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Design of an AMD Passive Treatment Design of an AMD Passive Treatment 
System at the Rock Island No. 7 Airshaft, System at the Rock Island No. 7 Airshaft, 

OklahomaOklahoma

Mine pool discharges are currently a major Mine pool discharges are currently a major 
concern for State and Federal concern for State and Federal 
environmental protection agencies. . environmental protection agencies. . 
Application of passive acid mine drainage Application of passive acid mine drainage 
(AMD) treatment technologies are one (AMD) treatment technologies are one 
possible solution for longpossible solution for long--term remediation term remediation 
of this developing water quality problem .of this developing water quality problem .



Problems with Implementation of Problems with Implementation of 
Passive Treatment in the Passive Treatment in the 

MidMid--Continental U.S.Continental U.S.
Acidic and metalAcidic and metal--laden ground water often laden ground water often 
seeps directly into areas with low seeps directly into areas with low 
topographic relief. topographic relief. 
Key passive treatment technologies such Key passive treatment technologies such 
as vertical flow ponds require a minimum as vertical flow ponds require a minimum 
of 4of 4--foot hydraulic head. foot hydraulic head. 
Treatment structures must be carefully Treatment structures must be carefully 
installed out to maximize the limited installed out to maximize the limited 
amount of available hydraulic head.amount of available hydraulic head.



Rock Island No. 7 Airshaft Rock Island No. 7 Airshaft 
Discharge, OklahomaDischarge, Oklahoma



Problems with Implementation of Problems with Implementation of 
Passive Treatment in the Passive Treatment in the 

MidMid--Continental U.S.Continental U.S.
MidMid--continental Sites often occur on continental Sites often occur on 
private land in agricultural areas.private land in agricultural areas.
Farmers and ranchers do not wish to take Farmers and ranchers do not wish to take 
highhigh--value lands out  of production for use value lands out  of production for use 
as passive treatment systems.as passive treatment systems.
Passive treatment designs should be Passive treatment designs should be 
efficiently designed to minimize the efficiently designed to minimize the 
impacted area.impacted area.
Accurate Topographic Mapping is needed Accurate Topographic Mapping is needed 
for Treatment design. for Treatment design. 



Rock Island Mine No. 40Rock Island Mine No. 40
(Gowan 40) Discharge, Oklahoma(Gowan 40) Discharge, Oklahoma



Topographic Mapping Options. Topographic Mapping Options. 

7.57.5’’ digital topographic model (DTM) data is too digital topographic model (DTM) data is too 
coarse (10coarse (10-- to 20to 20--foot contour interval) for use in foot contour interval) for use in 
treatment design. treatment design. 
Conventional aerial photographyConventional aerial photography--derived DTM derived DTM 
data is useful in open pasture and agricultural data is useful in open pasture and agricultural 
areas, but in areas of dense vegetation cover areas, but in areas of dense vegetation cover 
have to be accompanied by laborhave to be accompanied by labor--intensive intensive 
ground surveys to assure accuracy in the lowground surveys to assure accuracy in the low--
relief terrain. relief terrain. 
Light detection and ranging (LIDAR) technology Light detection and ranging (LIDAR) technology 
can avoid may of the problems with conventional can avoid may of the problems with conventional 
aerial photographyaerial photography--derived DTMderived DTM’’ss



LIDAR TechnologyLIDAR Technology
LIDAR equipment emits pulses of laser LIDAR equipment emits pulses of laser 
light toward a target.light toward a target.
The laser light is changed by the target The laser light is changed by the target 
and the LIDAR instrument then receives and the LIDAR instrument then receives 
some of the reflected light and analyzes some of the reflected light and analyzes 
the changes. the changes. 
For topographic mapping applications, the For topographic mapping applications, the 
LIDAR laser scanner is mounted on the LIDAR laser scanner is mounted on the 
underside of an airplane flying along a underside of an airplane flying along a 
predetermined flight path. predetermined flight path. 



LIDAR Topographic Mapping LIDAR Topographic Mapping 

With the aid of an Airborne GPS unit and an With the aid of an Airborne GPS unit and an 
Inertial Measuring Unit, the LIDAR Inertial Measuring Unit, the LIDAR 
instrument can calculate tree canopy instrument can calculate tree canopy 
height, understory height, at the same time height, understory height, at the same time 
map bare ground. map bare ground. 
Highly accuracy mapping with the LIDAR Highly accuracy mapping with the LIDAR 
system does require a surveyed ground system does require a surveyed ground 
reference location within the project area for reference location within the project area for 
correlation of both horizontal and vertical correlation of both horizontal and vertical 
control. control. 



LIDAR TechnologyLIDAR Technology
The LIDAR scanner will capture intensity The LIDAR scanner will capture intensity 
reflectance data in addition to distance data. reflectance data in addition to distance data. 
Reflectance values vary depending on the type of Reflectance values vary depending on the type of 
surface they hit and these variations are called surface they hit and these variations are called 
““LIDAR intensity.LIDAR intensity.””
LIDAR systems may also be used to identify surface LIDAR systems may also be used to identify surface 
characteristics such as concrete, asphalt and snow characteristics such as concrete, asphalt and snow 
cover in addition to elevation data. cover in addition to elevation data. 
PostPost--processing of this data produces an accurately processing of this data produces an accurately 
geogeo--referenced raster file, which is orthometric and referenced raster file, which is orthometric and 
looks somewhat like a USGS orthophoto. looks somewhat like a USGS orthophoto. 



LIDAR AdvantagesLIDAR Advantages

Scanning can occur day or night, as long Scanning can occur day or night, as long 
as clear sky conditions exist between the as clear sky conditions exist between the 
aircraft and the ground. aircraft and the ground. 
LIDAR can collect terrain data of steep LIDAR can collect terrain data of steep 
slopes, shadowed areas, and inaccessible slopes, shadowed areas, and inaccessible 
areas such as mud flats. areas such as mud flats. 
LIDAR has the ability to conduct mapping LIDAR has the ability to conduct mapping 
during all seasons, regardless of leaf during all seasons, regardless of leaf 
cover on trees, with a high degree of cover on trees, with a high degree of 
accuracy.accuracy.



LIDAR DisadvantagesLIDAR Disadvantages

LIDAR data cannot be acquired in foggy or LIDAR data cannot be acquired in foggy or 
rainy conditions as water vapor and rainy conditions as water vapor and 
droplets distort the signal. droplets distort the signal. 
LIDAR does requires a surveyed ground LIDAR does requires a surveyed ground 
reference location. However, ground reference location. However, ground 
control points may be further apart than control points may be further apart than 
with traditional aerial photographywith traditional aerial photography--based based 
mapping systems. mapping systems. 



Use of LIDAR Data for to the Development of Use of LIDAR Data for to the Development of 
AMD Passive Treatment DesignAMD Passive Treatment Design

Case ExampleCase Example: Development of a conceptual : Development of a conceptual 
design for AMD treatment of the Rock Island design for AMD treatment of the Rock Island 
No. 7 Airshaft Discharge.No. 7 Airshaft Discharge.
Oklahoma Conservation Commission (OCC) Oklahoma Conservation Commission (OCC) 
has initiated a remediation effort (the has initiated a remediation effort (the 
Whitlock/Jones 145 Clean Streams Initiative Whitlock/Jones 145 Clean Streams Initiative 
ProjectProject ) with assistance from the OSM Mid) with assistance from the OSM Mid--
Continental Regional Office (MCR).Continental Regional Office (MCR).





Rock Island Mine No. 7 Discharge, Rock Island Mine No. 7 Discharge, 
OOSSMM BBoorreehhoolle Camerae Camera InvestigationInvestigation





Model created by P. Behum using Model created by P. Behum using earthVisionearthVision, Nov. 2004, state plane , Nov. 2004, state plane 
coordinating system Oklahoma south, NAD 83.coordinating system Oklahoma south, NAD 83.



Water Sampling and RealWater Sampling and Real--time Kinematic time Kinematic 
GPS Survey Activities at the Rock Island GPS Survey Activities at the Rock Island 

No. 7 Airshaft, November, 2002No. 7 Airshaft, November, 2002



Water Quality at Rock Island No.7 Mine Pool DischargeWater Quality at Rock Island No.7 Mine Pool Discharge

Parameter Range Median Mean Units # of 
Samples

pH 4.79 –
5.54 5.40 NA S.U. 25 

T. Alkalinity 10 – 215 110 114 mg/L 23

T.  Acidity 810 –
2,300 1,330 1,394 mg/L 14

Dissolved 
Oxygen 0.2 – 1.19 0.39 0.51 mg/L 22

Sulfate 1,200 -
13,260 7,202 7,687 mg/L 21

Chloride 16 - 380.5 230 240 mg/L 13

Flow 0 – 9.4 5.0 5.15 GPM 20

Collected by OCC and OSM 3/1999Collected by OCC and OSM 3/1999——4/2003.4/2003.



Water Quality at Rock Island No.7 Mine Pool Water Quality at Rock Island No.7 Mine Pool 
Discharge: MetalsDischarge: Metals

Parameter Range Median Mean Units # of 
Samples

D. Iron 215 –
1,357 770 869 mg/L 27

D. Manganese 5.1 – 50 17.4 20.8 mg/L 27

D. Aluminum 0.55 –
6.85 0.250 0.541 mg/L 23

Sodium 1,200-
3,437 1,786 2,055 mg/L 7

Collected by OCC and OSM 3/1999Collected by OCC and OSM 3/1999----4/2003.4/2003.



Treatment of The Rock Island No. Treatment of The Rock Island No. 
7 Airshaft Discharge7 Airshaft Discharge

SiteSite--specific Solutionspecific Solution::
Construct an ALD within the abandoned Construct an ALD within the abandoned 
airshaft.airshaft.
Dilution with fresh water.Dilution with fresh water.
Construct multiConstruct multi--stage VFPstage VFP--based passive based passive 
treatment system. treatment system. 



Vertical Vertical 
ALDALD::

Dolomitic Dolomitic 
limestone limestone 

base base 
below a below a 
highhigh--Ca Ca 

limestone limestone 
reaction reaction 

zonezone



Flowchart for Flowchart for 
possible possible 
passive passive 

treatment of treatment of 
the Mine 7 the Mine 7 
DischargeDischarge



Topographic Topographic 
Model created Model created 

from from 
Conventional Conventional 

7.57.5’’ DEM Data.

Model created by P. Behum using Model created by P. Behum using earthVisionearthVision, Nov. 2004, , Nov. 2004, 
state plane coordinating system Oklahoma south, state plane coordinating system Oklahoma south, 
NAD 83.NAD 83.

DEM Data.



LIDAR Data AcquisitionLIDAR Data Acquisition
OSM Western Regional Office procured the OSM Western Regional Office procured the 
LIDAR and digital imagery data in 1991 using LIDAR and digital imagery data in 1991 using 
TIPS funding.  TIPS funding.  
The contractor selected was Spectrum Mapping, The contractor selected was Spectrum Mapping, 
LLC (formerly Enerquest).LLC (formerly Enerquest).
Vendor used an integrated hyperspectral sensor Vendor used an integrated hyperspectral sensor 
and digital color/multispectral camera and digital color/multispectral camera 
configuration that allowed all data to be collected configuration that allowed all data to be collected 
in a digital format and in a single mission. in a digital format and in a single mission. 



LIDAR Data AcquisitionLIDAR Data Acquisition

Two flight lines were flown in October, Two flight lines were flown in October, 
2001, during or off2001, during or off--leaf conditions.leaf conditions.
Ortho tiles are delivered in GEOTIFF Ortho tiles are delivered in GEOTIFF 
format with corresponding *.tfw files .format with corresponding *.tfw files .
Data on the bare earth is the desired Data on the bare earth is the desired 
product for this effort.product for this effort.



PostPost--ProcessingProcessing

Raw LIDAR data was used to create grids Raw LIDAR data was used to create grids 
then point and contour data (1then point and contour data (1--foot contour foot contour 
internal) as shapefiles using internal) as shapefiles using ArcMap 8.1ArcMap 8.1..
All data are in UTM zone 15 coordinate All data are in UTM zone 15 coordinate 
system and in NADsystem and in NAD’’83.83.
Mean sea levels are adjusted to the Mean sea levels are adjusted to the 
GEIOD99 CONUS model. GEIOD99 CONUS model. 
An mpeg flyAn mpeg fly--through was also created.through was also created.



MCR PostMCR Post--ProcessingProcessing

ArcMap 8.1ArcMap 8.1-- generated point data was imported generated point data was imported 
into into SurvCADD XMLSurvCADD XML and then converted to a and then converted to a 
CAD drawing format (product used in the CAD CAD drawing format (product used in the CAD 
design work).design work).
SurvCADD XMLSurvCADD XML was used to rewas used to re--grid the digital grid the digital 
topographic data (minimum tension grid topographic data (minimum tension grid 
method).method).
Then xThen x--yy--z data was exported and used in z data was exported and used in 
earthVision 7.5earthVision 7.5 to create 3to create 3--d perspective views. d perspective views. 



RealReal--time Kinematic GPS Survey Activities: time Kinematic GPS Survey Activities: 
Setting up a Base Station  at the Rock Island Setting up a Base Station  at the Rock Island 

No. 7 Airshaft, November, 2002.No. 7 Airshaft, November, 2002.



Southern Half of the Proposed Passive Treatment System: Southern Half of the Proposed Passive Treatment System: 
Rock Island Mine 7 Discharge Rock Island Mine 7 Discharge -- LIDARLIDAR--derived Topographyderived Topography



Northern Half of the Proposed Passive Treatment Northern Half of the Proposed Passive Treatment 
System for the Rock Island Mine 7 Discharge System for the Rock Island Mine 7 Discharge 

LIDARLIDAR--derived Topographic Data derived Topographic Data 



Existing Existing 
Topography of Topography of 
the Site Area the Site Area 
Created from Created from 

LIDAR Data.LIDAR Data.



Topographic Topographic 
Model of the Model of the 

Site Area Site Area 
showing the showing the 

AMD AMD 
Passive Passive 

Treatment Treatment 

Structures.Structures.



FlyFly--through over the Project Areathrough over the Project Area



ConclusionsConclusions
The use LIDAR data has been beneficial to the The use LIDAR data has been beneficial to the 
design of the Whitlock/Jones 145 CSI Project.  design of the Whitlock/Jones 145 CSI Project.  
Future AMD remediation projects will use the Future AMD remediation projects will use the 
additional flight line data procured in this effort. additional flight line data procured in this effort. 
The selection of DTM acquisition technology should The selection of DTM acquisition technology should 
still be a site specific decision. still be a site specific decision. 
Use the 3Use the 3--D perspective views created in to provide D perspective views created in to provide 
the private landowners and the general public with a the private landowners and the general public with a 
visualization of impact of the proposed treatment visualization of impact of the proposed treatment 
facilities. facilities. 
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