
Contents 

CONTENTS 

EXECUTIVE SUMMARY 

ACRONYMS AND ABBREVIATIONS 

1.0 INTRODUCTION ........................................................................................................................1-1


1.1 Objectives ...........................................................................................................................1-2


1.2 Key Issues ..........................................................................................................................1-6


1.3 Agency Outreach, Coordination, and Review ...................................................................1-6


2.0 TECHNICAL APPROACH .........................................................................................................2-1


2.1 Data Collection ...................................................................................................................2-1

2.1.1 Groundwater ..........................................................................................................2-1

2.1.2 Surface Water........................................................................................................2-1


3.0 WATER RESOURCES OF THE WYOMING POWDER RIVER BASIN..................................3-1


3.1 Introduction .........................................................................................................................3-1


3.2 Basin Description................................................................................................................3-2

3.2.1 Powder/Tongue River Basin .................................................................................3-2

3.2.2 Northeast Wyoming River Basins .........................................................................3-3


3.3 Basin Water Use Profile .....................................................................................................3-4

3.3.1 Powder/Tongue River Basin ..................................................................................3-4


3.3.1.1 Agricultural Water Use ............................................................................3-4

3.3.1.2 Municipal and Domestic Water Use .......................................................3-5

3.3.1.3 Industrial Water Use................................................................................3-5

3.3.1.4 Recreational and Environmental Water Use..........................................3-8

3.3.1.5 Reservoir Evaporation...........................................................................3-14


3.3.2 Northeast Wyoming River Basins ........................................................................3-14

3.3.2.1 Agricultural Water Use ..........................................................................3-15

3.3.2.2 Municipal and Domestic Water Use .....................................................3-15

3.3.2.3 Industrial Water Use..............................................................................3-15

3.3.2.4 Recreational and Environmental Water Use........................................3-22

3.3.2.5 Reservoir Evaporation...........................................................................3-22


3.4 Basin Water Availability....................................................................................................3-22

3.4.1 Surface Water Availability ...................................................................................3-23


3.4.1.1 Powder/Tongue River Basin .................................................................3-23

3.4.1.2 Northeast Wyoming River Basins.........................................................3-27


3.4.2 Groundwater Availability......................................................................................3-27

3.4.2.1 Powder/Tongue River Basin .................................................................3-33


09090-048 i September 2006 



Contents 

3.4.2.2 Northeast Wyoming River Basins.........................................................3-39


3.5 Coal Bed Natural Gas Water Use....................................................................................3-48

3.5.1 Introduction ..........................................................................................................3-48

3.5.2 CBNG Water Production .....................................................................................3-48

3.5.3 CBNG Water Discharge ......................................................................................3-49


3.6 Coal Mine Water Use .......................................................................................................3-55

3.6.1 Introduction ..........................................................................................................3-55

3.6.2 Coal Mine Water Production ...............................................................................3-55

3.6.3 Coal Mine Spoils Water.......................................................................................3-57

3.6.4 Surface Drainages Near Coal Mines ..................................................................3-57

3.6.5 Groundwater Levels Near Coal Mines................................................................3-58


4.0 MODELING.................................................................................................................................4-1


4.1 Groundwater Modeling Protocol ........................................................................................4-1

4.1.1 Groundwater Flow System....................................................................................4-1


4.1.1.1 Hydrogeologic Framework of the Eastern PRB....................................4-2

4.1.1.2 Groundwater Flow Systems in the Eastern PRB .................................4-7


4.1.2 Hydrologic Issues ..................................................................................................4-9

4.1.2.1 Hydrostratigraphy of the Wasatch and Fort Union Formations .........4-10

4.1.2.2 Stream/Aquifer Interaction...................................................................4-10

4.1.2.3 Groundwater Pumping by CBNG Wells..............................................4-10

4.1.2.4 Groundwater Discharge by CBNG Wells............................................4-11

4.1.2.5 Groundwater Pumping and Discharge by Coal Mines.......................4-11

4.1.2.6 Vertical Groundwater Flow..................................................................4-12

4.1.2.7 Coal Clinker Zones ..............................................................................4-12

4.1.2.8 Coal Mine Spoils..................................................................................4-12

4.1.2.9 Precipitation Recharge ........................................................................4-12


4.1.3 Groundwater Model Design ................................................................................4-13

4.1.3.1 Model Code..........................................................................................4-13

4.1.3.2 Model Boundaries and Telescoping Mesh Refinement .....................4-13

4.1.3.3 Model Grid ...........................................................................................4-14

4.1.3.4 Model Predictive Scenario Periods.....................................................4-14

4.1.3.5 Hydrostratigraphic Units ......................................................................4-14

4.1.3.6 Model Aquifer Properties.....................................................................4-15

4.1.3.7 Groundwater Pumping by Coal Mines................................................4-15

4.1.3.8 CBNG Well Groundwater Pumping ....................................................4-16

4.1.3.9 CBNG Well Discharge to Drainages...................................................4-16

4.1.3.10 Stream/Aquifer Interaction...................................................................4-16

4.1.3.11 Vertical Flow Between Hydrostratigraphic Units ................................4-16

4.1.3.12 Clinker Recharge.................................................................................4-17

4.1.3.13 Mine Spoils ..........................................................................................4-17

4.1.3.14 Summary of Model Design..................................................................4-17


4.1.4 Groundwater Model Calibration and Goals ........................................................4-17

4.1.5 Groundwater Model Predictive Simulations........................................................4-19


09090-048 ii September 2006 



Contents 

4.2 Groundwater Model Calibration .......................................................................................4-20

4.2.1 Calibration Concepts ...........................................................................................4-20

4.2.2 Notes on Model Construction..............................................................................4-21

4.2.3 Calibration of the Regional PRB Groundwater Model........................................4-21


4.2.3.1 Calibration Approach...........................................................................4-22

4.2.3.2 Calibration Results...............................................................................4-23

4.2.3.3 Calibrated Parameter Values..............................................................4-24


4.2.4 Telescoping Mesh Refinement ...........................................................................4-25

4.2.4.1 General Approach ...............................................................................4-25

4.2.4.2 Construction of the CMGM..................................................................4-26


4.2.5 Calibration of the CMGM.....................................................................................4-26

4.2.5.1 General Approach ...............................................................................4-26

4.2.5.2 Calibration Results...............................................................................4-26

4.2.5.3 Calibrated Parameter Values..............................................................4-28


4.3 Groundwater Modeling Results for Current Conditions ..................................................4-29

4.3.1 Wasatch Formation .............................................................................................4-29

4.3.2 Upper Fort Union Formation ...............................................................................4-31


4.4 Surface Water Modeling...................................................................................................4-32


5.0 COMPARISON OF PAST PREDICTIONS AND CURRENT CONDITIONS...........................5-1


5.1 Summary of Current Conditions.........................................................................................5-1

5.1.1 Surface Water........................................................................................................5-1

5.1.2 Groundwater ..........................................................................................................5-2


5.2 Coal Mine Water Use .........................................................................................................5-3


6.0 REFERENCES............................................................................................................................6-1


APPENDIX A STREAM WATER QUALITY 
APPENDIX B GROUNDWATER QUALITY IN THE WYOMING PRB 
APPENDIX C SUMMARY OF GROUNDWATER MODEL MODIFICATIONS 
APPENDIX D MODELED GROUNDWATER LEVELS 

09090-048 iii September 2006 



Contents 

LIST OF TABLES 


3.3-1 Water Use as of 2002 in the Powder/Tongue River Basin...................................................3-5

3.3-2 Agricultural Surface Water Depletions in the Powder/Tongue River Basin.........................3-6

3.3-3 Agricultural Groundwater Depletions in the Powder/Tongue River Basin ...........................3-7

3.3-4 Municipal Water Use in the Powder/Tongue River Basin ....................................................3-8

3.3-5 Reservoir Evaporation in the Powder/Tongue River Basin ................................................3-14

3.3-6 Water Use as of 2002 in the Northeast Wyoming River Basins.........................................3-17

3.3-7 Irrigated Lands in the Northeast Wyoming River Basins by Source of Water ...................3-18

3.3-8 Agricultural Surface Water Depletions in the Northeast Wyoming River Basins...............3-19

3.3-9 Agricultural Groundwater Depletions in the Northeast Wyoming River Basins .................3-20

3.3-10 Municipal Water Use in the Northeast Wyoming River Basins ..........................................3-21

3.3-11 Reservoir Evaporation in the Northeast Wyoming River Basins........................................3-22

3.4-1 Summary of Normal Year Stream Flows (1970 to 1999) at Natural Flow  


Stations in the Powder/Tongue River Basin .......................................................................3-24

3.4-2 Summary of Estimated Stream Flows at Ungauged Natural Flow Nodes in the


Powder/Tongue River Basin................................................................................................3-26

3.4-3 Surface Water Availability in the Powder/Tongue River Basin...........................................3-27

3.4-4 Stream Electrical Conductivity and Sodium Absorption Ratio Values for the PRB...........3-28

3.4-5 Summary of Stream Flows at Gauging Stations in the 


Northeast Wyoming River Basins........................................................................................3-29

3.4-6 Summary of Estimated Stream Flow at Ungauged Flow Nodes in the  


Northeast Wyoming River Basins........................................................................................3-31

3.4-7 Surface Water Availability in the Northeast Wyoming River Basins ..................................3-33

3.4-8 Recoverable Groundwater in the PRB................................................................................3-33

3.4-9 Summary of Groundwater Availability/Development Potential of  


Major Aquifer Systems, Powder/Tongue River Basin Plan Area .......................................3-34

3.4-10 Summary of Groundwater Availability/Development Potential of  


Major Aquifer Systems, Northeast Wyoming River Basins Pant Area...............................3-43

3.5-1 Water Production by CBNG Wells in the PRB....................................................................3-49

3.5-2 Average Water Quality Data for CBNG-produced Water from the


Fort Union Formation...........................................................................................................3-50

3.5-3 Permitted CBNG Outfalls in the PRB..................................................................................3-51

3.6-1 Permitted Groundwater Use for Wyoming PRB Coal Mines..............................................3-56

3.6-2 Eastern PRB Estimated and Actual Groundwater Level Drawdowns in the


Fort Union Aquifer................................................................................................................3-59

4.1-1 Regional Model Layers ..........................................................................................................4-4

4.1-2 Summary of Coal Mine Groundwater Model Design and Assumptions ............................4-18

4.2-1 Comparison Between Reported Hydraulic Conductivity Values and Those Used  


in the Regional PRB Model .................................................................................................4-24

4.2-2 Comparison Between Reported Specific Storage Values and Those Used in the


Regional PRB Model ...........................................................................................................4-25

4.2-3 Summary of Statistical Analysis of Residuals in the CMGM Calibration ...........................4-27

4.2-4 Comparison Between Reported Hydraulic Conductivity Values and Those  


Used in the CMGM ..............................................................................................................4-28

4.2-5 Comparison Between Reported Specific Storage Values and Those


Used in the CMGM ..............................................................................................................4-28

5.2-1 Eastern PRB Coal Mine Groundwater Use Related to Coal Production .............................5-4


09090-048 iv September 2006 



Contents 

LIST OF FIGURES 


1-1 Study Area..............................................................................................................................1-3

1-2 Federal Land Management ...................................................................................................1-4

1-3 Powder River Structural Basin...............................................................................................1-5

3.3-1 Agricultural Wells ...................................................................................................................3-9

3.3-2 Municipal Wells ....................................................................................................................3-10

3.3-3 Domestic Wells ....................................................................................................................3-11

3.3-4 Industrial and Miscellaneous Wells .....................................................................................3-12

3.3-5 CBNG Wells .........................................................................................................................3-13

3.3-6 Reservoirs ............................................................................................................................3-16

3.4-1 Stiff Diagrams for Select Wells in the PRB .........................................................................3-41

3.4-2 Piper Diagrams for Select Wells in the PRB.......................................................................3-42

3.5-1 SAR and EC Values for CBNG-produced Water................................................................3-52

3.5-2 CBNG Outfall Density and Water Production .....................................................................3-53

4.1-1 Geologic Map .........................................................................................................................4-3

4.1-2 Geologic Cross-sections........................................................................................................4-5

4.1-3 Locations of Cross-sections ..................................................................................................4-6


09090-048 v September 2006 




