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EXECUTIVE SUMMARY 
 
The Task 3B component of the PRB Coal Review provides an assessment of the water resources 

cumulative impact associated with future levels of coal mining, coal mine dewatering, coal bed 

natural gas (CBNG) groundwater withdrawal and subsequent surface disposal of groundwater, 

surface disposal of groundwater by coal mines and conventional oil and gas wells.  The 

information contained herein focuses on the cumulative impacts to surface water resources from 

surface discharge of groundwater by CBNG development and coal mine dewatering.  

Specifically, impacts related to water quality and channel stability are addressed. The study area 

and subwatersheds included in the surface water impact assessment are presented in 

Figure ES. 1-1. 

 

Completion of the work associated with Task 3B relied on information and data provided in the 

PRB Coal Review Task 1 and Task 2 Reports.  The Task 1 Report provides the basis for the 

resource-specific descriptions of current conditions within the study area.  Past and present 

activities identified in the Task 1 Report are based on the most recent data available at the end of 

2003.  The Task 2 Report defines the past and present development actions within the study that 

have contributed to the current environmental and socioeconomic conditions in the PRB study 

area.  The Task 2 Report also defines the Reasonably Foreseeable Development (RFD) scenarios 

in the Wyoming and Montana PRB for years 2010, 2015, and 2020.  The RFD scenarios 

presented in the Task 2 Report provide the basis for the analysis of potential cumulative impacts 

to surface water resources in the Task 3 component of the PRB Coal Review.  

 
ES.1 METHODOLOGY FOR WATER QUALITY EVALUATION 

 

The cumulative impact assessment addresses current conditions (2003) and three future RFD 

scenarios for years 2010, 2015, and 2020.  Based on the information developed in support of the 

assessment and documented in the Task 1B Report (ENSR, 2005a) and Task 2 Report (ENSR, 

2005b), the impacts have been addressed on a subwatershed basis.  The subwatersheds 

associated with the work effort are presented in Figure ES.1-1. 

 

ES.1.1 Evaluation Parameters 

 

Key water quality parameters for predicting the potential effects of CBNG development focused 

on the suitability of surface water for irrigated agriculture.  Consequently, sodium adsorption 

ratio, or SAR, and salinity, measured by electrical conductivity or EC, were utilized for the 

prediction.  Most restrictive and least restrictive regulatory standards for EC and SAR applicable 

to the subwatersheds were developed and utilized in the cumulative impact assessment.  The
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limits presented in Table ES.1-1 were utilized during the comparison of EC and SAR values for 

resulting mixtures of existing streamflows and discharges from CBNG wells under various flow 

conditions and RFD projections for the years 2010, 2015 and 2020. 

 
Table ES.1-1  Summary of Proposed Limits for SAR and EC 

 

Subwatershed 

Most Restrictive Proposed Limit 
(MRPL) 

Least Restrictive Proposed Limit 
(LRPL) 

SAR 
EC 

(S/cm) 
SAR 

EC 
(S/cm) 

Little Powder 5 2,000 9.75 2,500 
Powder 5 2,000 9.75 2,500 

Belle Fourche 6 2,000 10 2,500 
Cheyenne, 

Antelope Creek 
10 2,000 10 2,500 

Source:  Wyoming DEQ, Montana DEQ, and South Dakota Legislative Council. 

 

The Ayers and Westcot (1985) irrigation suitability diagram was utilized to compare water 

quality before and after mixing with discharges from CBNG wells. 

 

ES.1.2 Surface Water Quality Model 

 

The surface water model utilized during the completion of the technical report (Greystone 

Environmental Consultants, Inc. and ALL Consulting; January 2003) in support of the Power 

River Basin Oil and Gas EIS (BLM, 2003a) was utilized for the cumulative impact assessment.  

This spreadsheet model employs a steady-state, mass-balance approach to estimate steady-state 

concentrations of EC and SAR after two or more inflows are mixed. 

 

Input parameters to the spreadsheet model include the items listed below. 

 

● Estimated CBNG Well Production Water (mmgpy) 

● CBNG Well Production Water SAR 

● CBNG Well Production Water EC ( S/cm) 

● Channel Loss (%) 

● Subwatershed Streamflow (acre-feet) 

● Subwatershed Streamflow SAR 

● Subwatershed Streamflow EC ( S/cm) 
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The operational aspects of the modeling procedure are itemized below. 

 

1. Monthly estimates of CBNG groundwater discharged into the receiving channel are 
obtained from the data base. 

2. The CBNG groundwater discharged to the receiving channel are reduced through 
conveyance losses to determine an estimate for the CBNG groundwater discharged to the 
receiving surface water source. 

3. Monthly estimates of streamflow for the surface water source are obtained from the 
database.  Two hydrologic conditions were evaluated; a dry year study period and a 
normal year study period.  The dry year analysis was utilized to evaluate the maximum 
likely impacts to surface water quality, assuming limited flow in the receiving streams. 

4. Water quality data (SAR and EC) for both the CBNG groundwater discharge and the 
receiving drainage are obtained from the data base. 

5. A mixing analysis is completed using a simple flow-weighted mass balance equation with 
the input data associated with CBNG groundwater discharge and water quality data and 
streamflow and water quality data from the surface water source. 

6. Monthly estimates of stream water quality before and after mixing with the CBNG 
groundwater are determined to support a comparative evaluation of EC and SAR and also 
plotted on the Ayers-Westcot diagram to ascertain the impact on water for irrigation. 

 

ES.2 IMPACTS TO WATER QUALITY 

 
The projected impacts to water quality from the discharge associated with CBNG development 

in each subwatershed were graphically evaluated with the data obtained from the surface water 

modeling results.  The graphs depict the projected impact for the current conditions (2003) and 

each of three future RFD scenarios for years 2010, 2015, and 2020. 

 

As indicated previously, the impacts to water quality on the receiving drainages assumed two 

hydrologic conditions; dry-year conditions and normal-year conditions.  The impact analysis was 

conducted using monthly flows and comparatively evaluated the water quality parameters (SAR 

and EC) of the receiving drainage before and after mixing with discharge water generated by the 

CBNG wells within the watershed.  In general, the water discharged from the CBNG wells 

reflected increased levels of SAR and reduced levels of EC compared to the water quality of the 

receiving drainages.  Impacts to water quality are likely to be maximized during the low flow 

months; consequently, the comparative evaluation of water quality also focused on the minimum 

monthly flow associated with the dry-year and normal-year conditions. 

 
The results of the water quality analyses are summarized in Tables ES.2-1 and Table ES.2-2.  

Several observations can be made regarding the overall effects of mixing CBNG well production 

water with surface water within the study area.  These general observations are discussed in the 

following paragraphs. 
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ES.2.1 Current Surface Water Quality Conditions 

  

With respect to the Most Restrictive Proposed Limit (MRPL) and the Least Restrictive Proposed 

Limit (LRPL) for the impact analysis, several of the surface water sources currently exceed the 

MRPL during many months of the years.  Specific observations related to the water quality of 

the surface water sources are listed below. 

 

● The surface water in the Upper Powder River exceeds the MRPL for both EC and 

SAR throughout the majority of the year.  Levels of SAR are less than the LRPL 
while EC values generally exceed the LRPL the latter half of the year (July 
through December). 

● The surface water in both Antelope Creek and the Dry Fork Cheyenne River 

exceeds the MRPL for EC during the low-flow months from September through 
February and also June.  Levels of EC are typically less than the LRPL. The SAR 
values are relatively low and do not exceed the MRPL. 

● The surface water in the Little Powder River exceeds the MRPL for EC and SAR 

throughout the majority of the year and exceeds the LRPL for EC during the low 
flow months of August, September and November through January.   SAR levels  
remain below the LRPL throughout the year. 

● The surface water in the Upper Cheyenne River exceeds the MRPL for EC for ten 

months of the year and exceeds the LRPL nine months of the year.  The surface 
water does not exceed the MRPL for SAR.  

● The surface water in the Upper Belle Fourche River exceeds the MRPL for EC 

during the low-flow months from September through January.  Levels of EC are 
less than the LRPL with the exception of November through January.  The SAR 
values are relatively low but tend to exceed the MRPL from November through 
January while meeting the LRPL throughout the year. 

 

ES.2.2 Mixed Water Quality Conditions 

 

Specific observations related to the MRPL and LRPL following mixing with CBNG well 

production water are provided below.  The observations are related to the scenario that results in 

the highest contribution of CBNG well production water to the surface water source thereby 

maximizing the potential impact associated with the CBNG well production water.  These 

conditions are typically reflected during the dry year; consequently, the observations discussed 

below reflect dry-year conditions. 

 

● The surface water in the Upper Powder River demonstrates a minimal reduction 

in EC and a minor increase in SAR.  These results reflect the relatively small 
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contribution of CBNG well production water to the much larger flows in Upper 
Powder River.  EC values continue to exceed the MRPL throughout the majority 
of the year (July through April) and the LRPL from July through December.  SAR 
values exceed the MRPL throughout the year while meeting the LRPL. 

● The surface water in Antelope Creek reflect a reduction in EC that meets the 

MRPL throughout the year.  Levels of SAR are increased but continue to meet the 
MRPL.  This observation largely reflects the lack of surface water in these 
streams coupled with the relatively low values for EC and elevated SAR in the 
CBNG well production water. 

● No CBNG well production water is contributed to the Dry Fork Cheyenne River. 

Consequently, the water quality in this surface water source remains the same as 
the current conditions (2003). 

● The surface water in the Little Powder River reflects a reduction in EC but 

continues to exceed the MRPL four or more months of the year and exceed the 
LRPL from one (2003, 2010, 2015) to four (2020) months of the year.  The SAR 
values reflect an increase and exceed the MRPL ten or more months of the year, 
and exceed the LRPL one (2003, 2010) month of the year. 

● The surface water in the Upper Cheyenne River reflects a minor reduction in EC 

but continues to exceed the MRPL for ten or more months of the year and the 
LRPL for eight or more months of the year.  A minimal increase in SAR is 
realized and the surface water continues to meet the MRPL. 

● The surface water in the Upper Belle Fourche River reflects a reduction in EC that 

meets the MRPL throughout the year.  The SAR values reflect a slight increase 
and tend to exceed the MRPL six or more months of the year while meeting the 
LRPL throughout the year.  

 

ES.2.3 Observations Related to EC 

 

The EC associated with the surface water sources is typically higher than the EC associated with 

the CBNG well production water.  Consequently, the simple mixing approach utilized during the 

evaluation results in a reduction or improvement in EC after mixing with CBNG production 

water.  In every instance, the most significant reduction in EC correlates to those scenarios 

(current conditions or RFD Scenarios) that involve the largest contribution of CBNG water to the 

receiving stream.  This trend is amplified during time periods when surface water flows are 

reduced in the stream as confirmed by the results of the dry-year analysis.  With the exception of 

the Upper Powder River, this observation was consistent for all surface water sources evaluated 

during this study.  Within the Upper Powder River, the EC associated with the CBNG well 

production water was the most elevated and similar to the EC of the surface water.  
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ES.2.4 Observations Related to SAR 

 

The SAR associated with the surface water sources is typically lower than the SAR associated 

with the CBNG well production water.  Similar to the evaluation of EC, the simple mixing 

approach utilized during the evaluation will generally result in an increase in SAR after mixing 

with CBNG production water.  The most significant increase in SAR correlates to those 

scenarios (current conditions or RFD Scenarios) that involve the largest contribution of CBNG 

water to the receiving stream.  This trend is amplified during time periods when surface water 

flows are reduced in the stream as confirmed by the results of the dry-year analysis.  With the 

exception of Upper Cheyenne River, this observation was consistent for all surface water sources 

evaluated during this study.  Within the Upper Cheyenne River, the SAR associated with the 

CBNG well production water was similar to the SAR of the surface water.  

 

ES.2.5 Observations Related to Irrigation Suitability 

 

The suitability of the mixed water for irrigation purposes is also related to EC and SAR.  The 

analysis for irrigation suitability relied solely on utilization of the Ayers Westcot Diagram.  In 

general, the water most suitable for irrigation consists of a source with  relatively low SAR and 

relatively high EC.  Elevated SAR values may reduce permeability in clayey soils thereby 

reducing the rate of water infiltration.  This relationship in EC and SAR is depicted in the Ayers 

Westcot Diagram in terms of the suitability of water sources for irrigation purposes.  In those 

instances where the SAR is significantly increased and the EC is moderately low, the water 

source was considered unsuitable.  This observation was specifically noted in the surface water 

sources associated with Antelope Creek, Little Power River and Upper Belle Fourche River.  For 

these streams, the results demonstrated adequate suitability for irrigation during the normal year 

conditions and unsuitable water sources during a portion, or the entire irrigation season, during 

the dry-year conditions.  These streams also demonstrated a reduced level of EC compared to the 

Upper Cheyenne River and the Upper Powder River.  In general, the increased levels of SAR in 

the CBNG well production water directly relates to the reduction in the suitability of the water 

for irrigation purposes in streams receiving a large component of CBNG discharge.  In general, 

this trend is amplified for all streams during periods when CBNG well production water 

represents the majority of the flows available for irrigation purposes. 

 

ES.3 IMPACTS TO CHANNEL STABILITY 

  

The cumulative impact assessment includes an evaluation of channel stability with respect to the 

surface water resources within the study area.  In general, the impacts to channel stability largely 
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relate to the water quantity associated with the discharges from current or projected coal mining 

activities, CBNG wells or conventional oil and gas wells compared to the runoff characteristics 

of the receiving drainages.  Of particular importance is the amount of production water or 

discharge that is directly conveyed to the receiving drainages. 

  

Given the limited data available to assess channel stability, quantification of the impacts 

becomes problematic.  To the maximum extent possible, the impact to perennial drainages is 

addressed on a quantitative basis, at the subwatershed level, using regression equations related to 

discharge and channel width.  To support this evaluation in consideration of the limited data, 

geomorphic relationships have been utilized to provide a qualitative assessment of the impacts 

associated with the production of CBNG discharge water.  These relationships provided a 

qualitative assessment of the response of the receiving drainages to an increase in discharge 

provided by the introduction of CBNG well production water. 

  

ES.3.1 Evaluation of Perennial Streams 

 

Examination of United States Geological Survey (USGS) records for the Belle Fourche River 

below Moorcroft, Wyoming (USGS Gage 06426500) and the Little Powder River above Dry 

Creek, near Weston, Wyoming (USGS Gage 06324970) provided the basis of the evaluation of 

perennial streams.  For these two perennial streams, a hydraulic geometry relationship was 

developed that related channel width as a function of discharge. The hydraulic geometry 

relationships were developed from all data classified as good (G) by the USGS during the data 

collection efforts.  Using the relationships developed, channel width in the range of the channel 

forming discharge was computed for the existing condition and for the maximum CBNG well 

production condition by adding the predicted CBNG discharge to the existing condition 

discharge (Table ES.3-1).  The estimated change in width for the Little Powder River was 

computed to be less than 0.3%, and was less than 0.2% for the Belle Fourche River.  These 

results suggest that for the larger, perennial streams the effect of the CBNG well production 

water will be minimal. 

 

From a qualitative standpoint, the geomorphic relationships also provide insight into the 

potential impacts of the CBNG production water on the mean annual discharge events.   

Applying the geomorphic relationships to the existing data resulted in the following 

observations: 
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 An increase in mean annual discharge may result in potential increases in channel 

width, depth, and meander wavelength while a decrease in channel gradient may 

occur.  

 An increase in mean annual discharge may result in an increase in bed material 

transport or median particle size of the bed material. 

 
Table ES.3-1  Impact of CBNG Production Water on Perennial Streams 

 

Location 

Channel 
Forming 

Discharge (1) 
(cfs) 

CBNG Discharge Estimated Width 
Potential Impact 

[Increased Width]

(cfs) (%) 
Existing 

Conditions 
(ft) 

Combined 
Discharge 

(ft) 
(ft) (%) 

Little Powder River above Dry 
Creek near Weston, Wyoming 
(USGS Gage 06324970) 

270 to 420 2.2 0.5% to 0.8% 47.3 to 56.3 47.4 to 56.4 0.15 to 0.12 0.3% 

Belle Fourche River below 
Moorcroft, Wyoming 
(USGS Gage 06426500) 

652 to 789 3.9 0.5% to 0.6% 66.9 to 72.1 67.0 to 72.2 0.16 to 0.14 0.2% 

(1) Discharge associated with the 1.5 to 2 year recurrence interval. 
 

 

Given the relatively low increase in mean annual discharge, these trends predicted by the 

geomorphic relationships are considered to be imperceptible. 

  

ES.3.2 Evaluation of Ephemeral Streams 

 

Limited data on streamflows is available for the smaller, ephemeral drainage channels within the 

study area that may receive discharges from the CBNG wells.  Furthermore, the data related to 

the predicted CBNG well production water is provided on a subwatershed basis.  However, it is 

reasonable to assume that the CBNG well production water will represent a much higher 

percentage of the mean annual discharges in some of the ephemeral drainages within the study 

area.  Consequently, the impacts to channel stability will be more readily apparent in ephemeral 

drainages and may be manifested by an increase in channel erosion, headcutting, and incision. 

 

The discharge of CBNG well production water into the ephemeral drainages may initiate or 

exacerbate erosion within the conveyance channel.  Should erosion be initiated, given the 

relatively minor flow compared to the typical gully section in the typical ephemeral drainage 

channel, it is anticipated that a small incision may occur.  One must also consider that the 

sustained nature of the CBNB well production water may also generate and support an increase 

in diversity and density of the vegetation along the channel.  The increase in vegetation may tend 
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to prevent channel erosion or partially stabilize existing erosion within the ephemeral drainage 

channel. 

 

Similar to the perennial stream channels, the geomorphic relationships were utilized to provide 

insight into the potential impacts of the CBNG production water on the mean annual discharge 

events associated with the ephemeral drainages.  Applying the geomorphic relationships to the 

ephemeral drainage systems provided the following observations: 

 

 Given that the relative magnitude of the increase in mean annual discharge is more 

significant in the ephemeral drainage channel, it is likely that potential increases in 

channel width and depth will occur along with local reductions in channel slope.   

 Again, an increase in mean annual discharge may reduce channel gradient or result in 

an increase in bed material transport or median particle size of the bed material.   

 

Given the potentially significant increase in mean annual discharge, these trends predicted by the 

geomorphic relationships are more likely to occur, especially considering that the increases 

attributable to the CBNG production water are sustained discharges. 

  

Due to the potential for erosion in the ephemeral drainages, it may be prudent to establish a 

monitoring and management plan on selected drainages prior to the discharge of CBNG 

production water. Where erosion is evident from the visual inspection and evaluation of the data, 

methods to mitigate the erosion should be considered.  Mitigation measures may include 

placement of small grade control structures at locations of active erosion and headcutting.   

 

Ephemeral drainage channels that are presently experiencing active headcutting and erosion 

should be identified.  Monitoring of the erosion should be conducted as specified above.  Where 

erosion of the channel is considered significant, mitigation measures should be implemented and 

the channel stabilized.  Mitigation measures identified in the Draft EIS for the Seminoe Road 

Natural Gas Development Project (BLM, 2005) may be worthy of consideration and include 

grade control structures, check dams, impact basins, channel reconstruction, and other possible 

engineered erosion control measures. 
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1.0 INTRODUCTION 
 
The Powder River Basin (PRB) of Wyoming and Montana is a major energy development area 

with diverse environmental values. The PRB is the largest coal-producing region in the United 

States (U.S.); PRB coal is used to generate electricity both within and outside the region. The 

PRB also has and continues to produce large quantities of oil and natural gas resources. Within 

the last decade, this region has experienced nationally significant development of natural gas 

from coal seams. 

 

This PRB Coal Review is a regional technical study to assess cumulative impacts associated with 

past, present, and reasonably foreseeable development (RFD) in the PRB. For purposes of this 

study, the Wyoming portion of the PRB study area (Figure 1-1) comprises all of Campbell 

County, all of Sheridan and Johnson counties less the Bighorn National Forest lands to the west 

of the PRB, and the northern portion of Converse County. It includes all of the area administered 

by the Bureau of Land Management (BLM) Buffalo Field Office, a portion of the area 

administered by the BLM Casper Field Office, and a portion of the Thunder Basin National 

Grasslands (TBNG), which is administered by the U.S. Department of Agriculture, Forest 

Service (FS) (Figure 1-2). The Montana portion of the PRB study area (Figure 1-1) comprises 

the area of relevant coal mines and the air quality study area and includes the lands administered 

by the BLM Miles City Field Office (Figure 1-2). 

 

The Task 3B component of the PRB Coal Review provides an assessment of the water resources 

cumulative impact associated with future levels of coal mining, coal mine dewatering, coal bed 

natural gas (CBNG) groundwater withdrawal and subsequent surface disposal of groundwater, 

surface disposal of groundwater by coal mines and conventional oil and gas wells.  This report 

focuses on the cumulative impacts to surface water resources from surface discharge of 

groundwater by CBNG development and coal mine dewatering.  Specifically, impacts related to 

water quality and channel stability are addressed. The study area and subwatersheds included in 

the surface water impact assessment are presented in Figure 1-3.  It should be noted that the 

database developed in support of this work was structured using 4th level sub-basins as a 

common denominator.  However, the 4th level sub-basins are referred to as subwatersheds in this 

study for consistency with the PRB Oil and Gas Environmental Impact Statement (EIS) (BLM 

2003a). 

 

Completion of the work associated with Task 3B relied on information and data provided in the 

PRB Coal Review Task 1 and Task 2 reports.  The Task 1 report provides the basis for the 

resource-specific descriptions of current conditions within the study area.  Past and present 

activities identified in the Task 1 report are based on the most recent data available at the end of 
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2003.  The Task 2 report defines the past and present development actions within the study that 

have contributed to the current environmental and socioeconomic conditions in the PRB study 

area.  The Task 2 report also defines the RFD scenarios in the Wyoming and Montana PRB for 

years 2010, 2015, and 2020.  The RFD scenarios presented in the Task 2 report provide the basis 

for the analysis of potential cumulative impacts to surface water resources in the Task 3 

component of the PRB Coal Review.  

 

The methodology used to assess the cumulative impact of current conditions and the RFD 

scenarios is summarized in Chapter 2.0.  The projected impacts on water quality associated with 

future levels of coal mining, coal mine dewatering, coal bed natural gas groundwater withdrawal, 

and surface disposal of groundwater by coal mines is presented in Chapter 3.0.  Chapter 4.0 

presents projected impacts on channel stability.  Documentation pertinent to the cumulative 

impact assessment is provided in technical appendices attached to the report.  
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2.0 METHODOLOGY FOR WATER QUALITY EVALUATION 
 

2.1 General 

 

The cumulative impact assessment addresses current conditions (2003) and three future RFD 

scenarios for years 2010, 2015, and 2020.  Based on the information developed in support of the 

assessment and documented in the Task 1B Report (ENSR, 2005a) and Task 2 Report (ENSR, 

2005b), the impacts have been addressed on a subwatershed basis.  The subwatersheds 

associated with the work effort are presented in Figure 1-3 and include: 

 

● Antelope Creek 

● Dry Fork Cheyenne River  

● Little Powder River 

● Upper Belle Fourche River 

● Upper Cheyenne River 

● Upper Powder River 

 

As stated previously, the assessment focuses on the cumulative impacts to water quality and 

channel stability with respect to the surface water resources within the study area.  In general, the 

impacts directly relate to the water quantity and quality associated with the discharges from 

current or projected coal mining activities, CBNG wells or conventional oil and gas wells 

compared to the water quantity and quality of the receiving drainages.  Of particular importance 

is the amount of production water or discharge that is directly conveyed to the receiving 

drainages.  Based on a review of the data available in the Task 1 and Task 2 reports, it is 

assumed that the production water discharged directly to the receiving drainages is limited to 

CBNG wells.  In general, the existing data reflects that water production from coal mining 

activities is largely consumed on site.  Water production from conventional oil and gas wells 

typically requires treatment to meet water quality standards associated with the NPDES 

permitting requirements.   

 

2.2 Water Quality 

 

Potential impacts to surface water quality associated with proposed CBNG development were 

evaluated during completion of the Powder River Basin Oil & Gas EIS (BLM, 2003a) and 



 2-2 February 2008 

documented in a supporting technical report (Greystone Environmental Consultants, Inc. and 

ALL Consulting; January 2003).  Key water quality parameters for predicting the potential 

effects of CBNG development focused on the suitability of surface water for irrigated 

agriculture.  Consequently, sodium adsorption ratio, or SAR, and salinity, measured by electrical 

conductivity or EC, were utilized for the prediction.  The impact assessment documented in this 

report utilizes the same water quality parameters and involves a similar evaluation. 

 

2.2.1 Evaluation Criteria 

 

Table 2.2-1 summarizes the most restrictive and least restrictive regulatory standards for EC and 

SAR applicable to the subwatersheds addressed in the cumulative impact assessment.  This 

information was obtained from several sources including the Wyoming Department of 

Environmental Quality, Montana Department of Environmental Quality, and South Dakota 

Legislative Council.  The limits presented in Table 2.2-1 were utilized during the comparison of 

EC and SAR values for resulting mixtures of existing streamflows and discharges from CBNG 

wells under various flow conditions and RFD projections for the years 2010, 2015 and 2020. 

 
Table 2.2-1  Summary of Proposed Limits for SAR and EC 

 

Subwatershed 

Most Restrictive Proposed Limit 
(MRPL) 

Least Restrictive Proposed Limit 
(LRPL) 

SAR 
EC 

(S/cm) 
SAR 

EC 
(S/cm) 

Little Powder 5 2,000 9.75 2,500 
Powder 5 2,000 9.75 2,500 

Belle Fourche 6 2,000 10 2,500 
Cheyenne, 

Antelope Creek 
10 2,000 10 2,500 

Source: Wyoming DEQ  Water Quality Rules and Regulations (2006), Montana DEQ Water Quality Standards of 

Classification (2006), and South Dakota Legislative Council Administrative Rules (2004). 

 
With respect to the information provided in Table 2.2-1, the Wyoming Department of 

Environmental Quality (WDEQ) applies numeric water quality standards for EC and SAR that 

were adopted for water bodies downstream in South Dakota.  Specifically, these standards apply 

to the Upper Belle Fourche River, Antelope Creek, Upper Cheyenne River, and Dry Fork 

Cheyenne River.  In March of 2003, the Montana Board of Environmental Review adopted 

numeric standards for EC and SAR for surface water sources.  These standards apply to the Little 

Powder River and Upper Powder River. 
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2.2.2 Irrigation Suitability Diagram 

 

The Ayers and Westcot (1985) irrigation suitability diagram (also referred to as the “Hanson  

Diagram”; Hanson, Grattan, Fulton, 1999) was used to compare water quality before and after 

mixing with discharges from CBNG wells.  The diagonal line on the diagram is used as the no-

impact threshold for SAR and EC values of the water.  Water quality would be expected to cause 

“no reduction in the rate of infiltration” as a result of dispersion of soils by SAR below and to the 

right of the irrigation threshold line (Ayers and Westcot, 1985).  Alternatively, waters located to 

the left and above the threshold line for irrigation would be likely to cause slight to moderate 

reduction in the rate of infiltration (Ayers and Westcot, 1985).   

 

This EC/SAR relationship in the Ayers Westcot irrigation suitability diagram is utilized to 

determine the effect of irrigation waters on the infiltration capacity of soils.  Elevated SAR 

values may reduce the permeability in clayey soils, consequently reducing the infiltration rate.  It 

should be noted that the significance of the effects associated with a reduction in infiltration rate 

varies with soil type, and increases on clay and clay-loam soils.  In addition, the EC/SAR 

relationship typically indicates that as salinity increases, the potential impacts of SAR decrease; 

however this relationship should not be applied without limits.  The potential impact of rainfall 

on sodic soils can cause SAR problems by significantly lowering of the EC with little change in 

the SAR.  An attempt to address this potential problem, along with the inherent variability in 

soils, is made through the application of an absolute maximum SAR during the analysis. 

 

Figure 2.2-1 illustrates utilization of the Ayers and Westcot irrigation suitability diagram for the 

existing stream water quality (2003 current conditions) associated with Antelope Creek.  As 

indicated in Figure 2.2-1, the existing water quality in Antelope Creek appears to be suitable for 

irrigation. 

 

2.2.3 Surface Water Quality Model 

 

The surface water model utilized during the completion of the technical report (Greystone 

Environmental Consultants, Inc. and ALL Consulting; January 2003) in support of the Power 

River Basin Oil and Gas EIS (BLM, 2003a) was utilized for the cumulative impact assessment.  

This spreadsheet model employs a steady-state, mass-balance approach to estimate steady-state 

concentrations of EC and SAR after two or more inflows are mixed. 
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Input parameters to the spreadsheet model are described below. 

 

● Estimated CBNG Well Production Water (mmgpy) 

● CBNG Well Production Water SAR 

● CBNG Well Production Water EC ( S/cm) 

● Channel Loss (%) 

● Subwatershed Streamflow (acre-feet) 

● Subwatershed Streamflow SAR 

● Subwatershed Streamflow EC ( S/cm) 

 

The mixing analysis integrated into the spreadsheet model is described in detail in Appendix A; 

this information was obtained from the technical report prepared by Greystone Environmental 

Consultants, Inc. and ALL Consulting (January 2003). A summary of the input data used during 

the impact analysis for surface water quality is presented in Appendix B.  The results of the 

spreadsheet modeling are presented in Appendix C.  
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The operational aspects of the modeling procedure are itemized below. 

 

1. Monthly estimates of CBNG groundwater discharged into the receiving channel are 

obtained from the data base. 

2. The CBNG groundwater discharged to the receiving channel are reduced through 

conveyance losses to determine an estimate for the CBNG groundwater discharged to the 

receiving surface water source. 

3. Monthly estimates of streamflow for the surface water source are obtained from the data 

base. 

4. Water quality data (SAR and EC) for both the CBNG groundwater discharge and the 

receiving drainage are obtained from the data base. 

5. A mixing analysis is completed using a simple flow-weighted mass balance equation with 

the input data associated with CBNG groundwater discharge and water quality data and 

streamflow and water quality data from the surface water source. 

6. Monthly estimates of stream water quality before and after mixing with the CBNG 

groundwater are determined to support a comparative evaluation of EC and SAR and also 

plotted on the Ayers-Westcot diagram to ascertain the impact on the suitability of water 

for irrigation. 

 

The following assumptions were incorporated into the approach to the water quality modeling.  

Many of these assumptions are similar to those described in the technical report prepared by 

Greystone Environmental Consultants, Inc. and ALL Consulting (January 2003) and are included 

herein: 

 

 Assuming SAR behaves as a single constituent of water, mixed SAR was estimated using 

a simple flow-weighted mass balance equation.  As indicated in Appendix A, this 

assumption results in an overestimation of SAR and, potentially, of impacts by a factor of 

2. 

 Impacts to the receiving streams were evaluated for hydrologic conditions associated 

with relatively dry years as well as normal or average years.  The dry year analysis 

evaluated the maximum likely impacts to surface water quality. 

 The model assumed complete mixing.  Impacts to surface water quality may be greater 

than are predicted in the mixing zone near the points of discharge. 

 A typical value of channel loss was used in the model.  This value would under-predict 

the impacts to surface water quality if discharge were piped directly to the receiving 

stream or if the discharge point is very close to the receiving stream. 
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 Irrigation suitability was evaluated on the basis of the Ayers Westcot Diagram and was 

determined to be either suitable or unsuitable on the basis of the threshold diagonal line 

within the diagram.  Numeric water quality standards were not utilized to determine 

irrigation suitability. 

 

2.2.3.1 Stream Flow 

 

Average monthly and annual flows at pertinent gauging stations for the major drainages within 

each subwatershed were obtained from the Powder/Tongue River Basin Water Plan (HKM 

Engineering, et al.; 2002a) and the Northeast Wyoming River Basins Water Plan (HKM 

Engineering, et al.; 2002b).  The development of the streamflow data relied on historic 

streamflow gaging data to the maximum extent possible.  The subwatersheds identified in this 

study, however, are characterized by a scarcity of historic streamflow records.  Consequently, it 

was necessary to develop streamflow data at several locations within the study area.  The 

methodology used to collect the historic records of streamflow, establish a study period, and to 

extend or fill-in the streamflow data where records are unavailable, has been summarized in the 

basin plans previously referenced (HKM Engineering, et. al.; 2002a and 2002b).  Appendix D 

provides the technical memoranda describing the methodology and results of the surface water 

hydrology development utilized during this water quality assessment. 

 

The documentation in Appendix D provides insight into the availability of existing streamflow 

data, synthesis of data and selection of the study period.  For both basin plans, it was determined 

that a consistent approach should be utilized to develop streamflow data that reflects water 

availability at various locations within the watershed.  The study period selected for the basin 

plans extended from 1970 to 1999.  This study period contains extended periods of dry years 

including some of the driest years of record as well as periods of normal and wet hydrologic 

conditions.  This period also has the greatest abundance of recorded streamflow data and ditch 

diversion data; consequently, less data synthesis was required.  Based on the evaluation of the 

approach and information contained in the technical memoranda, it was determined that the most 

consistent streamflow data available to support the water quality evaluation was contained in the 

basin planning reports.  

 

As described in the technical memoranda in Appendix D, surface water hydrology data was 

developed to represent dry year, normal year, and wet year hydrologic conditions.  

Consequently, the annual streamflows developed in the basin planning effort were ranked and 

divided into these three hydrologic categories.  The years of the study period with non-

exceedance probabilities of 20 percent or less (the driest 20 percent) were selected as dry years.  
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Similarly, the years with exceedance probabilities of 20 percent or less (the wettest 20 percent) 

were selected as wet years.  The remaining 60 percent of the years represent normal years.  

 

The impact analysis was conducted assuming two hydrologic conditions; a dry year study period 

and a normal year study period.  The dry year analysis was utilized to evaluate the maximum 

likely impacts to surface water quality, assuming limited flow in the receiving streams. 

 

2.2.3.2 Stream Water Quality  

 

EC and SAR values for the streams within the study area were identical to the values used in the 

technical report (Greystone Environmental Consultants, Inc. and ALL Consulting; January 2003) 

in support of the Power River Basin Oil and Gas EIS (BLM, 2003a).  It should be noted that 

limited data was available to characterize the water quality in the Dry Fork Cheyenne River.  

Consequently, the data available for the neighboring subwatershed, Antelope Creek, was utilized 

for the water quality impact analysis. 

 

2.2.3.3 CBNG Well Production Water 

 

Production water from existing and projected CBNG wells was obtained from the Task 2 Report 

for the Powder River Basin Coal Review (ENSR, October 2005).  Sources for this data included, 

but were not limited to, an oil and gas production and well history database by IHS Energy 

Services (IHS, 2004) and a data provided by the Wyoming Oil and Gas Conservation 

Commission (WOGCC, 2004; 2005a; 2005b).  This information is summarized in the data tables 

included in Appendix B. 

 

2.2.3.4 CBNG Well Production Water Quality 

 

EC and SAR values for the production water associated with the CBNG wells in the study area 

were documented in the technical report (Greystone Environmental Consultants, Inc. and ALL 

Consulting; January 2003) in support of the Power River Basin Oil and Gas EIS (BLM, 2003a).  

In addition, the Wyoming DEQ/WQD provided pertinent, and more recent water quality data 

from a Microsoft Access data base relevant to the effluent water quality from CBNG wells in all 

watersheds with the exception of Antelope Creek and Dry Fork Cheyenne River.  The water 

quality data obtained from both of these sources was reviewed and utilized to describe the water 

quality associated with the CBNG well production water in this modeling effort.  Appendix B 

presents the results of the analysis related to CBNG discharge water quality. 
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2.2.3.5 Managed Water Loss 

 

The Powder River Basin Oil and Gas EIS (BLM, 2003a) assumed water produced from CBNG 

wells and managed through containment, land application disposal (LAD) and injection would 

not have direct effects on quality and quantity of surface water because none of the discharge 

water would reach drainages in the subwatersheds under these water handling options.  The 

percentage of CBNG well production water managed through these options is referred to as 

Managed Water Loss (MWL).  The percentage of CBNG production water included in the MWL 

varies between subwatersheds and is presented in Table 2.2-2.  It should be noted that all CBNG 

water discharged directly into the drainages may ultimately be consumptively utilized by 

downstream water users.  Based on the profile of water users within the subwatersheds, it is 

likely that this water will be utilized for irrigation purposes.   

 
Table 2.2-2  Percent of Total Water Production from CBNG Wells per Discharge Method 

 

Subwatershed 

Untreated 
Discharge 

into 
Drainages 

Passive 
Treatment

Active 
Treatment

Infiltration 
Impoundment

Containment 
Impoundment 

LAD Injection

Upper Powder River 35 0 10 40 5 5 5 
Little Powder River 45 0 0 30 10 10 5 

Antelope Creek 55 0 0 35 5 0 5 
Upper Cheyenne River 55 0 0 35 5 0 5 

Dry Fork Cheyenne River 55 0 0 35 5 0 5 
Upper Belle Fourche River 45 0 0 40 5 0 10 

Source:  ENSR, October 2005 
 

 

2.2.3.6 Conveyance Loss 

 

Information contained in the Task 1 Report for the Powder River Basin Coal Review (ENSR, 

2005) indicated the following:   

 

“Studies conducted by the BLM (2003a) have shown that conveyance losses for direct discharge 

to drainages are approximately 70 to 90 percent, depending on the time of year.  Evaporation 

losses, which are a large component of conveyance losses, can be 80 percent during the summer 

months in Wyoming.  Thus, most CBNG discharge water either infiltrates or evaporates within a 

few miles of the discharge outfall and generally is not recorded at USGS stream gauging stations.  

Impacts to surface water flow and quality are thus limited to within a few miles of the discharge 

outfall and, as of 2002, have not been recorded by the network of USGS gauging stations.” 
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Conveyance losses will vary by subwatershed as a function of the total CBNG water discharged 

to the channel, soils, slope of the channel, type of drainage (ephemeral versus perennial), 

cover/vegetation within the channel, time of year, etc.  However, given the variability of these 

parameters within each subwatershed, a conveyance loss of 70 percent was selected for the water 

quality assessment and modeling effort.  Based on the existing information, this estimate of 

conveyance loss is considered a conservative value that results in identification of the maximum 

impact of CBNG water on the water quality of the receiving drainages. 
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3.0 IMPACTS TO WATER QUALITY 
 
 

The projected impacts to water quality from the discharge associated with CBNG development 

in each subwatershed are described in this chapter.  Three graphs are utilized to depict the 

projected impact for the current conditions (2003) and each of three future RFD scenarios for 

years 2010, 2015, and 2020.  These graphs include: 

 

● illustration of EC for mean monthly flows before and after mixing with projected CBNG 

discharges; 

● illustration of SAR for mean monthly flows before and after mixing with projected 

CBNG discharges; and an 

● illustration of projected water quality (for irrigation purposes) for mean monthly flows 

for both EC and SAR in relation to the Ayers-Westcot EC-SAR threshold. 

 

The first two graphs include lines depicting the LRPL and MRPL to facilitate evaluation of the 

impacts.  With respect to the third graph, water quality that meets the proposed EC and SAR 

limits as well as the Ayers-Westcot threshold should fall to the left of the proposed EC limit, 

below the proposed SAR limit and below and to the right of the diagonal line on the graphs. 

 

As indicated in Chapter 2, the impacts to water quality on the receiving drainages assumed two 

hydrologic conditions; dry-year conditions and normal-year conditions.  The impact analysis was 

conducted using monthly flows and comparatively evaluated the water quality parameters (SAR 

and EC) of the receiving drainage before and after mixing with discharge water generated by the 

CBNG wells within the watershed.  In general, the water discharged from the CBNG wells 

reflected increased levels of SAR and reduced levels of EC compared to the water quality of the 

receiving drainages.  Impacts to water quality are likely to be maximized during the low flow 

months; consequently, the comparative evaluation of water quality initially focused on the 

minimum monthly flow associated with the dry-year and normal-year conditions.  Detailed 

results of the comparative evaluation all monthly flows associated with the dry-year and normal-

year hydrologic conditions are presented in Appendix C. 

 

3.1 Antelope Creek 

 

Results of the impacts to water quality in the Antelope Creek subwatershed under the current 

condition and each of the three future RFD scenarios are presented in Table 3.1-1.  Table 3.1-1 
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reflects the results of the impact assessment at minimum mean monthly flow for both the 

dry-year hydrologic condition and the normal-year hydrologic condition.  The information in 

Table 3.1-1 is obtained from the results of the spreadsheet model documented in Appendix C 

and specifically evaluates the impact analysis for the minimum mean monthly flow for each RFD 

scenario.  As noted above, impacts to water quality are likely to be maximized during the low 

flow months; consequently, the comparative evaluation of water quality initially focused on the 

minimum monthly flow associated with the dry-year and normal-year conditions. 

 

Table 3.1-1 Surface Water Impact Analysis of the Antelope Creek Subwatershed 

Scenario 
MRPL LRPL 

Existing Stream Water Quality at 
Minimum Mean Monthly Flow 

Resulting Stream Water Quality 
at Minimum Mean Monthly Flow 

SAR EC (uS/cm) SAR EC (uS/cm) Flow (cfs) SAR EC (uS/cm) Flow (cfs) SAR EC (uS/cm) 

Normal Year 

2003 10(1) 2000(1) 10(2) 2500(2) 0.31 2.79 2372 1.21 6.38 1299 

2010 10(1) 2000(1) 10(2) 2500(2) --- --- --- 1.41 6.55 1247 

2015 10(1) 2000(1) 10(2) 2500(2) --- --- --- 1.51 6.62 1226 

2020 10(1) 2000(1) 10(2) 2500(2) --- --- --- 1.31 6.47 1271 

Dry Year 

2003 10(1) 2000(1) 10(2) 2500(2) 0.13 2.79 2005 1.03 7.01 1065 

2010 10(1) 2000(1) 10(2) 2500(2) --- --- --- 1.23 7.11 1043 

2015 10(1) 2000(1) 10(2) 2500(2) --- --- --- 1.33 7.14 1035 

2020 10(1) 2000(1) 10(2) 2500(2) --- --- --- 1.13 7.06 1053 

(1) Wyoming DEQ 
(2) South Dakota's Legislative Council 

 

The existing stream water quality data identify the minimum mean monthly flow (2003) and 

corresponding EC and SAR data for both the normal and dry years.  Typically, the month in 

which the minimum flows occur varies from the normal and dry years, and generally reflects a 

decrease in flow.  The baseline (2003) EC and SAR data may demonstrate an increase or 

decrease from the normal year to dry year depending on the month in which the minimum flow 

occurs. 

 

The peak CBNG discharge in the watershed is realized for RFD Scenario 2015 when 1.20 cfs is 

conveyed into Antelope Creek.  The quantity of water discharged into Antelope Creek would be 

less in the other RFD scenarios and would consequently result in a reduction in impacts to the 

existing water quality.  For RFD Scenario 2015, the dry-year hydrologic conditions presented in 

Table 3.1-1 illustrate the impacts associated with mixing 0.13 cfs of streamflow in Antelope 

Creek with 1.20 cfs of CBNG well discharge water on both SAR and EC.  After the flows mix, 
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the resultant streamflow consists almost entirely of CBNG produced water.  The resulting EC 

would decrease, whereas the SAR would increase compared to existing stream water quality 

conditions (see water quality input data in Appendix B).  The combined streamflow of 

approximately 1.33 cfs reflects a resultant water quality, associated with the minimum mean 

monthly flow, that appears to be adequate to meet the MRPL and LRPL for both SAR and EC. 

 

3.1.1 Antelope Creek:  Current Conditions (2003) 

 

The results of the water quality impact assessment under current conditions and all RFD 

Scenarios are presented in Figures 3.1-1, 3.1-2, 3.1-3, 3.1-4, 3.1-5 and 3.1-6.  The information 

in these figures reflects the results of the impact assessment for all monthly flows for both the 

dry-year and normal-year hydrologic conditions.  For the current conditions (2003), the 

observations presented below are based on the information presented in these figures. 

 

● Before Mixing.  Mean monthly EC values in Antelope Creek currently exceed the MRPL 

during low-flow conditions (September through February), and in June but are less than 

the LRPL for both the dry year and normal year.  Mean monthly SAR values are 

currently less than the MRPL and LRPL for SAR under similar hydrologic conditions. 

The Ayers and Westcot diagram indicates that the water in Antelope Creek is suitable for 

irrigation during all months in both hydrologic conditions prior to mixing with the CBNG 

discharge water. 

● Following Mixing. The resultant EC values decrease sufficiently to meet the LRPL and 

MRPL for EC for both the dry year and normal year.  The resultant SAR values increase 

but continue to meet the LRPL and MRPL for SAR for both hydrologic conditions. 

● Ayers and Westcot Diagram. For the dry-year conditions, the data indicate a reduction in 

infiltration following mixing with CBNG production water, primarily for the months of 

June and August during the irrigation season when the water becomes unsuitable for 

irrigation.  Under normal-year conditions, only a minor decrease in infiltration is realized 

following mixing with CBNG production water; overall, the data indicates that the mixed 

water is suitable for irrigation. 

 

3.1.2 Antelope Creek:  RFD Scenario 2010 Conditions 

 

The results of the water quality impact assessment under RFD Scenario 2010 conditions are also 

presented in Figures 3.1-1, 3.1-2, 3.1-3, 3.1-4, 3.1-5 and 3.1-6.  The information in these figures 
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reflects the results of the impact assessment for all monthly flows for both the dry-year and 

normal-year hydrologic conditions.  For RFD Scenario 2010, the observations presented below 

are based on the information presented in these figures. 

 

● Before Mixing.  Same as the current conditions (2003) presented in Section 3.1.1. 

● Following Mixing. The resultant EC values decrease sufficiently to meet the LRPL and 

MRPL for EC for both the dry year and normal year.  The resultant SAR values increase 

but continue to meet the LRPL and MRPL for SAR for both hydrologic conditions. 

● Ayers and Westcot Diagram. For dry-year conditions, the data indicated a significant 

reduction in infiltration throughout the irrigation season following mixing with CBNG 

production water but remains suitable for irrigation except for June and August.  Under 

normal-year conditions, a decrease in infiltration is realized following mixing with 

CBNG production water; overall, however, the data indicates that the mixed water is 

suitable for irrigation. 

 
3.1.3 Antelope Creek:  RFD Scenario 2015 Conditions 

 

The results of the water quality impact assessment under RFD Scenario 2015 conditions are also 

presented in Figures 3.1-1, 3.1-2, 3.1-3, 3.1-4, 3.1-5 and 3.1-6.  For RFD Scenario 2015, the 

observations presented below are based on the information presented in these figures. 

 

● Before Mixing.  Same as the current conditions (2003) presented in Section 3.1.1. 

● Following Mixing. The resultant EC values decrease sufficiently to meet the LRPL and 

MRPL for EC for both the dry year and normal year.  The resultant SAR values increase 

but continue to meet the LRPL and MRPL for SAR for both hydrologic conditions. 

● Ayers and Westcot Diagram. For dry-year conditions, the data continued to indicate a 

significant reduction in infiltration throughout the irrigation season following mixing 

with CBNG production water but remains suitable for irrigation except for June and 

August.  Under normal-year conditions, a decrease in infiltration is realized following 

mixing with CBNG production water; overall, however, the data generally indicates that 

the mixed water remains suitable for irrigation during the irrigation season. 
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3.1.4 Antelope Creek:  RFD Scenario 2020 Conditions 

 

The results of the water quality impact assessment under RFD Scenario 2020 conditions are also 

presented in Figures 3.1-1, 3.1-2, 3.1-3 and 3.1-4, 3.1-5 and 3.1-6.  For RFD Scenario 2020, the 

observations presented below are based on the information presented in these figures. 

 

● Before Mixing.  Same as the current conditions (2003) presented in Section 3.1.1. 

● Following Mixing. The resultant EC values decrease sufficiently to meet the LRPL and 

MRPL for EC for both the dry year and normal year.  The resultant SAR values increase 

but continue to meet the LRPL and MRPL for SAR for both hydrologic conditions. 

● Ayers and Westcot Diagram. For dry-year conditions, the data continued to indicate a 

significant reduction in infiltration throughout the irrigation season following mixing 

with CBNG production water but remains suitable for irrigation except for June and 

August.  Under normal-year conditions, a decrease in infiltration is realized following 

mixing with CBNG production water; overall, however, the data generally indicates that 

the mixed water is suitable for irrigation. 

 
3.2 Dry Fork Cheyenne River 

 

Results of the impacts to water quality in the Dry Fork Cheyenne River subwatershed under the 

current condition and each of the three future RFD scenarios are presented in Table 3.2-1.  

Table 3.2-1 reflects the results of the impact assessment at minimum mean monthly flow for 

both the dry-year and normal-year hydrologic conditions. As stated previously, the information 

in Table 3.2-1 is obtained from the results of the spreadsheet model documented in Appendix C 

and specifically evaluates the impact analysis for the minimum mean monthly flow in the Dry 

Fork Cheyenne River for each RFD scenario.  As noted above, impacts to water quality are likely 

to be maximized during the low flow months; consequently, the comparative evaluation of water 

quality initially focused on the minimum monthly flow associated with the dry-year and normal-

year conditions.  For the Dry Fork Cheyenne River, the minimum monthly flow for both 

hydrologic conditions is zero (0) cfs and occurs for several months of the year during the dry-

year condition. 

 

The existing stream water quality data identify the minimum mean monthly flow (2003) and 

corresponding EC and SAR data for both the normal and dry years.  Typically, the month in 

which the minimum flows occur varies from the normal and dry years, and generally reflects a 
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decrease in flow.  The baseline (2003) EC and SAR data may demonstrate an increase or 

decrease from the normal year to dry year depending on the month in which the minimum flow 

occurs. 

 

Table 3.2-1 Surface Water Impact Analysis of the Dry Fork Cheyenne River Subwatershed 

Scenario 
MRPL LRPL 

Existing Stream Water Quality at 
Minimum Mean Monthly Flow 

Resulting Stream Water Quality 
at Minimum Mean Monthly Flow 

SAR EC (uS/cm) SAR EC (uS/cm) Flow (cfs) SAR 
EC 

(uS/cm) 
Flow (cfs) SAR EC (uS/cm) 

Normal Year 

2003 10(1) 2000(1) 10(1) 2500(1) 0 --- --- 0.00 --- --- 

2010 10(1) 2000(1) 10(1) 2500(1) --- --- --- 0.00 --- --- 

2015 10(1) 2000(1) 10(1) 2500(1) --- --- --- 0.00 --- --- 

2020 10(1) 2000(1) 10(1) 2500(1) --- --- --- 0.00 --- --- 

Dry Year 

2003 10(1) 2000(1) 10(1) 2500(1) 0 --- --- 0.00 --- --- 

2010 10(1) 2000(1) 10(1) 2500(1) --- --- --- 0.00 --- --- 

2015 10(1) 2000(1) 10(1) 2500(1) --- --- --- 0.00 --- --- 

2020 10(1) 2000(1) 10(1) 2500(1) --- --- --- 0.00 --- --- 

(1) Wyoming DEQ 

 

There is no expected discharge of CBNG water to the Dry Fork Cheyenne River in the RFD 

Scenarios for 2010, 2015, and 2020. Thus, water quality is expected to be similar to the base year 

(2003) water quality. 

 

3.2.1 Dry Fork Cheyenne River:  Current and RFD Conditions (2003, 2010, 2015, 2020) 

 

The results of the water quality impact assessment under current conditions and all RFD 

Scenarios are presented in Figures 3.2-1, 3.2-2, 3.2-3, 3.2-4, 3.2-5 and 3.2-6.  No CBNG 

production water is included in the evaluation of current conditions (2003) since no wells have 

been identified that discharge to the Dry Fork Cheyenne River.  No CBNG discharge is expected 

in any of the RFD Scenarios (2010, 2015, 2020), thus no water quality impacts should be 

encountered beyond current conditions. Given the information in the referenced figures, the 

observations presented below represent the existing water quality and all RFD Scenarios in the 

river for both hydrologic conditions. 

  

● Mean monthly EC values in the Dry Fork Cheyenne River currently exceed the MRPL, 

during the low flow months of June and from September through February.  All mean 
monthly values meet the LRPL criteria for EC. 
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● Mean monthly SAR values are currently less than the MRPL and LRPL under similar 

flow conditions. 

● The data obtained from the Ayers and Westcot Diagram for the current conditions 

indicates that the existing water in the Dry Fork Cheyenne River is suitable for irrigation. 

 

3.3 Little Powder River 

 

Results of the impacts to water quality in the Little Powder River subwatershed under the current 

condition and each of the three future RFD scenarios are presented in Table 3.3-1.  Table 3.3-1 

reflects the results of the impact assessment at minimum mean monthly flow for both the dry-

year and normal-year hydrologic conditions. As stated previously, the information in Table 3.3-1 

is obtained from the results of the spreadsheet model documented in Appendix C and specifically 

evaluates the impact analysis for the minimum mean monthly flow in the Little Powder River for 

each RFD scenario.  Impacts to water quality are likely to be maximized during the low flow 

months; consequently, the comparative evaluation of water quality initially focused on the 

minimum monthly flow associated with the dry-year and normal-year conditions. 

 

Table 3.3-1 Surface Water Impact Analysis of the Little Powder River Subwatershed 

Scenario 
MRPL LRPL 

Existing Stream Water Quality at 
Minimum Mean Monthly Flow 

Resulting Stream Water Quality 
at Minimum Mean Monthly Flow 

SAR EC (uS/cm) SAR EC (uS/cm) Flow (cfs) SAR EC (uS/cm) Flow (cfs) SAR EC (uS/cm) 

Normal Year 

2003 5(1) 2000(1) 9.75(1) 2500(1) 1.05 6.94 3300 2.7 9.08 2219 

2010 5(1) 2000(1) 9.75(1) 2500(1) --- --- --- 2.5 8.97 2277 

2015 5(1) 2000(1) 9.75(1) 2500(1) --- --- --- 1.5 7.92 2806 

2020 5(1) 2000(1) 9.75(1) 2500(1) --- --- --- 1.2 7.25 3144 

Dry Year 

2003 5(1) 2000(1) 9.75(1) 2500(1) 0.22 6.44 2810 1.8 10 1666 

2010 5(1) 2000(1) 9.75(1) 2500(1) --- --- --- 1.6 9.94 1686 

2015 5(1) 2000(1) 9.75(1) 2500(1) --- --- --- 0.6 9.05 1971 

2020 5(1) 2000(1) 9.75(1) 2500(1) --- --- --- 0.3 7.71 2403 

(1) Montana DEQ 

 

The existing stream water quality data identify the minimum mean monthly flow (2003) and 

corresponding EC and SAR data for both the normal and dry years.  Typically, the month in 

which the minimum flows occur varies from the normal and dry years, and generally reflects a 

decrease in flow.  The baseline (2003) EC and SAR data may demonstrate an increase or 
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decrease from the normal year to dry year depending on the month in which the minimum flow 

occurs. 

 

The peak CBNG discharge in the watershed is realized for the current condition (2003) when 

approximately 1.6 cfs is conveyed into the Little Powder River.  The quantity of water 

discharged into the Little Powder River would be less in all RFD scenarios due to a reduction in 

CBNG development after 2003 and would consequently result in a reduction in impacts to the 

existing water quality.  For current conditions (2003), the dry-year hydrologic conditions 

presented in Table 3.3-1 illustrate the impacts associated with mixing 0.22 cfs (occurring in the 

month of September) of streamflow in the Little Powder River with 1.6 cfs of CBNG well 

discharge water on both SAR and EC.  After the flows mix, the resultant streamflow consists 

almost entirely of CBNG produced water.  The resulting EC would decrease by over 1,000 

uS/cm, whereas the SAR would increase by approximately 50 percent compared to existing 

stream water quality conditions (see water quality input data in Appendix B).  The combined 

streamflow of approximately 1.8 cfs reflects a resultant water quality, associated with the 

minimum mean monthly flow, that appears to meet the LRPL and MRPL for EC and exceeds the 

LRPL and MRPL for SAR. 

 

3.3.1 Little Powder River:  Current Conditions (2003) 

 

The results of the water quality impact assessment under current conditions and all RFD 

Scenarios are presented in Figures 3.3-1, 3.3-2, 3.3-3, 3.3-4, 3.3-5 and 3.3-6.  The information 

in these figures reflects the results of the impact assessment for all monthly flows for both the 

dry-year and normal-year hydrologic conditions.  For the current conditions (2003), the 

observations presented below are based on the information presented in these figures. 

 

● Before Mixing.  Mean monthly EC values in the Little Powder River currently exceed the 

MRPL for all months of the year except March, and exceed the LRPL during low-flow 

conditions in August, September and November through January for both the dry year 

and normal year.  Mean monthly values currently exceed the MRPL for SAR with the 

exception of March and May and are less than the LRPL for both hydrologic conditions. 

The Ayers and Westcot diagram indicates that the water in Little Powder River is suitable 

for irrigation during all months in both hydrologic conditions prior to mixing with the 

CBNG discharge water. 

● Following Mixing.  For the normal year, the resultant EC values decrease but continue to 

exceed the MRPL for EC for all months except March and May and exceed the LRPL 
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during the low flow months of January and August.  The resultant SAR values increase 

and exceed the MRPL for SAR with the exception of the month of March and are less 

than the LRPL for the normal year.  For the dry year, the EC values continue to decrease 

but exceed the MRPL during the months of February, April, June and August, and are 

less than the LRPL for all months.  The resultant SAR values during dry years exceed the 

MRPL for all months and exceed the LRPL during the low flow conditions during the 

month of September. 

 ● Ayers and Westcot Diagram. For the dry-year conditions, the data indicate a reduction in 

infiltration following mixing with CBNG production water, and marginal unsuitability 

for the months of September through October during the irrigation season.  Under 

normal-year conditions, only a minor decrease in infiltration is realized following mixing 

with CBNG production water; overall, the data indicate that the mixed water is suitable 

for irrigation during a normal year. 

 

3.3.2 Little Powder River:  RFD Scenario 2010 Conditions 

 

The results of the water quality impact assessment under RFD Scenario 2010 conditions are also 

presented in Figures 3.3-1, 3.3-2, 3.3-3, 3.3-4, 3.3-5 and 3.3-6.  For RFD Scenario 2010, the 

observations presented below are based on the information presented in these figures. 

 

● Before Mixing.  Same as the current conditions (2003) presented in Section 3.3.1. 

● Following Mixing. For the normal year, the resultant EC values decrease but continue to 

exceed the MRPL for EC for all months except March and May and exceed the LRPL for 

the months of August and January.  The resultant SAR values increase and exceed the 

MRPL for SAR with the exception of the month of March and are less than the LRPL for 

the normal year.  For the dry year, the EC values continue to decrease but exceed the 

MRPL during the months of February, April, June and August, and are less than the 

LRPL for all months.  The resultant SAR values exceed the MRPL for all months and 

exceed the LRPL during the low flow conditions for the month of September . 

● Ayers and Westcot Diagram. For the dry-year conditions, the data indicate a reduction in 

infiltration following mixing with CBNG production water, and the resulting water may 

be marginally unsuitable for the months of September through October during the 

irrigation season.  Under normal-year conditions, only a minor decrease in infiltration is 
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realized following mixing with CBNG production water; overall, the data indicates that 

the mixed water is suitable for irrigation during a normal year. 

 

3.3.3 Little Powder River:  RFD Scenario 2015 Conditions 

 

The results of the water quality impact assessment under RFD Scenario 2015 conditions are also 

presented in Figures 3.3-1, 3.3-2, 3.3-3, 3.3-4, 3.3-5 and 3.3-6.  For RFD Scenario 2015, the 

observations presented below are based on the information presented in these figures. 

 

● Before Mixing.  Same as the current conditions (2003) presented in Section 3.3.1. 

● Following Mixing. For the normal year, the resultant EC values decrease but continue to 

exceed the MRPL for EC for all months except March and exceed the LRPL for the 

months of August, September, and November through January. The resultant SAR values 

increase and exceed the MRPL for SAR with the exception of the months of March and 

May and are less than the LRPL for the normal year.  For the dry year, the EC values 

continue to decrease but exceed the MRPL with the exception of the months of March, 

May, July, September, and October, and are less than the LRPL for all months except 

August.  The resultant SAR values exceed the MRPL for all months except March and 

are below the LRPL for all months. 

● Ayers and Westcot Diagram. For the dry-year conditions, the data indicate a reduction in 

infiltration following mixing with CBNG production water, with the water remaining 

suitable for irrigation.  Under normal-year conditions, only a minor decrease in 

infiltration is realized following mixing with CBNG production water; overall, the data 

indicates that the mixed water is suitable for irrigation during a normal year. 

 

3.3.4 Little Powder River:  RFD Scenario 2020 Conditions 

 

The results of the water quality impact assessment under RFD Scenario 2020 conditions are also 

presented in Figures 3.3-1, 3.3-2, 3.3-3, 3.3-4, 3.3-5 and 3.3-6.  For RFD Scenario 2020, the 

observations presented below are based on the information presented in these figures. 

 

● Before Mixing.  Same as the current conditions (2003) presented in Section 3.3.1. 
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● Following Mixing. For the normal year, the resultant EC values decrease but continue to 

exceed the MRPL for EC for all months except March and exceed the LRPL for the 

months of August, September, and November through January.  The resultant SAR 

values increase and exceed the MRPL for SAR with the exception of the months of 

March and May and are less than the LRPL for the normal year.  For the dry year, the EC 

values continue to decrease but exceed the MRPL during all months except March, and 

exceed the LRPL for January, August, November, and December.  The resultant SAR 

values exceed the MRPL for all months except March and May and are less than the 

LRPL for the entire dry year. 

● Ayers and Westcot Diagram. For the dry-year conditions, the data indicate a reduction in 

infiltration following mixing with CBNG production water, but continued suitability for 

irrigation.  Under normal-year conditions, only a minor decrease in infiltration is realized 

following mixing with CBNG production water; overall, the data indicates that the mixed 

water is suitable for irrigation during a normal year. 

 

3.4 Upper Belle Fourche River 

 

Results of the impacts to water quality in the Upper Belle Fourche River subwatershed under the 

current condition and each of the three future RFD scenarios are presented in Table 3.4-1.  

Table 3.4-1 reflects the results of the impact assessment at minimum mean monthly flow for 

both the dry-year and normal-year hydrologic conditions. As stated previously, the information 

in Table 3.4-1 is obtained from the results of the spreadsheet model documented in Appendix C 

and specifically evaluates the impact analysis for the minimum mean monthly flow in the Upper 

Belle Fourche River for each RFD scenario.  Impacts to water quality are likely to be maximized 

during the low flow months; consequently, the comparative evaluation of water quality initially 

focused on the minimum monthly flow associated with the dry-year and normal-year conditions.   

 

The existing stream water quality data identify the minimum mean monthly flow (2003) and 

corresponding EC and SAR data for both the normal and dry years.  Typically, the month in 

which the minimum flows occur varies from the normal and dry years, and generally reflects a 

decrease in flow.  The baseline (2003) EC and SAR data may demonstrate an increase or 

decrease from the normal year to dry year depending on the month in which the minimum flow 

occurs. 
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Table 3.4-1 Surface Water Impact Analysis of the Upper Belle Fourche River Subwatershed 

Scenario 
MRPL LRPL 

Existing Stream Water Quality at 
Minimum Mean Monthly Flow 

Resulting Stream Water Quality 
at Minimum Mean Monthly Flow 

SAR EC (uS/cm) SAR EC (uS/cm) Flow (cfs) SAR EC (uS/cm) Flow (cfs) SAR EC (uS/cm) 

Normal Year 

2003 6(1) 2000(2) 10(2) 2500(2) 3.31 6.77 2755 7.61 7.94 1825 

2010 6(1) 2000(2) 10(2) 2500(2) --- --- --- 9.71 8.13 1671 

2015 6(1) 2000(2) 10(2) 2500(2) --- --- --- 5.41 7.57 2116 

2020 6(1) 2000(2) 10(2) 2500(2) --- --- --- 3.31 6.77 2755 

Dry Year 

2003 6(1) 2000(2) 10(2) 2500(2) 0.42 5.75 2346 4.72 8.56 1220 

2010 6(1) 2000(2) 10(2) 2500(2) --- --- --- 6.82 8.64 1186 

2015 6(1) 2000(2) 10(2) 2500(2) --- --- --- 2.52 8.32 1316 

2020 6(1) 2000(2) 10(2) 2500(2) --- --- --- 0.42 5.75 2346 

(1) South Dakota's Legislative Council 
(2) Wyoming DEQ 

 

The peak CBNG discharge in the watershed is realized for year 2010 when 6.4 cfs is conveyed 
into the Upper Belle Fourche River.  The quantity of water discharged into the Upper Belle 
Fourche River would be less in the other RFD scenarios and would consequently result in a 
reduction in impacts to the existing water quality.  For 2010 conditions, the dry-year hydrologic 
conditions presented in Table 3.4-1 illustrate the impacts associated with mixing 0.42 cfs 
(occurring in the month of October) of streamflow in the Upper Belle Fourche River with 6.40 
cfs of CBNG well discharge water on both SAR and EC.  After the flows mix, the resultant 
streamflow consists almost entirely of CBNG produced water.  The resulting EC would decrease, 
whereas the SAR would increase compared to existing stream water quality conditions (see 
water quality input data in Appendix B).  The combined streamflow of approximately 6.82 cfs 
reflects a resultant water quality, associated with the minimum mean monthly flow, that appears 
to meet the LRPL and the MRPL for EC while the SAR value exceeds the MRPL and meets the 
LRPL. 
 

3.4.1 Upper Belle Fourche River:  Current Conditions (2003) 
 
The results of the water quality impact assessment under current conditions and all RFD 
Scenarios are presented in Figures 3.4-1, 3.4-2 3.4-3, 3.4-4, 3.4-5 and 3.4-6.  The information in 
these figures reflects the results of the impact assessment for all monthly flows for both the dry-
year and normal-year hydrologic conditions.  For the current conditions (2003), the observations 
presented below are based on the information presented in these figures. 
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● Before Mixing.  Mean monthly EC values in the Upper Belle Fourche River currently 

exceed the MRPL from September through January, and exceed the LRPL during low-
flow conditions during the months from November through January for both the dry year 
and normal year.  Mean monthly values currently exceed the MRPL for SAR from 
November through January and are less than the LRPL for both hydrologic conditions. 
The Ayers and Westcot diagram indicates that the water in Upper Belle Fourche River is 
suitable for irrigation during all months in both hydrologic conditions prior to mixing 
with the CBNG discharge water. 

● Following Mixing . The resultant EC values decrease sufficiently to meet both the LRPL 

and MRPL for dry-year conditions and exceed the MRPL during October, November and 
January for the normal year.  The resultant SAR values increase and exceed the MRPL 
for SAR with the exception of the months of February, March, May and July and are less 
than the LRPL for the dry year.  For the normal year, the resultant SAR values exceed the 
MRPL from August through January and are less than the LRPL for all months. 

● Ayers and Westcot Diagram. For the dry-year conditions, the data indicate a reduction in 

infiltration following mixing with CBNG production water, and is considered unsuitable 
for the months of September and October during the irrigation season.  Under normal-
year conditions, only a minor decrease in infiltration is realized following mixing with 
CBNG production water; overall, the data indicates that the mixed water is suitable for 
irrigation during a normal year. 

 

3.4.2 Upper Belle Fourche River:  RFD Scenario 2010 Conditions 
 
The results of the water quality impact assessment under RFD Scenario 2010 conditions are also 
presented in Figures 3.4-1, 3.4-2, 3.4-3, 3.4-4, 3.4-5 and 3.4-6.  For RFD Scenario 2010, the 
observations presented below are based on the information presented in these figures. 

 

● Before Mixing.  Same as the current conditions (2003) presented in Section 3.4.1. 

● Following Mixing. The resultant EC values decrease sufficiently to meet both the LRPL 

and MRPL for dry-year conditions and exceed the MRPL during January for the normal 

year.  The resultant SAR values increase and exceed the MRPL for SAR with the 

exception of the months of March and July and are less than the LRPL for the dry year.  

For the normal year, the resultant SAR values exceed the MRPL from August through 

January and are less than the LRPL for all months. 
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● Ayers and Westcot Diagram. For the dry-year conditions, the data indicate a reduction in 

infiltration following mixing with CBNG production water, and is considered unsuitable 

for the months of August, September and October during the irrigation season.  Under 

normal-year conditions, only a minor decrease in infiltration is realized following mixing 

with CBNG production water; overall, the data indicates that the mixed water is suitable 

for irrigation during a normal year. 

 

3.4.3 Upper Belle Fourche River:  RFD Scenario 2015 Conditions 

 

The results of the water quality impact assessment under RFD Scenario 2015 conditions are also 

presented in Figures 3.4-1, 3.4-2, 3.4-3, 3.4-4, 3.4-5 and 3.4-6.  For RFD Scenario 2015, the 

observations presented below are based on the information presented in these figures. 

 

● Before Mixing.  Same as the current conditions (2003) presented in Section 3.4.1. 

● Following Mixing. The resultant EC values decrease sufficiently to meet both the LRPL 

and MRPL for dry-year conditions and exceed the MRPL during October, November, 

December, and January for the normal year.  The resultant SAR values increase and 

exceed the MRPL for SAR for the months of August through January and are less than 

the LRPL for the dry year.  For the normal year, the resultant SAR values exceed the 

MRPL from September through January and are less than the LRPL for all months. 

● Ayers and Westcot Diagram. For the dry-year conditions, the data indicate a reduction in 

infiltration following mixing with CBNG production water, and may be marginally 

unsuitable for the month of October during the irrigation season.  Under normal-year 

conditions, only a minor decrease in infiltration is realized following mixing with CBNG 

production water; overall, the data indicates that the mixed water is suitable for irrigation 

during a normal year. 

 

3.4.4 Upper Belle Fourche River:  RFD Scenario 2020 Conditions 

 

The results of the water quality impact assessment under RFD Scenario 2020 conditions are also 

presented in Figures 3.4-1, 3.4-2, 3.4-3, 3.4-4, 3.4-5 and 3.4-6.  For RFD scenario 2020, the 

observations based on the information presented in these figures indicate that no CBNG 

discharge is expected to reach the stream, thus no water quality impacts should be encountered 

beyond current conditions (2003; see Section 3.4.1). 
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3.5 Upper Cheyenne River 

 

Results of the impacts to water quality in the Upper Cheyenne River subwatershed under the 

current condition and each of the three future RFD scenarios are presented in Table 3.5-1.  

Table 3.5-1 reflects the results of the impact assessment at minimum mean monthly flow for 

both the dry-year and normal-year hydrologic conditions. As stated previously, the information 

in Table 3.5-1 is obtained from the results of the spreadsheet model documented in Appendix C 

and specifically evaluates the impact analysis for the minimum mean monthly flow in the Upper 

Cheyenne River for each RFD scenario.  Impacts to water quality are likely to be maximized 

during the low flow months; consequently, the comparative evaluation of water quality initially 

focused on the minimum monthly flow associated with the dry-year and normal-year conditions.   

 

The peak CBNG discharge in the watershed is realized for the current conditions (i.e., 2003) 

when 0.80 cfs is conveyed into the Upper Cheyenne River.  The quantity of water discharged 

into the Upper Cheyenne River would be less in the other RFD scenarios and would 

consequently result in a reduction in impacts to the existing water quality.  For the dry-year 

hydrologic conditions for 2003, Table 3.5-1 illustrates the impacts associated with mixing 

0.82 cfs (occurring in the month of August) of streamflow in the Upper Cheyenne River with 

0.80 cfs of CBNG well discharge water on both SAR and EC.  After the flows mix, the resulting 

EC would decrease, whereas the SAR would rise approximately 30 percent compared to existing 

stream water quality conditions (see water quality input data in Appendix B).  The combined 

streamflow of approximately 1.62 cfs reflects a resultant water quality, associated with the 

minimum mean monthly flow, that appears to meet the LRPL and the MRPL for both EC and 

SAR. 

 

The existing stream water quality data identify the minimum mean monthly flow (2003) and 

corresponding EC and SAR data for both the normal and dry years.  Typically, the month in 

which the minimum flows occur varies from the normal and dry years, and generally reflects a 

decrease in flow.  The baseline (2003) EC and SAR data may demonstrate an increase or 

decrease from the normal year to dry year depending on the month in which the minimum flow 

occurs.  It should be noted that the minimum mean monthly flow for the normal year is less than 

the minimum mean monthly flow for the dry year.  As indicated in Appendix B and presented in 

the technical memorandum in Appendix D, the total flow in the Upper Cheyenne River is much 

less during the dry year, however, the minimum monthly flow during the dry year (occurring in 

August) is slightly larger than the minimum monthly flow  of the normal year (occurring in 

December).  
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Table 3.5-1 Surface Water Impact Analysis of the Upper Cheyenne River Subwatershed 

Scenario 
MRPL LRPL 

Existing Stream Water Quality at 
Minimum Mean Monthly Flow 

Resulting Stream Water Quality 
at Minimum Mean Monthly Flow 

SAR EC (uS/cm) SAR EC (uS/cm) Flow (cfs) SAR EC (uS/cm) Flow (cfs) SAR EC (uS/cm) 

Normal Year 

2003 10(1) 2000(1) 10(1) 2500(1) 0.77 7.39 3405 1.57 7.50 2144 

2010 10(1) 2000(1) 10(1) 2500(1) --- --- --- 1.07 7.45 2711 

2015 10(1) 2000(1) 10(1) 2500(1) --- --- --- 0.77 7.39 3405 

2020 10(1) 2000(1) 10(1) 2500(1) --- --- --- 0.77 7.39 3405 

Dry Year 

2003 10(1) 2000(1) 10(1) 2500(1) 0.82 4.82 1972 1.62 6.20 1457 

2010 10(1) 2000(1) 10(1) 2500(1) --- --- --- 1.12 5.57 1693 

2015 10(1) 2000(1) 10(1) 2500(1) --- --- --- 0.82 4.82 1972 

2020 10(1) 2000(1) 10(1) 2500(1) --- --- --- 0.82 4.82 1972 

(1)  Wyoming DEQ 

 

3.5.1 Upper Cheyenne River:  Current Conditions (2003) 

 

The results of the water quality impact assessment under current conditions and all RFD 

Scenarios are presented in Figures 3.5-1, 3.5-2, 3.5-3, 3.5-4, 3.5-5 and 3.5-6.  The information 

in these figures reflects the results of the impact assessment for all monthly flows for both the 

dry-year and normal-year hydrologic conditions.  For current conditions (2003), the observations 

presented below are based on the information presented in these figures. 

 

● Before Mixing.  Mean monthly EC values in the Upper Cheyenne River currently exceed 

the MRPL for all months with the exception of August and exceed the LRPL from 

October through June for both the dry year and normal year.  Mean monthly values for 

SAR currently are less than the MRPL and LRPL for both hydrologic conditions. The 

Ayers and Westcot diagram indicates that the water in Upper Cheyenne River is suitable 

for irrigation during all months in both hydrologic conditions prior to mixing with the 

CBNG discharge. 

● Following Mixing. The resultant EC values slightly decrease but continue to exceed the 

MRPL for all months with the exception of August in the normal year and both July and 

August in the dry year.  EC values exceed the LRPL during all months except July 

through September and December for both the normal and the dry year.  The resultant 
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SAR values are similar and remain less than the MRPL and LRPL for both hydrologic 

conditions. 

● Ayers and Westcot Diagram. For both the normal-year and dry-year conditions, the data 

indicate a minor reduction in infiltration following mixing with CBNG production water.  

Overall, the data indicates that the mixed water is suitable for irrigation during both 

hydrologic conditions. 

 

3.5.2 Upper Cheyenne River:  RFD Scenario 2010 Conditions 

 

The results of the water quality impact assessment under RFD Scenario 2010 conditions are also 

presented in Figures 3.5-1, 3.5-2, 3.5-3, 3.5-4, 3.5-5 and 3.5-6.  The observations presented 

below are based on the information presented in these figures. 

 

● Before Mixing.  Same as the current conditions (2003) presented in Section 3.5.1. 

● Following Mixing. EC exceeds the MRPL for all months except August and exceeds the 

LRPL for all months except July through September for both normal and dry hydrologic 

conditions. SAR for both hydrologic conditions is below the LRPL and MRPL. 

● Ayers and Westcot Diagram. Both the normal and dry hydrologic conditions show a 

slight reduction in infiltration, but the mixed water is suitable for irrigation. 

 

3.5.3 Upper Cheyenne River:  RFD Scenarios 2015 and 2020 Conditions 

 

The results of the water quality impact assessment under RFD Scenario 2015 conditions are also 

presented in Figures 3.5-1, 3.5-2, 3.5-3, 3.5-4, 3.5-5 and 3.5-6.  The observations are based on 

the information presented in these figures. No CBNG production water is discharged to the 

stream. Therefore, results are the same as the current conditions before mixing (2003) presented 

in Section 3.5.1. 

 

3.6 Upper Powder River 

 

Results of the impacts to water quality in the Upper Powder River subwatershed under the 

current condition and each of the three future RFD scenarios are presented in Table 3.6-1.  

Table 3.6-1 reflects the results of the impact assessment at minimum mean monthly flow for 

both the dry-year and normal-year hydrologic conditions. As stated previously, the information 
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in Table 3.6-1 is obtained from the results of the spreadsheet model documented in Appendix C 

and specifically evaluates the impact analysis for the minimum mean monthly flow in the Upper 

Powder River for each RFD scenario.  Impacts to water quality are likely to be maximized 

during the low flow months; consequently, the comparative evaluation of water quality initially 

focused on the minimum monthly flow associated with the dry-year and normal-year conditions.   

 

The peak CBNG discharge in the watershed is realized for the current conditions (i.e., 2003) 

when 2.3 cfs is conveyed into the Upper Powder River.  The quantity of water discharged into 

the Upper Powder River would be less in the other RFD scenarios and would consequently result 

in a reduction in impacts to the existing water quality.  For the dry-year hydrologic conditions for 

2003, Table 3.6-1 illustrates the impacts associated with mixing 38.57 cfs (occurring in the 

month of September) of streamflow in the Upper Powder River with 2.3 cfs of CBNG well 

discharge water on both SAR and EC.  After the flows mix, the resulting EC slightly decreases, 

whereas the SAR is slightly increased compared to existing stream water quality conditions (see 

water quality input data in Appendix B).  The combined streamflow of approximately 40.87 cfs 

reflects a resultant water quality, associated with the minimum mean monthly flow, that appears 

to exceed the LRPL and the MRPL for EC and the MRPL for SAR. 

 

Table 3.6-1 Surface Water Impact Analysis of the Upper Powder River Subwatershed 

Scenario 
MRPL LRPL 

Existing Stream Water Quality at 
Minimum Mean Monthly Flow 

Resulting Stream Water Quality 
at Minimum Mean Monthly Flow 

SAR EC (uS/cm) SAR EC (uS/cm) Flow (cfs) SAR EC (uS/cm) Flow (cfs) SAR EC (uS/cm) 

Normal Year 

2003 5(1) 2000(1) 9.75(1) 2500(1) 103.61 6.40 2482 105.91 6.75 2475 

2010 5(1) 2000(1) 9.75(1) 2500(1) --- --- --- 105.71 6.72 2476 

2015 5(1) 2000(1) 9.75(1) 2500(1) --- --- --- 104.61 6.56 2479 

2020 5(1) 2000(1) 9.75(1) 2500(1) --- --- --- 103.61 6.40 2482 

Dry Year 

2003 5(1) 2000(1) 9.75(1) 2500(1) 38.57 7.83 3400 40.87 8.66 3331 

2010 5(1) 2000(1) 9.75(1) 2500(1) --- --- --- 40.67 8.59 3337 

2015 5(1) 2000(1) 9.75(1) 2500(1) --- --- --- 39.57 8.20 3369 

2020 5(1) 2000(1) 9.75(1) 2500(1) --- --- --- 38.57 7.83 3400 

(1) Montana DEQ 

 

The existing stream water quality data identify the minimum mean monthly flow (2003) and 

corresponding EC and SAR data for both the normal and dry years.  Typically, the month in 

which the minimum flows occur varies from the normal and dry years, and generally reflects a 
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decrease in flow.  The baseline (2003) EC and SAR data may demonstrate an increase or 

decrease from the normal year to dry year depending on the month in which the minimum flow 

occurs. 

 

3.6.1 Upper Powder River:  Current Conditions (2003) 

 

The results of the water quality impact assessment under current conditions and all RFD 

Scenarios are presented in Figures 3.6-1, 3.6-2, 3.6-3, 3.6-4, 3.6-5 and 3.6-6.  The information 

in these figures reflects the results of the impact assessment for all monthly flows for both the 

dry-year and normal-year hydrologic conditions.  For the current conditions (2003), the 

observations presented below are based on the information presented in these figures. 

 

● Before Mixing.  Mean monthly EC values in the Upper Powder River currently exceed 

the MRPL for all months with the exception of May and June and exceed the LRPL from 

July through December for both the dry year and normal year.  Mean monthly values for 

SAR currently exceed the MRPL for all months except May and June and meet the LRPL 

for both hydrologic conditions. The Ayers and Westcot diagram indicates that the water 

in Upper Powder River is suitable for irrigation during all months in both hydrologic 

conditions prior to mixing with the CBNG discharge water. 

● Following Mixing.  The resultant EC values slightly decrease but continue to exceed the 

MRPL for all months with the exception of May and June for both the normal year and 

dry year.  EC values continue to exceed the LRPL from July through December for both 

the dry year and normal year.  The resultant SAR values are increased and exceed the 

MRPL for all months for the dry year, and all months with the exception of May and June 

for the normal year.  SAR values meet the LRPL for both hydrologic conditions. 

● Ayers and Westcot Diagram. For both the normal-year and dry-year conditions, the data 

indicate a very slight reduction in infiltration following mixing with CBNG production 

water.  Overall, the data indicates that the mixed water is suitable for irrigation during 

both hydrologic conditions. 

 

3.6.2 Upper Powder River:  RFD Scenario 2010 Conditions 

 

The results of the water quality impact assessment under RFD Scenario 2010 conditions are also 

presented in Figures 3.6-1, 3.6-2, 3.6-3, 3.6-4, 3.6-5 and 3.6-6.  For RFD Scenario 2010, the 

observations presented below are based on the information presented in these figures. 
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● Before Mixing.  Same as the current conditions (2003) presented in Section 3.6.1. 

● Following Mixing.  The resultant EC values slightly decrease but continue to exceed the 

MRPL for all months with the exception of May and June for both the normal year and 

dry year.  EC values continue to exceed the LRPL from July through December for both 

the dry year and normal year.  The resultant SAR values are increased and exceed the 

MRPL for all months in the dry year and all except May and June in the normal year.  

SAR values are below the LRPL for all months in both the normal and dry years . 

● Ayers and Westcot Diagram. For both the normal-year and dry-year conditions, the data 

indicate a slight reduction in infiltration following mixing with CBNG production water.  

Overall, the data indicate that the mixed water is suitable for irrigation during both 

hydrologic conditions. 

 

3.6.3 Upper Powder River:  RFD Scenario 2015 Conditions 

 

The results of the water quality impact assessment under RFD Scenario 2015 conditions are also 

presented in Figures 3.6-1, 3.6-2, 3.6-3, 3.6-4, 3.6-5 and 3.6-6.  For RFD Scenario 2015, the 

observations presented below are based on the information presented in these figures. 

 

● Before Mixing.  Same as the current conditions (2003) presented in Section 3.6.1. 

● Following Mixing.  The resultant EC values slightly decrease but continue to exceed the 

MRPL for all months with the exception of May and June for both the normal year and 

dry year.  EC values continue to exceed the LRPL from July through December for both 

the dry year and normal year.  The resultant SAR values are increased and exceed the 

MRPL for all months except May and June in the normal and dry years.  SAR values 

meet the LRPL for both hydrologic conditions. 

● Ayers and Westcot Diagram. For both the normal-year and dry-year conditions, the data 

indicate a slight reduction in infiltration following mixing with CBNG production water.  

Overall, the data indicates that the mixed water is suitable for irrigation during both 

hydrologic conditions. 
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3.6.4 Upper Powder River:  RFD Scenario 2020 Conditions 

 

The results of the water quality impact assessment under RFD Scenario 2020 conditions are also 

presented in Figures 3.6-1, 3.6-2, 3.6-3, 3.6-4, 3.6-5 and 3.6-6.  The observations are based on 

the information presented in these figures. No CBNG production water is discharged to the 

stream. Therefore, results are the same as the current conditions before mixing (2003) presented 

in Section 3.6.1. 

 

3.7 Sensitivity Analysis 

 

A sensitivity analysis was conducted on the CBNG well discharge data (EC and SAR) provided 

by the Wyoming DEQ/WQD.  The approach to the sensitivity analysis is described below. 

 

● A statistical evaluation was conducted to determine the mean value and 95% confidence 

intervals associated with the monthly data for each EC and SAR data set.   

● The spreadsheet model (water quality mixing) was utilized and iterated with the mean 

value and the upper and lower values associated within the 95% confidence interval for 

the CBNG discharge data to determine the mixed water quality. 

● The difference (as a percentage) was computed between the mixed “mean” water quality 

and the water quality predicted for the upper and lower values within the 95% confidence 

interval. 

 

The results of the sensitivity analysis are presented in Appendix C.  In general, the results are 

summarized below. 

 

● In the Dry Fork Cheyenne River, no CBNG production water occurs. 

● In the Little Powder River, the maximum difference in the predicted values for EC was 

determined to be 0.82%.  The maximum difference in predicted values for SAR was 

determined to be approximately 4.74%. 

● In the Upper Cheyenne River, the maximum difference in the predicted values for EC 

was determined to be 0.71%.  The maximum difference in predicted values for SAR was 

determined to be approximately 6.5%. 
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● In the Upper Powder River, the maximum difference in the predicted values for EC was 

determined to be 0.03%.  The maximum difference in predicted values for SAR was 

determined to be approximately 0.62%. 

● In the Upper Belle Fourche River, the maximum difference in the predicted values for EC 

was determined to be 0.60%.  The maximum difference in predicted values for SAR was 

determined to be approximately 4.25%. 

● In Antelope Creek, the maximum difference in the predicted values for EC was 

determined to be 1.82%.  The maximum difference in predicted values for SAR was 

determined to be approximately 10.28%. 

 

3.8 Summary 

 

The impacts to water quality on the receiving drainages assumed two hydrologic conditions; dry-

year conditions and normal-year conditions.  The impact analysis was conducted using monthly 

flows and comparatively evaluated the water quality parameters (SAR and EC) of the receiving 

drainage before and after mixing with discharge water generated by the CBNG wells within the 

watershed.  In general, the water discharged from the CBNG wells reflected increased levels of 

SAR and reduced levels of EC compared to the water quality of the receiving drainages.  Impacts 

to water quality are likely to be maximized during the low flow months; consequently, the 

comparative evaluation of water quality also focused on the minimum monthly flow associated 

with the dry-year and normal-year conditions. 

 
The results of the water quality analyses are summarized in Table 3.8-1 and Table 3.8-2.  

Several observations can be made regarding the overall effects of mixing CBNG well production 

water with surface water within the study area.  These general observations are discussed in the 

following paragraphs. 
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3.8.1 Current Surface Water Quality Conditions 

 

With respect to the Most Restrictive Proposed Limit (MRPL) and the Least Restrictive Proposed 

Limit (LRPL) for the impact analysis, several of the surface water sources currently (2003, prior 

to mixing) exceed the MRPL during many months of the years.  Specific observations related to 

the water quality of the surface water sources are listed below. 

 

● The surface water in the Upper Powder River exceeds the MRPL for both EC and SAR 

throughout the majority of the year.  Levels of SAR are less than the LRPL while EC 

values generally exceed the LRPL the latter half of the year (July through December). 

● The surface water in both Antelope Creek and the Dry Fork Cheyenne River exceeds the 

MRPL for EC during the low-flow months from September through February and also 

June.  Levels of EC are typically less than the LRPL. The SAR values are relatively low 

and do not exceed the MRPL. 

● The surface water in the Little Powder River exceeds the MRPL for EC and SAR 

throughout the majority of the year and exceeds the LRPL for EC during the low flow 

months of August, September and November through January.   SAR levels remain 

below the LRPL throughout the year. 

● The surface water in the Upper Cheyenne River exceeds the MRPL for EC for ten 

months of the year and exceeds the LRPL nine months of the year.  The surface water 

does not exceed the MRPL for SAR.  

● The surface water in the Upper Belle Fourche River exceeds the MRPL for EC during the 

low-flow months from September through January.  Levels of EC are less than the LRPL 

with the exception of November through January.  The SAR values are relatively low but 

tend to exceed the MRPL from November through January while meeting the LRPL 

throughout the year. 

 

3.8.2 Mixed Water Quality Conditions 
 

Specific observations related to the MRPL and LRPL following mixing with CBNG well 

production water are provided below.  The observations are related to the scenario that results in 

the highest contribution of CBNG well production water to the surface water source thereby 

maximizing the potential impact associated with the CBNG well production water.  These 

conditions are typically reflected during the dry year; consequently, the observations discussed 

below reflect dry-year conditions. 
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● The surface water in the Upper Powder River demonstrates a minimal reduction in EC 

and a minor increase in SAR.  These results reflect the relatively small contribution of 

CBNG well production water to the much larger flows in Upper Powder River.  EC 

values continue to exceed the MRPL throughout the majority of the year (July through 

April) and the LRPL from July through December.  SAR values exceed the MRPL 

throughout the majority of the year while meeting the LRPL. 

● The surface water in Antelope Creek reflects a reduction in EC that meets the MRPL 

throughout the year.  Levels of SAR are increased but continue to meet the MRPL.  This 

observation largely reflects the lack of surface water in these streams coupled with the 

relatively low values for EC and elevated SAR in the CBNG well production water. 

● No CBNG well production water is contributed to the Dry Fork Cheyenne River. 

Consequently, the water quality in this surface water source remains the same as that 

described for the current conditions (2003). 

● The surface water in the Little Powder River reflects a reduction in EC but continues to 

exceed the MRPL four or more months of the year and exceed the LRPL from one (2003, 

2010, 2015) to four (2020) months of the year.  The SAR values reflect an increase and 

exceed the MRPL ten or more months of the year, and exceed the LRPL one (2003, 

2010) month of the year. 

● The surface water in the Upper Cheyenne River reflects a minor reduction in EC but 

continues to exceed the MRPL for ten or more months of the year and the LRPL for eight 

or more months of the year.  A minimal increase in SAR is realized and the surface water 

continues to meet the MRPL. 

● The surface water in the Upper Belle Fourche River reflects a reduction in EC that meets 

the MRPL throughout the year.  The SAR values reflect a slight increase and tend to 

exceed the MRPL six or more months of the year while meeting the LRPL throughout the 

year.  

 

3.8.3 Observations Related to EC 

 

The EC associated with the surface water sources is typically higher than the EC associated with 

the CBNG well production water.  Consequently, the simple mixing approach utilized during the 

evaluation results in a reduction or improvement in EC after mixing with CBNG production 

water.  In every instance, the most significant reduction in EC correlates to those scenarios 
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(current conditions or RFD Scenarios) that involve the largest contribution of CBNG water to the 

receiving stream.  This trend is amplified during time periods when surface water flows are 

reduced in the stream as confirmed by the results of the dry-year analysis.  With the exception of 

the Upper Powder River, this observation was consistent for all surface water sources evaluated 

during this study.  Within the Upper Powder River, the EC associated with the CBNG well 

production water was the most elevated and similar to the EC of the surface water.  

  

3.8.4 Observations Related to SAR 

 

The SAR associated with the surface water sources is typically lower than the SAR associated 

with the CBNG well production water.  Similar to the evaluation of EC, the simple mixing 

approach utilized during the evaluation will generally result in an increase in SAR after mixing 

with CBNG production water.  The most significant increase in SAR correlates to those 

scenarios (current conditions or RFD Scenarios) that involve the largest contribution of CBNG 

water to the receiving stream.  This trend is amplified during time periods when surface water 

flows are reduced in the stream as confirmed by the results of the dry-year analysis.  With the 

exception of Upper Cheyenne River, this observation was consistent for all surface water sources 

evaluated during this study.  Within the Upper Cheyenne River, the SAR associated with the 

CBNG well production water was similar to the SAR of the surface water.  

 

3.8.5 Observations Related to Irrigation Suitability 

 

The suitability of the mixed water for irrigation purposes is also related to EC and SAR.  The 

analysis for irrigation suitability relied solely on utilization of the Ayers Westcot Diagram.  In 

general, the water most suitable for irrigation consists of a source with relatively low SAR and 

relatively high EC.  Elevated SAR values may reduce permeability in clayey soils thereby 

reducing the rate of water infiltration.  This relationship in EC and SAR is depicted in the Ayers 

Westcot Diagram in terms of the suitability of water sources for irrigation purposes.  In those 

instances where the SAR is significantly increased and the EC is moderately low, the water 

source was considered unsuitable.  This observation was specifically noted in the surface water 

sources associated with Antelope Creek, Little Power River and Upper Belle Fourche River.  For 

these streams, the results demonstrated adequate suitability for irrigation during the normal year 

conditions and unsuitable water sources during a portion, or the entire irrigation season, during 

the dry-year conditions.  These streams also demonstrated a reduced level of EC compared to the 

Upper Cheyenne River and the Upper Powder River.  In general, the increased levels of SAR in 

the CBNG well production water directly relates to the reduction in the suitability of the water 

for irrigation purposes in streams receiving a large component of CBNG discharge.  In general, 
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this trend is amplified for all streams during periods when CBNG well production water 

represents the majority of the flows available for irrigation purposes. 
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4.0 CHANNEL STABILITY EVALUATION 
 

4.1 General 

 

The cumulative impact assessment includes an evaluation of channel stability with respect to the 

surface water resources within the study area.  In general, the impacts to channel stability largely 

relate to the water quantity associated with the discharges from current or projected coal mining 

activities, CBNG wells or conventional oil and gas wells compared to the runoff characteristics 

of the receiving drainages.  Of particular importance is the amount of production water or 

discharge that is directly conveyed to the receiving drainages.  As stated in Chapter 2, based on a 

review of the data available in the Task 1 and Task 2 reports, it is assumed that the production 

water discharged directly to the receiving drainages is limited to CBNG wells. 

 

Conducting an evaluation for channel stability in relation to potential changes in the hydrologic 

regime is a difficult task, especially for semiarid and arid regions.  For example, runoff from the 

tributary watersheds is typically considered the primary factor in channel development.  In 

consideration of the smaller watersheds within the semiarid study area, this runoff may be 

infrequent and only in response to precipitation events.  With respect to the study area, a USGS 

report (Martin, Naftz, Lowham, and Rankl; 1988) concluded that “the fluvial system currently 

(1987) is stable.  Although some gullying and headcutting is occurring, the processes appear to 

be related to natural rejuvenation of the basins and generally are of a local nature”.  

Consequently, it is likely that active erosion is occurring in some of the ephemeral drainages (in 

the form of gullying and headcutting). 

  

Given the limited data available to assess channel stability, quantification of the impacts 

becomes problematic.  To the maximum extent possible, the impact to perennial drainages is 

addressed on a quantitative basis, at the subwatershed level, using regression equations related to 

discharge and channel width.  To support this evaluation in consideration of the limited data, 

geomorphic relationships have been utilized to provide a qualitative assessment of the impacts 

associated with the production of CBNG discharge water.  These relationships include the 

following: 

 

   Q  ~  (b, d, )/S  (Schumm, 1977) 

 

where Q represents mean annual discharge 

 b represents channel width 

 d represents depth 
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  represents meander wavelength, and 

 S represents channel gradient. 

 

   Qs d50  ~  Q S   (Lane, 1955) 

 

where Qs  represents bed material load 

 d50  represents median sediment size, 

Q represents mean annual discharge, and 

S represents channel gradient. 

 

These relationships provided a qualitative assessment of the response of the receiving drainages 

to an increase in discharge provided by the introduction of CBNG well production water. 

  

4.2 Evaluation of Perennial Streams 

 

Examination of United States Geological Survey (USGS) records for the Belle Fourche River 

below Moorcroft, Wyoming (USGS Gage 06426500) and the Little Powder River above Dry 

Creek, near Weston, Wyoming (USGS Gage 06324970) provided the basis of the evaluation of 

perennial streams.  The daily discharge data for the Little Powder River indicated that zero 

discharge occurs less than 3% of the days of record, while the daily discharge data for the Belle 

Fourche River indicate that a zero discharge occurred about 23% of the days of record.  Based on 

the CBNG discharge data presented in Appendix A, the annual streamflow in the Little Powder 

River and the Belle Fourche River will increase by a maximum of 2.2 cfs and 4.3 cfs, 

respectively and may essentially eliminate records of zero streamflow. 

 

Figure 4.2-1 and Figure 4.2-2 provide estimates of peak annual discharge recurrence interval 

for the Little Powder River and Belle Fourche River, respectively.  A common range for the 

channel forming discharge is between the 1.5-year and 2-year recurrence interval.  Using this 

information, the Little Powder River channel forming discharge is estimated to be in the range of 

270 to 420 cfs, and the Belle Fourche River channel forming discharge is estimated to be in the 

range of 652 to 789 cfs. 

 

Figure 4.2-3 and Figure 4.2-4 present a hydraulic geometry relationship for channel width as a 

function of discharge for the Little Powder River and Belle Fourche River, respectively. The 

hydraulic geometry relationships were developed from all data classified as good (G) by the 

USGS during the data collection efforts.  For each field measurement, the USGS crew will report 

a poor, fair, or good rating of the measurement conditions, which may vary depending on ice or 
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Figure 4.2-1 Estimated Recurrence Intervals for Observed  
Annual Peak Discharge for the Little Powder River. 
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Figure 4.2-2 Estimated Recurrence Intervals for Observed 
Annual Peak Discharge for the Belle Fourche River. 
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Figure 4.2-3 The Relationship Between Measured Discharge 

and Channel Width for the Little Powder River. 
 
 
 

 
Figure 4.2-4 The Relationship Between Measured Discharge 

and Channel Width for the Belle Fourche River. 
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debris accumulation, rapidly changing water levels, or numerous other factors that are beyond 

control of the field crew.  Using the relationships developed, channel width in the range of the 

channel forming discharge was computed for the existing condition and for the maximum CBNG 

well production condition by adding the predicted CBNG discharge to the existing condition 

discharge (Table 4.2-1).  The estimated change in width for the Little Powder River was 

computed to be less than 0.3%, and was less than 0.2% for the Belle Fourche River.  These 

results suggest that for the larger, perennial streams the effect of the CBNG well production 

water will be minimal. 

 
Table 4.2-1  Impact of CBNG Production Water on Perennial Streams 

 

Location 

Channel 
Forming 

Discharge (1) 
(cfs) 

CBNG Discharge Estimated Width 
Potential Impact 

[Increased Width]

(cfs) (%) 
Existing 

Conditions 
(ft) 

Combined 
Discharge 

(ft) 
(ft) (%) 

Little Powder River above Dry 
Creek near Weston, Wyoming 
(USGS Gage 06324970) 

270 to 420 2.2 0.5% to 0.8% 47.3 to 56.3 47.4 to 56.4 0.15 to 0.12 0.3% 

Belle Fourche River below 
Moorcroft, Wyoming 
(USGS Gage 06426500) 

652 to 789 3.9 0.5% to 0.6% 66.9 to 72.1 67.0 to 72.2 0.16 to 0.14 0.2% 

(1) Discharge associated with the 1.5 to 2 year recurrence interval. 
 

 

From a qualitative standpoint, the geomorphic relationships also provide insight into the 

potential impacts of the CBNG production water on the mean annual discharge events.   

Increasing the discharge in Schumm’s relationship (Schumm, 1977) results in the following: 

 

   Q+  ~  (b+, d+, +)/S-  

 

This means that an increase in mean annual discharge may result in potential increases in 

channel width, depth, and meander wavelength while a decrease in channel gradient may occur.  

With respect to the Lane relationship, increasing the discharge may result in: 

 

   Qs
+

 d50
+  ~  Q+ S-  

 

The interpretation of this information reveals that an increase in mean annual discharge may 

reduce channel gradient or result in an increase in bed material transport or median particle size 

of the bed material.  Given the relatively low increase in mean annual discharge, these trends 

predicted by the geomorphic relationships are considered to be imperceptible. 
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4.3 Evaluation of Ephemeral Streams 

 

Limited data on streamflows is available for the smaller, ephemeral drainage channels within the 

study area that may receive discharges from the CBNG wells.  Furthermore, the data related to 

the predicted CBNG well production water is provided on a subwatershed basis.  However, it is 

reasonable to assume that the CBNG well production water will represent a much higher 

percentage of the mean annual discharges in some of the ephemeral drainages within the study 

area.  Consequently, the impacts to channel stability will be more readily apparent and may be 

manifested by an increase in channel erosion, headcutting, and incision. 

 

As stated previously, some of the ephemeral channels through which the CBNG production 

water will be conveyed are actively eroding.  Numerous geomorphologic studies have used data 

developed from different locations to infer landform development through time, commonly 

employing a technique termed location-for-time substitution.  This technique assumes that by 

observing channel form as one moves downstream along a channel, the effect of physical 

processes at one location through time can be predicted; that is, changing location is substituted 

for changing time.  This technique was used to develop a Channel Evolution Model (CEM) for 

Oaklimeter Creek, an incised stream in northern Mississippi (Schumm et al. 1981, 1984). Simon 

and Hupp (1987) later developed a similar model of channel evolution based on Schumm et al. 

(1981, 1984). 

 

The CEM consists of five channel-reach types (Figure 4.3-1), which describe the evolutionary 

phases typically encountered in an incised channel.  These evolutionary phases range from strong 

disequilibrium to a new state of quasi-equilibrium.  Quasi-equilibrium implies that the system is 

not static and changes through time, but over a period of years the average condition is one of 

stability.  The model is based on the assumption that moving downstream through the system is 

equivalent to remaining in place and monitoring changes due to the passage of time.  The 

response at any given location in the channel can then be estimated from the morphology of 

downstream channel locations. 

 

The channel reach types in the CEM are labeled Types I through V, and are assumed to occur 

consecutively in the downstream direction.  The CEM assumes each channel type will occur in 

turn at a given location as the channel evolves.  Type I reaches are located upstream of the 

actively degrading reach and have not yet experienced significant bed or bank instabilities.  

These reaches are generally characterized by U-shaped cross sections with little or no recently 

deposited sediment stored in the channel bed. 

 



 

 4-7 February 2008 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Type II reaches are encountered immediately downstream of Type I reaches.   Bed degradation is 

the dominant process in the Type II reach.  Type II channels are over-steepened reaches where 

the sediment transport capacity exceeds the sediment supply.  Although the channel is actively 

degrading in a Type II reach, the bank heights (h) do not exceed the critical bank height (hc) and, 

therefore, reach-scale geotechnical bank instability is not encountered.  

 

As bed degradation continues, the bank heights and angles continue to increase.  When the bank 

heights exceed the critical bank height for stability in Type III reaches, mass failures 

Figure 4.3-1   CEM Channel Types 
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(geotechnical instability) begin.  The dominant process in the Type III reach is channel widening.  

In places, the Type III reach may continue to be slightly degradational. However, the reduced 

sediment transport capacity resulting from the longitudinal channel slope decreasing combined 

with increased sediment supply from upstream due to instability and from bank failures within 

the reach often results in the initiation of sediment deposition on the channel 

 
Type IV reaches are downstream of Type III reaches and represent the first manifestation of the 

incising channel returning to a new state of dynamic equilibrium. In the Type IV reach, 

geotechnical bank instabilities and channel widening may continue, but at a much reduced rate.  

The sediment supply from upstream (Type III) exceeds the sediment transport capacity, resulting 

in aggradation of the Type IV channel bed.  The Type IV reach is also characterized by the 

development of berms, which are depositional features along margins of the over-widened 

channel.  These berms represent the beginning of a new inner channel with dimensions adjusted 

to the flow and sediment regime. 

 

Type V reaches represent a state of dynamic equilibrium with a balance between sediment 

transport capacity and sediment supply. Bank heights in the Type V channel are generally less 

than the critical bank height and, therefore, reach-scale geotechnical bank instability ceases.  

However, local bank failures can still exist as part of the meander process, or as the results of 

constrictions, obstructions, or other local factors.  The berms, which were initiated in the Type 

IV reach have now become colonized by riparian vegetation forming a compound channel within 

the larger, incised channel.  The equilibrium channel of Type V is of a compound shape, with a 

smaller inner channel bounded by a narrow floodplain.  The original floodplain of the Type I 

channel is now a terrace.     

 

The CEM addresses the channel stability status within a system context. Dynamic equilibrium in 

a Type V reach simply implies that system stability has been attained. A Type V reach may 

exhibit considerable erosion that is part of the natural meander process or some other local 

process, yet still be classified as being in dynamic equilibrium.   

 

The primary value of the CEM sequence is to underpin identification of the evolutionary state of 

the channel from field reconnaissance.  The morphometric characteristics of the channel reach 

types can also be correlated with hydraulic, geotechnical, and sediment transport parameters 

(Harvey and Watson 1986; Watson et al. 1988).  The evolution sequence provides an 

understanding that while reaches of a stream may differ markedly in appearance, the channel 

form in one reach is associated with that in adjacent and remote reaches by an evolutionary 

process.   
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Fundamentally, the cause for incision (gully formation) is an imbalance between the sediment 

transport capacity and the sediment supply.  For example, urbanization of the watershed 

increases runoff and increases sediment transport capacity.  Urbanization can also decrease the 

sediment supply from the watershed to the stream, which can also upset the delicate balance. 

Downstream dredging or channelization decreases the base level and increases transport 

capacity. Stream sediment transport capacity can be abruptly increased through channelization, 

an increase in flow velocity or duration as a result of land-use change, or lowering base level.  

Sediment supplies may be abruptly reduced by sediment trapping in reservoirs, erosion control 

practices on uplands, and imperviousness.  Natural causes such as uplift or subsidence, climate 

change, and lateral shifting of the stream can also cause the balance to be interrupted.   

 

As stated previously, the discharge of CBNG well production water into the ephemeral drainages 

may initiate or exacerbate erosion within the conveyance channel.  Should erosion be initiated, 

given the relatively minor flow compared to the typical gully section in the typical ephemeral 

drainage channel, it is anticipated that a small incision may occur, similar to the CEM Type II 

model.  One must also consider that the sustained nature of the CBNB well production water 

may also generate and support an increase in diversity and density of the vegetation along the 

channel.  The increase in vegetation may tend to prevent channel erosion or partially stabilize 

existing erosion within the ephemeral drainage channel.  

 

Similar to the perennial stream channels, the geomorphic relationships were utilized to provide 

insight into the potential impacts of the CBNG production water on the mean annual discharge 

events associated with the ephemeral drainages.  Increasing the discharge in Schumm’s 

relationship (Schumm, 1977) results in the following: 

 

   Q+  ~  (b+, d+, +)/S-  

 

Given that the relative magnitude of the increase in mean annual discharge is more significant in 

the ephemeral drainage channel, it is likely that potential increases in channel width and depth 

will occur along with local reductions in channel slope.  With respect to the Lane relationship 

(Lane 1955), increasing the discharge may result in the following: 

 

   Qs
+

 d50
+  ~  Q+ S-  

 

Again, an increase in mean annual discharge may reduce channel gradient or result in an increase 

in bed material transport or median particle size of the bed material.  Given the potentially 

significant increase in mean annual discharge, these trends predicted by the geomorphic 
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relationships are more likely to occur, especially considering that the increases attributable to the 

CBNG production water are sustained discharges. 

  

Due to the potential for erosion in the ephemeral drainages, it may be prudent to establish a 

monitoring and management plan on selected drainages prior to the discharge of CBNG 

production water.  Where an ephemeral drainage may be impacted, erosion monitoring pins can 

be installed into the bed and banks of the drainage channel at appropriate locations.  The pins are 

typically driven 3 to 4 feet into the soil leaving about an inch exposed, and subsequent 

measurements are made of the length of exposed pin.  Each erosion pin is located via a GPS; 

however no survey equipment is typically required.  Seasonal measurements will yield a data set 

that quantifies estimated erosion at each point.  Where erosion is evident from the visual 

inspection and evaluation of the data, methods to mitigate the erosion should be considered.  

Mitigation measures may include placement of small grade control structures at locations of 

active erosion and headcutting.   

 

Ephemeral drainage channels that are presently experiencing active headcutting and erosion 

should be identified.  Monitoring of the erosion should be conducted as specified above.  Where 

erosion of the channel is considered significant, mitigation measures should be implemented and 

the channel stabilized.  Mitigation measures identified in the Draft EIS for the Seminoe Road 

Natural Gas Development Project (BLM, 2005) may be worthy of consideration and include 

grade control structures, check dams, impact basins, channel reconstruction, and other possible 

engineered erosion control measures. 

 

4.4 Evaluation of Caballo Creek near Belle Ayr Coal Mine 

 

Following the assessment of the impact associated with CBNG well discharge on channel 

stability as discussed in the previous sections, the BLM and WDEQ requested an additional 

investigation be conducted with pertinent hydrologic data from an active coal mine in the 

Powder River Basin.  Consequently, data available for Caballo Creek in the vicinity of the Belle 

Ayr Coal Mine was obtained, reviewed and utilized to complete the assessment of channel 

stability.  The purpose of the channel stability assessment was to evaluate the impact of increased 

flows (associated with CBNG well discharge) in Caballo Creek on the existing and reclaimed 

channels as well as the diversion channels and structures constructed in accordance with the 

mine permit application.  
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4.4.1 Pertinent Information and Statistics 

  

The Belle Ayr Coal Mine is located about 12 miles south of Gillette, Wyoming along State 

Highway 59.  A USGS water quality sampling site (USGS 06425800-Caballo Creek near 

Gillette, Wyoming) is located near the crossing of Caballo Creek and the highway.  Pertinent 

statistics associated with the sampling site include the drainage area of 122 square miles 

(estimated near the western mine permit boundary) and a gage datum that is 4520 feet above sea 

level NGVD29.  At or very near the USGS sampling site is the first of two Caballo Creek stream 

gages associated with the Belle Ayr Coal Mine.  The first stream gage, BA-6, is located near the 

upstream extent of the mine permit boundary.  A second gage, BA-4, is located at the 

downstream extent of the mine permit boundary.  North of Caballo Creek near the western 

boundary of the mine permit is Bone Pile Creek and Duck Nest Creek.  Both of these streams are 

tributary to Caballo Creek.  Figure 4.4-1 presents a location map illustrating the mine permit 

boundary along with the existing streams and stream gages.  

 

Information for this investigation was obtained from several documents pertinent to the Belle 

Ayr Coal Mine.  Watershed data were obtained from relevant mine permit documents and 

specifically included a document entitled “Reclamation Plan for Portions of Caballo Creek, 

Belle Ayr Mine, Campbell County, Wyoming” (Western Water Consultants, Inc. 1997).  The 

watershed vertical relief is 740 feet from the headwaters to the confluence with the Belle Fouche 

River, with a mainstream channel length of 51 miles.  The basin slope is 0.0056 and the average 

stream gradient is 0.0027, yielding a sinuosity of about 1.8.  The 2-year recurrence interval storm 

was estimated to range from 400 to 441 cfs for the 200-square mile drainage area (estimated at 

the eastern mine permit boundary).  An estimate of flow volume per year at the western mine 

boundary used by the mine is reported to be 1,300 ac-ft per year.  The permit documents 

classified Caballo Creek as an intermittent stream. 

 

4.4.2 Hydrologic Data 

 

Figure 4.4-2 provides summary information related to gage data at BA-4 and BA-6 for the time 

period extending from 1984 to 2004.  The data portrayed in the graph indicates that discharges in 

both gages began increasing in about 1992.  Conversations with representatives of the Belle Ayr 

Mine, along with data provided in the Belle Ayr Mine annual reports, indicate that the increases 

in flow noted at that time were consistent with the production of CBNG well discharge water 

from wells located within the Caballo Creek, Bone Pile Creek and Duck Nest Creek watersheds.  

The location of the WYPDES discharge points associated with the CBNG wells and a listing of 

wells within Belle Ayr Mine permit area were documented in the annual reports. 
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 Figure 4.4-1  Vicinity Map 
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The information below is derived from a review of the data in Figure 4.4-2. 

 

 Both gages may have received CBNG well discharge water for about 10 years. 

 The average annual discharge for the BA-4 gage (downstream gage) increased from 0.5 

cfs (from 1984 to 1992) to 1.6 cfs (from 1993 to 2004).  This represents an increase of 

1.1 cfs that is potentially attributable to the contribution of CBNG well discharge water. 

 The average annual discharge for the BA-6 gage (upstream gage) increased from 0.02 cfs 

(from 1984 to 1992) to 0.21 cfs (from 1993 to 2004).  This represents an increase of 0.19 

cfs that is potentially attributable to the contribution of CBNG well discharge water. 

 

It should be noted that the BA-6 gage is located upstream of the CBNG wells within the Bone 

Pile Creek and Duck Nest Creek watersheds, thereby reducing the contribution of CBNG well 

discharge water to this location compared to BA-4.  Furthermore, the annual reports provided by 

the Belle Ayr Mine indicated that the majority of the CBNG well discharge water is contributed 

from the Bone Pile Creek and Duck Nest Creek watersheds.  Consequently, the impact of the 

CBNG well discharge water will be more evident on the flow data reflected for the BA-4 gage.   
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Figure 4.4-2  Hydrologic Data for Caballo Creek (1984-2004) 
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The existence of Caballo Reservoir was investigated with respect to its impact on the flow 

records of Caballo Creek.  Caballo Reservoir represented a premining impoundment formed by 

an earthen dam in the channel of Caballo Creek.  Caballo Reservoir was located downstream of 

the confluence of Bone Pile Creek and Caballo Creek, thereby impacting the flows at the BA-4 

gage.  Following a period of flooding in 1978, the dam embankment for Caballo Reservoir was 

breached.  Given the period of record chosen for this analysis (1984 to 2004), the existence of 

Caballo Reservoir did not impact the results illustrated in Figure 4.4-2.   

 

During the field reconnaissance visit to the Belle Ayr Mine, areas of ponded water were apparent 

but no surface flow was evident in either Caballo Creek or Bone Pile Creek west of Highway 59.  

Reportedly, discharge collected from CBNG wells within the Duck Nest Creek watershed has 

been historically diverted into Bone Pile Creek.  Evidence of historic diversions from Duck Nest 

Creek into Bone Pile Creek east of Highway 59 was observed during the field reconnaissance 

visit (see Figure 4.4-7 and Figure 4.4-8).  Minimal flow was observed at one of these locations.  

Since these historic diversions from Duck Nest Creek impact the flow in Bone Pile Creek 

(located downstream of the BA-6 gage), no impact on the records at the BA-6 gage on Caballo 

Creek are realized. 

 

The data along with the field observations may reflect the limited precipitation and drought 

conditions that have existed since the turn of the century.  An analysis of precipitation data was 

conducted to evaluate the impact of potential drought conditions on the hydrologic period of 

record chosen for this work effort.  Data available for a precipitation gage near Gillette, 

Wyoming was utilized for the evaluation.  The results of this work are illustrated in Figure 

4.4-3.  The precipitation data reflects the same general trend as the gage data.  A general increase 

in average annual precipitation exists from a value of 14.36 inches (for the time period from 

1984 to 1992) to 18.14 inches (for the time period form 1993 to 2004).  This represents an 

increase of 3.78 inches or 19% in average annual precipitation.  Based on a comparative 

evaluation of the gage data at BA-4, the increase in annual precipitation tends to minimize the 

impact of the CBNG well discharge on the increase in streamflow observed at the gage. 

 

A further evaluation of the impact of potential drought conditions was conducted through an 

evaluation of the Palmer Drought Index.  The Palmer Drought Index, typically used as a measure 

of dryness, is  based on a supply and demand model of soil moisture.  The index has proven most 

effective in determining long-term drought.  The methodology assigns 0 as normal, and drought 

is shown in terms of minus numbers; for example, minus 2 is a moderate drought, minus 3 is a 

severe drought, and minus 4 is an extreme drought.  For the Belle Fourche drainage basin in 

Wyoming, the index values (data limited to annual values prior to 2001) are presented in Figure 

4.4-4.  An evaluation of the data in Figure 4.4-4 results in the following observations: 
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Figure 4.4-3  Average Annual Precipitation Data (1984-2004) 

Annual Precipitation (inches):
 Gillette, Wyoming (Gillette 9 ESE) 
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 Drought conditions were present during the time period from 1984 to 1992 with 

noticeable improvement or absence of drought conditions beginning in 1993.  Minor 

drought conditions are evident in 2000, the last year of the available data. 

 

 As expected, there is a correlation between the index values and precipitation data.  The 

increase in annual precipitation beginning in 1993 was manifested in an increase in the 

Palmer Drought Index and an absence of drought conditions from 1993 to 1999. 

 

 The increase in the Palmer Drought index beginning in 1993 would support a 

corresponding increase in streamflow within the Belle Fourche drainage basin. 

 

 With the addition of CBNG well discharge into Caballo Creek in 1992, the data for the 

Palmer Drought Index would tend to minimize the impact of the CBNG well discharge 

on the increase in streamflow observed at the BA-4 gage. 

 

4.4.3 Channel Stability 

 

The concept of the dominant discharge or channel-forming discharge implies that the natural 

channel morphology (width, depth, slope and planform) adjusts to a discharge that is largely 

responsible for that geometry.  As previously stated in Section 4.2, the dominant discharge is 

generally considered to be in the range of the 1.5-year to 2-year recurrence interval.  The 2-year 

peak discharge for Caballo Creek at the eastern mine boundary was estimated to be about 400 

cfs.  The estimated contribution of CBNG well discharge water of 1.1 cfs represents less than 1% 

of the 2-year peak discharge.  Therefore, it is unlikely that the modest increase in surface flows 

attributable to CBNG well discharge water would have a systematic effect on the channel 

morphology associated with the channel-forming discharge.  Furthermore, given the relatively 

flat nature of the channel gradient coupled with the high sinuosity of the channel, a sustained 

discharge of this magnitude will likely promote an increase in diversity and density of the 

vegetation along the channel. 

 

These results were confirmed by observations of the existing channels during the field 

reconnaissance visit.  Figures 4.4-5 to 4.4-12 are provided to document the increase in 

vegetation and lack of active erosion within the channels. 
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Figure 4.4-5  This view is looking downstream on  
Caballo Creek at the BA-6 v-notch weir gauging site. 

Figure 4.4-6 This view is looking upstream on Caballo Creek at the BA-4 v-
notch weir gauging site.  No discernible flow was observed. 
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Figure 4.4-7  The view is looking upstream on Bone Pile Creek from a pipeline diversion 
associated with CBNG well  production water from the Duck Nest Creek watershed. 

Figure 4.4-8 This view illustrates Bone Pile Creek downstream of the location where CBNG 
well production water is introduced. Vegetation is very dense and no active erosion was noted. 
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Figure 4.4-9  This view presents a highly sinuous, deeper reach of Caballo Creek along the 
western permit boundary. Banks are well vegetated and no active erosion was noted. 

Figure 4.4-10  This is a view of the confluence of Caballo Creek and Bone Pile Creek. 
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Figure 4.4-11  The view illustrates the diversion channel immediately 
downstream of the confluence of Caballo Creek and Bone Pile Creek. 

Figure 4.4-12  The view displays Caballo Creek and Bone Pile Creek upstream of 
highway 59.  Banks are stable with significant aquatic vegetation in the stream.  No 

significant flow was observed in either channel. 
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Qualitatively, these results can also be confirmed by geomorphic relationships. As presented in 

Section 4.3, increasing the discharge in Schumm’s relationship (Schumm, 1977) results in the 

following: 

 

   Q+  ~  (b+, d+, +)/S-  

 

Assuming the relative magnitude of the increase in mean annual discharge is more significant in 

the ephemeral drainage channel, it is likely that potential increases in channel width and depth 

will occur along with local reductions in channel slope.  However, it should be noted that 

contribution of flow from the CBNG well discharges into Caballo Creek (characterized as an 

intermittent stream) is relatively small in comparison to the channel forming discharge. 

Furthermore, the existing slope and sinuosity (reported to be 0.0012 ft/ft and 1.81, respectively) 

of Caballo Creek would require a significant increase in discharge to manifest a noticeable 

decrease in slope or an increase in sinuosity.  Consequently, it is unlikely that the minor 

contribution from CBNG well discharge to the flow in Caballo Creek will result in any active 

erosion to the channel. 

 

4.4.4 Summary and Conclusions 

 

Based on the channel stability assessment of Caballo Creek, the following information is 

provided: 

 

 CBNG well production water has been historically and is presently discharged into Bone 

Pile Creek, Duck Nest Creek, and Caballo Creek.  Based on the hydrologic data, the 

average annual discharge was estimated to increase from 0.5 cfs to 1.6 cfs (increase of 

1.1 cfs) within Caballo Creek at the BA-4 gage.  The estimated contribution of CBNG 

well production water of 1.1 cfs represents less than 1% of the 2-year peak discharge. 

 

 The increase in the data related to average annual precipitation values and the Palmer 

Drought index beginning in 1993 support a corresponding increase in streamflow within 

the Belle Fourche drainage basin.  With the addition of CBNG well discharge into 

Caballo Creek in 1992, the data related to average annual precipitation and the Palmer 

Drought Index would tend to minimize the impact of the CBNG well discharge on the 

increase in streamflow observed at the BA-4 gage. 
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 No active erosion was evident within the natural channels associated with Caballo Creek, 

Bone Pile Creek or Duck Nest Creek.  Furthermore, no active erosion was evident within 

the diversion channels or adjacent to the structures within the diversion channels. 

 

 Field observations noted an increase in vegetation diversity and density within all 

drainage channels receiving CBNG well production water. 

 

 Given the relative magnitude of the flow contribution from CBNG well production water, 

geomorphic relationships confirmed the conclusion that the minor contribution from 

CBNG well production to the flow in Caballo Creek will not likely result in any active 

erosion to the channel. 

 

Based on the information provided on channel stability, a threshold may exist where the 

contribution of CBNG well production water may create erosion within the receiving drainage 

channel.  Given the channel slope, sinuosity and watershed area, drainages such as Caballo 

Creek may not realize an increase in channel erosion and will more likely realize an increase in 

vegetation along the channel.  Smaller drainages, such as Bone Pile Creek (drainage area of 44.4 

square miles, slope of 0.0017 ft/ft, sinuosity of 2.14) or Duck Nest Creek (drainage area of 6.63 

square miles, slope of 0.002 ft/ft, and sinuosity of 1.92) may be more likely to exhibit channel 

erosion depending on the magnitude of the flow contribution from CBNG well production 

compared to the channel forming discharge.  However, field observations in these watersheds 

found similar increases in vegetation along the channels. 

 

To have an impact on channel stability that is manifested in active channel erosion, CBNG well 

production water will likely have to represent a significant portion of the channel forming 

discharge in watersheds where the channel slope is steep enough and width/depth/sinuosity low 

enough to impact channel morphology.  Given the magnitude of the discharges, the impact will 

more likely be evident in small ephemeral drainages that are characterized by steep channel 

gradients, lower sinuosity, and smaller widths and depths.  Otherwise, as drainage area/basins 

increase, the channel slope typically decreases along with an increase in sinuosity thereby 

reducing the impact of CBNG well production water on channel stability. 
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NORMAL YEAR CONDITIONS 
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Spreadsheet Model Input Parameters- Normal Year Conditions

Summary of Annual Coal Bed Natural Gas-Related Disposal to Receiving Drainages

2003 2010 2015 2020 2003 2010 2015 2020
Antelope Creek 710 2575 3185 3038 3.0 10.9 13.5 12.9
Dry Fork Cheryenne River 0 22 35 35 0.0 0.1 0.1 0.1
Little Powder River 1239 1716 1659 1421 5.3 7.3 7.0 6.0
Upper Belle Fourche River 3405 3085 2332 1713 14.4 13.1 9.9 7.3
Upper Cheyenne River 593 650 560 447 2.5 2.8 2.4 1.9
Upper Powder River 1833 6273 7532 7066 7.8 26.6 31.9 30.0
Total 7780 14321 15303 13720 33.0 60.7 64.9 58.2

Summary of Coal Bed Natural Gas-Related Discharge Water Quality (Source: WDEQ / WQD)
Data used in Draft Report (12/2005)

EC SAR
95%lower mean 95%upper 95%lower mean 95%upper

Antelope Creek 908.5711 929.4581 950.3451 6.8012275 7.615577 8.429927 See note 905 7.1
Dry Fork Cheyenne River 908.5711 929.4581 950.3451 6.8012275 7.615577 8.429927 See note 905 7.1
Little Powder River 1493.365 1508.912 1524.46 9.9514769 10.49116 11.03085 1271 11.1
Upper Belle Fourche River 1102.166 1109.774 1117.382 8.4426895 8.834127 9.225564 970 8.2
Upper Cheyenne River 908.5711 929.4581 950.3451 6.8012275 7.615577 8.429927 599 6.4
Upper Powder River 2160.573 2180.179 2199.786 21.615331 22.57612 23.53691 2163 19.5

note: no data were obtained specific to these sub-basins(antelope creek and dry fork cheyenne river)

Summary of Conveyance Losses

EC

Antelope Creek 0.7
Dry Fork Cheyenne River 0.7
Little Powder River 0.7
Upper Belle Fourche River 0.7
Upper Cheyenne River 0.7
Upper Powder River 0.7

Water Quality Standards
Most Restrictive Least Restrictive
EC SAR EC SAR

Antelope Creek 2,000       10 2,500       10 wdeq
Dry Fork Cheyenne River 2,000       10 2,500       10 wdeq
Little Powder River 2,000       5 2,500       9.75 montana deq standards
Upper Belle Fourche River 2,000       6 2,500       10 sar (6) from south dakota reg's
Upper Cheyenne River 2,000       10 2,500       10 wdeq
Upper Powder River 2,000       5 2,500       9.75 montana deq standards

Background Water Quality Data (Greystone, 2003)

Antelope Creek Upper Belle Fourche Upper Cheyenne Upper Powder Little Powder Dry Fork Cheyenne 
EC SAR EC SAR EC SAR EC SAR EC SAR EC SAR

Jan 2335 2.74 2887 6.29 4229 8.58 2482 6.4 2953 6.33 2335 2.74
Feb 2251 2.71 1907 4.08 3911 8.01 2366 6.12 2477 5.57 2251 2.71
Mar 1782 2.52 1564 3.64 4127 8.66 2051 5.28 1785 4.44 1782 2.52
Apr 1949 2.77 1722 4.34 3630 7.87 2213 5.84 2457 5.55 1949 2.77
May 1800 2.82 1532 3.81 3155 6.88 1803 4.92 2013 4.81 1800 2.82
Jun 2005 2.8 1821 3.98 2895 5.93 1797 4.76 2333 5.29 2005 2.8
Jul 1661 2.48 1182 3.1 2250 5.69 2716 6.79 2174 5.29 1661 2.48
Aug 1684 2.47 1955 5.06 1972 4.82 2992 6.97 2860 6.57 1684 2.47
Sep 2214 2.52 2231 5.76 2271 5.63 3400 7.83 2810 6.44 2214 2.52
Oct 2354 2.6 2346 5.75 2916 6.46 2537 6.71 2289 5.73 2354 2.6
Nov 2460 2.74 2877 7.02 3565 7.22 2650 6.42 3044 6.7 2460 2.74
Dec 2372 2.79 2755 6.77 3405 7.39 2906 6.61 3300 6.94 2372 2.79

EC SAR

Sub-Basin

Sub-Basin Annual CBNG-Related Disposal (mmgpy) (1) Annual CBNG-Related Disposal (cfs)

Sub-Basin

CBNG Impact Analysis - NORMAL.xls CBNG Discharge Parameters 8/2/2006 1:34 PM
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Dry Year Conditions

Antelope Creek Near 
Teckla, Wyoming     

(1)

Little Powder River 
above Dry Creek Near 
Weston, Wyoming (2)

Belle Fourche River 
Below Moorcroft, 

Wyoming           
(1)

Cheyenne River Near 
Spencer, Wyoming (1)

Powder River at 
Arvada, Wyoming     

(2)

Dry Fork Cheyenne 
River Near Bill, 

Wyoming           
(1)

Station Number: 06364700 06324970 06426500 06386500 06317000 06365300

(ac-ft) (ac-ft) (ac-ft) (ac-ft) (ac-ft) (ac-ft)
Oct 22 19 26 259 7,643 0
Nov 24 26 70 216 8,622 1
Dec 9 30 61 67 7,085 1
Jan 18 24 41 953 7,065 0
Feb 38 319 464 430 10,102 2
Mar 161 399 1,460 283 18,663 5
Apr 69 284 299 473 13,967 6
May 39 474 443 1,734 21,182 4
Jun 8 220 212 762 9,420 0
Jul 153 64 1,189 187 5,767 11
Aug 27 169 183 51 2,810 0
Sep 130 13 71 280 2,314 0
Total 695 2,044 4,517 5,695 114,639 30

Note:
(1)  HKM Engineering, Inc. 2002a.  Northeast Wyoming River Basins Plan, Surface Water Hydrology, Tasks 3A and 3B Memorandum
(2)  HKM Engineering, Inc. 2002b.  Powder/Tongue River Basins Plan, Surface Water Hydrology, Tasks 3A and 3B Memorandum
(3)  Average Streamflow for 1970-1999 in Acre-Feet

Streamflow (3)Month Streamflow (3) Streamflow (3) Streamflow (3) Streamflow (3)Streamflow (3)

CBNG Impact Analysis - DRY.xls Streamflow 8/2/2006 1:39 PM



Summary of Annual Coal Bed Natural Gas-Related Disposal to Receiving Drainages

2003 2010 2015 2020 2003 2010 2015 2020
Antelope Creek 710 2575 3185 3038 3.0 10.9 13.5 12.9
Dry Fork Cheryenne River 0 22 35 35 0.0 0.1 0.1 0.1
Little Powder River 1239 1716 1659 1421 5.3 7.3 7.0 6.0
Upper Belle Fourche River 3405 3085 2332 1713 14.4 13.1 9.9 7.3
Upper Cheyenne River 593 650 560 447 2.5 2.8 2.4 1.9
Upper Powder River 1833 6273 7532 7066 7.8 26.6 31.9 30.0
Total 7780 14321 15303 13720 33.0 60.7 64.9 58.2

Summary of Coal Bed Natural Gas-Related Discharge Water Quality
Data used in Draft Report (12/2005)

EC SAR
95%lower mean 95%upper 95%lower mean 95%upper

Antelope Creek 908.5711 929.4581 950.3451 6.8012275 7.615577 8.429927 See note 905 7.1
Dry Fork Cheyenne River 908.5711 929.4581 950.3451 6.8012275 7.615577 8.429927 See note 905 7.1
Little Powder River 1493.365 1508.912 1524.46 9.9514769 10.49116 11.03085 1271 11.1
Upper Belle Fourche River 1102.166 1109.774 1117.382 8.4426895 8.834127 9.225564 970 8.2
Upper Cheyenne River 908.5711 929.4581 950.3451 6.8012275 7.615577 8.429927 599 6.4
Upper Powder River 2160.573 2180.179 2199.786 21.615331 22.57612 23.53691 2163 19.5

note: no data were obtained specific to these sub-basins(antelope creek and dry fork cheyenne river)

Summary of Conveyance Losses

EC

Antelope Creek 0.7
Dry Fork Cheyenne River 0.7
Little Powder River 0.7
Upper Belle Fourche River 0.7
Upper Cheyenne River 0.7
Upper Powder River 0.7

Water Quality Standards
Most Restrictive Least Restrictive
EC SAR EC SAR

Antelope Creek 2,000       10 2,500       10 wdeq
Dry Fork Cheyenne River 2,000       10 2,500       10 wdeq
Little Powder River 2,000       5 2,500       9.75 montana deq standards
Upper Belle Fourche River 2,000       6 2,500       10 sar (6) from south dakota reg's
Upper Cheyenne River 2,000       10 2,500       10 wdeq
Upper Powder River 2,000       5 2,500       9.75 montana deq standards

Background Water Quality Data (Greystone, 2003)

Antelope Creek Upper Belle Fourche Upper Cheyenne Upper Powder Little Powder Dry Fork Cheyenne 
EC SAR EC SAR EC SAR EC SAR EC SAR EC SAR

Jan 2335 2.74 2887 6.29 4229 8.58 2482 6.4 2953 6.33 2335 2.74
Feb 2251 2.71 1907 4.08 3911 8.01 2366 6.12 2477 5.57 2251 2.71
Mar 1782 2.52 1564 3.64 4127 8.66 2051 5.28 1785 4.44 1782 2.52
Apr 1949 2.77 1722 4.34 3630 7.87 2213 5.84 2457 5.55 1949 2.77
May 1800 2.82 1532 3.81 3155 6.88 1803 4.92 2013 4.81 1800 2.82
Jun 2005 2.8 1821 3.98 2895 5.93 1797 4.76 2333 5.29 2005 2.8
Jul 1661 2.48 1182 3.1 2250 5.69 2716 6.79 2174 5.29 1661 2.48
Aug 1684 2.47 1955 5.06 1972 4.82 2992 6.97 2860 6.57 1684 2.47
Sep 2214 2.52 2231 5.76 2271 5.63 3400 7.83 2810 6.44 2214 2.52
Oct 2354 2.6 2346 5.75 2916 6.46 2537 6.71 2289 5.73 2354 2.6
Nov 2460 2.74 2877 7.02 3565 7.22 2650 6.42 3044 6.7 2460 2.74
Dec 2372 2.79 2755 6.77 3405 7.39 2906 6.61 3300 6.94 2372 2.79

EC SAR

Sub-Basin

Sub-Basin Annual CBNG-Related Disposal (mmgpy) (1) Annual CBNG-Related Disposal (cfs)

Sub-Basin

CBNG Impact Analysis - DRY.xls CBNG Discharge Parameters 8/2/2006 1:39 PM
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APPENDIX C-1 

 
NORMAL YEAR CONDITIONS 
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