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What are we modeling?What are we modeling?

StreamflowStreamflow--WCMSWCMS--HSPFHSPF

Ground water flowGround water flow--GMSGMS

Effects from pumping mine pools at Effects from pumping mine pools at 
different rates on ground water flow different rates on ground water flow 

-- Low pump ratesLow pump rates

-- High pump rates High pump rates 

Interaction of surface and ground waterInteraction of surface and ground water

Case example: Spruce Laurel Fork Case example: Spruce Laurel Fork 
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Dewatered Spruce Laurel ForkDewatered Spruce Laurel Fork



Historical Overview  Historical Overview  
Spruce Laurel Fork WatershedSpruce Laurel Fork Watershed

Study area of SLF watershed is 16,700 acres Study area of SLF watershed is 16,700 acres 

PrePre--and postand post--SMCRA underground mining caused SMCRA underground mining caused 
dewatered certain reaches of 9.5 miles of SLFdewatered certain reaches of 9.5 miles of SLF

Spruce Laurel Fork is a losing streamSpruce Laurel Fork is a losing stream

-- Streamflow diverted to mines that develop pools  Streamflow diverted to mines that develop pools  

1991 flowing AMD artesian water flowed to 1991 flowing AMD artesian water flowed to 
residentsresidents’’ wells and residentswells and residents’’ homeshomes

1992 pumping lowered the Hampton No. 3 mine 1992 pumping lowered the Hampton No. 3 mine 
pool and eliminated downstream artesian effects  pool and eliminated downstream artesian effects  

-- Pumping continues to control the mine pool levelPumping continues to control the mine pool level



Location of mining in the Spruce Location of mining in the Spruce 
Laurel Fork WatershedLaurel Fork Watershed



Headwaters of Spruce Laurel Fork Headwaters of Spruce Laurel Fork 
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Spruce Laurel Fork middle reaches Spruce Laurel Fork middle reaches 

Where did Where did 
the stream the stream 

go?go?
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Surface Effects on Hydrology Surface Effects on Hydrology 
from Subsidencefrom Subsidence



Subsided streambed of Spruce Laurel Subsided streambed of Spruce Laurel 
ForkFork

Streamflow Streamflow 
directiondirection

Direction of Direction of 
dye flowdye flow
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Hydrogeologic Factors              Hydrogeologic Factors              
Affecting the Models  Affecting the Models  

Overburden DepthOverburden Depth
Type and Proximity of Adjacent Mining Type and Proximity of Adjacent Mining 
Geologic FrameworkGeologic Framework
-- Coal Barrier ThicknessCoal Barrier Thickness
-- Structure, Hydraulic Gradient Structure, Hydraulic Gradient 
-- Lineaments, Seam DiscontinuitiesLineaments, Seam Discontinuities
Characteristics of the Coal Barrier, Roof Overburden, Characteristics of the Coal Barrier, Roof Overburden, 

FloorFloor
-- Lithology, Coal cleats, SRF and MineLithology, Coal cleats, SRF and Mine--Induced FracturesInduced Fractures
-- Mine Floor TopographyMine Floor Topography

Roof/Floor can behave as Roof/Floor can behave as AcquitardsAcquitards in Minesin Mines
-- Significantly Lower KSignificantly Lower Khh than adj. Abandoned Workings than adj. Abandoned Workings 



HighHigh--extraction Mining: Roof Strata extraction Mining: Roof Strata 
Disturbance ZonesDisturbance Zones

KendorskiKendorski
1993 1993 
modelmodel



Guyan & Hampton mine pool levelsGuyan & Hampton mine pool levels
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What the What the StreamflowStreamflow
Data ShowsData Shows







Using WCMSUsing WCMS--HSPF HSPF 
to Model Streamflow  to Model Streamflow  



Measured Streamflow v.WVUMeasured Streamflow v.WVU--WCMS        WCMS        
3030––Year Flow Average ModelYear Flow Average Model



Measured Streamflow v.WVUMeasured Streamflow v.WVU--WCMS    WCMS    
7Q10 Flow Model7Q10 Flow Model



Conceptual Hydrologic ModelConceptual Hydrologic Model
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Using GMS  Using GMS  
to Model Ground Water to Model Ground Water 



Darcian Flow           Darcian Flow           
AssumptionsAssumptions





Darcian AssumptionsDarcian Assumptions
Mines are fully flooded and at equilibrium Mines are fully flooded and at equilibrium 
Ground water flow is laminar and follows the Ground water flow is laminar and follows the 
downgradient directiondowngradient direction

Ground water flow is horizontal Ground water flow is horizontal 

-- Flow may extend into overburden from the Flow may extend into overburden from the 
coal barrier that separates adjacent mines coal barrier that separates adjacent mines 

Aquifer is homogenous and isotropicAquifer is homogenous and isotropic

Seepage flow from mine pools follows the Seepage flow from mine pools follows the 
coal seam cleat systems coal seam cleat systems 



MODFLOW Packages Used in MODFLOW Packages Used in 
SLF ModelingSLF Modeling

River River 
Well Well 
Horizontal Flow BarrierHorizontal Flow Barrier
Specific HeadsSpecific Heads
Recharge Recharge 
DrainDrain--Seepage FacesSeepage Faces
FlowFlow--LPF (Layer Property Flow)LPF (Layer Property Flow)
-- Two layer model; both nonTwo layer model; both non--confining confining 

+ Overburden+ Overburden
+ Mined coal seam in Hampton, Guyan mines  + Mined coal seam in Hampton, Guyan mines  
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GMS Model Boundary ConditionsGMS Model Boundary Conditions
Horizontal flow 
barriers, hyd. Char 
(kh/Layer2 thk)

Recharge zones 
with assigned 
values  for 
recharge over 
mines 

Spruce Laurel Fork 
river with assigned 
stages, river 
bottom, and 
computed 
conductance 

Specified  
head values, 
determined 
from regional 
gradient 

No flow 
boundaries

Mine well/shaft 
with assigned 
pump rates



River PackageRiver Package
StreamStream--Aquifer SystemAquifer System

-- If Head is above River Stage, Flow is from If Head is above River Stage, Flow is from 
Aquifer to RiverAquifer to River

-- If Head is below River Stage, Flow is from River If Head is below River Stage, Flow is from River 
to Aquiferto Aquifer

Reach Attributes, Required ParametersReach Attributes, Required Parameters

-- Elevation of the Top of the StreambedElevation of the Top of the Streambed

-- Elevation of the Bottom of the StreambedElevation of the Bottom of the Streambed

-- ConductanceConductance



River PackageRiver Package--SLF ConductanceSLF Conductance



Computed SLF River ConductanceComputed SLF River Conductance



Data for GMS ModelingData for GMS Modeling
Literature Values Literature Values 
-- RechargeRecharge
-- Horizontal and Vertical Hydraulic ConductivityHorizontal and Vertical Hydraulic Conductivity
BackBack--calculating Hydraulic Values from SLF calculating Hydraulic Values from SLF 

Mining History Mining History 
-- RechargeRecharge
-- Hydraulic ConductivityHydraulic Conductivity
Spruce Laurel Fork data Spruce Laurel Fork data 
-- River ConductanceRiver Conductance
-- Seepage FacesSeepage Faces



Ground Water Model RunsGround Water Model Runs
Low Pumping Rates Low Pumping Rates 
High Pumpimg RatesHigh Pumpimg Rates



Low Pumping RateLow Pumping Rate--Layer 1Layer 1



Low Pumping RateLow Pumping Rate--Layer 2Layer 2



Low Pumping RateLow Pumping Rate--Flow BudgetFlow Budget

Flow In ContributionsFlow In Contributions
-- Rivers=68 %Rivers=68 %
-- Recharge=18 %Recharge=18 %
-- Constant heads=14 %Constant heads=14 %
Flow Out Flow Out 
ContributionsContributions
-- Well=0.6 %Well=0.6 %
-- Rivers=99 %Rivers=99 %

+ Losing stream+ Losing stream



High Pump RateHigh Pump Rate--Layer 1Layer 1



High pump RateHigh pump Rate--Layer 2Layer 2



High Pump RateHigh Pump Rate--Flow BudgetFlow Budget

Flow In ContributionsFlow In Contributions

-- Rivers=23 %Rivers=23 %
-- Recharge=3 %Recharge=3 %
-- Constant heads=74 %Constant heads=74 %
Flow Out Flow Out 
ContributionsContributions

-- Rivers=99 %Rivers=99 %
+ Losing stream+ Losing stream



GMS SLF Models ShowGMS SLF Models Show

In gaining reaches, the In gaining reaches, the 
equipotential lines form  equipotential lines form  
““VV””s pointing s pointing 
upstreamupstream
In losing reaches, the In losing reaches, the 
equipotenital lines  equipotenital lines  
form form ““VV””s pointing s pointing 
downstream downstream 



Conclusions and RecommendationsConclusions and Recommendations
The results of this project illustrate how the WCMSThe results of this project illustrate how the WCMS--HSPF HSPF 
and GMS applications modeled surface and ground water and GMS applications modeled surface and ground water 
WCMSWCMS--HSPF application successfully modeled the  HSPF application successfully modeled the  
hydrology of the Spruce Laurel Fork watershed hydrology of the Spruce Laurel Fork watershed 
GMS application model still needs considerable refinementGMS application model still needs considerable refinement
-- Requires much more siteRequires much more site--specific dataspecific data

+ Hydraulic parameters, i.e., Kh, Kv, recharge+ Hydraulic parameters, i.e., Kh, Kv, recharge
-- Boundary conditions, regional constant (specific) heads   Boundary conditions, regional constant (specific) heads   
OSM business practices need predictive models that more OSM business practices need predictive models that more 
accurately simulates potential or consequences of accurately simulates potential or consequences of 
underground mining underground mining 
Models must accurately simulate dewatered stream Models must accurately simulate dewatered stream 
reaches, mine pool development, and potential artesian reaches, mine pool development, and potential artesian 
conditions and likely breakout locations conditions and likely breakout locations 



The EndThe End
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