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INTRODUCTION
The purpose of this report is two-fold: (1) to 

present a compilation of surface-water chem-
istry data from sites in the Powder River Basin 
stored in the Montana Bureau of Mines and Geol-
ogy’s (MBMG) Ground Water Information Center 
(GWIC); and (2) to distinguish between sites that 
likely represent natural conditions and those that 
are located where they could potentially have im-
pacted water-quality conditions. 

The authors of this report have investigated 
various human-caused activities that may impact 
water resources in the Powder River Basin. From 
that experience, the sites listed in this report are 
identi ied as to whether they most likely represent 
undisturbed or natural water chemistry, or poten-
tially represent water that has been impacted by 
irrigation, coal mining, or coalbed-methane activi-
ties. The approach we use to make this distinction 
is discussed below. 

Other activities can also cause impacts to water 
quality. Wild ires can potentially increase recharge 
and raise pH and salt loads in shallow groundwater. 
Overgrazing can alter recharge. However, impacts 
other than irrigation and energy development were 
not considered here.

This report presents water-chemistry data for 
surface-water sites in the Powder River Basin that 
exist primarily because of nearby groundwater 
discharge. Large areas of semi-arid southeastern 
Montana are dependent on springs and streams 
to provide water for livestock and wildlife, and to 
support diverse habitats. These small water bodies 
are seldom sampled for water quality or quantity, 
unlike the large perennial rivers (i.e., Tongue and 
Powder Rivers, Rosebud Creek) that have been the 
focus of long-term monitoring and for which data 
are available from the U. S. Geologic Survey (USGS, 
http://waterdata.usgs.gov/mt/nwis/nwis)

The dataset presented in this report will be 
helpful for anyone interested in the highly vari-
able natural chemistry of the many small surface-
water supplies in the Powder River Basin area of 
Montana and northern Wyoming. Water chemistry 
is highly variable in this area, as is obvious in the 
following data. This wide range of water chemistry 
is the result of reactions with a wide range of geo-
logic material and is the norm in the Powder River 
Basin in Montana. All data in this report are avail-

able in the MBMG GWIC database at 
http://mbmggwic.mtech.edu.

The samples presented here were collected by 
MBMG staff as well as other agencies during a pe-
riod from the early 1900s to the present. There are 
three time periods during which sampling springs 
and small streams in the Powder River Basin was 
of speci ic interest. A number of sites were sampled 
during 1923 (USGS). From the mid-1970s through 
the mid-1980s many springs were sampled, likely 
during geologic and hydrogeologic studies in an-
ticipation of coal-mine development. Since 1999 
coalbed-methane development and renewed coal 
mining interests have prompted additional stud-
ies and sample collection (Donato and Wheaton, 
2004a,b; Meredith and others, 2012; Wheaton and 
others, 2008).

Between 1999 and 2013, 688 springs and 19 
streams were visited by MBMG staff in the Pow-
der River Basin; these data are available on GWIC. 
Only a subset of these sites has been sampled for 
inorganic chemistry. The inventory data from sites 
on the Ashland Ranger District of the Custer Na-
tional Forest are also available in two publications 
(Wheaton and others, 2008; Donato and Wheaton, 
2004a). Site inventories include accurate locations, 
low measurement, temperature, pH, and speci ic 

conductance (SC), and identifying stratigraphic 
positions. For the purpose of the inventories on 
the Ashland Ranger District, streams were de ined 
as having a lowing reach that exceeded 100 ft in 
length during base low in the fall of the year. Most 
streams in the District originate at groundwater 
discharge points within the study area and low 
only a short distance. For example, Hoover Draw, a 
typical small stream, has a lowing reach of about 
1,000 ft and a maximum base low of about 0.004 
cfs (2 gpm). In contrast, one of the largest streams 
in this dataset is Otter Creek, south of Ashland, 
Montana. Otter Creek has a total length of more 
than 40 miles, from near the Montana/Wyoming 
state line to its con luence with the Tongue River; 
however, only the 28 miles upstream of the con lu-
ence are perennial. Monthly mean lows in the pe-
rennial reach range from a low of 1.0 cfs (450 gpm) 
in September to a high of 14 cfs (6,500 gpm) in 
March (http://waterdata.usgs.gov/mt/nwis/nwis).
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METHODS
Water-quality data for spring and stream sites 

are in appendices A and B. Samples are organized 
by stream, GWIC ID, and sample-collection date. 

The locations are shown in igure 1. Data in the ap-
pendices contain analytical results for 163 spring 
samples from 136 sites and 117 stream samples 
from 78 sites. Samples were analyzed for major and 
minor inorganic constituents and a few samples 

Figure 1. The location of the Powder River Basin in Montana and locations of MBMG spring and stream water-quality sampling sites.
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were also analyzed for organic carbon. Isotopic 
analyses were run on some recent samples, but 
those data are not presented in this report.

To evaluate the suitability of water for irriga-
tion, SC (μS or μmhos/cm2) is typically considered 
in conjunction with sodium adsorption ratio (SAR; 
Hanson and others, 1999). In general, SC is a ield 
measurement that increases with increasing dis-
solved constituents, and is an indicator of total 
salinity of the water. Not all samples include a 

reported SC. More samples include values for total 
dissolved solids (TDS, mg/L). SC can be estimated 
from TDS by means of linear regressions, which are 
shown in igures 2 and 3. For the sites identi ied 
as natural in both the spring and the stream data-
sets the relationship is good, yielding R2 values of 
0.94 and 0.87, respectively. Electrical conductance 
(EC, mmohs/cm2) is the unit normally used by soil 
scientists. The conversion of SC to EC is simply a 
matter of dividing by 1,000. So a reported SC value 
of 2,300 μS converts to an EC of 2.3 mmohs/cm2.

Figure 2. Specifi c conductance vs. total dissolved solids from spring samples.  The samples 
from areas where human impacts may have happened fall well within the range of values from 
natural or ‘non-impacted’ areas.  The correlation between TDS and SC allows SC values to be 
estimated from TDS if data are missing for a site.

Figure 2. Specifi c conductance vs. 
total dissolved solids from spring sam-
ples. The samples from areas where 
human impacts may have happened 
fall well within the range of values 
from natural or ‘non-impacted’ areas. 
The correlation between TDS and SC 
allows SC values to be estimated from 
TDS if data are missing for a site.

Figure 3. Specifi c conductance vs. 
total dissolved solids from stream 
samples. The samples from areas 
where human impacts may have hap-
pened fall well within the data from 
natural or ‘non-impacted’ areas. The 
correlation between TDS and SC al-
lows SC values to be estimated from 
TDS if data are missing for a site.
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SAR is one of the key parameters in this data-
set due to its importance as an indicator of water 
usability. SAR is calculated by dividing the ionic 
strength of sodium by the square root of the aver-
age ionic strength of calcium and magnesium. Due 
to the analytical method used in 1923, results for 
those samples were reported with sodium and 
potassium (Na and K, respectively) as a single com-
bined value and SAR cannot be calculated directly. 
However, sodium concentrations and SAR can be 
estimated from the combined values if there are 
data from similar sites that report Na and K indi-
vidually. Using the analyses that include separate 
Na and K, the concentrations were summed, and 
then the ratio of Na and K was determined. The 
ratio was then used to estimate the amount of Na 
in the samples reporting combined values. Using 
this approach, SAR values were estimated for those 
samples where Na and K were reported as a single 
combined value. These are noted in the comments 
column of the appendices.

DISCUSSION
In the appendices, potential sources of impact 

to water quality by human activities for each site 
such as irrigation, coal mining, town development, 
or coalbed methane are noted. If no known poten-
tial sources were apparent, the site was marked 
N/A. An indication of potential sources of impact is 
not a statement that the water body has 
been impacted. These notations are based 
on proximity to a potential source of im-
pact, not detailed assessment. The range 
of values from potentially impacted sites 
fall within the range of natural waters in 
the area as noted in igures 2, 3, 4, and 5. 

The TDS concentrations for spring 
water ranged from 162 to 7,768 mg/L 
and averaged 1,981 mg/L (table 1, ig. 4, 
and appendix A). The minimum TDS for 
stream water was 248 mg/L, the maxi-
mum was 10,201 mg/L, and the average 
was 2,181 mg/L (table 1, ig. 5, and ap-
pendix B). Concentrations of individual 
constituents in analyses of natural water 
re lect interactions among the water and 
geologic and biologic materials and pro-
cesses. Natural groundwater chemistry in 
the Powder River Basin changes predict-

ably along low paths (Van Voast and Reiten, 1988; 
Brinck and others, 2008; Wheaton and Donato, 
2004). In recharge areas, water chemistry is domi-
nated by ions of calcium (Ca+2), magnesium (Mg+2), 
and bicarbonate (HCO3

-). Further down the low 
path, sulfate (SO4) concentrations increase due to 
dissolution of sulfate minerals (such as gypsum) 
and oxidation of sul ide minerals (such as pyrite). 
Cation exchange with shale increases the sodium 
(Na+) concentrations while decreasing Ca+2 and 
Mg+2 concentrations. In deep coal aquifers sulfate 
reduction and carbonate precipitation produce 
water chemistry that is dominated by Na+ and 
HCO3

- ions, with few other constituents. There are 
very few human activities on the Montana part of 
the Powder River Basin that can in luence water 
quality. Among the activities that can cause changes 
in water quality are coal mining, coalbed-methane 
production, and irrigation.

The minimum SAR value for spring samples was 
0.2, the maximum was 38.4, and the average was 
5.3 ( ig. 6). For streams, the values for SAR ranged 
from 0.5 to 19.2 and averaged 4.7 ( ig. 7). As a rule 
of thumb, an SAR that exceeds 10 is considered a 
concern for irrigators; however, the sensitivity of 
soil to sodium is proportional to the total salin-
ity (measured as part of TDS) and the soil type. In 
general, clay in soil will be less dispersed by high 
SAR water if the salinity of the irrigation water is 
correspondingly higher (see ‘in iltration’ ields in-

Table 1. SAR and SC summary values for spring and stream sites in
GWIC for the Montana portion of the Powder River Basin.

  Springs  Streams 
 SAR     SC ( S) SAR     SC ( S) 

Natural 

Min 0.2 258 0.5 822
Max 38.4 8,400 15.6 9,410
Avg 5.5 2,571 4.8 2,828

Count 147 139 46 43

Possibly 
impacted 

Min 0.6 2,930 0.6 412
Max 31.4 8,400 19.2 6,430
Avg 7.8 4,480 4.6 2,672

Count 42 41 62 57
Note. Considered on a basin wide basis, data from sites that could
possibly be impacted fall within the range of data from natural sites.
The notations of "Natural" and "Possibly impacted" are based solely
on proximity to a potential source of impact, such as irrigated fields,
coal mines, or coalbed methane production.
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Figure 4. Total dissolved solids concentrations from spring water are highly variable, with no apparent geographical trends.



6

Wheaton, Meredith, and Rose

Figure 5. Total dissolved solids concentrations from stream water are generally higher in small streams and lower in the Tongue River 
and the Powder River.
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Figure 6. SAR values from spring samples are highly variable, with some areas of high values and some areas of lower values.
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Figure 7. SAR values from stream samples are moderately variable, with the highest values being north of Colstrip.
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dicated in igs. 8 and 9), although plant growth will 
be hindered by increased salinity depending upon 
species (Hanson and others, 1999). Water associ-
ated with coalbeds typically has high SAR values, 
and surface water or springs impacted by discharge 
from mines or CBM development may be expected 
to have an elevated SAR. The datasets presented 
here, however, do not indicate an increased sodium 
load in potentially impacted samples for surface-
water sites or springs. 

In this report, sites were identi ied as either be-
ing outside of the areas where impacts could have 
occurred (Natural) or being in a location where an 
impact could have occurred (Potentially impacted). 
Sources of potential impacts considered in this re-
port were lood, sprinkler and pivot irrigation; coal 
mining; and coalbed-methane production. Water 
quality is extremely variable throughout the 
Powder River Basin, and in order to understand 
the effects of development upon the streams and 

Figure 8. Sodium adsorption ratio 
vs. total dissolved solids from spring 
samples. Sodium-caused reduction 
in the ability of soil to infi ltrate water 
is one measure used in agriculture 
to determine usability of water for ir-
rigation (background fi gure modifi ed 
with permission from Hanson and 
others, 1999). The ranges of values 
for natural and for possibly impacted 
sites are similar.

Figure 9. Sodium adsorption ratio 
vs. total dissolved solids from 
stream samples. Sodium-caused 
reduction in the ability of soil to 
infi ltrate water is one measure 
used in agriculture to determine 
usability of water for irrigation 
(background fi gure modifi ed with 
permission from Hanson and 
others, 1999). The ranges of 
values for natural and for possibly 
impacted sites are similar.
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springs, upgradient and/or pre-development 
samples would be needed to compare to current 
conditions. Most of the sites in these datasets are 
located upgradient of any possible impact and so 
are marked as not impacted (N/A). Irrigation is 
generally near the perennial Tongue and Powder 
Rivers and can have an impact only on downgra-
dient sites. Coal mines are upgradient of some 
streams and springs, although not many small 
springs or streams near mines have been identi ied 
and sampled. 
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APPENDIX A
Spring Water-Quality Data
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