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Wyoming Pilot Project -
GIS/GPS/Remote Sensing Technology

for Bond Release

Cooperative Effort between:

• Wyoming Department of Environmental Quality (WDEQ)

• Powder River Coal Company (PRCC)

• Office of Surface Mining/Technical Innovation and              
Professional Services (OSM/TIPS)
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Project Objective

Implement a GIS based system to track and verify the 
reclamation and bond release status at the                      
North Antelope/Rochelle Mine and Caballo Mine.  The pilot 
project would test the use of GIS, GPS and Remote Sensing 
technologies in the tracking/verification of reclamation and 
bond release status.
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Major Tasks/Action Items –
Completed

• June/03– Kick-off Meeting and Pilot Project Proposal Signoff
• July    – Needs Assessment performed/developed from DEQ’s    

“Guideline No. 20 – Bond Release Procedures for Coal 
Mining Operations”
-GIS directory structure developed on WY DEQ Intranet 
Drive
-GPS training/development for both Cheyenne & Sheridan
-GIS digital data requested from Powder River Coal Co. 
(PRCC) 
-Remote Sensing Imagery Ordered and Received for both 
North Antelope/Rochelle (NARM) and Caballo Mines
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Major Tasks/Action Items –
Completed cont.

• August – GIS electronic data received from PRCC
-Geo Data Base schema developed and start of 
geoprocessing of GIS data

• Sept.  -OSM provided GIS and Remote Sensing training –
Denver (both DEQ and PRCC)

• Oct/Present  - Developed MetaData criteria and applied it to the 
GIS Data
- Continued GeoProcessing GIS data
- GPS gathered data sets for both mines
- Caballo Bond Application (Nov.03)



December 28, 2004December 28, 2004

GIS Data Identified from Needs 
Assessment

Existing & Post Mine Topography

Permit Boundaries

Proposed and Approved Bond Release Boundaries (Area, Phase1, Phase 2, 
Phase 3 & Sediment Control)

Post Mining - Hydrology, Vegetation, Wildlife, Structures & Land Use

Topsoil Redistribution Verification

Aerial Imagery

Surface Ownership

Special Permit Commitments

GPS – Slope, Topsoil depth, Wildlife structures, etc.
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GIS Data Organization on WY DEQ Server

DEQ Intranet 
Server (P: Drive)

WYPilot

WYGIS GISWORK
SPACE

GIS
ARCHIVES RAWDATA

DATA
DICTIONARY
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WYGIS

NARM Caballo Logos
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Production Area for 
North Antelope/Rochelle Mine (NARM)

NARM

NARM
GEODataBase

Maps Documents Imagery Photos

GPS
Exports
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Upcoming Major Tasks/Action Items

• Finalize GPS data dictionary
• OSM/WDEQ develop standard maps and analytical methods
• Continue geoprocessing of GIS and GPS gathered data
• Continue training on advance GIS and GPS methods
• Review usage of technology for Bond Release and Reclamation
• Develop final report



Christine Christine MielnickiMielnicki
Wyoming AML Project OfficerWyoming AML Project Officer
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Wyoming Coal FactsWyoming Coal Facts
Total of 54 Coal Permits Since the Conception of the Total of 54 Coal Permits Since the Conception of the 
Environmental Quality Act of 1973Environmental Quality Act of 1973

Currently 34 Active Permits, 88% Permits are 20+ yrsCurrently 34 Active Permits, 88% Permits are 20+ yrs

Permit Size 279 Permit Size 279 –– 38,000 acres38,000 acres

Average Permit 20Average Permit 20--30 Volumes, 200 Full Size Maps30 Volumes, 200 Full Size Maps

Any one Term (5 years) can have 40 changes on Any one Term (5 years) can have 40 changes on 
averageaverage



December 28, 2004December 28, 2004

Wyoming Bond Release Wyoming Bond Release 
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What Type of Data Do We Need?What Type of Data Do We Need?
Previously IdentifiedPreviously Identified

Bond Release Criteria for Each PhaseBond Release Criteria for Each Phase
Cadastral DataCadastral Data
PM Topography & Aerial PhotosPM Topography & Aerial Photos
Mine Specific InformationMine Specific Information
Photographic Documentation Photographic Documentation 
Approval LettersApproval Letters
Extemporaneous/Support Data Extemporaneous/Support Data 
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THE GIS MODELTHE GIS MODEL

Imagery

Additional 
Data Sources

GPS
Data 

Mine
Supplied 

Data

Archive

GEODATABASE
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Step 1: Getting StartedStep 1: Getting Started
Pathfinder 3.0 SoftwarePathfinder 3.0 Software

Build a Data DictionaryBuild a Data Dictionary

Identify Features as Identify Features as 
Points, Lines and Points, Lines and 
PolygonsPolygons

Define Attributes for Define Attributes for 
Each FeatureEach Feature
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Step 2: Upload Background FilesStep 2: Upload Background Files
Terra Sync SoftwareTerra Sync Software

Set Coordinate System of GPS Unit to Set Coordinate System of GPS Unit to 
Match File CoordinatesMatch File Coordinates

Load Background File into UnitLoad Background File into Unit

Choose Choose ShapefileShapefile or Dataor Data
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Step 2: Data Collection & DownloadStep 2: Data Collection & Download

Terra SyncTerra Sync Pathfinder OfficePathfinder Office

Active SyncActive Sync

Geo Explorer XTGeo Explorer XT Desktop or LaptopDesktop or Laptop
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Step 3: File PreparationStep 3: File Preparation
Differentially Correct DataDifferentially Correct Data

Identify Nearest Base Identify Nearest Base 
StationStation
Set Coordinate SystemSet Coordinate System

Export as Export as ShapefileShapefile
Check Attributes to be Check Attributes to be 
Carried OverCarried Over
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GIS GEODATABASEGIS GEODATABASE

THE FLOWCHARTTHE FLOWCHART
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GIS Personal GIS Personal GeodatabaseGeodatabase

The The geodatabasegeodatabase is more than a manager of is more than a manager of 
geographic data, it also implements geographic data, it also implements 
sophisticated business logic that, for sophisticated business logic that, for 
example, builds relationships between example, builds relationships between 
data types, such as topologies and data types, such as topologies and 
geometric networks; validates data; and geometric networks; validates data; and 
controls access.controls access.
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MetaDataMetaData

Provides Data about DataProvides Data about Data
Can be Collected in Various Formats: Can be Collected in Various Formats: 
XML, FGDC, ISOXML, FGDC, ISO
Useful, if Not Required when Sharing DataUseful, if Not Required when Sharing Data



Marcelo Marcelo CalleCalle
Wyoming LQD HydrologistWyoming LQD Hydrologist



December 28, 2004December 28, 2004

Part Two: ApplicationsPart Two: Applications

Bond Release Bond Release TrackingTracking
VerificationVerification of Regulatory of Regulatory 
CommitmentsCommitments
Geospatial Geospatial AnalysisAnalysis that Assists that Assists 
the Bond Release Processthe Bond Release Process
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BondBond Release Release TrackingTracking
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Inventory of Incremental Bond Inventory of Incremental Bond 
Release Release 
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Topsoil Redistribution TrackingTopsoil Redistribution Tracking
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VerificationVerification of Regulatory of Regulatory 
CommitmentsCommitments
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Topsoil VerificationTopsoil Verification

Point Point 
VerificationVerification

At least one At least one 
point per 50 point per 50 
acresacres
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Wildlife Feature HabitatWildlife Feature Habitat
The permit The permit 
commitment is to commitment is to 
restore one restore one 
wildlife feature wildlife feature 
per 40 acres.per 40 acres.
The presence of The presence of 
wildlife features wildlife features 
(rock piles, nests, (rock piles, nests, 
dead trees, shrub dead trees, shrub 
piles) were piles) were 
verified in the verified in the 
field in 2003 and field in 2003 and 
2004.2004.
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Area Bond ApplicationArea Bond Application

Polygon Polygon 
VerificationVerification

Does the Does the 
area area 
submitted submitted 
reflect on reflect on 
the ground the ground 
conditions?conditions?



December 28, 2004December 28, 2004

Restoration of Creek ChannelsRestoration of Creek Channels

The center line The center line 
of the restored of the restored 
Reach 1 and Reach 1 and 
Reach 2 of the Reach 2 of the 
Porcupine Porcupine 
Creek was Creek was 
verified in the verified in the 
field.field.



December 28, 2004December 28, 2004

Erosion FeaturesErosion Features

The length of the The length of the 
erosional feature erosional feature 
was measured. was measured. 
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Points were Points were 
collected and the collected and the 
depth and width of depth and width of 
the feature was the feature was 
measured.measured.
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The recorded The recorded 
position of the point position of the point 
will allow returning will allow returning 
to the same point in to the same point in 
the future to monitor the future to monitor 
the development of the development of 
the erosion and the erosion and 
provide the provide the 
appropriate action.appropriate action.
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Geospatial Geospatial AnalysisAnalysis

What tools does the GIS offer that What tools does the GIS offer that 
can be used to make our job easier, can be used to make our job easier, 
more productive and more more productive and more 
quantitative ?quantitative ?
What layers do we have in the What layers do we have in the 
Geodatabase that demonstrate Geodatabase that demonstrate 
useable spatial properties?useable spatial properties?
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Spatial AnalystSpatial Analyst

Interpolate to RasterInterpolate to Raster

Raster (cell based)

Vector (x, y, z)
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Spatial AnalystSpatial Analyst
1:1

4:1

Surface AnalysisSurface Analysis

SlopeSlope

++ --Cut and Fill Cut and Fill ((volumetricsvolumetrics))
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Spatial AnalystSpatial Analyst

Raster CalculatorRaster Calculator

Perform a Wide Variety of Cell Perform a Wide Variety of Cell 
vs. Cell Operations vs. Cell Operations 

Calculate DifferencesCalculate Differences
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What Layers Do We Have ?What Layers Do We Have ?

Permit TopographyPermit Topography
As Built TopographyAs Built Topography
Area Bond Release Area Bond Release 
ApplicationApplication
Area Bond Release Area Bond Release 
ApprovedApproved
Topsoil Verification Topsoil Verification 
PointsPoints
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What We Came Up With ?What We Came Up With ?
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The reclaimed acreage has been backfilled The reclaimed acreage has been backfilled 
and rough graded to the approved post and rough graded to the approved post 
mining topography. Upland areas should mining topography. Upland areas should 
be be ++ 20 feet of the approved.20 feet of the approved.

A method A method …….. to compare .. to compare 
and evaluate the and evaluate the ““As BuiltAs Built””
Topography to the Approved Topography to the Approved 
Post Mine Topography (PMT)Post Mine Topography (PMT)
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The backfilled and rough graded slopes The backfilled and rough graded slopes 
meet the approved permit commitments. meet the approved permit commitments. 
Generally 4 or 5:1Generally 4 or 5:1

A method A method …….. to evaluate .. to evaluate 
slope commitmentsslope commitments
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Verification that the approved Verification that the approved 
topsoil commitments were topsoil commitments were 
achievedachieved

A method A method ……..to evaluate ..to evaluate 
topsoil replacement topsoil replacement 
commitmentscommitments
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ApplicationApplication

ApprovedApproved
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Area of Area of 
Analysis.shpAnalysis.shp
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““As BuiltAs Built”” TopographyTopography
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Clipped Clipped ““As BuiltAs Built”” saved as saved as 
..shpshp
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ExportExport
..shpshp CoverageCoverage
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WorkstationWorkstation\\ArcArc
Line_CoverageLine_Coverage Point_CoveragePoint_Coverage
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Elevation Line Contours as Elevation Line Contours as 
a Point Coveragea Point Coverage
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Elevation Point Elevation Point 
Coverage Coverage 
Interpolated to a Interpolated to a 
Raster GridRaster Grid
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PMT Vertical Flexibility PMT Vertical Flexibility 
((++20 ft, up to 20 ft, up to ++50 ft in 50 ft in 
Upland Areas with Upland Areas with 
Commitments)Commitments)
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Mass Balance Mass Balance 
BudgetBudget
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Slope Commitments Slope Commitments 
(<25%)(<25%)
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Topsoil Topsoil 
CommitmentsCommitments
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Key Lessons Key Lessons 
Plan Model Prior to Any Data Collection

Training

Established Communication with Mine, Consultants 
and Regulatory Agency

Be Flexible and Adjust for Unknowns

Build a Tight Data Dictionary

Implement Desktop Management Practices
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RecommendationsRecommendations

Build a Tight Data Dictionary
Implement Desktop Management Practices
Develop Map Standards Develop Map Standards 
Implement Analytical MethodsImplement Analytical Methods
Continue Training of Advanced GPS & GIS Continue Training of Advanced GPS & GIS 
MethodsMethods
Refer to Bond Release Regulations Often Refer to Bond Release Regulations Often 
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Questions and Comments


