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Water-Quality Trend Analysis 
 

16 sites in Tongue and Powder River 

watersheds 

 

Presentation focuses on 4 sites on the 

main-stem Powder River 

SUSSEX 

ARVADA 

MOORHEAD 

LOCATE 

 

Possible limited discussion of 

3 sites on the main-stem 

Tongue River 

BACKGROUND INFORMATION 

Study area 

 
Tongue River (salmon) and  

Power River (green) watersheds 

Active 

CBM wells 

in 2010 

Active 

CBM wells 

in 1999 

Powder River 

structural basin 

PR @ Sussex 

PR @ Arvada 

PR @ Moorhead 

PR ~ Locate 

TR @ State line 

TR @ TR Dam 

TR @ Birney DS 

Salt Creek 

oil field 



CBM extraction produces large 

amounts of wastewater  

 

 

Disposal primarily by: 

 holding ponds (~65 %) and  

discharge to streams (~20 %) 

 

 

Discharges to receiving  

streams prompted  

water-quality concerns 

 

Potential concerns relate to effects on 

irrigated soils (sodium) and the stream 

environment (bicarbonate) 

 

BACKGROUND INFORMATION 

PR @ Sussex 

PR @ Moorhead 

PR ~ Locate 

A primary focus of the overall study was to determine 

potential effects of CBM activities on stream water quality 

and examine the potential effects within a framework of 

recent water-quality variability (extending back to the 1980’s) 



Given the quality and 

quantity characteristics of 

the river water and CBM 

water, there’s a reasonable 

basis for concern about 

potential for CBM effects on 

major ion chemistry in 

receiving streams 

 

Power River water  

and CBM water 

Powder River annual 

median streamflow, CFS 

CBM water annual 

mean pumping rate, 

CFS 

Powder River at Moorhead 



FLOW-

ADJUSTMENT 

CONCEPTS 

Raw sample 

concentrations  

Daily mean 

streamflow 

LOWESS smooth 

(central tendency) 

through streamflow 

LOWESS smooth 

(central tendency) 

through raw 

concentrations  

Powder River at 

Arvada 

Constituent 

concentrations 

dependent on 

streamflow 

 

For dissolved major 

ions, general inverse 

relation between 

concentration and flow 

 

Flow adjustment 

removes streamflow 

effects to distinguish 

potential CBM effects on 

water quality 



Powder River at 

Sussex 

FACs and fitted 

trend lines 

Flow-adjusted 

concentrations (FACs) 
 
Represent estimated 

concentrations after removing 

effects of typical repetitive 

streamflow variability on 

concentration variability 

 

Note relatively large 

variability even after flow 

adjustment 

 

Note timing of Salt 

Creek oil field brine 

reinjection (~1990) 



Fitted trends 

Track temporal changes in 

mean FAC in log space 

Roughly equivalent to 

median FAC in arithmetic 

space 

Semi-quantitative 

estimates 

Statistically significant 

trends (p<0.01) shown in 

bold 

Statistical significance 

does not necessarily imply 

environmental effect  

Powder River at 

Sussex 

FACs and fitted 

trend lines 

Post-CBM activities Pre-CBM activities 



Period 1: Large changes 

following Salt Creek oil 

field brine reinjection 

 

Period 2: Generally 

minor changes (no 

substantial upstream 

CBM development) 

 

Cause of significant 

increase in chloride in 

period 2 not investigated 

Fitted trend lines 

for mainstem 

Powder River sites 

SUSSEX 



First site downstream 

from CBM 

Period 1: Large changes 

following Salt Creek oil 

field brine reinjection 

Period 2: Statistically 

significant changes 

following CBM 

development 

Primarily: 

Moderate to large 

increases in FACs of 

SAR and sodium 

Large increase in 

alkalinity FAC 

ARVADA 

7 

Fitted trend lines 

for mainstem 

Powder River sites 



MOORHEAD 

Period 1: Relatively 

large but moderated 

changes following Salt 

Creek oil field brine 

reinjection 

Period 2: Statistically 

significant changes 

following CBM 

development 

Primarily: 

Moderate increases in 

FACs of SAR and 

sodium 

Large increase in 

alkalinity FAC 

7 

Fitted trend lines 

for mainstem 

Powder River sites 

Montana SAR standard 



LOCATE 

Period 1: Detectable but 

substantially moderated 

changes following Salt 

Creek oil field brine 

reinjection 

Period 2: Statistically 

significant but 

substantially moderated 

changes following CBM 

development 

7 

Fitted trend lines 

for mainstem 

Powder River sites 

Montana SAR standard 



POWDER RIVER 

Large temporal variability in major ions  

in the Powder River during 1980-2010 

Strongly influenced by energy resource 

development 

Salt Creek oil field brine 

CBM-extraction activities 

Powder River at Sussex: no upstream CBM and 

generally minor changes in major ions post-

CBM 

All Powder River sites downstream from CBM 

showed statistically significant changes in 

several major ions during period 2 

Primary potential effects of CBM extraction: 

Increases in FACs of sodium and SAR 

Generally large increase in alkalinity FAC 

Strongly moderated at PR ~ Locate 

 

CONCLUSIONS 

sksando@usgs.gov 



GENERAL CONCLUSIONS 

TONGUE RIVER 

Potential CBM-related trends more difficult to confidently 

analyze due to several factors: 

1. River and CBM water quantity and quality 

characteristics 

2. Data collection (density and timing) 

3. Timing of CBM-development relative to data 

collection 

 

Potential CBM-related trends might exist for TR @ TR Dam 

and TR @ BDS 

However, magnitudes are not large and are within historic 

variability  

 



TR @ State line PR @ Arvada 

Trends more difficult 

to analyze in the 

Tongue River 

watershed than in the 

Powder River 

watershed 

Potential factors 

affecting capability to 

detect CBM-related 

trends in the Tongue 

River watershed 

RIVER WATER vs 

CBM WATER (quality, 

quantities, and timing)  

DATA DENSITY 

DATA AND CBM 

TIMING 



Selected trend results for: 

Tongue River at Tongue 

River Dam 

Tongue River at Birney Day 

School 

 

Period 1: 

Decreases in most major 

ions 

Period 2: 

Increases in SAR, sodium, 

and alkalinity 

 

Although some statistically 

significant trends for period 

2, magnitudes were not large 

and were within recent 

historic variability 

TR @ TR Dam TR @ Birney DS 



Provide information on 

suitability of trend analyses 

with respect to parametric 

assumptions 

STANDARDIZED RESIDUALS 

2 

Standardized residuals 

should be approximately 

normally distributed and 

centered on zero 

Our conclusion: 

Reasonable approximation to normality 

Distributions of 

standardized residuals 

from time-series model 

for selected sites 

TR @ Tongue River Dam 

TR @ Birney Day School 

PR @ Sussex 

PR @ Arvada 

PR @ Moorhead 

PR ~ Locate 

SC Ca Mg Na SAR K Cl SO4 F Alk TDS 
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SEP 30 MAR 1 OCT 1 •High frequency 

•Seasonal 

•Interannual 

The TSM analyzes concentration/flow  

relations within 3 primary timeframes 

5 

TIME-SERIES MODEL (TSM) – Flow adjustment 

Sept. 13 

Q = 113 CFS 

Na = 1,000 mg/L 

ANNQ 

ANNC 

Sample collection 

Long-term mean  

streamflow 
HFVQ  

HFVC 

June 26 

Q = 113 CFS 

Na = 440 mg/L 

Annual mean 

streamflow 

SEASQ 

SEASC 

PR@ARVADA 


