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1.0 INTRODUCTION  

 

The Upper Sheyenne River sub-basin (09020202) and the Middle Sheyenne River sub-basin 

(09020203) collectively encompass approximately 3,913 square miles, or nearly 2.5 million 

acres located within twelve counties (Barnes, Benson, Eddy, Foster, Griggs, McHenry, Nelson, 

Pierce, Sheridan, Steele, Stutsman, and Wells Counties). This was the focus of the Upper and 

Middle Sheyenne River Water Quality and Watershed Assessment Project (Figure 1).   

 

The primary goals of the Upper and Middle Sheyenne River Water Quality and Watershed 

Assessment Project are to assess the current water quality condition and beneficial use (e.g., 

aquatic life and recreation) support status of the Sheyenne River above Lake Ashtabula (Upper 

and Middle Sheyenne River sub-basins) and their tributaries.  The project is also intended to 

identify possible sources or causes of any documented impairment(s) to beneficial uses.  This 

project was funded through the North Dakota Department of Healthôs (NDDoH) Section 319 

Nonpoint Source Pollution Management Program and Section 604(b) Watershed Planning Grant 

Program in partnership with the Upper Sheyenne Joint Water Resource Board, Wells County 

Soil Conservation District, Griggs County Soil Conservation District, State Water Commission, 

and Garrison Diversion Conservancy District.  Data for this project was collected from May of 

2009 through October of 2010.  

 

 
Figure 1. Upper and Middle Sheyenne River Sub-Basins. 
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1.1 Water Quality Assessment Report Strategy 

 

The primary tool used to model the transport of nutrients and sediment throughout the 

watersheds for this assessment is the Annualized Agriculture Non Point Source 

(AnnAGNPS) model.  Due to the large size of the Upper and Middle Sheyenne River 

sub-basins above Lake Ashtabula (3,913 square miles or 2.5 million acres in total) and 

the limitations of the AnnAGNPS model, seven separate watershed models had to be 

developed for the project (Figure 2, Table 1). 

 

 
Figure 2.  Upper and Middle Sheyenne River Watershed AnnAGNPS Models 

(Highlightin g the Model 1 - Sheridan). 

 

Each of the watershed models were developed based on two criteria:  1) to maintain 

similar watershed sizes; and 2) by placing a watershed so that a majority of the area lay 

with one county (Table 1). 
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Table 1.  Description of the Seven Watershed AnnAGNPS Models. 

Watershed Model Description 

Model 1 - Sheridan Area above Harvey encompassing Sheridan and Wells Counties 

Model 2 - Pierce 

Area between Harvey and the junction with the North Fork 

Sheyenne River encompassing Pierce, Wells, Sheridan, and 

McHenry Counties 

Model 3 - Benson 

Area between the junction with the North Fork Sheyenne River and 

1 mile upstream of Eddy County Hwy 1 encompassing Benson, 

Wells, and Eddy Counties 

Model 4 - Eddy 
Area between 1 mile upstream of Eddy County Hwy 1 and south of 

Pekin encompassing Eddy, Ramsey, Griggs, and Nelson Counties 

Model 5 - Griggs 
Baldhill Creek watershed encompassing Griggs, Barnes, Stutsman, 

Foster, and Eddy Counties 

Model 6 - Barnes 

Area between upstream of the Griggs and Barnes County and 

Baldhill Dam (excluding Baldhill Creek) encompassing Barnes, 

Griggs, and Steele Counties 

Model 7 - Nelson 
Area south of Pekin and to upstream of the Griggs and Barnesô 

County lines encompassing Nelson, Griggs, and Steele Counties 

 

In order to provide stakeholders in the Upper and Middle Sheyenne River watersheds 

with necessary information for making conservation management decisions, the water 

quality report strategy will consist of seven separate water quality reports depicting water 

quality and watershed assessment data for that particular modeled watershed.  This 

approach will permit stakeholders to focus on water quality and watershed data in their 

specific study area.  The water quality report will  provide information to assist 

stakeholders with developing water quality and watershed restoration targets and 

implementation strategies to improve water quality.  This report is focused on Model 1, 

referred to as the ñSheridan Modelò.  It is the furthest upstream of the seven watershed 

models that were developed for the Upper and Middle Sheyenne River watershed 

assessment project and encompasses a large portion of Sheridan County and a small 

portion of northwestern Wells County.   

 

1.2 Environmental Setting 

 

1.2.1 Land Use 

 

The ñSheridan Modelò watershed encompasses 347,914 acres in Sheridan and Wells 

Counties, North Dakota (Table 2).  According to National Agricultural Statistics Service 

(NASS) 2007 land cover data, the dominant land use in the watershed is agriculture with 

62 percent used for grassland/pasture, 34 percent cropland, and the remaining 4 percent a 

combination of water, wetlands, or developed/open space (Figure 3).  The dominant 

crops grown in the watershed are spring wheat, sunflowers, and soybeans. 
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Table 2.  Watershed Size for the Seven AnnAGNPS Watershed Models. 

Watershed Model Area (mi
2
) Area (acres) 

Model 1 - Sheridan 543.6 347,914 

Model 2 - Pierce 828.1 529,982 

Model 3 - Benson 535.7 342,826 

Model 4 - Eddy 438.0 280,303 

Model 5 - Griggs 762.7 488,125 

Model 6 - Barnes 159.5 102,069 

Model 7 - Nelson 645.0 412,887 

Total 3,912.6 2,504,106 

 

 
Figure 3.  National Agricultural Statistical Survey Land Use Map, 2007 (Sheridan 

Model). 
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1.2.2 Ecoregions 

 

The Sheridan Model watershed lies within two level IV ecoregions. These are the 

Missouri Coteau Ecoregion (42a) and Drift Plains Ecoregion (46i) (Figure 4).  The 

Missouri Coteau Ecoregion (42a) contains numerous wetlands and/or potholes that were 

created when the Wisconsinan glacier stalled on the Missouri escarpment, slowly melting 

beneath a mantle of sediment to create the pothole topography of the coteau.  Land use 

within the coteau is a mixture of tilled agriculture in flat areas and grazing along steeper 

slopes.   

 

The Drift Plains Ecoregion (46i) was created from the retreating Wisconsinan glaciers 

which left a subtle rolling topography, thick glacial till and a large number of temporary 

and seasonal wetlands.  The Drift Plains Ecoregion (46i) contains productive soils and 

level topography which largely favors cultivation practices.  Historic grasslands of 

transitional and mixed grass prairie have been replaced with fields of spring wheat, 

barley, sunflowers and alfalfa (USGS, 2006). 

 

 
Figure 4.  Level IV Ecoregions in the Sheridan Model Watershed. 
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1.2.3 Weather Data 
 

Precipitation data for the Upper and Middle Sheyenne River Watershed Project was 

obtained from the North Dakota Agricultural Weather Network (NDAWN) station 

located near Harvey, ND in the northeast corner of the watershed.  Figure 5 shows 

monthly precipitation data averaged for the years of 1995 to 2008 compared to the 

precipitation totals for each month during 2009 and 2010.  Snowfall data had not been 

converted into precipitation for the months of January through March and November 

through December for the years 1995 to 2010, and so those months do not appear in 

Figure 5. 

 

 
Figure 5. Monthly Precipitation for NDAWN Weather Station Located Near 

Harvey, ND. 

 

1.3 Water Quality Standards and Guidelines 

 

State law (NDCC 61-28) establishes policies to protect, maintain, and improve the quality 

of waters of the state, while the overall goal of the federal Clean Water Act (CWA) is to 

ñrestore and maintain the chemical, physical, and biological integrity of the Nationôs 

watersò (NDDoH, 2012). 

 

The national water quality standards regulation requires that states specify appropriate 

water uses to be achieved and protected. Appropriate uses are identified by taking into 

consideration the use and value of the water body for public water supply, for protection 

of fish, shellfish, and wildlife, and for recreational, agricultural, industrial, and 

navigational purposes.  The protected beneficial uses of North Dakotaôs surface waters 

are defined in the Standards of Quality for Waters of the State (NDDoH, 2011), as 
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provided in  NDAC 33-16-02.1, along with narrative and numeric criteria to protect those 

uses.  

 

1.3.1 Beneficial Use and Class Description 

 

The primary beneficial uses identified in the Stateôs water quality standards are aquatic 

life and recreation.  Protection for aquatic life means that surface waters should be 

suitable for the propagation and support of fish and other aquatic biota, including aquatic 

macroinvertebrates, and that these waters will not adversely affect wildlife in the area.  

Protection of all surface waters, except wetlands, for recreation means waters should be 

suitable for direct body contact activities such as bathing and swimming and for 

secondary contact activities such as boating, fishing, and wading.  Other beneficial uses 

identified in the Stateôs water quality standards are municipal and domestic water (e.g. 

water suitable for drinking after appropriate treatment), agriculture (e.g., stock watering 

and irrigation), and industrial (e.g., washing and cooling).  These uses apply to all 

classified rivers, streams, lakes, and reservoirs. 
 

The Stateôs water quality standards provide for four stream classes (I, IA, II, and III) and 

five lake classes (1-5).  All classified lakes, reservoirs, rivers and streams in the state are 

protected for aquatic life, recreation, agricultural and industrial uses.  In addition, Class I, 

IA, and II rivers and streams, and all classified lakes and reservoirs, are designated for 

use as municipal and domestic drinking water supplies, unless specifically stated 

otherwise.   
 

The entire Sheyenne River is classified as Class IA.  Rivers that fall into the Class IA 

category have the same water quality standards as Class I streams, except where natural 

conditions exceed Class I criteria for municipal and domestic use.  In these cases the 

availability of softening or other treatment methods may be considered in determining 

whether ambient water quality meets the drinking water requirements of the NDDoH. 

The Sheyenne River from its headwaters to one-tenth mile downstream from Baldhill 

Dam is not classified for municipal or domestic use (NDDoH, 2011). Class IA rivers also 

have the exceptions from Class I rivers listed in Table 3 below. 

 

Table 3. North Dakota Water Quality Standards Exceptions for Class IA Streams. 

Substance or Characteristic Maximum Limit  

Chlorides (total) 175 mg/L (30-day arithmetic average)
1
 

Sodium 60% of total cations as mEq/L
2
 

1 Milligrams per L iter or parts per million  
2 Milliequivalents per Liter  

 

The Sheridan Model portion of the Upper Sheyenne River is assigned aquatic life, 

recreation, agriculture, and industrial beneficial uses by the Standards of Water Quality 

for State of North Dakota (NDDoH, 2011).  However, the focus of this assessment will 

be on the aquatic life and recreational beneficial uses as the water quality standards 

applied will be protective of all other beneficial uses.  
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1.3.2 Narrative Water Quality Standards 

 

For this report, the water quality standards, guidelines, and goals relevant to the Upper 

and Middle Sheyenne River and its beneficial uses involve both numeric and narrative 

standards.  The NDDoH has set narrative water quality standards which apply to all 

surface waters in the state as listed below:  

 

¶ All waters of the state shall be free from substances attributable to municipal, 

industrial, or other discharges or agricultural practices in concentrations or 

combinations which are toxic or harmful to humans, animals, plants, or resident 

aquatic biota. 

 

¶ No discharge of pollutants, which alone or in combination with other substances 

shall: 

1) Cause a public health hazard or injury to environmental resources; 

2) Impair existing or reasonable beneficial uses of the receiving waters; or 

3) Directly or indirectly cause concentrations of pollutants to exceed applicable 

standards of the receiving waters.  

 

In addition to the narrative standards, the NDDoH has set a biological goal for all surface 

waters in the state.  The goal states that ñthe biological condition of surface waters shall 

be similar to that of sites or waterbodies determined by the department to be regional 

reference sites.ò  Direct measures of biological community health (i.e., indices of biotic 

integrity), various chemical data (e.g., dissolved oxygen or metals concentrations) or best 

professional judgment can be used to determine if the waterbody is achieving certain 

narrative and numerical standards, and the narrative biological goal to fully support 

aquatic life uses (NDDoH, 2011). 

 

1.3.3   Numeric Water Quality Standards 

 

Water quality standards also identify specific numeric criteria for chemical, biological 

and physical parameters. The specific numeric standard assigned to each parameter 

ensures protection of the beneficial uses for that classification. For the purposes of this 

assessment report, relevant numeric standards are for E. coli bacteria, with a site specific 

standard for total sulfate.  

 

The numeric criteria for E. coli bacteria is defined as not to exceed 126 organisms per 

100 mL as a geometric mean of representative samples collected during any 30-day 

consecutive period, nor shall more than ten percent of samples collected during any 30-

day consecutive period individually exceed 409 organisms per 100 mL.  For assessment 

purposes, the 30-day consecutive period shall follow the calendar month.  This standard 

shall apply only during the recreation season of May 1 to September 30.  The waterbody 

is classified as fully supporting beneficial uses if both criteria are met, fully supporting 

but threatened if only the first criteria is met, and not supporting if neither of the criteria 

are met by the waterbody (NDDoH, 2012).  Month-specific beneficial use attainment for 

the Upper and Middle Sheyenne River is determined and explained in Section 3.5.1. 
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Also, in addition to the Class IA exceptions for water quality standards listed in Table 3 

above, the Sheyenne River from the headwaters to one-tenth mile downstream of Baldhill 

Dam has a site specific total sulfate standard of 750 mg/L. 

 

Currently, North Dakota is in the process of developing nutrient criteria for the Stateôs 

waters.  Excessive nutrients typically manifest themselves as elevated amounts of algae 

in lakes and reservoirs and as epiphytic algae or rooted macrophytes in streams and 

rivers. The NDDoH is currently performing a pilot project to establish numeric criteria 

for lentic (lake) systems, but does not yet have guidance on lotic (river) systems.   

 

Since the NDDoH has not yet defined numeric nutrient criteria for rivers and streams, 

reference nitrogen and phosphorus values developed as part of the draft report entitled An 

Ecological Assessment of Perennial, Wadeable Streams in the Red River Basin ï North 

Dakota (NDDoH, 2012) will be used in this  assessment report.  These values which were 

developed for the Northern Glaciated Plains (46) ecoregion are 0.581 mg/L and 0.115 

mg/L for nitrogen and phosphorus, respectively. 

 

1.3.4 Impaired Waters Listings 

 

Currently, the 2012 Section 303(d) List of Waters needing Total Maximum Daily Loads 

recognizes portions of the Sheyenne River in this model as not supporting recreational 

use (assessment unit ND 09020202-015-S-00 including site 384020), not supporting 

recreational use (assessment unit ND 09020202-013-S_00 including site 380137), and 

fully supporting but threatened for recreational use (assessment unit ND 09020202-012-

S_00 including site 380135) due to exceedences in E. coli bacteria (NDDoH, 2012).  

Total Maximum Daily Loads (TMDLs) have been completed and approved for these 

sections of the Sheyenne River and can be found at www.ndhealth.gov/WQ/ and then 

through the TMDL Program link on the left hand side of the page to find a list of 

completed and approved TMDLs. 

 

2.0 WATER QUALITY SAMPLI NG METHODS 

 

 2.1 Sampling Sites  

  

 Monitoring stations were selected in the Upper and Middle Sheyenne River sub-basins to 

determine the current condition of water quality, potential effects of pollutant loadings, 

stressors and/or pollutant sources or any use impairments.  Descriptions and locations of 

sites and parameters sampled for the Sheridan Model are provided in Table 4 and Figure 

6. 

          

 

 

 

 

 

 

 

http://www.ndhealth.gov/WQ/
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Table 4. Description of Sampling Sites and Parameters for the Sheridan Model. 

Storet ID Site Description Parameters 
Collection 

Year 

380135
2
 

Sheyenne River ï 4 miles 

South and 1.5 miles West of 

Harvey 

 

Water Chemistry
1
 

E. coli bacteria 

Discharge (USGS Site 05054500)
 

2009-2010 

380137 

Unnamed Tributary to the 

Sheyenne River ï 2.5 miles 

Southeast of Coal Mine Lake 

E. coli bacteria
 

2009-2010 

384020 

Sheyenne River ï Above 

Sheyenne Lake 8 miles South, 

3 miles West and 3 miles 

South of Anamoose 

E. coli bacteria
 

2009-2010 

1Water chemistry includes major cations/anions, trace elements, nutrients (total nitrogen, total Kjeldahl nitrogen, nitrite-nitrate, 

ammonia, and total phosphorus), and total suspended solids. 
2Collocated with USGS stream gauge station. 

 

 

 

 
Figure 6.  Stream Sampling Sites and USGS Gauge Station (05054500) for  the 

Upper and Middle Sheyenne Watershed Project (Sheridan Model). 
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2.2 Sampling Design 

  

The primary goal of the Upper and Middle Sheyenne River Water Quality and Watershed 

Assessment Project was to assess the water quality condition and beneficial uses support 

status of the Upper and Middle Sheyenne River and its tributaries, and to identify 

possible sources/causes of any documented impairment to beneficial uses.   

 

A quality assurance project plan (QAPP) was developed focusing on sample locations, 

frequency schedules, and methods to support the primary goal of the Upper and Middle 

Sheyenne River Water Quality and Watershed Assessment Project. 

 

For a  complete description the reader is referred to the Quality Assurance Project Plan 

for the Upper and Middle Sheyenne River Water Quality and Watershed Assessment 

Project (NDDoH, 2009). 

 

2.3 Sampling Methods 

 

Project sampling methods for the Upper and Middle Sheyenne River Water Quality and 

Watershed Assessment Project QAPP included water chemistry, stage, bacteria (E.coli), 

and macroinvertebrates.   

 

The reader is referred to the Standard Operating Procedures for Field Samplers found at 

the end of the Quality Assurance Project Plan for the Upper and Middle Sheyenne River 

Water Quality and Watershed Assessment Project (NDDoH, 2009) for a complete 

description of the sampling methods used for this project.  

 

3.0 STREAM ASSESSMENT DATA 

 

While the Sheyenne River was sampled and analyzed for a variety of water quality constituents, 

only those parameters of concern are discussed in detail in this report. For a summary of all 

parameters sampled see Appendix A. 

 

3.1 Hydrology 

 

Hydrology describes the way water flows through a watershed.  The water discharge 

measurement (volume of water) is an important complement to the concentration data 

collected during water quality analysis, as it allows the determination of what quantity 

(load) of a pollutant flows through the system over a given time.  A concentration value 

of ten milligrams per liter (mg/L) has a very different effect on the river depending on 

whether there are three or three thousand liters of water that flow through a system in a 

day. 

 

According to the National Oceanic and Atmospheric Administration (NOAA) National 

Weather Service Glossary, discharge is measured in cubic feet per second (cfs). One 

cubic foot per second is equal to the discharge through a rectangular cross section, one 

foot wide by one foot deep, flowing at an average velocity of one foot per second, or 

approximately 7.48 gallons per second. 
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Daily stream discharge values were collected at one stream location within the Sheridan 

Model watershed.  This location was at the United States Geological Survey (USGS) 

gauging station located above Harvey, N.D (05054500).  The USGS station has operated 

continuously since1956 and is collocated with the NDDoH monitoring location 380135.  

For the purposes of this assessment report, the last twenty years (1990-2010) of historical 

discharge records will be used to describe the hydrology of the Sheridan Model 

watershed. This block of time should account for wet and dry cycles through the 

hydrological history of USGS gauge station 05054500.  From 1990 to 1992, the annual 

mean discharge of the Sheyenne River above Harvey, ND was very low, most likely due 

to drought conditions in the late 1980ôs.  Then in 1993-2001 the mean annual discharge 

fluctuated from average to above average flows, most likely due to a wet cycle, then 

dropped significantly from 2002 thru 2008 (Figure 7).  In 2009 and 2010, the discharge 

was 2.0 to 2.5 times higher than the average annual discharge of 1990-2008 which was 

calculated at 20 cfs.  This can be attributed to record snowfalls and above average spring 

rains that were present all across North Dakota.  

 

Discharge for the watershed is then used to determine the flow duration curve that will be 

used in the load duration curve analysis. Flow duration curve analysis looks at the 

cumulative frequency of historic daily flow data over a specific period of time.  The flow 

duration curve relates flow (expressed as mean daily discharge) to the percent of time 

those mean daily flow values were met or exceeded.  The use of ñpercent of time 

exceededò (i.e., duration) provides a uniform scale ranging from 0 to 100 percent, thus 

accounting for the full range of stream flows.  Low flows are exceeded most of the time, 

while high flows or flood flows are exceeded infrequently (EPA, 2009).  As mentioned 

earlier, this is a complement to the concentration data (measured in mg/L) and will help 

to depict how often large amounts of water are flowing through the watershed.   

 

 
Figure 7.  Mean Annual Discharge at the USGS Gauging Station (05054500) on the 

Sheyenne River above Harvey, ND. 

 

A basic flow duration curve runs from high to low (0 to 100 percent) along the x-axis 

with the corresponding flow value on the y-axis (Figure 8).  By using this approach, flow 
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duration intensities are expressed as a percentage, with zero corresponding to the highest 

flows in the record (i.e., flood conditions) and 100 to the lowest flows in the record          

( i.e., drought).  Therefore, as depicted in Figure 8, a flow duration interval of 50 percent, 

associated with the stream flow of 4.2 cubic feet per second (cfs), implies that 50 percent 

of all observed mean daily discharge values equal or exceeded 4.2 cfs. 

 

 
Figure 8. Flow Duration Curve for USGS Gauging Station 05054500. 

 

Variable stream flows at high and low intervals are important factors in determining 

nonpoint source pollution loads.  To better correlate the relationship between the 

pollutants of concern and the hydrology of the Sheyenne River, load duration curves were 

developed for total nitrogen (TN) and total phosphorus (TP).  Curves were constructed by 

multiplying concentrations for each parameter by the mean daily flow and a conversion 

factor specific to each parameter.  The curve represents a reference value for TN and TP 

based on ecoregion criteria discussed in the draft report entitled An Ecological 

Assessment of Perennial, Wadeable Streams in the Red River Basin ï North Dakota 

(NDDoH 2012).  The points on the graphs represent the samples taken.  The State does 

not have a water quality standard or reference value for total suspended solids (TSS), so a 

summary of that data is provided in Appendix A.  

 

3.2 Nutrients 

 

To best understand how nitrogen and phosphorus work together in a waterbody, a 

description of the concept of limiting nutrients is appropriate.  Many studies suggest that 

a ratio of total nitrogen (TN) to total phosphorus (TP) between 10 and 17 is the optimum 

value for growth of algae (i.e. proportions of both nitrogen and phosphorus are sufficient 

for growth).  For example, if there was an average TN value of 30 mg/L and an average 

TP value of 3 mg/L, that would equal a TN:TP of 10.  A nutrient in short supply, one that 
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causes this ratio to be above or below this range of values, is called the limiting nutrient.  

It is generally thought that a TN:TP ratio less than 10 is nitrogen limited and a TN:TP 

ratio of greater than 17 is phosphorus limited.  In most North Dakota waters, nitrogen is 

the limiting nutrient.  This means that once the nitrogen drops to a very low amount, no 

matter how much phosphorus is still present, rapid uptake by plants will not occur.  

Calculating this relatively simple ratio can sometimes provide a useful clue as to the 

relative importance of nitrogen or phosphorus as it affects the abundance of algae in a 

waterbody. 

 

3.2.1 Total Nitrogen  

  

Nitrogen is an essential nutrient for plants and animals. However, an excess amount of 

nitrogen in a waterway promotes the excessive growth of algae, when sufficient amounts 

of phosphorus are present. When the algae die and decompose, dissolved oxygen in the 

water, which is essential to the health of aquatic life, is consumed and can reach critically 

low levels resulting in mortality to fishes and other aquatic organisms. Increased levels of 

both nitrogen and phosphorus in the water can also lead to blue-green algae blooms 

which can be toxic to domestic animals, wildlife, and humans if ingested. The die-off of 

rooted vegetation due to lack of dissolved oxygen can lead to an increase in water 

temperature and to a decrease in suitable habitat for aquatic organisms.  Both of these 

factors can lead to stress-caused mortality of aquatic life.  In addition to the local effects 

on the river or stream itself, excessive transport of nutrients can cause eutrophication 

(excessive algae growth and subsequent decrease of dissolved oxygen) of downstream 

lakes and impoundments.  

 

High levels of nitrates (a component of total nitrogen) in the water used as a livestock 

water supply can also harm livestock.  Exceedingly high levels of nitrates in drinking 

water for humans, those above 10 mg/L, are considered a threat to human health. 

Generally, concentrations of nitrates in surface waterbodies do not reach this level 

because nitrates are readily taken up by plants.   

 

Increased costs to treat drinking water supplies are also associated with high nutrient 

levels.  The costs include filtering of algae toxins as well as the increased cost of treating 

disinfection by-products formed during the drinking water treatment.  High nutrient 

levels in drinking water sources also affect water quality in other ways such as taste and 

odor problems, clogging of intake structures, diminished filtration effectiveness and pH 

fluctuations that can lead to corrosion in the distribution pipes.  It is estimated that for a 

small community water system serving 500 or fewer people, the capital cost for installing 

ion exchange treatment to remove excess nitrate from source water would be more than 

$285,000 with increased operating costs of $17,600 per year.  Sources of nitrogen include 

wastewater treatment plants, runoff from fertilized lawns and croplands, failing septic 

systems, and runoff from animal manure and feeding/storage areas (USEPA, 2009). 

Nitrogen is also converted from one form to another through biological processes. 

 

There are three forms of inorganic nitrogen that are commonly measured in water bodies:  

ammonia, nitrates and nitrites. Ammonia and nitrates are the reactive forms for plant 

uptake. Total nitrogen (TN) is the sum of organic nitrogen, ammonia, and nitrate-nitrite.  
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It can be derived by analyzing for total Kjeldahl nitrogen (TKN) (organic nitrogen), 

ammonia, and nitrate-nitrite.   

 

3.2.2 Total Nitrogen Load Duration Curve Analysis 

 

According to the draft report An Ecological Assessment of Perennial, Wadeable Streams 

in the Red River Basin (Larsen, 2012), Ecoregion 46, the Northern Glaciated Plains, had a 

total nitrogen reference value of 0.581 mg/L.  This value was derived from nutrient data 

collected at a set of ñleast disturbedò reference sites located in the Northern Glaciated 

Plains ecoregion of North Dakota.  This value is not a water quality standard, as nutrient 

criteria or standards have not yet been developed, but is provided as a point of reference 

or goal when evaluating the data collected within the watershed. 

 

Observed in-stream total nitrogen data obtained from monitoring site 380135 in 2009 and 

2010 were converted to a total nitrogen load by multiplying the observed total nitrogen 

concentration for each sampling event by the mean daily flow and a conversion factor.  

These loads are plotted against the percent exceeded of the flow on the day of sample 

collection.  Daily load estimates points above the criteria line of 0.581 mg/L depict 

observed concentrations that exceeded the reference concentration value for that flow, 

and would have also exceeded the nitrogen load of a least impaired/impacted reference 

stream for that given flow.   

 

Ideally, values that are close to the line indicate a nitrogen load for the stream that is 

close to the least impacted condition for this ecoregion, and therefore is more healthy.  

The further away from the criteria line, the larger the negative impact to the stream 

becomes.  As mentioned in the section above, the criteria line is provided for assessment 

purposes only as statewide nutrient criteria have not been developed for North Dakota at 

this time.  

 

In Figure 9, the load duration curve for site 380135 indicates that the total nitrogen load 

is highly related to flow as the symmetry of the samples follow the flow curve quite 

closely.  This indicates that sources of nitrogen are most likely from overland flow 

related to nonpoint source pollution runoff.  If there were significant point sources of in-

stream nutrients, like wastewater treatment plant discharge, one would expect to see large 

increases in loads during low flow events (i.e. 80% - 100% duration intervals on the 

graph).   
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Figure 9.  Total Nitrogen Load Duration Curve for the Sheyenne River Monitoring Station 

380135 (The curve reflects flow data from 1990-2010). 

 

3.2.3  Total Phosphorus  

 

Total phosphorus (TP) is also an essential nutrient for plants and animals.  In 

waterbodies, phosphorus occurs in two forms, dissolved and particulate.  Dissolved 

phosphorus comes in both soluble reactive and soluble organic (non-reactive) forms. 

Particulate phosphorus is formed when phosphorus becomes incorporated into particles 

of soil, algae and small animals that are suspended in the water.  Both dissolved and 

particulate phosphorus can change from one form to another very quickly (called cycling) 

in a waterbody.  This is important because algal cells and plants can only use phosphorus 

in certain forms.  Use is also influenced by factors such as pH, hardness of the water, the 

amount of dissolved oxygen in the water and thermal stratification (layers of water 

having different temperatures).  

 

While phosphorus is naturally limiting in most fresh water systems because it is not as 

abundant as carbon and nitrogen, North Dakota sees elevated concentrations in its waters 

due to its abundance in most soils and the intensive agriculture land use across the state.  

Particulate phosphorus naturally bonds to soil particles and as a result can be transported 

over long distances with eroded soil.  Because of this binding property phosphorus often 

settles with soil particles on the bottom of streams, rivers, and lakes where it becomes 

unavailable for use by plants until it is both resuspended and mixed with the appropriate 

concentrations of nitrogen.  Soluble phosphorus remains in the water column, available 

for plant use.  Sources of phosphorus include soil and rock, wastewater treatment plants, 
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leaking septic systems, runoff from cropland, fertilized lawns, animal manure storage 

areas, disturbed land areas, drained wetlands, water treatment, decomposition of organic 

matter, storm water runoff, and commercial cleaning preparations (USEPA, 2009). 

 

The negative consequences of large amounts of phosphorus in a water body are similar to 

those of large amounts of nitrogen which has been discussed in the previous section.  

They are associated with algae blooms, accelerated plant growth, low dissolved oxygen 

from the decomposition of additional vegetation, and increased costs associated with 

drinking water infrastructure.   

 

3.2.4  Total Phosphorus Load Duration Curve Analysis 

 

Based on the draft report An Ecological Assessment of Perennial, Wadeable Streams in 

the Red River Basin, (Larsen, 2012), a total phosphorus reference value of 0.115 mg/L 

was estimated for the Northern Glaciated Plains Ecoregion (46).  This reference value 

was developed based on data collected at ñleast disturbedò reference sites located in the 

Northern Glaciated Plains Ecoregion. Again, the reference value of 0.115 mg/L is not a 

water quality standard, but is provided as a point of reference when evaluating the data. 

 

Observed in-stream total phosphorus data obtained from monitoring site 380135 in 2009 

and 2010 were converted to a phosphorus load by multiplying the observed total 

phosphorus concentration for each sampling event by the mean daily flow observed on 

the day the sample was collected and a conversion factor.  These loads are plotted against 

the percent exceeded of the flow on the day of sample collection.  Points depicting the 

daily load estimates plotted above the criteria line of 0.115 mg/L depict observed 

concentrations that exceed the reference concentration value for that flow.   

 

Those concentrations also exceeded the phosphorus load of a least impaired reference 

stream given their flow rates at the time of collection.  As in the case with the nitrogen 

load curve, values that are close to the line indicated a phosphorus load in the stream that 

is similar to the least impacted streams in this ecoregion.  The further away from the 

criteria line, the larger the negative impact to the stream becomes. If watershed 

restoration activities are desired at the conclusion of this report, appropriate target values 

for total nitrogen and phosphorus may be discussed.  

 

In Figure 10, the load duration curve for site 380135 indicates that the total phosphorus 

load is also related to flow conditions.  This would also suggest that sources of 

phosphorus could be overland flow related to nonpoint source pollution runoff.  

However, the slight variation in the symmetry of the samples also indicates that in-stream 

processes such as plant decay or riparian grazing are significant sources as well.  This is 

also indicated by the samples at the extremely high flows (less than 8% or greater than 64 

cfs) falling very close to the criteria line, while a majority of the samples at lower flow 

(60% to 80%, 3 cfs to 1.5 cfs) are above the criteria line. 
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Figure 10.  Total Phosphorus Load Duration Curve for the Sheyenne River 

Monitoring Station 380135 (The curve reflects flow data from 1990-2010). 

 

3.3  Total Suspended Solids  

 

Total suspended solids (TSS) are organic and inorganic solid materials that are suspended 

in the water and include silt, plankton, and industrial wastes.  If high concentrations of 

suspended solids exist in the waterbody it can lower water quality by absorbing light.  

The waterbody then becomes warmer and reduces the ability of the water to hold oxygen 

necessary for aquatic life.  When aquatic plants receive less light, photosynthesis 

decreases and less oxygen is produced.  The combination of warmer water, less light, and 

lower oxygen makes it impossible for some forms of life to exist (NDDoH, 1997). 

 

Suspended solids can also affect fish by clogging gills, reducing growth rates, decreasing 

resistance to disease, and preventing egg and larval development.  Particles that settle out 

can smother fish and aquatic insect eggs and suffocate newly-hatched larvae.  Suspended 

solid material settles into microhabitats such as the spaces between rocks that aquatic 

insects like mayfly and stonefly nymphs and caddisfly larva inhabit (NDDoH, 1997). 

 

Suspended solids are a result of erosion from agricultural land, bank erosion, algae 

growth, urban runoff, industrial waste, and wastewater discharges (NDDoH, 1997). The 

State of North Dakota has no numeric water quality standard or reference value for TSS.   
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3.4 Historic Data (1996-2004) from the Upper Sheyenne River and Harvey 

Reservoir Section 319 Nonpoint Source Pollution Project. 

 

A two phase implementation project was initiated in 1996 in this portion of the Upper 

Sheyenne River watershed, and it continued until 2004.  The goal of the project was to 

improve water quality conditions within the Harvey Reservoir, the Sheyenne River, and 

throughout their watersheds.   

 

To achieve this goal it was determined that conservation land management practices 

should be applied to 75 percent of the cropland in the watershed.  It was also determined 

that a secondary focus should be given to addressing unconfined animal waste with the 

installation of animal waste systems. A third focus was to improve public knowledge 

through a variety of information and education activities.  

 

When comparing the results in Figures 11 and 12, water quality improvements with 

respect to nutrients are not apparent.  This lack of measurable improvement in water 

quality has many contributing factors.  First, though the plan called for Best Management 

Practices (BMPs) to be applied to 75 percent of the cropland in the watershed, ultimately 

only 31 percent of the cropland had land management practices developed through this 

program.   

 

Second, although unconfined animal waste was identified as a primary cause of concern, 

no animal waste systems were constructed through this program. With the depressed 

farming economy as it was at that time, it was difficult to get producers to commit to the 

large out of pocket expenses required to install animal waste systems.  Also at that time, 

the Stateôs BMP team had not yet been established and NRCS engineers were not 

available to help defray some of the cost by providing engineering and planning 

expertise. 

 

Third, as described in the May 2005 final report prepared by the Wells County Soil 

Conservation District, the project would have benefitted from a more detailed upfront 

assessment identifying priority areas with the greatest potential sources of pollutant 

loading.  As indicated by comparing Figure 13 to Figures 21 and 22, many of the 

conservation practices did not occur in the areas that would now be considered high 

priority areas.  Also several of the contracts were located on land downstream from the 

last Sheyenne River sampling site, and while they may have benefitted the Harvey 

Reservoir, they did not contribute to the water quality above that last sampling site. 

 

This is not to say that the project was unsuccessful.  The educational component of the 

1996-2004 Implementation Project was very successful at increasing public awareness 

with the completion of 41 workshops, presentations, and displays at a wide variety of 

meetings held throughout the area, as well as newsletters and brochures that were made 

available to producers.  This improved knowledge and understanding is the foundation on 

which all future projects can grow. 

 

The Stateôs Section 319 Program has grown and developed throughout the years since the 

1996 ï 2004 Implementation Project. Many advancements in computer modeling and 
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data analysis have made it possible to identify potential sources of pollution to better 

target effective BMP installation to improve water quality. There are also many new 

ways to provide technical assistance to producers through groups such as the BMP 

engineering team as well as planning support.  
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Figure 11. Annual Mean Total Nitrogen Concentrations and Discharge for Site 

380135 (1996 ï 2010). 
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Figure 12. Annual Mean Total Phosphorus Concentrations and Discharge for Site 

380135 (1995 ï 2010). 
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Figure 13. BMPs Installed during the 1996 ï 2004 Section 319 Upper Sheyenne River 

Project. 

 

3.5  Total Nitrogen, Total Phosphorus and Total Suspended Solids Box and Whisker 

Plots for  the Upper and Middle Sheyenne River Watershed. 

 

A box and whisker plot is a convenient way of graphically depicting groups of numerical 

data through their five-number summaries: 1) the sample minimum; 2) lower quartile; 3) 

median; 4) upper quartile; 5) sample maximum.  The box plot may also indicate which 

observations, if any might be considered outliers.  For further information on box and 

whisker plots please refer to Appendix C. 

 

The box and whisker plots represented in Figures 14-16 show all water quality sites that 

sampled for total nitrogen, total phosphorus, and total suspended solids.  The box and 

whisker plots allow the reader to compare and contrast water quality sites upstream to 

downstream throughout the Upper and Middle Sheyenne sub-basins.  

 

Total nitrogen for site 380135,  located in the Sheridan Model watershed, can be 

compared with the rest of the water quality sampling sites along the Upper and Middle 
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Sheyenne River (Figure 14).  The height of the box identifies the spread of the data, 

indicating the smallest and largest observations. In the case of site 380135 the height of 

the box is shorter than most which indicates that the data was consistent in values, as is 

expected in headwaters of rivers.  When comparing site 380135 to the rest of the Upper 

and Middle Sheyenne River, the mean value (shown by the blue diamond) is lower than 

adjacent river reaches while the number of outliers (red xôs and +ôs) increase in the 

downstream reaches.  This is an indication of a strong correlation between agricultural 

land use activities and the proximity of those activities to the river. Headwater regions of 

a river system typically have lower values as they have fewer contributing waters.  This 

region is also highly vegetated as is shown in Figure 3 and the Lonetree Wildlife 

Management Area (Figure 13) makes up a significant portion of the riparian area for this 

reach.  However, even though this reach has a low average value for nitrogen, all of the 

sites have average values that exceed the reference value of 0.581 mg/L. 

 

 
Figure 14.  Box and Whisker Plot of Total Nitrogen for all the Water Quality 

Sampling Sites in the Upper and Middle Sheyenne River. 

 

Phosphorus values for site 380135 are also lower than most of the downstream reaches 

(Figure 15), consistent with a headwater region of a river.  With the exception of sites 

385504 and 384126, phosphorus values show increasing average concentrations as you 

move downstream.  Both of these sites represent small subwatersheds off of the mainstem 

of the Sheyenne and have smaller contributing and cumulative areas.  All of the sites 

have average values higher than the reference value of 0.115 mg/L. 

 

    


