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ABSTRACT 
 
The use of surface impoundments as a practice for managing water produced from Coal Bed Natural Gas 

(CBNG) development has become a popular choice for many operators in the Powder River Basin (PRB) 

of Wyoming and Montana.  According to the Wyoming State Engineer’s office, nearly 2,000 of these 

impoundments exist in the Wyoming portion of the PRB alone.  The potential impact from these 

impoundments is widely unknown, and this has given cause for alarm from many environmental groups 

claiming the impoundments will have negative impacts to the existing resources.  Research has indicated, 

however, that the negative impacts claimed by these groups are rather inflammatory, and given the 

proper conditions and planning, the impacts can be minimal, and in several cases the existing conditions 

improve as a result of the impoundments.   

This Guidebook was developed to be used as a planning tool by operators and engineers working in the 

Powder River Basin.  By following the guidelines set forth in this Guidebook, operators and engineers can 

hope to mitigate the environmental impacts associated with the construction and operation of 

impoundments before they become a problem, and avoid several pitfalls that could drastically impact the 

economic feasibility of a CBNG project.  This Guidebook is structured to give the reader a step by step 

planning process to follow by providing:  

• background information on the several beneficial uses of the produced water, 

• criteria that can be utilized in the planning and siting of future impoundments, 

• recommendations for establishing a baseline of the existing conditions of impoundment sites,  

• recommendations for establishing a monitoring program during operations,  

• guidelines to aid in the design, construction, and reclamation of impoundments,  

• guidelines for preparing and maintaining a water balance, and 

• a discussion of the current regulatory requirements in both Wyoming and Montana. 

 
Due to the complex nature of each impoundment site and the high number of variables that could affect 

the success of an impoundment, it is not guaranteed that all issues will be resolved and/or avoided by 

following the guidelines provided in this Guidebook.  However, many pitfalls can be avoided if the process 

is followed.  

 
 
 



Siting, Design, Construction, and Reclamation Guidebook for CBNG Impoundments 

iii 

TABLE OF CONTENTS 
ACKNOWLEDGEMENTS AND DISCLAIMER................................................................................................ I 
ABSTRACT ......................................................................................................................................................... II 
LIST OF FIGURES ...........................................................................................................................................VI 
LIST OF TABLES............................................................................................................................................ VII 
1. INTRODUCTION ...................................................................................................................................... 1 

1.1. OBJECTIVE .......................................................................................................................................... 1 
1.2. SCOPE OF THE GUIDEBOOK ................................................................................................................. 1 

2. BENEFICIAL USES................................................................................................................................... 3 
2.1. BENEFICIAL USES FOR WILDLIFE AND LIVESTOCK ............................................................................. 3 

2.1.1. Site Topography and Land Use................................................................................................ 3 
2.1.2. Produced Water Quality ........................................................................................................... 3 
2.1.3. Wildlife Distributions................................................................................................................. 4 
2.1.4. Landowner Relations ................................................................................................................ 4 

2.2. BENEFICIAL USES FOR FARMING AND RANCHING .............................................................................. 5 
2.2.1. Water and Soil Quality Requirements for Irrigation ............................................................... 5 
2.2.2. Existing and Salt-Tolerant Varieties of Plants ......................................................................... 7 

2.3. BENEFICIAL USES FOR OPERATORS .................................................................................................... 9 
2.3.1. Well Treatment ......................................................................................................................... 9 
2.3.2. Operations ............................................................................................................................... 10 
2.3.3. Enhanced Oil Recovery........................................................................................................... 10 

3. GENERAL SITING CRITERIA .............................................................................................................. 13 
3.1. ON-CHANNEL IMPOUNDMENTS......................................................................................................... 14 

3.1.1. Existing Data ........................................................................................................................... 14 
3.1.2. Pros and Cons of New On-Channel Impoundments............................................................. 16 
3.1.3. Pros and Cons of Existing On-Channel Impoundments ....................................................... 16 

3.2. OFF-CHANNEL IMPOUNDMENTS........................................................................................................ 17 
3.2.1. Pros and Cons of New Off-Channel Impoundments............................................................. 19 
3.2.2. Pros and Cons of Existing Off-Channel Impoundments ....................................................... 19 

3.3. GEOMORPHOLOGY ............................................................................................................................. 20 
3.3.1. Stream Classification .............................................................................................................. 20 
3.3.2. Geomorphology Siting and Design Criteria ........................................................................... 23 

3.4. TOPOGRAPHY .................................................................................................................................... 24 
3.4.1. Topography Siting Criteria – On-Channel ............................................................................. 24 
3.4.2. Topography Siting Criteria – Off-Channel ............................................................................. 24 

3.5. GEOLOGY, SOILS, AND HYDROGEOLOGY........................................................................................... 26 
3.5.1. Background Geology of the Powder River Basin .................................................................. 27 
3.5.2. Background Hydrogeology of the Shallow Powder River Basin Formations ....................... 27 
3.5.3. Alluvium................................................................................................................................... 30 
3.5.4. Coal Clinker ............................................................................................................................. 33 
3.5.5. Wasatch and Fort Union Formations ..................................................................................... 34 
3.5.6. Geology and Hydrogeology Siting and Design Criteria ........................................................ 35 
3.5.7. Groundwater Flow and Impoundments................................................................................. 36 

3.6 SOILS OF THE POWDER RIVER BASIN............................................................................................... 37 
3.7 VEGETATION...................................................................................................................................... 42 

3.7.1 Vegetation Siting and Design Criteria ........................................................................................ 43 
4. ESTABLISHING A BASELINE AND MONITORING PROGRAM .................................................... 45 



Siting, Design, Construction, and Reclamation Guidebook for CBNG Impoundments 

iv 

4.1. SOILS BASELINE................................................................................................................................ 45 
4.1.1. Methods for Collecting Soil Samples and Mapping Shallow Geology .................................. 46 
4.1.2. Geochemistry .......................................................................................................................... 48 
4.1.3. Geotechnical............................................................................................................................ 48 

4.2. REMOTE SENSING OF SITE GEOLOGY BASELINE ............................................................................... 48 
4.2.1. Shallow Seismic....................................................................................................................... 49 
4.2.2. Electromagnetic (EM) Mapping.............................................................................................. 49 

4.3. GROUNDWATER BASELINE ................................................................................................................ 50 
4.4. GROUNDWATER MONITORING .......................................................................................................... 50 
4.5. SURFACE WATER BASELINE .............................................................................................................. 51 

4.5.1. Existing Streams, Creeks, and Rivers .................................................................................... 51 
4.5.2. CBNG Produced Water ........................................................................................................... 51 

4.6. SURFACE WATER MONITORING ........................................................................................................ 52 
4.6.1. Existing Streams, Creeks, and Rivers .................................................................................... 52 
4.6.2. Water in the Impoundment ................................................................................................... 52 

4.7. EROSION AND NON-POINT SOURCE INSPECTIONS .......................................................................... 53 
4.8. IMPOUNDMENT INSPECTIONS ........................................................................................................... 53 

5. DESIGN AND CONSTRUCTION GUIDELINES ................................................................................. 55 
5.1. DESIGN – GENERAL CONSIDERATIONS ............................................................................................ 55 

5.1.1. Estimating Volumes of Earth Cut/Fill ..................................................................................... 55 
5.1.2. Sediment and Erosion Control ............................................................................................... 56 
5.1.3. Surface Water Diversion......................................................................................................... 58 
5.1.4. Spillway Design ....................................................................................................................... 61 

5.2. DESIGN CONSIDERATIONS – ON-CHANNEL DAMS ........................................................................... 61 
5.2.1. Foundation Design Considerations ........................................................................................ 61 
5.2.2. Cutoff/Core Trench Design Considerations........................................................................... 62 
5.2.3. Seepage Control Design Considerations ............................................................................... 63 
5.2.4. Top Width and Alignment ...................................................................................................... 65 
5.2.5. Side Slopes .............................................................................................................................. 66 
5.2.6. Freeboard ................................................................................................................................ 66 
5.2.7. Settlement Allowance ............................................................................................................. 67 

5.3. DESIGN CONSIDERATIONS – OFF-CHANNEL DAMS.......................................................................... 67 
5.3.1. Soils ......................................................................................................................................... 67 
5.3.2. Dimensions .............................................................................................................................. 69 
5.3.3. Excavated Material Management........................................................................................... 69 

5.4. DESIGN DRAWINGS AND SPECIFICATIONS ....................................................................................... 70 
5.5. CONSTRUCTION – GENERAL CONSIDERATIONS ................................................................................ 71 

5.5.1. Erosion and Sediment Control Installation............................................................................ 71 
5.5.2. Clearing and Grubbing............................................................................................................ 71 
5.5.3. Spillway Installation................................................................................................................ 72 
5.5.4. Vegetation ............................................................................................................................... 72 

5.6. CONSTRUCTION – ON-CHANNEL DAMS ............................................................................................ 73 
5.6.1. Preparing the Foundation....................................................................................................... 73 
5.6.2. Building the Dam .................................................................................................................... 74 

5.7. CONSTRUCTION – OFF-CHANNEL DAMS ........................................................................................... 74 
5.8. RECLAMATION ................................................................................................................................... 75 

6. PREPARING AND MAINTAINING A WATER BALANCE ................................................................ 77 
6.1. IRRIGATION ...................................................................................................................................... 77 
6.2. LIVESTOCK CONSUMPTION ............................................................................................................... 79 
6.3. OTHER BENEFICIAL USES ................................................................................................................. 79 
6.4. INFILTRATION ................................................................................................................................... 80 



Siting, Design, Construction, and Reclamation Guidebook for CBNG Impoundments 

v 

6.4.1. Initial Soil Conditions .............................................................................................................. 80 
6.4.2. Potential Changes to Soil Structure During Operations ....................................................... 80 
6.4.3. Hydraulic Conductivity............................................................................................................ 81 
6.4.4. Calculating Infiltration Rates.................................................................................................. 81 

6.5. EVAPORATION ................................................................................................................................... 82 
6.6. DISCHARGE AND STORAGE................................................................................................................ 82 
6.7. OTHER WATER MANAGEMENT SCHEMES........................................................................................... 83 
6.8. EXAMPLE WATER BALANCE ............................................................................................................... 83 

7. REGULATORY REQUIREMENTS ......................................................................................................... 87 
7.1. PERMITTING IN WYOMING ............................................................................................................... 87 

7.1.1. Impoundment Determinations ............................................................................................... 87 
7.1.2. General or Individual WYPDES Permit .................................................................................. 89 
7.1.3. WSEO Reservoir Permit Process ............................................................................................ 90 
7.1.4. WOGCC Permit for Produced Water Storage ........................................................................ 91 
7.1.5. BLM Permit for Impoundments.............................................................................................. 92 
7.1.6. WSEO Safety of Dam Law...................................................................................................... 92 
7.1.7. WDEQ Compliance Monitoring Plan....................................................................................... 93 

7.2. PERMITTING IN MONTANA................................................................................................................ 93 
7.2.1. Impoundment Determinations ............................................................................................... 93 
7.2.2. MBOGC Permit for Storage Impoundments .......................................................................... 94 
7.2.3. MDEQ Individual MPDES Permit ............................................................................................ 95 
7.2.4. Status of MDEQ General MPDES Permit................................................................................ 95 
7.2.5. MDNRC WRD Permitting Requirements ................................................................................ 95 

8. REFERENCES .......................................................................................................................................... 99 
 
























