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Matrices and Water-Quality 
Constituents

Matrices
 Groundwater
 Rivers and streams
 Lakes and reservoirs

Water-quality constituents
 Five primary constituents: specific conductance, 

total dissolved solids (TDS), pH, sulfate, chloride
 Ten secondary constituents (trace metals): 

aluminum, arsenic, barium, chromium, copper, 
iron, lead, selenium, strontium, zinc
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Presenter
Presentation Notes
For each of these matrices, the water-quality constituents were characterized. A more in-depth characterization was done for the 5 primary constituents.




Water Quality of Produced Water

Oil to water ratio is 
about 1:10
Constituents in 

produced water 
can be indicators 
of contamination 
to natural water
MCL (maximum 

contaminant level)
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Presentation Notes
Before discussing the water-quality in the Williston Basin, I just want to mention a couple of things about produced water.  There are several constituents that can be considered indicators of contamination of natural water: barium, boron, bromide, chloride fluorine, iodine, lithium, manganese, radium, zinc, sulfate, and strontium isotopes
Graph to the right shows what the water-quality of “produced water” looks like.  Concentrations are in milligrams per liter (mg/L).
It is very high in total dissolved solids and chloride.  
An MCL refers to the highest level or concentration that is allowed in drinking water for protection of health and is an enforceable standard. An SMCL is a non-enforceable guideline and addresses either cosmetic or aesthetic effects. Water concentrations above a SMCL may result in tooth or skin discoloration or taste, odor, or color issues.  There isn’t a primary MCL for any of the 5 primary constituents. 




Characterization of Groundwater

Data from 4,724 (pH) to 5,831 (total 
dissolved solids) wells were summarized

Large ranges were observed for all 
constituents: 
 Specific conductance: 2.9 to 807,299 µS/cm 
 Total dissolved solids: not detected to 

174,000 mg/L 
 pH: 0.8 to 13.3 standard units 
 Sulfate: not detected to 35,418 mg/L 
 Chloride: not detected to 100,000 mg/L
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Presentation Notes
Around 5,000 wells, depending on the constituent had data available for summarizing.  Many of the wells had a single sample.
Large ranges for all constituents, covering several orders of magnitude.




Median specific conductance in 
microsiemens per centimeter at 25 
degrees Celsius

Values 
generally are 
smaller in 
Upper 
Cretaceous 
units and larger 
in the Lower 
Tertiary units.

Presenter
Presentation Notes
Example of the spatial distribution maps that were developed for the 5 primary constituents.
Separated out for the 3 principal aquifers…Quaternary is the shallowest, Upper Cretaceous is the deepest.
Note that the grey bubbles are energy production wells. 
Note this is the median concentration for a site.
Notice the gaps in sampling sites. Areas where there are no samples collected.
Some things that can be observed from these spatial distribution plots:
Concentration ranges are very large: in relation to specific conductance (SC), see similar patterns in total dissolved solids (TDS) and sulfate; pH and chloride are slightly different. 
Map showing spatial distribution of specific conductance values in groundwater for Montana, North Dakota and South Dakota from 1970 through 2014.  Note concentration ranges---from less than 2500 up to 82,700 uS/cm.  Generally, concentrations are smaller in Upper Cretaceous (more green bubbles) and larger in the Lower Tertiary (fewer green bubbles).  This same general pattern is seen for TDS and sulfate. 
A slightly different pattern is seen for pH and chloride.  In general, pH values smaller in the Quaternary unit and larger in the 
Upper Cretaceous units.  For chloride, concentrations generally smaller in the Lower Tertiary units, larger in the upper cretaceous units.
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Presenter
Presentation Notes
Another way we characterized the data…boxplots. This is a standard tukey boxplot.  Boxplots are a way to represent the distribution of the data.  The box represents the inner quartile of data, with the median depicted by the line inside the box.  x's are outlier data value less than or equal to 3 and more than 1.5 times the interquartile range outside the quartile. The open circles are Outlier data value greater than 3 times the interquartile range outside the quartile. 

For groundwater, the boxplots  are grouped together by principal aquifer. 
Any USEPA drinking water standards that are defined for the constituent are depicted on the plot. There isn’t a primary MCL for any of the 5 primary constituents. 
For pH a secondary maximum contaminant level is established: 6.5 to 9 standard units.
In this plot, you can see that the majority of the data falls within the SMCL. 





Characterization of 
Groundwater: Trace Metals

 Fewer data available, 83-156 sampled 
wells.

 Wells in the Quaternary had the most 
samples for the 10 trace metals.

 Most mean concentrations for trace metals 
were less than the USEPA primary MCL or 
SMCL, with the exception of aluminum, 
arsenic, iron and lead.
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Quaternary unit: Arsenic (10.2 µg/L, iron (1,405 µg/L) and lead (21.3 µg/L) 
Lower Tertiary unit: Iron (592 µg/L)
Upper Cretaceous: Aluminum (235 µg/L, secondary MCL range 50-200 µg/L), arsenic (44.9 µg/L), and iron (382 µg/L) 
Aluminum SCML: 50-200ug/L; Arsenic MCL: 10 ug/L; iron:(300 µg/L secondary MCL); lead: (15 µg/L MCL).





Characterization of Streams and 
Rivers

Data from 188 (sulfate) to 316 (chloride) sites 
were summarized.  As an example site, 
Yellowstone River near Sidney, Montana 
(USGS gaging station 06329500) was 
summarized.

 Large ranges were observed for Williston 
Basin sites: 
 Specific conductance: 1.08 to 13,300 µS/cm 
 Total dissolved solids: 10 mg/L to 19,100 mg/L 
 pH: 1.78 to 13.14 standard units 
 Sulfate: 5 to 7,900 mg/L 
 Chloride: 0.1 to 510 mg/L
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Presentation Notes
An analysis similar to groundwater was done for streams and rivers, with the addition of summarizing data for Yellowstone River.
Mention reason for selecting additional site: most samples for the period of record, substantial streamflow data available, located within the area of the greatest number of oil and gas wells.
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Presentation Notes

Things to note: For streams and rivers, we present 3 spatial distribution plots for the median, maximum and minimum for each site.
Notice the grey areas, where energy production wells are located.  
Notice there are fewer sites in Montana and South Dakota, primarily because the Williston Basin primarily covers North Dakota.
About 64% of the sites are located in ND.

In general, median sulfate concentrations were great
er in the western part of the Williston Basin and less in the eastern portion of the Williston Basin, specifically within the Souris River and Knife River basins. Sulfate concentrations were also modeled in a previous study and generally were highest (greater than 750 mg/L) in HUC-8s in eastern Montana and Western North Dakota (Galloway, 2014). 






Williston Basin: range 5 to 7,900 mg/L
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Presenter
Presentation Notes
Temporal variability in streams and rivers. In the Williston basin dataset, extreme values show up and represent special projects or potential erroneous values in the databases.  Special projects may be designed to collect data under certain conditions…they don’t represent the long-term “normal” conditions.  Large range in sulfate concentrations across the Williston Basin (5 to 7,900 mg/L). Median concentrations exceeded the USEPA SMCL at 147 out of 188 sites (78-percent).  
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Yellowstone River nr Sydney, MT: range 35 to 500 mg/L
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Presenter
Presentation Notes
Sulfate concentrations for Yellowstone River near Sidney were much less variable and median concentrations are typically less than the SMCL.




Characterization of Streams and 
Rivers: Trace Metals

Fewer data available, 45-63 sites with 
ten or more samples
 Maximum detected concentrations exceed 

the USEPA primary MCL or SMCL for: 
aluminum, arsenic, iron, lead, selenium.
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Presentation Notes
Point out that we had nearly 3,000 sites for the primary constituents and this was narrowed down to around 50. 
Aluminum (in 91 percent of the sites); Arsenic (in 42 percent of the sites); iron (in 65 percent of the sites); lead (in 4 percent of the sites); selenium (in 2 percent of the sites).



Characterization of Lakes and 
Reservoirs

Data from 474 (sulfate) to 714 (pH) sites 
were summarized.  In addition, 4 sites on 
Lake Sakakawea were summarized. 

Large ranges were observed for Williston 
Basin sites: 
 Specific conductance: 30 to 116,000 µS/cm 
 Total dissolved solids: 11 to 84,500 mg/L 
 pH: 0.8 to 13.3 standard units 
 Sulfate: not detected to 35,418 mg/L 
 Chloride: not detected to 100,000 mg/L
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Presentation Notes
More lake sites than streams. 
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Presentation Notes
Example spatial distribution plot for lakes and reservoirs: 
More lake sites in ND (because the number of lakes in ND is greater than in MT), more samples in ND from North Dakota Department of health.  
Notice the cluster of higher concentrations near the NW border

Consistent with specific conductance, high median total dissolved solids concentrations were observed along the northern border of Montana and North Dakota (fig. 29).  The highest specific conductance of 84,500 mg/L for Miller Lake was part of group of sites included in this special project conducted in 1983.  Also consistent with specific conductance, high total dissolved solids concentrations for the group of sites resulted in a higher median value in the Basin in 1983 (fig. 30a). 
Again, fewer sites in MT and SD--An area of higher median specific conductance (also see this for TDS)generally occurs along the northern border of Montana and North Dakota (fig. 25).   A closer look at the database indicates the high median values in this area are a group of 19 sites that were sampled once in October of 1983, most likely as part of a special study with specific objectives (Appendix 12.1).   The high specific conductance values and TDS for this group of sites result in a higher median value for the Basin in 1983.




Williston Basin: range 11 to 84,500 mg/L
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Presenter
Presentation Notes
Temporal variability: The highest specific conductance of 84,500 mg/L for Miller Lake was part of group of sites included in this special project conducted in 1983.  Also consistent with specific conductance, high total dissolved solids concentrations for this group of sites resulted in a higher median value in the Basin in 1983.
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Lake Sakakawea: range 211 to 736 mg/L
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Presentation Notes
Lake Sakakawea: Note the period of data is 1993-2014. Temporal variability is much less in Lake Sakakawea compared to the basin as a whole.  Temporal variability in Lake Sakakawea is related to changes in lake elevation.  Retention time for Lake Sakakawea varies from 0.32 to 1.54 (USACOE). Longer retention time causes increased evaporation from the lake, which leaves dissolved solids behind, resulting in higher concentrations of specific conductance.  
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Presentation Notes
Longitudinal variability in Lake Sakakawea: General patterns in concentrations can be seen.  Concentrations increase from upstream to downstream and much less variability in concentrations at the most downstream site (garrison dam). At the upstream end of the lake, inflows provide fresher water and as water travels through the reservoir, evaporation causes higher concentrations at the downstream end. 

It is interesting to note that the maximum chloride concentration in Lake Sakakawea is less than 20 mg/L.
Longitudinally, median total dissolved solids concentrations increase from upstream (364 mg/L) at RM 1481 to downstream (406 mg/L) at RM 1390 and the variability of specific conductance at an individual site decreases from upstream to downstream (fig. 28, Appendix 13.2).  Variability in total dissolved solids is smallest at the most downstream site, with specific conductance ranging from 276 to 708 mg/L at RM 1390 and largest at the most upstream site ranging 211 mg/L to 736 mg/L.

There is quite a bit of data available for Lake Sakakawea, but the focus tends to be on coldwater habitat issues.  



Characterization of Lakes and 
Reservoirs: Trace Metals

Fewer data available 33-396 sites 
 Maximum detected concentrations exceed 

the USEPA primary or secondary MCL for: 
aluminum, arsenic, and iron. 
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Presentation Notes
Aluminum (in 38 percent of the sites); Arsenic (in 13 percent of the sites); iron (in 16 percent of the sites)




Gaps
Inconsistent collection and processing 

of data for large portions of the 
Williston Basin for detecting 
contamination from energy-
development activities.
Limited water-quality sampling sites in 

Montana and South Dakota portions of 
the Williston Basin.
Limited data on effects of energy 

development on Lake Sakakawea.
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Presentation Notes
The availability of consistently collected, systematically processed and reported data over large portions of the Williston Basin is limited.
Fewer water-quality sites in Montana and South Dakota because the Williston Basin predominantly covers North Dakota.
For Montana and South Dakota, limited water-quality data are available in the Williston Basin for long-term periods of record.
Water-quality data generally were limited for those constituents considered important to detecting contamination from energy development, trace metals, and those related to produced waters.  
The wide range in constituent values may be attributed to the large number of independent studies conducted for various objectives and agencies.
Lake Sakakawea-water quality constituents collected are primarily related to coldwater habitat issues. 




Gaps, cont.

Data required for performing trend 
analysis.
Further evaluation of groundwater 

depths for identifying aquifer units. 

Further evaluation of lake data by 
depth.
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