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Presentation objectives 
• Summary of water-quality 

results from the National 
Water-Quality Assessment 
(NAWQA) Program 

• SPARROW modeling activities 
relevant to the Yellowstone 
River Basin 

• Describe tools to apply the 
SPARROW results in the 
Yellowstone River Basin 

Presenter
Presentation Notes
Focus on NAWQA datasets—another presentation specific to major ions in the Powder and Tongue. Next largest dataset, most parameters, large spatial areaSPARROW (SPAtially Referenced Regressions On Watershed attributes) is a watershed modeling technique for relating water-quality measurements made at a network of monitoring stations to attributes of the watersheds. SPARROW completed at a Regional scale—describe tool to apply the SPARROW results to watersheds within the Yellowstone basin 



U.S. Department of the Interior 
U.S. Geological Survey 
U.S. Department of the Interior 
U.S. Geological Survey 

NAWQA program goals 
 Describe current water-quality conditions 

for a large part of the Nation’s freshwater 
streams and aquifers 

 Describe how water quality is changing over 
time 

 Improve our understanding of the primary 
natural and human factors affecting water 
quality 

Presenter
Presentation Notes
Nationwide assessment of water-quality conditionsBegan with pilot studies in the 1980s. First study units began in 1991. Consistent sampling approach, sampling methods, and sample analysis for sites across the country.Goal of being a long term monitoring program—provide sufficient data for trends analyses and generate enough data to understand factors influencing water quality
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NAWQA monitoring in the Yellowstone 
River Basin 

 Initial sampling 
conducted from 
FY1998-FY2001 
 Stream 

chemistry 
 Groundwater 

chemistry 
 Stream ecology 

 

Presenter
Presentation Notes
One of 51 basins included in the initial study designSampling cyclic-refer to as Cycle 1, Cycle 2, and Cycle 3Funding levels were initially level and have recently decreased-resulting in decreased number of study areas. However sampling in Yellowstone basin has continued.The number of sites has significantly declined.Presentation of results will focus on the datasets collected during this time period.
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NAWQA monitoring : Stream chemistry 

• Ten basic fixed sites 
– Monthly sampling 
– High flow sampling 

• Intensive sampling sites 
– Biweekly to monthly 

sampling 
– Additional high flow 

samples 

• Bacteria synoptic 

Presenter
Presentation Notes
Fixed sites (4 mainstem and 6 tributaries): major ions nutrients, organic carbon, and suspended sediment. Five sites sampled for metalsIntensive sites: sampled much more frequently—in areas of agricultural land use. Analysis included pesticidesBacteria synoptic: 100 sites in the Wind River,  Bighorn River and Goose Creek Basins in WY-June and July 2000Also shown on figure are algal-nutrient sampling sites—part of ecological sampling
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NAWQA: Stream chemistry results 
 -total dissolved solids 

•Mountain 
streams 
dominated by 
calcium and 
bicarbonate 
•Plains streams 
dominated by 
sodium and 
sulfate 

Presenter
Presentation Notes
95% of samples from the plains streams (the Little Powder and Powder) exceeded the USEPA secondary drinking-water standard for dissolved solids of 500 mg/L. Naturally occurring but influenced by land use activities like irrigation and oil and gas development.Major ion chemistry of the plains streams will be discussed in Steve Sando’s talk later this morning



U.S. Department of the Interior 
U.S. Geological Survey 
U.S. Department of the Interior 
U.S. Geological Survey 

NAWQA: Stream chemistry results 
 -nitrogen 

•Vary seasonally and 
related to land use 
•Total nitrogen 
concentrations highest 
in the Little Powder and 
Powder 
•Nitrate concentrations 
highest in Clarks Fork 
Yellowstone and 
Bighorn Rivers 

Presenter
Presentation Notes
1.9 mg/L in the Little Powder River and 2.6 mg/L in the Powder River during 1999-2001, where the land cover in each basin is about 80 percent rangeland. Largely organic N. Concentrations of total nitrogen were less than 1.6 mg/L for other streams sampled, decreasing proportionally with the percentage of rangeland.Nitrate highest in areas of mixed land use but predominantly ag.—highest concentrations in the winter with nitrate use by algae reducing concentrations in the summer.
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NAWQA: Stream chemistry results 
 -phosphorus and suspended sediment 

•Naturally occurring 
in soils 
•Associated with 
suspended sediment 
concentrations 
•Highest in 
rangeland areas 
with erodible soils 
and less vegetation 

Presenter
Presentation Notes
Higher concentrations in the plains and basins areas-higher in areas with higher rangeland.
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NAWQA: Stream chemistry results 
 -trace elements 

• High arsenic concentrations 
in upper reaches from 
naturally occurring sources 

• Lower arsenic 
concentrations downstream 
due to dilution 

• Other trace elements with 
elevated concentrations 
include selenium, mercury 

Presenter
Presentation Notes
g
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NAWQA: Stream chemistry results 
 -bacteria synoptic 

• Exceedance of the USEPA recommended limits for: 
– Fecal coliform primary contact recreation (>400 col/100mL in 37 samples) 
– E. coli recommended limit for moderate use, full-body contact  (>298 col/100 

mL in 38 samples)  
– E. coli recommended limit for infrequent use, full-body contact recreation 

(>576 col/100 mL in 25 samples) 

• Potential sources in agricultural and urban area are sewage 
treatment plants; agricultural, domestic, and wildlife waste; and 
septic systems 

Presenter
Presentation Notes
Bacteria synoptic: 100 sites in the Wind River,  Bighorn River and Goose Creek Basins in WY-June and July 2000
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NAWQA monitoring in the Yellowstone River 
Basin: groundwater chemistry 

• Aquifer surveys 
– Quaternary 

unconsolidated 
aquifers 

– Lower Tertiary 
aquifers 

• Land use 
monitoring survey 

Presenter
Presentation Notes
Quaternary- 24 monitoring wells installed for this study plus 1 domestic well. October 1999 to March 2000Lower Tertiary-15 domestic wells, 8 domestic plus livestock wells, and 6 stock wells. July 2000 to June 2001Land use monitoring survey-29 monitoring wells—shallow 5-10 ft bls Sheridan, Lander, and Red Lodge.



U.S. Department of the Interior 
U.S. Geological Survey 
U.S. Department of the Interior 
U.S. Geological Survey 

• Concentrations higher 
than most shallow wells 
in the nation 

• Samples with high TDS 
dominated by sodium 
and bicarbonate 

• Frequently exceeded 
USEPA secondary 
drinking-water standard 
of 500 mg/L 

NAWQA: Groundwater chemistry results 
 -total dissolved solids 
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NAWQA: Groundwater chemistry results 
 -nitrogen 

•Concentrations of nitrate in 8 percent of samples collected from 
Quaternary aquifers and 3 percent from the lower Tertiary 
aquifers exceeded the USEPA drinking-water standard of 10 mg/L 
  
•Concentration related to surrounding land uses: 

•In Quaternary aquifers increased with the percentage of 
cropland and other agricultural land; decreased as the 
percentage of rangeland and riparian land increased 

•In the lower Tertiary aquifer samples, nitrate concentrations 
increased with the percentage of cropland overlying the 
aquifer. 
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NAWQA: Groundwater chemistry results 
 -radon 
• Naturally-occurring concentrations higher than in 

most shallow wells in the nation 
• 52 of 54 samples exceeded the USEPA proposed 

drinking-water standard of 300pCI/L 
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NAWQA: Groundwater chemistry results 
 -trace elements 

• Trace element concentrations found in samples 
from Quaternary wells didn’t exceed federal 
standards and guidelines 

• In samples from the Lower Tertiary wells, 
drinking-water standards for antimony, boron, 
cadmium, and selenium were exceeded once, and 
twice for molybdenum.  
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NAWQA: Stream and groundwater chemistry
 -pesticides 

• Frequently 
detected but at low 
concentrations 

• Atrazine was the 
most frequently 
detected 

• Breakdown 
products present in 
surface- and 
groundwater  

Presenter
Presentation Notes
20 of 47 pesticides were detected in samplesAtrazine also had the highest concentration detected—0.328 micrograms per liter.
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NAWQA monitoring in the Yellowstone River 
Basin: ecology sites 

• Basic fixed or 
intensive sampling 
sites 

• Bed sediment and 
fish tissue sites 

• Algal-nutrient study 

Presenter
Presentation Notes
Ecological sampling at the basic fixed and intensive sampling sites included instream habitat and riparian measurements, algae, invertebrates, and fish-August-Sept 1999Also multiyear and multiple reach samplingBed sediment and tissue sampling for organic compounds and trace elements—24 sites sampled (10 basic fixed plud 14 other land-use indicator and integrator sites). July-Sept 1998.Algae-nutrient (and invertebrates and selected habitat) to evaluate trophic characteristics—11 sites on the mainstem Yellowstone and five tributaries-August 2000.
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NAWQA: Tissue and bed sediment sample results 
 -pesticides and organic compounds 

• DDT, dieldrin, and 
chlordane present 
in several fish 
samples 

• Just one bed 
sediment sample 
contained DDT 

• PCBs in 3 of 33 fish 
samples 

Presenter
Presentation Notes
Elevated in several mixed landuse sites and sites close to Yellowstone National ParkFigure shows concentrations for various forms/degradation products-main is DDE
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NAWQA: Ecology 
 -periphyton chlorophyll and invertebrates 

• Chlorophyll concentrations in 
Yellowstone at Billings and 
Bighorn River in range of 
severely impaired 

• Pollution tolerant taxa (midges 
and worms) dominant in middle 
section of Yellowstone at sites 
downstream of major tributaries  

• Mayfly, stonefly, and caddisfly 
species dominate in upper and 
lower segments of the 
Yellowstone and most tributaries 

Presenter
Presentation Notes
Chlorophyll concentrations with proposed concentrations that indicate impairment-while concentrations are low. Indications that there is impairment or influences of nutrients on water quality/ecosystem health.Invertebrates—Blue-EPT taxa ephemeroptera, plecoptera, tricoptera (orders) that are considered indicators of better quality water—intolerant of pollution. Black-tolerant taxa (midges and worms)
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NAWQA monitoring in the Yellowstone River 
Basin, FY2002-FY2012 

 Surface Water 
 Yellowstone River at Forsyth, MT (dropped in FY2010) 
 Yellowstone River near Sidney, MT  
 Bighorn River at Kane, WY (dropped in FY2010) 
 Little Powder above Dry Creek nr Weston, WY  

 Groundwater 
 Alluvial aquifers study 2011-2012 

 Ecology 
 Little Powder River above Dry Creek near Weston, WY 
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Current NAWQA monitoring in the Yellowstone 
River Basin (FY2013) 
 
 Surface water 
 Yellowstone nr Sidney, MT 
 Little Powder above Dry Creek nr Weston, WY  

 Groundwater 
 None 

 Ecology 
 Little Powder above Dry Creek nr Weston, WY  

Presenter
Presentation Notes
Sidney-14 samples per yearLittle Powder-eco. Reference site. 6 QW samples and ecology



U.S. Department of the Interior 
U.S. Geological Survey 

SPARROW modeling 
(SPAtially Referenced Regressions On Watershed attributes)  

• Determine P and N loading to various receiving waters over 
large spatial scales 

• Determine where are the main contributing basins (rank 
contributing basins based on loads and yields) 

• Determine what are the main causes of the high loads 
(describe the relative importance of nutrient sources) 

• Provide information to various states and regional 
organizations to support regional interpretation and guide 
local, more in-depth studies 

Presenter
Presentation Notes
Goals of the modeling effort
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SPARROW model elements 

Hydrologic network 

Predicted loads & 
concentrations 

Monitoring data Geographical data 

(Examples) 
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History/Status of SPARROW modeling 

• National model (1992) 
• Suspended sediment 
• Total nitrogen  
• Total phosphorus 
• Total organic carbon 

• Regional models: 
– Missouri River Basin and Pacific Northwest (2002)  

• Total nitrogen 
• Total phosphorus 

– Mississippi River Basin Model (release pending) 
– NHDPlus Nutrient Models (under development) 
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•Developed total nitrogen and total phosphorus models for mean annual   
 conditions in 2002.   
•Local and regional nutrient sources and factors affecting nutrient transport 
•Take advantage of updated GIS data 
•Additional water-quality data from other USGS and outside agency programs 

Sites used in National Models Sites being used in Regional Models 

Regional SPARROW models-Missouri River Basin 
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Total nitrogen 
Sources 

Developed land 

Point sources 
Farm fertilizer 
Manure 
Atmospheric deposition 

Land-to-water delivery 
Precipitation 

Loess surficial geology (%) 
Air temperature 
Irrigated agricultural area (%) 

Aquatic loss 
In-stream attenuation 
Reservoir and lake attenuation 

SPARROW model for total nitrogen 
Developed land Point sources 

Farm fertilizer 
Manure 

Atmospheric 
Deposition 
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Total phosphorus 
Sources 

Developed land 

Point sources 
Farm fertilizer 
Manure 
Stream channels (large streams) 

Land-to-water delivery 
Precipitation 

Mean basin slope 
Permeability 

Aquatic loss 
Reservoir and lake attenuation 

SPARROW model for total phosphorus  
Developed land Point sources 

Farm fertilizer Manure 

Stream  
channels 
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SPARROW Conclusions for Yellowstone Basin 

• Yields of Total Phosphorus (TP) from stream channel 
• Yields of Total Nitrogen (TN) from manure 
• Yellowstone basin had smallest loads and yields of TP and TN 
within the Missouri River Basin 
• Lowest percent load of TN (22%) and TP (2%) delivered to the 
Mississippi 
• Low load delivery to the Mississippi due to low input, large 
reservoirs, and longer travel time 

Brown, Juliane B., Lori A. Sprague, and Jean A. Dupree, 2011. Nutrient 
Sources and Transport in the Missouri River Basin, With Emphasis on the 
Effects of Irrigation and Reservoirs. Journal of the American Water 
Resources Association (JAWRA) 47(5):1034-1060. DOI: 10.1111/j.1752-
1688.2011.00584.x 

Presenter
Presentation Notes
Results at a regional level-stream data (algae/inverts) still show a response—these conclusions are in comparison to streams in the Missouri River basin
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Tools to demonstrate results and help guide 
decisions: SPARROW Decision Support System (DSS) 

•Allows scientists/managers 
to visualize SPARROW output  

•Run various scenarios-
predicted load or yield 
changes with changing 
nitrogen or phosphorus 
inputs 

http://cida.usgs.gov/sparrow/ 
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DSS: Data that can be mapped 

• Model estimates 
• Load 
• Concentrations 
• Yield (load/area) 
• Incremental yield 

(incremental 
yield=load/area for 
contributing drainage 
to that reach) 

• Streamflow 
 

•Model input sources 
•Fertilizer 
•Manure 
•Atmospheric 

•Downstream tracking 
•Total delivered load 
•Incremental delivered load 
•Delivery fraction 
•Incremental delivery yield 
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DSS:  Missouri River Basin base map 
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DSS: Zoom into selected areas 

•Total nitrogen loads from all sources (model input) 
•Location of calibration sites 
•Pick list of possible data series 
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DSS:  Identify reach by stream name or location 
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DSS: Display detailed information for the reach 
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DSS: Display detailed information 
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DSS: Downstream tracking 

•Total delivered load 
•Incremental delivered load 
•Delivery fraction 
•Incremental delivered yield 
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DSS: Change fertilizer, manure, or atmospheric 
input 
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DSS: Estimate changes in predicted load 

•Incremental delivered load (percent change from original) 
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DSS: Plots of predicted change in loads 
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DSS: Export data 
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Questions? 
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