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The 190 acre West Commerce AML Project, N-S extent approximately 1 mile 
10 landowners involved 
Site was heavily impacted by dumping of residential and industrial waste 
Construction began February 14, 2006, Work completed (including vegetation) September 
24, 2007 
Major work items: 
44 mine shafts explored/filled/sealed 
26 Well casings plugged and removed 
Numerous hazardous structures removed 
280,459 cy of dirt excavated and placed 
351,149 cy of chat (mine waste) removed and buried 
10,298 cy of chat slurried and placed in flooded underground mine voids 
5 ponds built providing over 11 acres of surface water 
Various erosion control and hydrologic structures installed 
Site was seeded no-till with fescue, annual ryegrass, native pasture mix into standing 
German millet  
Total construction cost = $ 2,346,808 
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The site was extensively mined for Pb and Zn from approx. 1908-1920’s, new mining in the 
mid-late 1940’s. 
During this time period there were 20 individual and separate mining leases operating their 
own mining and milling operation within the project area. 
Ore was extracted from underground mines from depths ranging from 80 to 350 feet below 
the surface from multiple mining levels. 
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The Cactus Mine was operated by the Eagle Picher Mining Co. in the 1940’s.  The quality 
of the mine maps for this area were far superior to those occurring on the remainder of the 
project.  Detailed floor and roof elevations made it possible to locate areas suitable for 
disposal of chat into the underground mine workings. 
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The area of the Cactus Mine considered for disposal of chat was located in the southwest 
corner of the project site.  In the summer of 2005, three 6-in diameter wells were drilled into 
the mine void at OCC-3, OCC-4 and OCC-5.  A sonar device operated by Workhorse 
Technologies, Pittsburgh, PA was used to map the flooded underground workings.  Results 
indicated that the mine geometry was suitable for the hydraulic placement of chat (mine 
waste).  One of the work items of the West Commerce construction project was to pump 
chat into the flooded underground mine voids.  In the fall of 2006, the contractor, Beachner 
Construction of St. Paul, KS, drilled three additional wells.  These wells were 12-in 
diameter steel cased.  Wells 4A and 5A were used to inject chat into the mine while well 4c 
was a water supply well.  Mine voids associated with these well bores along with the 
existing 6-in wells were mapped using a sonar tool developed by the Oklahoma 
Conservation Commission’s AML Program. 
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In the summer of 2005 three 6-inch diameter wells were drilled into the underground mine 
workings at OCC-3, OCC-4 and OCC-5.  The mine cavities were mapped using a sonar 
tool operated by Workhorse Technology from Pittsburgh, PA.  In the fall of 2006, three 
additional 12-inch diameter wells were installed for disposal of chat into the mine workings.  
A water intake well located at 4C while two disposal wells were located at 4A and 5A. 
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Photograph illustrating the irregular configuration typical of the Pb and Zn mines in the Tri-
State mining district of NE Oklahoma, SE Kansas and SW Missouri. 
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Another photo of Pb and Zn mining in the Picher field.  Equipment such as this were left 
abandoned in the mine workings when mining ceased in the field.  One could expect to see 
sonar reflections from various pieces of abandoned equipment left throughout the mining 
field. 
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Photo illustrating the size of some of the Pb and Zn mine workings.  Roof heights of 30 to 
50 feet were common throughout the mining field.  Some were in the 60 to 100 foot range. 
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Drilling 6-in exploratory well number OCC-5 on the West Commerce project, summer 2005. 
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West Commerce project, summer 2006.  View looking east with the City of Commerce 
water tower in background and OCC-5 well in foreground.  Chat pile behind the well is part 
of the 11,000 cy of chat that is planned to be injected into the flooded underground mine 
voids. 
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Well OCC-1 on the east side of the project illustrated the difficulty in maintaining some of 
the well bores.  They seem to be popular targets. 
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OCC-6 suffers a similar fate. 
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Apparently someone had to get rid of a lot of shotgun shells and OCC-6 well was the 
selected target.   
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Initial sonar investigations were conducted by Workhorse Technologies ( 
http://www.workhorsetech.com/etomite0613/main.html ). Established in 2002 by roboticists 
from the Robotics Institute at Carnegie Mellon University in Pittsburgh, PA, Workhorse 
Technologies designs rugged and intelligent systems to explore, model and map remote 
underground voids.  
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Workhorse’s sonar tool is shown here prior to deployment.  The device was free to rotate 
within the mine void making it impossible to know the orientation of the sonar beam relative 
to north.  Workhorse attempted to determine the spatial orientation of the sonar by 
attaching a video camera just below the bottom of the sonar head (red).  The camera was 
focused on a simple magnetic compass.  Due to problems with air bubbles and poor 
visibility, this technique proved to be unsatisfactory.  Also, note the three different leads 
from the top of the tool frame.  The yellow rope was the tether line to support the tool, the 
black cable was for power and data while the fiber tape was for measuring the depth of the 
tool below ground. 
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A view of the laptop screen monitoring the sonar return data and the camera view of the 
compass.  The sonar data is being displayed in the lower right of the screen while the 
camera view of the magnetic compass is shown in the center of the screen.  The inability of 
this method to determine the orientation of the sonar is readily apparent. 
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Laying out of cabling, tether and measure tape prior to deployment of the Workhorse sonar 
at OCC-1.  Note the three separate lines to be managed while lowering the tool into the 
mine workings.  Depth to the top of the mine void is 250 feet below the surface.  The mine 
void at this location is 20 feet in height. 
 
 

  



Slide 19 

 

 

 

Workhorse Technology personnel preparing for deployment at OCC-4. 
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Chuck Whittaker with Workhorse Technologies reading depth of tool at OCC-1. 
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Point cloud data generated by Workhorse from sonar data collected at OCC-3, 4 and 5.  
Since the camera/compass was unsuccessful in determining the orientation of the sonar 
data, the mine map was used to best fit the data. In the fall of 2006, data collected with the 
OCC sonar tool,  which uses an electronic magnetic compass, found that the Workhorse 
point cloud data for OCC-5 was 180 degrees in error. 
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Conceptual view of the OCC sonar tool.  The profiling sonar head (red) and electronics and 
drive mechanism (silver) are electrically coupled with an electronic magnetic compass.  
Data from both modules is passed through an RS-485 serial two-wire data channel.  The 4-
wire yellow cable is Kevlar reinforced providing a 1000 lb breaking strength tether along 
with a 24-volt power and RS-485 data path.  Additionally, the cable was marked in 1-foot 
increments to allow measuring the depth of the tool below the surface. 
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The product description of the Imagenex (http://www.imagenex.com ) Model 881A Profiling 
Sonar device. In Profiling a narrow pencil-shaped sonar beam scans across the surface of 
a given area generating a single profile line on the display monitor.  This line, which may 
consist of a few hundred or thousand points, accurately describes the cross-section of the 
targeted area.  A key to the Profiling process is the selection of the echo returns for 
plotting. The sonar device selects the echo returns, typically one or two returns for each 
"shot", based on a given criterion for the echo return strength and the minimum profiling 
range. The information gathered from the selection criteria 
forms a data set containing the range and bearing figures. 
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Hardware specifications of the Imagenex 881A 
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Additional specifications of the Imagenex 881A Profiling Sonar. 
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Physical data for the 881A. 
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Prototype of the OCC sonar tool.  The tool is 47 inches high and 5 inches in diameter.  The 
cable/reel assembly is also shown.  Cost of the system was $ 19,605 (Includes Imagenex 
881A profiling sonar head, Imagenex orientation module, Imagenex power supply, 500 feet 
Kevlar reinforced cable, SeaLevel RS-485 to USB serial converter, RoboProbe cable hand 
reel, and miscellaneous parts and materials).  Costs not included are labor and machine 
tool costs, vehicle power inverter, laptop/field computer and Matlab software.   
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Close-up view of the sonar device and the clamping system.  Flat Aluminum plates were 
used to cut 5 inch diameter stock.  A clamping system was developed which involved two 
Aluminum plates bored out such that the thicker plate had an inside taper cut to match that 
cut on a split sleeve bushing of Ultra High Molecular Weight Polyethylene (UHMW) [The 
white material between the two Aluminum plates].  As the plates are compressed together, 
the UHMW bushing diameter is reduced resulting in a non-destructive clamping of the 
sonar device.  Non-magnetic stainless steel all-thread and nuts along with the Aluminum 
plates provided the main frame for supporting the sonar and compass. 
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Wet mate-able connectors were used to connect the sonar and compass to the main cable. 
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The electronic compass, also manufactured by Imagenex, was clamped similar to that of 
the sonar device.  The north orientation of the compass was aligned with the zero or center 
point of the sonar device.  Note in the upper right the Kellum or cable-support grip attached 
to the cable.  The loop in the grip is the point supporting the weight of the tool when 
deployed. 
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A “nose cone” frame was fabricated from Aluminum strapping. 
 
 

  



Slide 32 

 

 

 

Side view of “nose cone” frame. 
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Point of attachment of the cable to the sonar tool’s framework.  The stainless steel loop of 
the cable-supoort grip is inserted into the notch in the wooden block and secured with the 
bolt.  The cable grip acts like a Chinese handcuff tightly gripping the yellow, Kevlar 
reinforced cable.  A previous slide gave a better view of the grip on the cable. 
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Note in the upper right the Kellum or cable-support grip attached to the cable. 
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Closeup of the point of cable attachment. 
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Cable/reel system.  500 feet of cable.  A slip-ring in the reel shaft transfer the data and 
power from the yellow cable to external cables attaching on the right side of the reel. 
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The cable reel did not come equipped with a brake or reel locking mechanism.  A locking 
mechanism was fabricated out of a piece of UHMW polyethylene where holes were drilled 
in a radial pattern that would accept a locking pin mounted on the reel frame.  The reel was 
temporarily secured in the vehicle with ropes but this was later replaced with a 3/4” 
plywood base with rails where the reel frame could be bolted securely to the rails. 
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A 1000 watt power inverter was mounted in the vehicle to supply 110 volt power for the 
sonar power supply and computer equipment. 
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1000 watt power inverter 
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View of rear of vehicle with most of the sonar tool and accessories in view.  Sonar tool 
shown before enclosed in protective shroud. 
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Preparing to feed cable into sonar tool. 
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Cable secured and ready for the shroud. 
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A shroud was fabricated from a piece of 6” sewer and drain pvc pipe.  The thin wall nature 
of this material made it easy to form the pipe to fit the 5 “ diameter sonar tool.  The purpose 
of the shroud was to prevent the tool from snagging protruding rock fragments in unlined 
boreholes and to provide additional protection for the sensors.  The shroud did not affect 
the sonar tool’s operational performance, ie attenuation of the sonar signal.  Note a nose 
cone was fabricated from some scrap PVC fittings and duct tape as seen on the top of the 
sonar tool. 
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The shroud was secured to the sonar tool frame with cable ties and duct tape.  The nose 
cone is secured to the shroud and cable with duct tape.  At this point the tool is ready for 
compass calibration and deployment.   
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Another view of sonar tool prior to deployment.   
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Sonar tool ready for deployment.  Note on the far left a storage container for sonar tool 
fabricated from a piece of 6” schedule 40 pvc and two end caps. 
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Similar view of sonar tool and cable reel prior to deployment. 
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Calibration platform is oriented to magnetic north using a military grade compass. 
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Sonar tool without shroud shown on compass calibration platform.   
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Sonar tool and compass calibration platform. 
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A 8-point calibration is performed using software that came with the orientation module.  
Although shown here with out the shroud, calibration of the sonar tool is performed with the 
tool shrouded and prepared for deployment. 
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Screen shot of the orientation module during calibration.  Besides providing heading 
information, the orientation module outputs roll, pitch and internal temperature data. 
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Screen shot of sonar display software that is provided with the sonar device. 
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A 6-inch borehole on the Howerton project. 
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Borehole fitted with cable guide designed to keep sonar tool centered in the borehole 
during deployment.  Also, the gradual fixed radius of the guide helped to minimize the 
strain on the cable and to prevent the possibility of getting any kinks in the cable.  The 
guide was constructed to fit inside an 8” diameter pvc pipe.  Shown here it is mounted in an 
8” to 6” reducer.  The guide can be mounted in an 8” pvc coupler or in an 8” to 12” adapter. 
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Cable guide was fabricated from scraps of 2x4 wood, pvc electrical conduit sweep and 
strips of UHMW polyethylene.  The strips of UHMW were heated with a heat gun, formed to 
the radius of the conduit and riveted to the conduit.  Purpose of the UHMW was to 
decrease cable friction and provide a more wear resistant surface.   
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Guide  and cable are aligned to provide a straight shot between the well bore and the cable 
reel. 
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Adapter mounted on 6” well bore with cable guide removed prior to deployment of the 
sonar tool. 
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Cable guide removed from adapter. 
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Sonar tool being deployed.  Once tool is clear of the top of the adapter, the cable guide is 
placed back into the adapter with the cable laying in the guide track. 
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Lowering of sonar tool in the well bore. 
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Sonar tool coming back out of the well bore. 
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Movie of sonar scan of West Commerce borehole 4a at elevation of 614 msl.   View is of 
display software that comes with the sonar device.  The software is in playback mode  
reading from a file previously recorded.  The file ( xxx.81a format) is a binary file consisting 
of combined output from the sonar device and orientation module.  If the software is in the 
record mode, various parameters are available for adjusting such as range, gain, angular 
speed of the sonar head, the mode (polar, sector or side scan) and the size of the sector 
scan.  When observing the screen display as this file is being played back, note the 
orientation readings in the lower left of the screen.   In the center right of the screen there is 
a circle with a rotating red dot showing the position  of the sonar beam.  Also, note the 
scale of the display shown in the bottom center (ie, 24 ft/div).  When observing the sonar 
return, the red colors are the hardest or more intense return signals with a graduation down 
to the weakest returns shown in blue.  As the movie progresses, note the range will change 
from 120 ft to 300 ft. 
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Screen shot of raw sonar scan along with processed data displayed onto the geo-
referenced mine map.  Based on heading information in the file, the data is corrected to 
true north orientation and given the geographic correct coordinates based on the 
coordinates of the well bore.  The data can then be imported into a GIS displaying the geo-
referenced mine map. 
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Hex and ASCII display of binary records of .81A sonar file.  Note on the right side of the 
display each new record begins with “81A”.  Also note there are two types of records, IMX 
records which is data from the sonar head and an IOX record which is data from the 
orientation module.  The objective is to parse these records from the data stream, bracket 
the IMX records found between two IOX records and then use the heading data from the 
bounding IOX records to adjust the sonar data from the bracketed IMX records.  Although 
somewhat crude, this makes some allowance of any heading drift that may occur between 
the preceding and trailing IOX records. 
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Matlab was chosen as the technical computing language to write programs to process the 
binary .81A file. 
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Beginning of a Matlab program that separates sonar head data (IMX) from the orientation 
module data (IOX) and places the parsed data into separate files. 
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Binary arithmetic functions built into Matlab make it easy to extract various important 
parameters and variables from each sonar shot.  Shown here is the functions and program 
coding to extract the angle of the sonar head relative to the sonar device center point. 
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Coding for extracting distance to target ranging data (PR) and writing selected sonar head 
data to the IMX.out file.  The amplitude of the echo return data is scaled to a 107 color 
table where black is the lowest level, increasing to blue, then green, orange, yellow, white 
and red being the max signal level.  The user can chose whether to allow the sonar head to 
digitize the profile range (PR) distance to the target using threshold settings internal to the 
sonar head that utilizes the center of pulse detection or the user can manually adjust the 
threshold detection settings (range of 10-90 % of the color level scale) as well as whether 
to use start of pulse or center of pulse detection.  The distance to the target can also be 
extracted from the color table for each sonar shot by examining the intensity level of the 
return pulses.  Using a Matlab function that will return the maximum value (intensity) and its 
position (corresponding to distance [time x speed of sound in water] from the sonar head) 
within a given set of echo return data for a given shot, one can calculate the distance to the 
target.  It was found that the latter method of distance calculation (corresponding to the 
Distance variable) did not give data that agreed with the mine map data as well as the PR 
data using the internal settings from the sonar head.  Additional experience and research is 
needed to further investigate the data quality when manually adjusting the profiling range 
settings.  
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Example of a portion of an IMX_out file.  Each record is contains the shot number, leading 
IOX record number, angle of shot relative to sonar device center point which is aligned with 
the magnetic north arrow of the compass (values range from -180 to 180 degrees), sonar 
head position relative to the north arrow of the compass (values range from 0-360 
degrees), range setting of sonar device (values from 5 - 100 meters in discrete settings), 
PR or profiling range distance in centimeters, Distance in meters to target using maximum 
color intensity of echo data detection, Distance in feet to target using maximum color 
intensity of echo data detection. 
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Coding for extracting heading, roll and pitch data and writing data to an external file, 
IOX_out, containing selected orientation module data. 
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Example of a portion of an IOX_out file.  Each record consists of Orientation module record 
number, shot number just prior to this record, heading of module, pitch, roll. 
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Beginning of the second Matlab program that takes data from both IMX and IOX files and 
calculates the x,y and z coordinate of each sonar shot.  Each sonar shot is adjusted for 
heading drift in the sonar tool using IOX data that brackets a set  of IMX data.  Generally 
there is one IOX record for multiple IMX records.  The number of IMX records between two 
IOX records is dependent on the scanning speed setting. 
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Some of the coding for calculating coordinates for each sonar shot and writing the shot 
number, x,y,z coordinates and range into an external ASCII data file which can be imported 
directly into a CAD or GIS program. 
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Example of ASCII data output file.  Each record consists of shot number, x coordinate, y 
coordinate, z coordinate, range setting of sonar device. 
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Sonar data in the form of point clouds from West Commerce project well bores OCC-3, 
OCC-4, OCC-5, 4A and 4C. 
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Dynamic view and clip plane of plan view of 4a, OCC-4, 4c, OCC-3 and OCC-5 
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Dynamic view and rotation of plan view of 4a, OCC-4, 4c, OCC-3 and OCC-5 
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Drilling injection well 5A and view of 11,000 cy yd chat pile to be injected into the mine 
workings. 
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Sonar observations of chat injection at West Commerce well 4A.  Sonar tool is down well 
bore OCC-4 located at the center of the display.  Injection well 4a is located approximately 
50 feet into the lower left quadrant.  The sonar is showing the face of the underground chat 
pile and its intersection with the ribs of the mine workings.  Note as the movie is playing the 
disturbances at each point where the face of the pile intersects the mine walls.  This is the 
chat moving down the face of the pile.  Note that the sonar head is about 6 feet from the 
face of the pile.  Observing the orientation module readout shows that there is some small 
amount of turbulence at this location. 
 
 

  



Slide 82 

 

 

 

Approximately 2-3 minutes after turning off the injection pump all is quiet at the face of the 
pile.  Note that in this view the sonar head is about 2 feet or less from the face of the pile.  
Also, the orientation of the sonar has changed compared to the previous movie slide.  This 
screen view was taken a couple of hours after the previous screen view was taken. 
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Sonar raw data shown with corrected data plotted on the mine map.   
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Dynamic view and clip plane of plan view of 4a, 4, 4c, 3 and 5 after chat injection into 4a.  
Note that the orange color range of elevations mainly depicts the location of the 
underground chat pile.  The slope of the pile is approximately 1:1.5. 
 
 

 


