 West Virginia Mining Permit Boundary Data 

Description

The permit boundary layer depicts bonded areas associated with mining permits regulated under the Surface Mining Control and Reclamation Act (SMCRA) of 1977.  Bonded areas typically include 1) mineral removal areas, where mineral extraction occurs; 2) disturbed areas, most notably refuse disposal areas, such as valley fills, and roads; 3) drainage structures, including ditches and ponds designed to control runoff and sediment.

Permits are required for both surface and underground mines.  Note, however, that the bonded areas for underground mines only represent areas of surface disturbance, such as entry portals (the face-up area), ventilation shafts, and access roads.  The permit boundary for an underground mine does not represent the extent of underground workings.  In addition to surface and underground mines, boundary information also is captured for preparation plants, haul roads, refuse disposal facilities, loading facilities, and quarries.  It is not uncommon for permit areas to overlap. 

Sources and methods

The initial dataset was compiled from individual permit boundaries that were digitized under contract to an outside party.  After the contract ended, WVDEP invested approximately 120 hours in error checking and correcting the initial version of the dataset.  Since permit boundaries typically conform to landscape and cultural features, visual inspection of the data over hillshade and topographic map backgrounds often revealed position and scale problems.  Additionally, disagreement along shared permit boundaries sometimes indicated errors that required attention.  Approximately 50 permits were georeferenced and digitized again to correct significant positional errors, while approximately 25 more were modified to correct for smaller errors.

Following the initial error correction phase, WVDEP instituted procedures to update and maintain the dataset, which are described below.

Source Maps

Until relatively recently, most source maps were folded paper in a wide range of sizes, up to 36 inches in width.  These maps were scanned on a large format scanner at 100-200 dpi.  Internal scans made by the WVDEP are 200 dpi high-quality JPEG images.  Additional maps scanned at 100 dpi were produced under contract to a document imaging service.  These maps generally are usable, but sometimes present readability problems for small text and complex features.  More recently, source maps have been delivered in Adobe PDF and AutoCAD DWG.  Contrary to common assumption, the DWG format has proven difficult to work with, because boundary features invariably are not organized as isolated layers that can be extracted easily and appended to the existing database.  Often it has proven more efficient to convert the DWG file to JPEG using a converter program, then rectify the image and digitize the feature in the usual way.  

In 2009, the agency implemented an internet-based permit submittal system, and operators were encouraged to submit a simplified DWG containing only layers required for updating the GIS, using a template.  This can simplify data processing significantly, and eliminates all of the error sources contributed by scanning, georeferencing, and digitizing.  However, cooperation has not been universal, and processing PDF and complete proposal/drainage maps remains common.

Source map quality varies widely.  Older permits sometimes appear to be hand drawn with colored pencil on a blueprint or photocopy of a USGS 1:24,000 quadrangle map.  Other maps from the same era may depict precise outlines of buildings, roads, and other features in detail that match contemporary large-scale orthophotography.  Most recent permit maps are compiled using AutoCAD, using a combination of USGS and/or orthophoto-derived layers to depict elevations, roads, streams, and buildings.  AutoCAD maps present an appearance of precision.  However, experience has demonstrated that a source map’s precise appearance does not necessarily correlate with its accuracy.

Image Rectification

Georeferencing standards developed for this project specify 6 or more well-distributed tie-points to one or more of these reference layers—

	1) a state plane coordinate grid
2) 2-foot orthophotography, with a 1:4,800 accuracy standard
3) 1-meter NAPP orthophotography
4) 1:24,000 USGS DRG topographic maps

A first order transformation is used, since experience has shown that tie-point distribution makes it difficult to produce second or third order rectifications with any degree of confidence.   

ESRI Arcmap is used for image rectification, which provides for semi-transparent overlay of the permit map over the reference layers.  The image is warped in real-time as each tie-point is added, which provides instant visual feedback of how well the image is conforming to the reference layers.  

The tie-point selection process is largely dependent on features shown on the permit map.  In order of preference, the following features are used when available—

1) Coordinate grids are used if they do not produce observed systematic offsets relative to the reference layer.  Where coordinate grids are used, the addition of tie-points that use other features, such as buildings or road intersections, should not introduce exceptional errors into the transformation.  This ensures that the coordinate grid is properly aligned with the map features, which is not always the case.

2) Building outlines, apparently derived from orthophotography, are matched to one of the photography reference layers.  Paved roads and jeep tracks that were derived in the same manner provide good supplemental points.  Single story buildings are preferable.  Silos and towers also are sometimes used, with attention paid to use the base of the structure. 

3) Photocopies and blueprints of USGS topographic maps can be precisely matched to Digital Raster Graphic (DRG) products with excellent results.  Contour lines provide many potential tie points and visual conformation of a match between the permit map and the reference DRG.  Observed problems include poor alignment along quadrangle boundaries in the permit map, producing errors up to 25 meters.  This results in unacceptable error when tie points are taken from both sides of the quadrangle boundary. 

4) CAD layers derived from USGS topographic map features usually produce excellent alignment with a DRG background.  However several cases have been discovered where individual CAD layers are not aligned to each other.  For example, using contours as tie points may cause a systematic offset of roads, buildings, and streams.

These four categories account for the majority of permit maps processed.  However, numerous difficult cases exist.  For example, some maps include very few cultural features and utilize proprietary elevation contours, which permit only general alignment with topographic features, such as hilltops and valleys.  Other maps may depict roads and building locations in a less than rigorous manner, making it difficult to produce a low-error transformation.

Digitizing

Permit boundaries are digitized on-screen using the rectified permit map.  Digitizing of features on screen is performed at 1:4,000 scale or better for large surface mines, and 1:2,500 or better for detailed features such as haul roads, underground mine face-up areas, and prep plants.

Completeness

This dataset does not represent a complete record of mining activity, since considerable mining occurred prior to federal regulation in 1977. 

The primary goal is to maintain boundary information for issued permits that currently are active, being reclaimed, or not started. The dataset does not include permits that are undergoing permit review prior to approval.  A secondary goal is to capture boundaries for closed permits, contingent on map availability and personnel resources.  Significant effort has been directed toward acquiring permit boundary information for permits that are closed or forfeited.  However, over 3,000 closed or forfeited permits are not represented and may not have a source map.
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Mining permits often are modified, revised, amended, renewed, or become inactive. A permit boundary may be modified many times over the life of the permit.  Many of these changes are relatively small, and are recorded as incidental boundary revisions (IBRs).  The WVDEP does not have the resources to process minor permit boundary modifications.  The current goal is to update boundaries during permit renewal (every 5 years) and upon phase 1 release (final map).  WVDEP also attempts to update permit boundaries when major modifications to the permit boundary are approved.  At this time, an unknown number of boundaries in this database are out of date due to subsequent modification.  

Accuracy

Formally evaluating the accuracy of this dataset is not practical because there is no source of higher accuracy with which to compare it.  The maximum theoretical accuracy is equivalent to the 1:24,000 scale map standard, because regulations specify USGS map features as a background.  However, there have been cases where background features exhibit apparent alignment errors which made it difficult to perform accurate georeferencing.  In addition, processes of scanning, georeferencing, and digitizing all can introduce additional error.  Experience indicates that polygon boundaries typically show variation in the range of 15-20 meters when updating an existing feature with a newer map.  In other words, this amount of spatial variation can be expected if individual permit maps were processed independently by different technicians or by the same technician at different times.  



Attributes— provide information about the feature itself, such as the source used or the last update date.  Additional attributes relate information about the permit, which are drawn from WVDEP’s permit tracking database and updated daily.

 
	
PERMIT_ID 
	Unique permit identifier.  First letter usually is indicative of mine type, e.g. U—underground, S—surface, Q—quarry, H—haulroad, etc.  For permits issued since the early 1990s, the second position indicates the DEP region (1-5), positions 3-5 are a sequential number indicating the nth  permit received in a particular year, and positions 6-7 indicate the year it was received.


	
MAPDATE
	Date of the source map used to create the feature.  The notary date is used for certified maps signed by a professional engineer.  The latest revision date is used if the map has not been signed.  Otherwise any apparent date is used.  Dates that do not indicate a particular day (e.g. May, 1998) revert to the first day of the month.

Digital files obtained through the e-permitting system (mapetype = ep) are given the date the file was processed by a daily processing script.


	
MAPTYPE
	Type of map used to create the boundary

	pr
	proposal map

	pd
	proposal drainage map

	rp
	renewal progress map

	fi
	final map

	is
	inactive status map

	sc
	subsidence control plan

	dr
	drainage map

	ge
	geologic map

	ot
	Other

	ep
	e-permitting file, most commonly DWG





	SHEETNO
	Map sheet. Some permits are represented on more than one map.

	ACTIVE_VIO
	Active violations, used by internal DEP applications.

	TOTAL_VIO
	Total violations, used by internal DEP applications.

	FACILITY_NAME
	Facility name

	ACRES_ORIGINAL
	Acres permitted originally

	ACRES_CURRENT
	Acres permitted currently

	ACRES_DISTURBED
	Acres disturbed

	ACRES_RECLAIMED
	Acres reclaimed

	MSTATUS
	Inspection status, indicated by the most recent inspection record.

	A1
	A1-Active, Moving Coal Possible

	A2
	A2-Active, Reclamation only

	A3
	A3-Active, Reclaimed

	A4
	A4-Active, No coal removed

	AM
	AM-Active, Moving Coal

	AQ
	AQ-Active Quarry

	IA
	IA-Approved inactive Status

	UK
	UK-Unknown

	NS
	NS-Not Started

	P1
	P1-Phase 1 release (backfill/grading)

	P2
	P2-Phase 2 release, revegetated

	PG
	PG-Prospecting > 250 tons

	PR
	PR-Prospecting < 250 tons

	PV
	PV-Phase1 release(60%revegetation or MR-1

	RC
	RC-Reclaimed, but Chemical treatment of water

	CR
	Permit has been completely released

	RV
	Permit has been revoked

	NA
	
None Available





	MDATE
	Date of most recent inspection.  If the last inspection record is over 180 days old it is given the arbitrary value of 01/01/1900 to indicate that there are no current inspection records for the permit.  The inspection status (MSTATUS) field is set to CR or RV where appropriate, or NA.

	ISSUE_DATE
	Permit issue date

	EXPIRE_DAT
	Permit expire date.  Permits initially are valid for five years, and can be renewed thereafter.

	PERMITTEE
	Permit granted to

	OPERATOR
	Operator name

	LAST_UPDATE_DATE
	Date the feature was added to/modified in the geodatabase.  This field was added after the initial data compilation effort to track activity by DEP personnel.

	COMMENTS
	Field added after implementation of electronic permitting. Primarily used to record layer name in the original DWG file, but may include other information.

	PSTATUS
	Permit status

	ACT  
	Active

	IN
	Inactive

	IPH1
	Incremental Phase 1 Release

	IPH2
	Incremental Phase 2 Release

	IPH3
	Incremental Phase 3 Release

	NW
	New 

	P1
	Phase 1 Released

	P2
	Phase 2 Released

	RC
	Completely Released

	RI
	Reinstated

	RN
	Renewed 

	RS
	Rescinded

	RV
	Revoked

	TERM
	Terminated





	SHAPE_AREA
	Software calculated area of feature.  Note this value is not usable for datasets projected using the ‘web Mercator’ projection due to significant error

	SHAPE_LENGTH
	Software calculated perimeter.  Note this value is not usable for datasets projected using the ‘web Mercator’ projection due to significant error

	ma_area
	Mining activity allowed: area (surface) mining

     Y     Yes
     N     No
      -      No record for this permit

	ma_contour
	Mining activity allowed: contour mining

     Y     Yes
     N     No
      -      No record for this permit

	ma_mtntop
	Mining activity allowed: mountaintop mining

     Y     Yes
     N     No
      -      No record for this permit

	ma_steepslope
	Mining activity allowed: steep slope mining

     Y     Yes
     N     No
      -      No record for this permit

	ma_auger
	Mining activity allowed: auger mining

     Y     Yes
     N     No
      -      No record for this permit

	ma_roompillar
	Mining activity allowed: room and pillar underground mining

     Y     Yes
     N     No
      -      No record for this permit

	ma_longwall
	Mining activity allowed: longwall underground mining

     Y     Yes
     N     No
      -      No record for this permit

	ma_refuse
	Mining activity allowed: refuse disposal

     Y     Yes
     N     No
      -      No record for this permit

	ma_loadout
	Mining activity allowed: loadout facility

     Y     Yes
     N     No
      -      No record for this permit

	ma_prepplant
	Mining activity allowed: preparation plant

     Y     Yes
     N     No
      -      No record for this permit

	ma_haulroad
	Mining activity allowed: haul road

     Y     Yes
     N     No
      -      No record for this permit

	ma_rockfill
	Mining activity allowed: rock fill

     Y     Yes
     N     No
      -      No record for this permit

	ma_impoundment
	Mining activity allowed: impoundment

     Y     Yes
     N     No
      -      No record for this permit

	ma_tipple
	Mining activity allowed: tipple

     Y     Yes
     N     No
      -      No record for this permit

	PMLU1
	Post-mining land use.  For permits with a single PMLU category, the PMLU2 field will be empty.  For permits with two PMLU categories, there is no significance in the assignment of categories between PMLU1 and PMLU2.  Since there is no practical way to distinguish the relative importance of multiple PMLU categories, permits with more than two categories will have both fields assigned the MULTI code to prevent erroneous assumptions about the PMLU characteristics of a particular permit.

CMBND;Combined
COMFO;Commercial Forestry
COMWD;Commercial Woodland
CROPL;Cropland
FWREC;Fish and Wildlife Habitat/Recreation
HAY;Hayland or Pasture
IMPND;Water Impoundment
INDST;Industrial / Commercial
NA;Not Applicable
PBSRV;Public Service
PRVMN;Previously Mined and Not Reclaimed
RANGE;Rangeland
RSDNT;Residential
WOODS;Forestland
MULTI: More than two categories used for this permit.  

	PMLU2
	Additional post-mining land use.  

See description for PMLU1

	GEOMINESTATUS
	Operation Status, from ASTM D7780-12

Active: last inspection data is less than 180 days old and inspection status = A1, A2, A3, A4, AM, AQ, P1, P2, PV, NS
Inactive:  latest inspection data is less than 180 days old and inspection status = IA
Revoked: permit status = RV
Released: permit status = RC







Appendix B	Permit Map Legends

Bonded areas are shown on several types of maps submitted with a permit application.  The most commonly used maps are proposal maps, which typically have a legend similar to figure 1.  These maps depict mineral removal areas as red, other disturbed areas as yellow, and drainage structures as blue.  The permit boundary is the composite of red, yellow and blue areas.

[image: typical_legend]
Figure 1.

Maps associated with permit boundary modifications may contain additional categories depicting areas added or removed from the original permit (figure 2).  These additional legend categories are not standardized. In this example, the permit boundary is the composite of red, yellow, and blue, including the yellow areas outlined in red, but excluding the hatched yellow areas.

[image: typical_legend3]
Figure 2.

Maps associated with permit renewals or final maps include categories for undisturbed and reclaimed (or regraded) areas, the latter of which is usually shown in green (figure 3).  The permit boundary in this case is made up of yellow, blue, and green.  Final maps often include areas that were bonded but not disturbed during operations.  We have decided to include undisturbed areas as part of the permit boundary, because we are attempting to map the extent of bonded areas for permits, not the areas of surface disturbance.

[image: typical_legend2]
Figure 3.
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