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Abstract 

Since 2016, Ellingson-DTD has advanced the use of horizontal directional drilling (HDD) for 

installing wells in, under, and adjacent to coal combustion residual (CCR) basins, evaporation 

ponds, and flue gas desulfurization (FGD) ponds at coal-fired power plants across the United 

States. Although horizontal wells have supported environmental remediation since the late 

1980s, their first application within ash basins occurred in 2016. Since then, at least forty-one 

directional wells have been installed across ten states to facilitate groundwater containment and 

pore water removal. 

HDD enables “bottom-up” dewatering by positioning wells near the base of ash basins, a 

capability made possible through advancements in drilling and guidance technologies. These 

innovations allow installations beneath unstable ash, liners, and free water without requiring 

personnel to work directly on the ash surface. Horizontal CCR wells have become critical for 

managing pore water in both closure-in-place and closure-by-removal strategies, as well as for 

controlling groundwater interaction with ash. Of the wells installed, eighteen serve groundwater 

control functions via injection or extraction beneath basins or near site perimeters, while twenty-

three are dedicated to pore water extraction. 

This presentation examines the performance of these wells, which have been deployed in basins 

containing bottom ash, fly ash, and mixed CCR materials, including gypsum and FGD 

byproducts. Post-installation pumping rates range from approximately 5 to over 60 gallons per 

minute (gpm). We will discuss directional well installation methods and share lessons learned 

from the installation and operations of the wells. 

 

TECHNOLOGY APPLICATION 

Horizontal directional drilling (HDD) was developed in the 1970’s as a method to install 

pipelines and utilities under rivers, in complex urban environments, and for shore approaches to 

connect to seafloor cables. As the technology evolved, environmental and geotechnical wells for 

site remediation and slope drainage were completed using HDD methods. Horizontal well 

methodology was not applied to coal ash dewatering until 2016, when a directionally installed, 

double-ended horizontal well was completed in a coal ash impoundment in Wisconsin. Pumping 

at a rate of about 20 gpm (7.6 l/s), the pore water in this coal ash landfill was lowered by over 24 

ft (7 m) within a period of about four months, greatly exceeding expectations[1].  

 

Since 2016, Ellingson-DTD (Ellingson) has advanced the use of horizontal directional drilling 

(HDD) for installing wells in, under, and adjacent to coal combustion residual (CCR) basins, 

evaporation ponds, and flue gas desulfurization (FGD) ponds at coal-fired power plants across 



the United States. Ellingson has completed thirty-nine horizontal wells at CCR sites across ten 

states encompassing over 63,000’ (19,202 m) of completed wells. 

 

Horizontal wells are completed in two configurations; continuous or “double-ended”, and blind 

or “single-ended”. The installation method depends on a variety of factors including, well length 

and depth, surface obstructions over the well such as unstable ash or free water, site surface 

constraints, and subsurface composition (native formation or ash). In general, continuous wells 

are completed at greater lengths than blind wells. Blind wells are typically installed in areas 

constrained by surface access. Before either well configuration is installed, a comprehensive plan 

is developed detailing the exact location and depth of the well screen and the entry and exit 

location of the well. 

 

A continuous well is completed utilizing the same process as an HDD utility bore. The bore path 

is designed, and drilling commences with a small diameter pilot hole drilled from the rig to an 

exit point some distance from the starting location. The borehole is then enlarged by pulling a 

reamer or hole opener from the exit side back to the drill rig. The final borehole diameter is 

determined by the screen and casing diameter and the composition of the ash/native material. 

During the drilling process, the entire well string (screen and riser) are connected on the ground 

surface at the exit side. Well materials for continuous wells normally include steel, stainless-

steel, fusible PVC, and high-density polyethylene (HDPE). Once the borehole is the appropriate 

diameter, the well materials are pulled into the open bore in tension leaving casing at the ground 

surface at both the entry and exit locations. 

 

Ellingson has developed and patented a blind well installation method suited for CCR sites 

where access to the ground surface is limited or impossible. The Ellingson Knock-Off method 

uses a combination of specialty designed drillable casing, proprietary downhole tooling, and a 

retrievable gyroscopic steering tool (GST) developed in partnership with Sharewell HDD for 

navigation. In practice, the drillable casing is steered and advanced along a pre-designed bore 

path, using a biodegradable drilling fluid to jet the borehole, remove cuttings, and cool the 

downhole tooling. As the casing is advanced, additional sections are added. When the end of the 

bore is reached, the GST is retrieved from its location near the drill bit. The well materials: in 

this case, 4 in diameter (10 cm) SCH 80 PVC or stainless steel are then assembled and inserted 

into the casing. The well materials engage the sacrificial drill bit at the end of the casing and 

release it from the drill string. The bit acts as an anchor, holding the well materials in place while 

the drillable casing is extracted from the bore. [2] 

 

Site Specific Installation 

 

In the spring/summer of 2024 Ellingson installed four horizontal wells in two different ash basins 

at a coal fired power plant in a Southern US state. One blind well was completed in “Basin 1” 

and three continuous wells were installed in “Basin 2”. Well construction details are provided in 

Table 1 below. 

 

Table 1 
Basin Well ID Well Type Materials Screen Length Riser Length Total Length 

1 D-HW-01 Blind 4 in (10 cm), Sch. 

80 PVC 

850 ft (259 m) 120 ft (37 m) 970 ft (296 m) 



2 E-HW-03 Continuous 8 in (20 cm), DR11 

HDPE 

1,800 ft (549 m)  126 ft (38 m) 1,926 ft (587 m) 

2 E-HW-02 Continuous 8 in (20cm), DR11 

HDPE 

2,460 ft (750 m) 372 ft (113 

m) 

2,832 ft (863 m) 

2 E-HW-01 Continuous  8 in (20 cm), DR11 

HDPE 

2,440 ft (744 m) 219 ft (67 m) 2,659 ft (810 m) 

 

 

 

Well Development and Testing 

 

After well installation, each well was developed to break down the drilling fluid, increase near 

bore hole formation permeability, and clean fines from the screen slots and well casing. 

Activities included injection/jetting with an enzyme drilling fluid breaker solution along with 

fresh-water jetting, over pumping with a submersible pump, and airlifting. Variable and constant 

rate pump tests were performed. 

 

D-HW-01 

Initially the pump was set at 30 gpm (1.9 l/s) to stress the near formation and encourage flow.  

Drawdown occurred quickly at the initial 30 gpm (1.9 l/s) rate and was stopped to allow the well 

to recharge. Once recharged, D-HW-01 was pumped at incrementally reduced flow rates until the 

hydraulic head above the transducer stabilized. Continuous drawdown was noted at rates of 15 

gpm (0.95 l/s) and 9.5 gpm (0.60 l/s). Sustainable hydraulic head was achieved at a flow rate of 

8.5 gpm (0.54 l/s). A constant rate pump test was performed for 10-hours at 8.5 gpm (0.54 l/s) 

while monitoring hydraulic head in D-HW-01. Throughout the constant rate pump test very little 

change was observed in the clarity of the discharge water. Initially there were occasional 

increases in suspended fines, however this cleared up after pumping for the first hour. The total 

volume pumped during the constant rate test was 5,092 gallons (19,257 l). The total volume 

removed from the well during pumping activities was 12,815 gallons (48,510 l). As of the end of 

March 2026, the flow rate of the well is ~ 21 gpm (1.32 l/s) with a total of ~140,000 gallons 

(52,995 l) removed. 

 

E-HW-01 

The initial pumping test began following well development, however a significant reduction in 

flow was noted shortly after starting the test. The pump pulled a large amount of ash into the 

pump intake and discharge line, impacting the pump performance. Additional well development 

was completed by airlifting the ash from the pumping area of the well. Airlifting E-HW-01 

removed an additional approximate 52,000 gallons (196,841 l) of water and ash mixture. The 

variable rate test began at 30 gpm (1.89 l/s) with the water level quickly dropping below the 

pump inlet. The flow rate was lowered from 30 gpm (1.89 l/s) until sustainable hydraulic head 

was observed at a flow rate of 20 gpm (1.26 l/s) with water levels stabilizing 0.6 ft (0.18 m) 

above the transducer. A constant rate test was performed at a flow rate of 20 gpm (1.26 l/s) for 

seven hours with approximately 72,800 gallons (275,578 l) of water pumped from the well. As of 

the end of March 2026, the flow rate of the well is ~20 gpm (2.46 l/s) with a total of ~1.4 million 

gallons (5,299,576 l) removed. 

 

 



E-HW-02 

Pumping at E-HW-02 produced similar issues with ash present in the well during initial 

pumping. Additional well development was completed by airlifting the screen section down to 

the determined pump location. Approximately 47,000 gallons (177,914 l) of water and ash were 

removed during the airlifting process. The pumping test started at 15 gpm (0.95 l) with an 

observed 4.6’ (1.40 m) reduction in hydraulic head. Increasing the flow rate to 20 gpm (1.26 l/s) 

produced a further 3.2 ft (0.97 m) drop in the water level. The pumping rate was surged to 30 

gpm (1.89 l/s), dropping the water level below the transducer. After allowing the water level to 

recharge to static level, the well was pumped at 20 gpm (1.26 l/s) with the hydraulic head 

leveling at 0.5 ft (0.15 m) above the transducer. The constant rate pumping test was completed at 

20 gpm (1.26 l/s) over a nine-hour period. During the constant rate test, the water level dropped 

below the transducer but stabilized above the pump intake to allow constant pumping for the 

duration of the test. A total of approximately 98,925 gallons (374,471 l) of water were pumped 

from E-HW-02. As of the end of March 2026, the flow rate of the well is ~ 29 gpm (1.83 l/s) 

with a total of ~1.6 million gallons (6,056,659 l) removed. 

 

E-HW-03 

Additional well development was completed by airlifting at E-HW-03 due to ash present in the 

well that was impacting the performance of the pump. Approximately 54,000 gallons (204,412 l) 

of water and ash were removed from the pumping area of the well. The pumping test produced a 

flow rate of approximately 75 gpm (4.73 l/s) maintaining a water level 9.4 ft (2.87 m) above the 

transducer for a six-hour period. The flow rate was increased to 85 gpm (5.36 l/s) with 9.4 ft 

(2.87 m) of hydraulic head maintained above the transducer. Pumping continued at 85 gpm (5.36 

l/s) for over an hour before a mechanical issue occurred preventing additional pumping. 

Approximately 97,000 gallons (367,185) of water were pumped from the well. As of the end of 

March 2026, the flow rate of the well is ~ 51 gpm (3.22 l/s) with a total of ~2.4 million gallons 

(9,084,988 l) removed. 

 

Each of the wells is currently equipped with submersible pumping systems. The specific pump 

size is based on well testing data and well diameter.  

 

Current System Status Well E-HW-01 

 

E-HW-01 is completed as continuous (double-ended) well. The well was designed so the screen 

section was near the base of the ash, slightly above the native formation. Well materials are 8 in 

(20 cm) diameter PVC. The entry rise is 100 ft (30.5 m), 2,440 ft (743.7 m) and exit riser of 119 

ft (36.3 m) for a total well length of 2,659 ft (810.5 m). Figure 1. The screen aperture is 0.02 in 

(0.51 cm) cut with two rows at 180°. Figure 2. 

 

 

 

 

 

 

 

 



 

 

 

 

 

Figure 1 Well Plan View and Cross Section 

 

 
 

 

Figure 2 HDPE Screen Slots 

 



 
 

 

After well development and testing E-HW-01 was equipped with a submersible pumping system, 

variable frequency drive (VFD) controller, and remote telemetry datalogger. The pump is a 

Grundfos 25S10-7 with a 1.0 hp, 480 V, three phase motor. The pump and motor are designed to  

produce 30 gpm (1.9 l/s) at 110 ft (33.5 m) of head with a variable flow range of 4-34 gpm (0.25 

l/s – 2.1 l/s). The pump is connected to 3 in (7.6 cm) discharge line at a horizontal distance of 

860 ft (262 m) from the entry point at a depth of 30 ft (9.1 m) below the well entry elevation. 

 

The data logger consists of an Allen Bradley 820 PLC system that provides the following 

information on a local data screen or through a remote dashboard. 

 

 Flow rate 

 Totalized flow 

 Average 24 hr. flow rate 

 Water level - current conditions and historical 

 Run time hour meter 

 

The VFD can be set to automatically adjust the pump to maintain a fixed liquid level in the well 

and can be remotely controlled and adjusted via a cellular connection. Based on conversations 

with the pump/controller supplier, this installation is the longest installation of a VFD drive for a 

submersible pump.  

 

Screen shots from the remote dashboard are provided in Figures 3 and 4. 

 

Figure 3 - PLC Screen Shot 

 



 
 

 

 

 

 

Figure 4 - PLC Screen Shot 

 

 

 
 

 

Conclusions 



 

For over 10 years Ellingson has installed horizontal wells at CCR sites for pore water removal 

and groundwater containment and control purposes. Well installation has consisted of blind, 

configurations utilizing PVC and stainless-steel materials and continuous double-ended 

configurations with HDPE, fusible PVC, and stainless-steel materials. Blind wells are typically 

completed with 4 in (10.2 cm) diameter materials, limiting pump size and discharge flow rates, 

however in many cases the maximum possible flow rate from a given basin can be achieved with 

smaller diameter single-ended wells. Blind wells present the additional benefits of being able to 

drill and install a well beneath surface obstructions, unstable ash surface, and free water using 

Ellingson’s Knock-Off drilling and installation method while also eliminating the need for a 

secondary work area to exit the bore. In instances where a higher discharge flow rate is possible 

or desired, continuous double-ended wells can be completed with materials, typically HDPE, up 

to 12 in (30.5 cm) diameter allowing for a high-capacity pumping system. 

 

Comprehensive well development utilizing jetting, pumping, and occasionally air-lifting is 

critical to maximize flow from the horizontal well and for clearing the screen slots/removing 

residual ash from the well. Typically well development of blind wells requires less intense effort 

due to the screen being protected from the formation during installation, reducing slot plugging.  

Conversely, pulling back larger diameter continuous wells can foul the screen openings due to 

ash impacting the slots during installation pull-back due to the typically larger screen slot width 

associated with HDPE. These well configurations generally require enhanced well development 

to remove residual ash and optimize flow. Ellingson has utilized remote telemetry monitoring 

systems and controls for several wells with success. Flow rates are best controlled manually at 

the well-head with remote monitoring and stop/start functions. Remote monitoring data includes 

real time flow rates, totalizer readings, head levels in addition to other data. We have found that 

variable frequency drives, while theoretically appealing, in practice lead to excessive down time 

due to unclean power feeds, long length of pump wires, and/or other technical issues. Therefore 

we find using manual flow rate control the most robust option for consistent operation. 
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