
power/data cable strung through the pipe and then advanced to the end of the 4 in (10 
cm) bore. 
 
 

Figure 2. Blind bore navigation route through wetland. 



 
 
 
The pipe was then used as a tremie and Portland cement was backfilled into the bore to 
encase the VWPs in concrete and prevent infiltration of surface waters into the bore. 
Wiring was then connected by the client for monitoring of the instrument data stream. 
Figure 4 below is the as-built of one of the installations showing the approximate length 
and depth below msl. 
 
 

 
 

Figure 3. VWP attached to PVC pipe. 

Figure 4. VWP installation profile. 



 
 
 
Post-installation monitoring shows close correspondence and tidal response between 
water pressures in all four of the VWPs. Further, the stations all show tidal influence 
with all stations slightly lagging the ebb and flow of local tides in both time and 
amplitude. From an analytical perspective, the data trends are relatively consistent. 
From an engineering standpoint, the consistent data trends support that the engineering 
designs are desirable shown in Figure 5. 
 

 
 
 
 
The success of this horizontal installation of VWPs in a soft sediment, similar in 
consistency to ash materials, suggests similar success could be achieved in coal ash 
materials. Further, using larger scale and more advanced drilling methods, such as the 
Ellingson-DTD Knock-Off method, VWPs can successfully be placed in much longer 
and deeper bores, on the order of 2,000 ft (610 m) in length, and 150 - 200 ft (61 m) in 
depth. More than one VWP could be installed in a single bore as well, offering further 
economies. An entire network of VWPs could be installed in 3-5 wells, providing the 
ability to monitor an entire ash basin without ever entering the surface. 
 
Vibrating wire piezometers are an invaluable tool for measuring and monitoring pore 
pressure in the subsurface. Horizontal directional drilling is an ideal way to install wells 

Figure 5. VWP trend data. 



and instrumentation into the ground under surface infrastructure, obstructions, or unsafe 
areas. 


