
Appendix E:  Section IV.  Water Resources in the 
 Yellowstone River Basin: 

Water Quality 
 
 
 
 
 
Water Quality In the Yellowstone River Basin 
 
  
The Montana Department of Environmental Quality 303 d listing of water-quality impaired streams 
(draft 2014) is provided on the following pages. For a more complete and up-to-date description of the 
information see: 
 
http://deq.mt.gov/wqinfo/cwaic/reports.mcpx 
 
 
 
 
 
 

http://deq.mt.gov/wqinfo/cwaic/reports.mcpx
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Water Quality :  U.S. Geological Survey  Information 
 
    National Water Quality Assessment (NAWQA) 
 

 
 
Figure IV.  Median concentrations of coliform bacteria are highest in urban and agricultural areas.  
(Source: Peterson and others, 2004.) 
 

 
 Figure IV.  Median concentrations of coliform bacteria are highest in  the spring and summer. 
                                                (Source: Peterson and others, 2004.) 
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Figure IV.   Median concentrations of radon in water samples from Quaternary and Tertiary aquifers in 
the Yellowstone River Basin were higher than in other NAQWA study units in the United States.  (Source: 
Peterson and others, 2004.) 
 

 
 
Figure IV.  Sources of nitrogen and phosphorous in the Yellowstone River Basin are predominately 
nonagricultural, as estimated from nationwide analysis using the SPARROW model (Smith and others 
1997—as reported by Peterson and others, 2004.) 
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 Figure IV.    concentrations of nitrate in mountain streams were less than concentrations for other 
developed areas. Concentrations of nitrate were largest in basin streams (Peterson and others, 2004.) 
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  B.  USGS SPARROW water-quality analysis 
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Powder and Tongue River Water Quality Trend Analysis 
 
Previous trend analyses generally used non-parametric statistical methods (for example, the seasonal 
Kendall analysis), which are robust and generally do not require extensive data sets, to test for 
monotonic trends (single direction through the entire trend period). Parametric trend analysis 
procedures, which are more rigorous and sometimes require more extensive data sets, present 
alternative trend-analysis approaches to non-parametric procedures (Vecchia, 2005; Hirsch and others, 
1982). The U.S. Geological Survey (USGS) in cooperation with the Montana Department of Natural 
Resources and Conservation, conducted this study to test for temporal trends in water quality using two 
parametric trends analysis methods: a joint time-series model (TSM; Vecchia, 2005) for concentration 
and streamflow; and ordinary least squares regression (OLS) of concentration on time, streamflow, and 
season. Also, this study included sites in Montana and Wyoming in the Tongue and Powder River 
watersheds. The trend analysis includes an extended period of record (water years 1980–2010) to 
represent a recent historic context for evaluating any trends that might be potentially attributable to 
CBM development. 
 

 

Site 
number 
(fig. 1)

USGS site 
identification 

number
USGS site name Abbreviated site name

Drainage area, in 
square miles

General Site Classification

1 06295113 Rosebud Creek at reservation boundary, near Kirby, Mont. Rosebud Creek at reservation boundary 123 Rosebud Creek

2 06299980 Tongue River at Monarch, Wyo. Tongue River at Monarch 478 Tongue River mainstem
3 06305500 Goose Creek below Sheridan, Wyo. Goose Creek 392 Tongue River mountain tributary
4 06306250 Prairie Dog Creek near Acme, Wyo. Prairie Dog Creek 358 Tongue River plains tributary
5 06306300 Tongue River at State line, near Decker, Mont. Tongue River at State line 1,453 Tongue River mainstem
6 06307500 Tongue River at Tongue River Dam, near Decker, Mont. Tongue River at Tongue River Dam 1,770 Tongue River mainstem
7 06307600 Hanging Woman Creek near Birney, Mont. Hanging Woman Creek 470 Tongue River plains tributary
8 06307616 Tongue River at Birney Day School, near Birney, Mont. Tongue River at Birney Day School 2,621 Tongue River mainstem
9 06307740 Otter Creek at Ashland, Mont. Otter Creek 707 Tongue River plains tributary
10 06308400 Pumpkin Creek near Miles City, Mont. Pumpkin Creek near Miles City 697 Tongue River plains tributary
11 06308500 Tongue River at Miles City, Mont. Tongue River at Miles City 5,379 Tongue River mainstem

12 06313500 Powder River at Sussex, Wyo. Powder River at Sussex 3,090 Powder River mainstem
13 06317000 Powder River at Arvada, Wyo. Powder River at Arvada 6,050 Powder River mainstem
14 06324500 Powder River at Moorhead, Mont. Powder River at Moorhead 8,086 Powder River mainstem
15 06324970 Little Powder River above Dry Creek, near Weston, Wyo. Little Powder River above Dry Creek 1,237 Little Powder River
16 06325500 Little Powder River near Broadus, Mont. Little Powder River near Broadus 1,974 Little Powder River
17 06326500 Powder River near Locate, Mont. Powder River near Locate 13,068 Powder River mainstem

Rosebud Creek watershed

Tongue River watershed

Powder River watershed

Table 1. Information for selected sampling sites in the Rosebud Creek, Tongue River, and Powder River watersheds, Montana and Wyoming.
[Abbreviations: OLS, ordinary least squares regression on time, streamflow, and season; TSM, time-series model]
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For main-stem Tongue River sites analyzed by using the TSM and downstream from substantial CBM-
extraction activities [Tongue River at State line (site 4), Tongue River at Tongue River Dam (site 5), 
Tongue River at Birney Day School (site 7), and Tongue River at Miles City (site 10)], generally small 
significant or nonsignificant decreases in most constituents are indicated for period 1. For period 2 for 
these sites, the TSM trend results do not allow confident conclusions concerning detection of effects of 
CBM-extraction activities on stream water quality. Detection of significant trends in major-ion 
constituents and properties for period 2 generally was infrequent, and direction, magnitudes, and 
significance of fitted trends were not strongly consistent with relative differences in water quality 
between stream water and CBM-produced water. The TSM indicated significant or generally large 
magnitude increases in median values of sodium adsorption ratio (SAR), sodium, and alkalinity for 
period 2 for sites 5 and 7, which might indicate potential effects of CBM-extraction activities on stream 
water. However, other factors, including operations of Tongue River Reservoir, irrigation activities, 
contributions of saline groundwater, and operations of the Decker coal mine, confound confident 
determination of causes of detected significant trends for sites 5 and 7. For all main-stem Tongue River 
sites, trends for period 2 generally are within ranges of those for period 1 before substantial CBM-
extraction activities. 
 
For main-stem Powder River sites analyzed by using the TSM [Powder River at Sussex (site 11), Powder 
River at Arvada (site 12), Powder River at Moorhead (site 13), and Powder River near Locate (site 16)], 
significant or generally large magnitude decreases in median values of SAR, sodium, estimated 
alkalinity2, chloride, fluoride, specific conductance, and dissolved solids are indicated for period 1. 
Patterns in trend results for period 1 for main-stem Powder River sites are consistent with effects of Salt 
Creek oil-brine reinjection that started in 1990. Trend results for all main-stem Powder River sites 
downstream from substantial CBM-extraction activities (sites 12, 13, and 16) indicate evidence of 
potential effects of CBM-extraction activities on stream water quality, although evidence is stronger for 
sites 12 and 13 than for site 16. Evidence in support of potential CBM effects includes significant 
increases in median values of SAR, sodium, and estimated alkalinity for period 2 for sites 12, 13, and 16 
that are consistent with relative differences between stream water and CBM-produced water. 
Significant increases in median values of these constituents for period 2 are not indicated for Powder 
River at Sussex (site 11) upstream from substantial CBM-extraction activities. In interpreting the trend 
results, it is notable that the fitted trends evaluate changes in median concentrations and also notable 
that changes in median concentrations that might be attributed to CBM-extraction activities probably 
are more strongly evident during low to median streamflow conditions than during mean to high 
streamflow conditions. This observation is relevant in assessing trend results in relation to specific 
water-quality concerns, including effects of water-quality changes on irrigators and effects on stream 
biota and ecology.  
 
 
 
 
 
 
 
 

                                                      
2 Estimated alkalinity data were developed by selecting either alkalinity or acid neutralizing capacity (ANC) 
measurements, depending primarily on which measurement was available for a given sample, as discussed in the 
section of this report "Sampling and Analytical Methods." 


