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Overview of the PresentationOverview of the Presentation

Background, development goals, and Background, development goals, and 
implicationsimplications

Summary of capabilities Summary of capabilities –– What is WCMS?What is WCMS?

History of development History of development –– How did WCMS How did WCMS 
get where it is today? What resources have get where it is today? What resources have 
been used?been used?

Future plans Future plans –– Where are current Where are current 
development activities headed?development activities headed?
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BackgroundBackground

Regulatory agencies need:Regulatory agencies need:
-- Consistent and reliable sources of information to Consistent and reliable sources of information to 

support analysis and document decisionssupport analysis and document decisions

-- TimeTime--saving analysis toolssaving analysis tools

-- WatershedWatershed--based analysis for statewide based analysis for statewide 
applicationsapplications
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Overall Development GoalsOverall Development Goals

Bring stateBring state--ofof--thethe--art GIS capabilities to art GIS capabilities to 
watershed related assessment and watershed related assessment and 
management problems management problems –– with emphasis on with emphasis on 
West VirginiaWest Virginia

Make stateMake state--ofof--thethe--art GIS capabilities art GIS capabilities 
available to a variety of users without available to a variety of users without 
requiring GIS specializationrequiring GIS specialization
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Goals of the WCMS SystemGoals of the WCMS System
Access and view data by bringing it to the desktop with Access and view data by bringing it to the desktop with 
ArcMAPArcMAP
Support activities of WVDEP personnel Support activities of WVDEP personnel 
Customized interface for ease of useCustomized interface for ease of use
Determine NPDES stream pollutant loadings based on Determine NPDES stream pollutant loadings based on 
existing mining extents and discharge rates by land cover existing mining extents and discharge rates by land cover 
Answer common questions related to water quality Answer common questions related to water quality 
modeling and stream flow for use in CHIA evaluationmodeling and stream flow for use in CHIA evaluation
Note: Usefulness of GIS tools are limited by data Note: Usefulness of GIS tools are limited by data 
availability availability –– data development to support appropriate data development to support appropriate 
analyses must be a complementary goal to software analyses must be a complementary goal to software 
developmentdevelopment
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WCMSWCMS--GIS Modeling System GIS Modeling System 
for Watershed Analysisfor Watershed Analysis

Advanced GIS tools for calculation and Advanced GIS tools for calculation and 
visualizationvisualization

Spatially explicit landscape modelSpatially explicit landscape model

Decision support tools Decision support tools –– multiple criteria multiple criteria 
and economic analysisand economic analysis
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WCMSWCMS--GIS Modeling System GIS Modeling System 
for Watershed Analysisfor Watershed Analysis

Hydrological capabilitiesHydrological capabilities
Stream flow estimation Stream flow estimation –– 30 year average30 year average

Low flow (7Q10) estimatesLow flow (7Q10) estimates

Delineation of watershed drainage areaDelineation of watershed drainage area

Water quality prediction toolsWater quality prediction tools



12Sep2006 11OSM Geomorphic Forum 2006

Requirements for UseRequirements for Use

ArcGIS and Spatial AnalystArcGIS and Spatial Analyst

PC platform PC platform -- Windows 2000/XP or Server Windows 2000/XP or Server 
2000/20032000/2003

Runs in a Citrix environment at WVDEPRuns in a Citrix environment at WVDEP

Basic ArcMAP skillsBasic ArcMAP skills

Appropriate GIS data available to WCMSAppropriate GIS data available to WCMS
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GIS Data Developed for WCMSGIS Data Developed for WCMS
(Provided for West Virginia)(Provided for West Virginia)

Raster stream network Raster stream network 
Flow direction gridFlow direction grid
Flow accumulation gridFlow accumulation grid
Runoff gridRunoff grid
Cumulative runoff gridCumulative runoff grid
HydroHydro--corrected DEM with burned in streamscorrected DEM with burned in streams
30m DEM (the standard DEM that is not hydro30m DEM (the standard DEM that is not hydro--corrected)corrected)
Landcover from the WV GAP analysis projectLandcover from the WV GAP analysis project
Landcover made from MRLC dataLandcover made from MRLC data
Table of expected mean concentration valuesTable of expected mean concentration values
Layer of critical low flow valuesLayer of critical low flow values
Layer of USGS gauged watershedsLayer of USGS gauged watersheds
Regional stream flow variability curveRegional stream flow variability curve
Stream flow variability indexStream flow variability index
1:24K NHD1:24K NHD
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Using WCMS Using WCMS -- Defining a Study AreaDefining a Study Area

From list, graphic, or pointFrom list, graphic, or point
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WCMS Basic Query ToolsWCMS Basic Query Tools
Elevation tool: Find the elevation of a point Elevation tool: Find the elevation of a point 
Elevation profile tool: Creates an elevation Elevation profile tool: Creates an elevation 
profile along a user drawn lineprofile along a user drawn line
Slope information tool: Derive the slope Slope information tool: Derive the slope 
along a drawn linealong a drawn line
Polygon area tool: Find the area of a user Polygon area tool: Find the area of a user 
drawn polygondrawn polygon
Coordinate tool: Find the coordinates of a Coordinate tool: Find the coordinates of a 
point clicked in the displaypoint clicked in the display
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WCMS Watershed ToolsWCMS Watershed Tools

Trace the path of a raindrop across the Trace the path of a raindrop across the 
landscape (flow direction)landscape (flow direction)

Find the 30 yrFind the 30 yr--average annual and monthly average annual and monthly 
streamflowstreamflow

Report the drainage area for a stream reachReport the drainage area for a stream reach

Find estimated 7Q10 flow for any stream Find estimated 7Q10 flow for any stream 
locationlocation
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WCMS Watershed DelineationWCMS Watershed Delineation
Delineate watersheds from graphic Delineate watersheds from graphic point(spoint(s))

Choose a spot on the raster streamChoose a spot on the raster stream

Choose any point in the watershedChoose any point in the watershed

Area of a  polygon may be delineatedArea of a  polygon may be delineated
Watershed, mine site polygonsWatershed, mine site polygons

Delineate drainage pathsDelineate drainage paths

Delineate many watershedsDelineate many watersheds

Calculate the distance between two points in Calculate the distance between two points in 
a streama stream
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PointPoint

Watershed DelineationWatershed Delineation

17

Area ThresholdArea Threshold

SegmentSegment

LevelLevel

WatershedsWatersheds
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Watershed ToolsWatershed Tools

18

ck Point on Stream

Drainage area and flow
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Tabulate Tabulate LanduseLanduse StatisticsStatistics

Update/Change Update/Change LanduseLanduse

Original     Digitize new    Update gridOriginal     Digitize new    Update grid
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Adding Points
To create new point To create new point shapefileshapefile

Add to existing point Add to existing point shapefileshapefile
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Ranking Model (Multiple Criteria)Ranking Model (Multiple Criteria)
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Water Quality PredictionWater Quality Prediction
Potentially Affected Streams Results
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5. Water quality modeling

(Fate Transport Method Results)

23

Water QualityWater Quality--Average ConcentrationsAverage Concentrations
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Water Quality Water Quality –– Expected Mean Expected Mean 
Concentrations from Concentrations from LanduseLanduse and and 

SoilsSoils
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WCMS Example: Analysis of Stream WCMS Example: Analysis of Stream 
Dewatering/Underground MiningDewatering/Underground Mining
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WCMS – Historical Perspective

Initial work toward what is now WCMS was Initial work toward what is now WCMS was 
initiated in 1990 and has continued to the presentinitiated in 1990 and has continued to the present

Primary Steps:Primary Steps:
ArcInfo (AML) ArcInfo (AML) –– estimated $30estimated $30--50,000/user50,000/user

ArcView (Avenue) ArcView (Avenue) –– estimated $7estimated $7--12,000/user12,000/user

ArcGIS (Visual Basic) ArcGIS (Visual Basic) –– lower costlower cost

ArcGISArcGIS (.NET) (.NET) –– facilitate ease of integration with facilitate ease of integration with 
other models and systemsother models and systems
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Data DevelopmentData Development
Scanned, Scanned, georeferencedgeoreferenced, and digitized mine , and digitized mine 
permit maps for WVpermit maps for WV

Completed development of 1:24K NHDCompleted development of 1:24K NHD

Development of 1:4800 NHD in progressDevelopment of 1:4800 NHD in progress

Developed improved land cover data for WVDeveloped improved land cover data for WV
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WCMS WCMS –– Current DevelopmentCurrent Development

Major effort to improve the hydrologic Major effort to improve the hydrologic 
modeling capabilities available to modeling capabilities available to 
WVDEP/DMRWVDEP/DMR

Objective Objective –– develop appropriate models of develop appropriate models of 
flow for streams in the WV mining regionflow for streams in the WV mining region

Consider web based implementation Consider web based implementation 
through through ArcGISArcGIS ServerServer
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Major Investment to Support Major Investment to Support 
the CHIA Processthe CHIA Process

Since 2001, WVDEP support for WCMS related Since 2001, WVDEP support for WCMS related 
development focused on the CHIA process development focused on the CHIA process 
(partially supported by one time PECA funds (partially supported by one time PECA funds 
from OSM)from OSM)
Supported the transition of WCMS from an Supported the transition of WCMS from an 
ArcView to an ArcGIS applicationArcView to an ArcGIS application
Current work concentrates on improved Current work concentrates on improved 
hydrologic and water quality models and hydrologic and water quality models and 
integration with WVDEP Oracle databasesintegration with WVDEP Oracle databases
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SummarySummary
WCMS remains a work in progress WCMS remains a work in progress –– capabilities capabilities 
continue to expandcontinue to expand

ArcGIS version now being used by WVDEP users ArcGIS version now being used by WVDEP users 

Usefulness of advanced GIS modeling tools will Usefulness of advanced GIS modeling tools will 
continue to be data dependentcontinue to be data dependent

Additional data tools developed by Additional data tools developed by 
WVDEP/TAGIS significantly ease the WVDEP/TAGIS significantly ease the 
integration of additional spatial datasetsintegration of additional spatial datasets
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Future PlansFuture Plans
Continue to improve and expand capabilities of Continue to improve and expand capabilities of 
the ArcGIS WCMS extensionthe ArcGIS WCMS extension

Complete port of current Visual Basic version to  Complete port of current Visual Basic version to  
Microsoft .Net environmentMicrosoft .Net environment

Expand the capability to work with other models Expand the capability to work with other models 
–– supported in the .Net environmentsupported in the .Net environment

Incorporate additional toolsIncorporate additional tools
Mine planning tools are a priorityMine planning tools are a priority
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