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Thickness:  21-inches to 8-feet 



 



http://www.consolenergy.com/natural-gas-amp-coal/coal/mining-process.aspx 

Longwall Mining 

http://www.consolenergy.com/natural-gas-amp-coal/coal/mining-process.aspx


 



Subsidence  of  adjacent  areas 
induced  by  mine  remediation. 



 



Underground Mine 
     Subsidence 

AUMIRA 



A
U

M
IR

A
 





∗ Initial Site Evaluation 
∗ Detailed Surface Deformation Site 
∗ Detailed Mine Opening Site 
∗ Detailed High Rating Site 
 

AUMIRA Scoring Matrix  



 





∗ Total Number of Mine Sites =  1840 
∗ Surface Deformation = 156 
∗ Mine Openings = 628 
∗ High Rated Sites = 432 

∗ Lane Miles underlain by mines = 550 
∗ Average cost per lane mile = $4.8M 
 (based on drilling and grouting costs) 

Inventory of Underground Mines 
underlying Ohio’s Highway System 



∗ Which score do I use? 
∗ Initial Site Evaluation 
∗ Detailed Surface Deformation Site 
∗ Detailed Mine Opening Site 
∗ Detailed High Rating Site 
 

∗ But, what if I have sites with surface deformation and 
mine openings? 

AUMIRA Matrix Scores 



ISSUES 
∗ Four data entry forms 
∗ Duplication of data entry 
∗ Same data fields scored differently depending on the 

data form being used 
∗ No comprehensive scoring matrix 
∗ Lack of statistical reference for weighting factors and 

scores 

AUMIRA 



The Fix! 

∗ 2007 to 2012 
∗ Review of AUMIRA & its Database 

∗ Developed a new version of AUMIRA called UVIRA 
 



∗ An underground void created by man-made 
extraction.  These include abandoned underground 
mines, active underground mines, inactive 
underground mines, public transportation tunnels, 
commercial transportation tunnels, highwall augering 
areas, and highwall mining areas.   
 

∗ UVIRA does not address man-made excavations 
related to drainages and utilities.   

UVIRA 



 



BENEFITS 
∗ Comprehensive inventory system risk assessment 

employing a single scoring matrix. 
∗ Single data form using multiple parts 
∗ Facilitates auto-population of data fields 
∗ Addresses multiple seam mining 
∗ Records attributes of individual features 
∗ Includes other anthropogenic disturbances 
∗ Allows states to inventory, plan remediation and 

allocate funds for mine remediation  
 
 
 

UVIRA 
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Work Flow Model 



Initial Site Evaluation 

∗ 42 fields 

Surface Deformation 

∗ 40 fields 

Mine Openings 

∗ 47 fields 

Duplication of Data Entry 

30 

37 

28 



∗ Maintain scoring attributes used by AUMIRA 
∗ Combine the scoring matrixes of AUMIRA 
∗ Eliminate redundancy 
∗ Utilize existing data bases for data entry and 

maintenance 
 

UVIRA Scoring Matrix 







Value Score WF=11 = ADT Value Score 
30000 10 100000 10 
25000 8 75000 9.9 
15000 6 50000 9.8 

7500 4 30000 9.7 
5000 2 25000 8 

15000 6 
Maxi. Score = 10 7500 4 
Mini. Score = 2 5000 2 

2500 1 

y = -7E-17x4 + 6E-12x3 - 2E-07x2 + 0.0024x - 6.3571 
R² = 1 
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Value  Score WF = 13 = year of inventory - year that last dewatering event occurred 

1 10 

2 9 

5 4 

8 2 

9 1 

y = 0.0862x2 - 2.0021x + 12.193 
R² = 0.9921 
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Dewatering 



∗ 80 new fields 
∗ Consistency with the other Geohazard Inventory 

Systems at OhioDOT 
∗ Provides data required by the Remediation  Cost 

Database Application (RCDA) 
∗ Future search and reporting requirements 

∗ Examples: 
∗ GPS locations, AVR, Adjusted ADT, BMP/EMP/Centroid, 

Impact to adjacent structures, Associated sites, and  
Void Type 

Additional Data Fields 
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Evidence of Surface Deformation 1 Logic --   
Y   
N   

Presence of Mine Opening 2 Logic --   
Y   
N   

ADT 4 Numeric 9   
  > 30K 10 90   30000 
  20K to 30K 8 72   25000 
  10K to 20K 6 54   15000 
  5K to 10K 4 36   7500 
  < 5K 2 18   5000 

Minimum Overburden Thickness 6 Calc 4   
< 25' 10 40   25 

25' to 50' 8 32   38 
50' to 100' 5 20   75 

> 100' 1 4   100 

Ratio of Minimum Overburden Thickness 
to Maximum Mined Interval Thickness 8 Calc 6   

< 5 10 60   5 
5 to 11 5 30   8 

> 11 1 6   11 

Data Transformation 



Field Application for Tablet 



Server Application 



∗ Maintain the bases for AUMIRA scoring 
∗ Eliminate duplication of data 
∗ Develop a comprehensive scoring matrix 
∗ Utilize existing data and automate the process 
∗ Expand the applicability of the Inventory and Risk 

Assessment process to similar void conditions 
 
 

Primary Goals 



What Is Mine Subsidence 
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