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1.0 INTRODUCTION

The Upper Sheyenne River shhsin (09020202) and the Middle Sheyenne Rive#msgin
(09020203) collectivelgncompasapproximately3,913 square milesor nearly 25 million
acres located within twelve counties (Barnes, Benson, Eddy, FGsiggs, McHenry, Nelson,
Pierce, Sheridan, Steele, Stutsman, and Wells Counfigs)was the focus of the Upper and
Middle Sheyenne River Water Quality and Watershed Assessment RFagece 1).

The primary goals of the Upper and Middle SheyennveRiVater Quality and Watershed
Assessmerroject are to assess the current water quality condition and beneficial use (e.qg.,
aguatic life and recreation) support status of3hg/enne Rivembove Lake Ashtabula (Upper
and Middle Sheyenne River stiasirs) and theirtributaries The project is also intended to
identify possible sources or causes of any documented impaisykenibeneficial uses. This
project was funded throughtheo r t h
Nonpoint Sourcéollution Management Program and Section BpWatershed Planning Grant
Program in partnership with thépper Sheyenne Joint Water Resource Boafells County
Soil Conservation District, Griggs County Soil Conservation Dist8tdte Water Commission,

and Garrison Diversion Conservancy Distriddata for this project was collected from May of

2009 through October of 2010.
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1.1Water Quality AssessmenReport Strategy

The primary tool used to modile transport of nutrients and sediment thraugkhe
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
subbasinsabovelake Ashtabuld3,913 squee miles or 5 million acresn total) and

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

developed for the projedFigure 2 Table ).
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Figure 2. Upper and Middle Sheyenne River atershed AnnAGNPS Models
(Highlightin g the Model 1 - Sheridan).

Each of the watershed modeateredeveloped 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 SavenWatershed AnnAGNPS Models.
Watershed Model Description
Model 1 - Sheridan Area above HarveyencompassingSheridan and Wells Counties
Area between Harvey and the junction with the North Fork
Model 2 - Pierce Sheyenne Riveencompassingierce, Wells, Sheridan, and

McHenry Counties

Area between the junction with the North Fork Sheyenne River
Model 3 - Benson 1 mile upstream of Eddy County Hwyehcompassingenson,
Wells, and Eddy Counties

Area between 1 mile upstream of Eddy County Hwy 1 and soultl
Pekinencompassingddy, Ramsey, Griggs, and Nelson Counties
Baldhill Creek watersheencompassinriggs, Barnes, Stutsman,
Foster, and Eddy Counties

Area letween upstream of the Griggs and Barnes County and
Model 6 - Barnes Baldhill Dam (excluding Baldhill Creelgncompassingarnes,
Griggs, and Steele Counties

Area south of Pekin arnd upstream of the Griggs and Bardes
County linesencompassinfjlelson, Griggs, and Steele Counties

Model 4 - Eddy

Model5 - Griggs

Model 7 - Nelson

In order toprovidestekeholders in the Upper and MigdSheyenne River watersheds
with necessary information for making conservation management decisiengater
guality report strategy will consist of seven sepamwater quality reports depicting water
guality and watershed assessment data for that particularededskrshed This
approach willpermitstakeholderso focus on watequality andwatershedlata in their
specific studyarea The water quality regt will provide information to assist
stakeholdersvith developingwater quality and watershed restoratiarges and
implemenation strategieso improve water quality This report is focused on Modg|
referred to as .ttisthe firtBestepstrednaal theMevenenvatérshed
models that were developed for the Upper and Middle Sheyenne River watershed
assessmemtrojectand encompasses a large portion of Sheridan County and a small
portion of northwestern Wells County

1.2 Environmental Setting
1.2.1 Land Use

ThefiSheridan Mod@ watershed encompasses 347,914 acres in Sheridan and Wells
Counties, North Dakot@lrable2). According to National Agricultural Statistics Service
(NASS)2007 land cover datéhe dominat land use irthewatershed isigriculturewith

62 percent used for grassland/pasture, 34 percent cropland, and the remaining 4 percent a
combination of water, wetlands, or developed/open sffagare 3) Thedominant

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

Watershed Model Area (mi°) | 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 2,504106
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1.22 Ecoregions

The Sheridan Modebatershed lies within two level IV ecoregioi$iese are the

Missouri Cotealecoregion (42a) and Drift Plains Ecoregion (46i) (Figure®)e

Missouri Coteau Eoregion (42a) contains numerous wetlands and/or potholes that were
created wen theWisconsinarglacier stalled on the Missouri escarpment, slowly melting
beneath a mantle of sediment to create the pothole topographycot¢he. Land use
within the coteau is a mixture of tilled agriculture in flat areas and grazing alongrsteep
slopes.

The Drift PlainsEcoregion (46i) was created from the retrealiMigconsinarglaciers
which left a subtle rolling topographthick glacial tilland alarge number of temporary
and seasonal wetlands. The Drift Pldtt®region (46ikontairs 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 alfalffty SGS, 2006)

MCLEAN

WELLS

Legend
] Model_1_sheridan
Level IV EcoRegions
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- Collapsed Glacial Outwash (42b)
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Figure 4. Level IV Ecoregions in theSheridan Model Watershed.
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1.2.3Weather Data

Precipitation data for the Upper and Middle SheydRiver Watershed Project was
obtained from the North Dakota Agricultural Weather Network (NDAWN) station
located near HarveWD in the northeast corner of the watershEdyure 5shows
monthly precipitation data averaged for the years 06182008compared to the
precipitationtotals for each monttiuring2009 and 2010Snowfall data had not been
converted into precipitatrofor the months of January through March and November
through December for the yedr895 to 2010and sahose months do not appear

Figure 5
7
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a 0L
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W .;:E- ﬁ;@‘:‘t ?_& @'5!" H‘}‘:“ -..,?} ?ﬁq;}h ,:jlaﬂ Q{" ,%Fl QE'
Figure 5. Monthly Precipitation for NDAWN Weather Station Located Near
Harvey, ND.

1.3Water Quality Standards and Guidelines

State law(NDCC 6128) establishes poliesto protect, maintain, and improve the quality

of waters otthe state, while the overall goal of the federal Clean Water Act (CWA) is to
ifirestore and maintaibhibohegcbaemicategphygi o
waterso (RDDoH, 201

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 these and value of the water body for public water supply, for protection

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

navigational purposest he protected beneficial uses of
are definedn the Standards of Quality for Waters of the St®DoH, 2011) as
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provided in NDAC 3316-02.1, along with narrative and numeric criteria to protect those
uses.

1.3.1 Beneficialuseand ClassDescription

The primary beneficial uses identified in
life and recreationProtection for aquatic life meattzatsurface watershouldbe

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

secondary contact activities such as boating, fishing, and wa@ihgr beneficial uses
identified in the Stateds water quality st
water suitable for drinking after appropriate treatmentjcatjure (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 Statebés water quality standar dandprovi d
five lake classes (B). All classified lakes, reservoirs, rivers and streams in the state are
protected for aquatic life, recreation, agricultural and industrial usesddition Class I,

IA, and Il rivers and streams, and all classified |laked reservoirs, are designated for

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

otherwise.

TheentireSheyenne Rives classified as Class IA. Rivers that fall into the Class 1A
categoryhave the same water qualgtandards as Class | streams, except wheveata
conditions exceed Class | criteria for municipal and domestic lnséhese casdbe
availability of softening or other treatment methods may be considered in determining
whether ambient water qualitye®ts the drinking water requirements of Hi2DoH.

The Sheyenne River from its headwaters to-tem¢h mile downstream from Baldhill

Dam is not classified for municipal or domestic use (NDDoH, 20QIBss IA rivers also
have the exceptions from Classueis listed in Tabl& below.

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

Substance or Characteristic Maximum Limit
Chlorides (total) 175 mg/L (30day arithmetic average)
Sodium 60% of total cations as mEd/L

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

The SheridarModel portion of the Upper Sheyenne River is assigned aquatic life,
recreation, agriculture, and industrial beneficial uses bgthedards of Water Quality
for State oNorth 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.TheNDDoH has set narrative water quality standards which apply to all
surface waters in the stads listed below:

1 All waters of the state shall be free from substances attributable to municipal,
industrial, or other discharges or agricultural practicepitentrations or
combinations which are toxic or harmful to humans, animals, plants, or resident
aguatic biota.

1 No discharge of pollutants, which alone or in combination with other substances
shall:
1) Cause a public health hazard or injury to environmeatmurces;
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<s® s biological goal for all surface
watersinthestateT he goal states that fithe biologic
be similar to that of sites or waterbodies determined by the department to be regional
reference site8 Direct measures dfiological communi 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 Wviterbodyis achieving certain

narrative and numericatandards, and the narrative biological goal to fully support

aguatic life use(NDDoH, 2011).

1.3.3 Numeric Water Quality Standards

Water quality standards also identify specific numeric criteria for chemical, biological
andphysical 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 numeriogdads are for E. coli bacterwith a site pecific
standard for total sulfate.

The rumeric criteria for E. coli bacteria is defined as not to exceed 126 organisms per
100 mL as a geometric mean of representative samples collected duringaany 30
consecutive period, nor shall more than ten pgroésamples collected during any-30

day consecutive period individually exceed 409 organisms per 100rorLassessment
purposes, the 36ay consecutive period shall follow the calendar moiithis standard

shall apply only during the recreation seasbiMay 1 to September 30Che waterbody

is classified as fully supportirgeneficial used 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 waterbodMDDoH, 2012). Month-specific beneficial use attainment for
the Upper and Middle Sheyenne River is determined and explained in Sebtion 3.
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Also, in addition to the Class IA exceptions for water quality standards listed inJable
above, the Sheyenne River from the headwatersaaenth mile downstream of Baldhill
Dam has a site specific total sulfate standard of 750 mg/L

Currently, North Dakota is in the process
waters. Excessevnutrients typically manifest themselves as elevated amounts of algae

in lakes andeservoirsand as epiphytic alga® rooted macrophytes streams and

rivers. The NDDoH is currently performing a pilot projezestablish numericriteria

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

Since the NDDoHhas not yet defined numeric nutrient criteria for rivers and streams,
reference nitrogen and phosphorus values developed as part of the draft reporttentitled
Ecological Assessment of Perennial, Wadeable Streams in the Red Rivar Badim
Dakota(NDDoH, 2012) will be used in thimssessmemeport These values which were
developedor the Northern Glaciated Plaindg) ecoregiorare0.581 mg/L and 0.115

mg/L for nitrogen and phosphorugspectively

1.3.4 Impaired Waters Listings

Currently, the2012Section 303(d) List of Waters needing Total Maximum Daily Loads
recognizegortiors of the Sheyenne Rivém this modelasnot supporting recreational
use(assessment unit ND 090202025 S-00 including site 384020), not supporting
recreational use (assessment unit ND 09024ARS 00 including site 3801373nd

fully supportingout threatened farecreatiomal use(assessment unit ND 090202022

S 00 inclding site 380135)lue to exceedenceskn coli bacterigNDDoH, 2012).

Total Maximum Daily Loads (TMDLSs) have been completed and approved for these
sections of the Sheyenne River and can be founavat.ndhealthgov/WQ/and then
throughthe TMDL Programlink on the left hand side of the paigefind a list of
completed and approved TMDLs.

2.0 WATER QUALITY SAMPLI NG METHODS
2.1 Sampling Sites

Monitoring stations were selectadthe Upper and Middle Sheyenne Rigaibbasinsto
determine the currembndition of water qualitypotential effects of pollutant loadings,
stressors and/or pollutant sourcesoy use impairments. Descriptions and locatmn
sites and parameters sdegfor the SheridarModel areprovidedin Table4 and Figure
6.


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

Collection

Storet ID Site Description Parameters
Year

Sheyenne River 4 miles
Southand 1.5 miles West of
Harvey

Water Chemistry
E. coli bacteria 20092010
Discharge (USGS Site 05054500

380135

Unnamed Tributary to the
380137 | Sheyenne River 2.5 miles E. coli bacteria 20092010
Southeast of Coal Mine Lake
Sheyenne River Above
Sheyenne Lake 8 miles Soult|
3 miles West and 3 miles

South of Anamoose
"Water chemistry includesmajor cations/anions, trace elements, nutrients (total nitrogen, total Kjeldahl nitrogen, nitritenitrate,
ammonia, and total phosphorus), and total suspended solids.

Collocatedwith USGS stream gauge station.

384020 E. coli bacteria 20092010

T
05054500

MCLEAN

WELLS

Legend
A USGS Gage Station 05054500

Upper Red River Basin Reach Indexed Streams |
I Upoer Red River Basin Reach Indexed Lakes 7
@  Wajor Cities (Pop > 1000) Wy ‘ f KIDDER
@  Sheridan Model Water Quality Sample Sites \
s

Figure 6. Stream Sampling Siteand USGS Gaige Station (050545000pr the
Upper and Middle Sheyenne WatershedProject (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 watetygoahdition and beneficial uses support
status of the Upper and Middle Sheyenne Riveriatdbutaries and to dentify

possible sources/causafsany documented impairment to beneficial uses.

A quality assurance project plan (QAPP) was develdpeasing onrsample locations,
frequency schedules, and methtalsupport the primary goaf the Upper and Middle
Sheyenne River Water Quality and Watershed Assessment Project.

For a complete description the reader is regeito theQuality Assurance i®ject Plan
for theUpper and Middle Sheyenne Rivfater 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 QAP&uded water chemistry, stage, bacteria (E.coli),
and macroinvertebrates.

The reader is refezd to theStandard Operating Procedures for Field Samplers found at
the end of th€uality Assurance Project Plan for the Upper and Middle Sheyenne River
Water Quality and Watershed Assessment PréioDoH, 2009)for a complete
description of the sampling methods used for this project

3.0 STREAM ASSESSMENT DATA

While the SheyennRiver was samplednd analyzefor a variety ofwater qualityconstituents,
only those parameters of concern are discussed in detall in this Fepaatsummary of all
parameters sampled see Appendix A.

3.1 Hydrology

Hydrology describes the way water flows through a watershbd.water discharge
measurement (volume of water) is an importarhplemento the concentration data
collected during water quality analysis, as it allows the determination of what quantity
(load) of a pollutant flows throughe system over a given time. A concentration value
of ten milligrams per litefmg/L) has avery differenteffect on the rivedepending on
whether there are three or three thousand liters of water that flow througtea sy a

day.

According to the National Oceanic and Atmospheric Administration (NOAA) National
Weather Service Glossamjischarge is measured in cubic feet per second (cfs). One
cubic foot per second is equal to the discharge through a rectangulasentss, one
foot wide by one foot deep, flowing at an average velocity of one foot per second
approximately 7.48 gallons per second.
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Daily stream discharge values were colle@edne stream location withthe Sheridan
Modelwatershed. This locath wasat the United States Geological Sur{E\sGS)
gauging statiomocatedaboveHarvey, N.D (05054500. The USGS station has operated
continuously sincEd56and is collocated with the NDDoH monitoring locatiord385

For the purposes of this assesatmeport the last twenty years (199D10) of historical
discharge records will be used to describe the hydrology of the Sheridan Model
watershedThis block of time should account for wet and dry cycles through the
hydrological history of USGS gage stéion 05054500 From 1990 to 1992, the annual
mean discharge of the Sheyenne River above Harvey, ND was vemdsivlikely due

to drought conditi ons 42001 thetmeankbrmualedischddggé 0 6 s .
fluctuated from average to abowaverage flowsmostlikely due to a wet cyclghen
droppedsignificantlyfrom 2002 thru 2008 (Figuré). In 2009and 2010the discharge
was2.0 to2.5times higher than the average annual discharge98f2008which was
calculated aROcfs. This carbe attributed to record snowfalls and above average spring
rainsthat were present all across North Dakota

Discharge for the watershed is then used to determine thelimtioncurve that will be

used in théoad duration curve analysis. Flaurationcurve analysis looks at the

cumulative frequency of historic daily flodata over a specific period of tim&he flow

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

those mean daily flow values were met or exceedei.e use of fApercent o
exceededo (i.e., duration) providtses a uni f
accounting for the full range of stream flowsow flows are exceeded most of the time,

while high flows or flood flevs are exceeded infrequentiyHA, 20®). As mentioned

earlier, this isa complemento the concentration data (measured in mgd will help

to depict how often large amounts of water are flowing through the watershed.
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Figure 7. Mean Annual Discharge at the USGS Gauging Station (05054500) on the
Sheyenne RiveraboveHarvey, ND.

A basic flow duration curve runs from high to low (0 to 100 percent) along-#xésx
with the corresponding flow value on thayis (FigureB). By using this approach, flow
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durationintensitiesare expressed as a percentage, with zero correspondirgtimhest
flows in the record (i.e., flood conditions) and 100 to the lowest flows in the record
(i.e., drought).Therefore, as depicted in Figuea flow duration interval 050 percent,
associated with the stream flow4®P cubic feet pesecond (cfs), implies th&0 percent
of all observed mean daily discharge values equal or excdezlefs.
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Figure 8. Flow Duration Curve for USGS Gauging Station 05054500.

Variable stream flows at high and low intervals are important factors in determining
nonpoint sourc@ollution loads. To better correlate the relationship between the
pollutants of concern and the hydrology of the Sheyenne Roaat duration curves were
developed fototal nitrogen (TN)andtotal phosphorus (T)P Curves were constructdxy
multiplying concentrations fagachparameteby the mean daily flow and a conversion
factor specific to each parameté@he curve represents a reference value forind TP
based on ecoregion criteria discussed in the draft repotied An Ecological
Assessment of Perennial, Wadeable Streams in the Red River Bbsih Dakota
(NDDoH 2012) The points on the graphs represent the samples tdkertState does
not have a water quality standard or reference valuefalrsuspended solids (TSSpa
summary othat data is provided iAppendix A

3.2 Nutrients

To best understand how nitrogen and phosphorus work together in a waterbody, a
description of the concept of liting nutrients is appropriateMany stidies suggest that
a ratio of total nitrogen (TN) to total phosphorus (bBjween 10 and7lis the optimum
value forgrowth of algadi.e. proportions of both nitrogen and phosphorussarféicient
for growth) For example, if there was an averd@évalue of 30 mg/L andraaverage
TP value of 3 mg/L, that would equal a TN:TP of 10. A nutrient in short suppdthat
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causes this ratio to be above or below this range of values, i@ talémiting nutrient.

It is generally thought that a TN:TP ratio less than 10 regen limited and a TN: TP
ratio of greater than 17 is phosphorus limitdd.most North Dakota waters, nitrogen is
the limiting nutrient. This means that once thermoiggen 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 phosphoaast affectshe abundance of algae in a
waterbody.

3.2.1 Total Nitrogen

Nitrogen is an essential nutrient for plants and animals. However, an excesstof
nitrogen in a waterwagromotes the excessive growth of algaben sufficient amounts
of phosphorus are presehYhen the algae die and decompalssolved oxygen in the
water, which isessential to the health of aquatic Jikeconsumed and can reach critically
low levelsresulting in mortality tdishesandother aquatiorganismsincreagdlevelsof
both nitrogen and phosphorus in the water canlabsidto bluegreen algae blooms
which can be toxito domestic animals, wildlife, and humahsgested The die-off of
rooted vegetation due to lack of dissolved oxygen can lead to ansedreaater
temperatur@andto a decrease in suitable habitat for aquatic organisms. Both of these
factors can lead to stresaused mortality of aquatic lifdn addition tothelocal effects

on the river or stream itsekéxcessive transport afitrients can cause eutrophication
(excessive algae growth and subsequent decrease of dissolved afydmuhstream
lakes and impoundments.

High levels of nitratega componentf total nitrogen)n the water used asli@estock
water supply can alsahm 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 regdihken up by plants.

Increased cost® treat drinking water supplies are agssociated with high nutrient

levels. The costs includétering of algae toxins as well as the increhsest of treating
disinfection byproductsformedduring 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 carebd to corrosion in the distribution pipdsis estimatedhat 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
$285,000with increasd operating costs of $7,600 per yearSources of nitrogen include
wastewater treatment plants, runoff from fertilized lawns and croplands, failing septic
systemsandrunoff from animal manure arfdedingstorage area@JSEPA, 200®).

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

There are three forms oforganicnitrogen that are commonly measured in water bodies:
ammonia, nitrates and nitriteSmmonia and nitrates are the reactive forms for plant
uptale. Total nitrogen(TN) is the sum obrganic nitrogenammonia, and nitrateitrite.
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It can be derived bgnalyzingfor total Kjeldahl nitrogen (TKNJorganic nitrogen)
ammonia, and nitrateitrite.

3.2.2Total Nitrogen Load Duration Curve Analysis

According to the draft repoAn Ecological Assessment of Perennial, Wadeable Streams
in the Red River BasifLarsen, 2012)Ecoregion 46, the Northern Glaciated Plains, had a
total nitrogen reference value of 0.581 mg/L. This value was derived froranmtudeta
collected at a set of Al east disturbedo
Plairs ecoregion of North DakotaThis value is not a water quality standard, as nutrient
criteria or standards have not yet been developed, but is prasdeg@oint of reference

or goal when evaluating the data collected within the watershed.

Observed irstreamtotal nitrogendata obtained from monitoring sié80135in 2009and

2010 were converted to #tal nitrogenioad by multiplyingthe observed totaitrogen
concentration for each sampling evegitthe mean daily flow and a conversion factor.
These loads are plotted against the percent exceeded of thenftbe day of sample
collection. Daily load estimates poirgbove the criteria line of 0.88ng/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 firee indicate a nitrogen loddr the streanthat is

close to the least impactedndition forthis ecoregion, and therefagemore healthy.

The further away from the criteria line, the larger the negative impact to the stream
becomes. As mentioned inet section above, the criteria lingi®vided forassessment
purpose®nly asstatewidenutrient criteria hae not been developed for North Dakota at
this time.

In Figure9, the load duration curve for site 380135 indicates that the total nitrogen load
is highly related to flovas the symmetry of the samples follow the flow curve quite
closely. This indicates that sources of nitrogen are most likely from overland flow
relatad to nonpoint source pollution runoff. tHere were significant poisbures ofin-
streamnutrients, like wastewatdéreatment plandischargeone would expedb see large
increase loads during low flow event$.¢. 80%- 100% duration intervalsrothe

graph).
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Figure 9. Total Nitrogen Load Duration Curve for the Sheyenne River Monitoring Station
380135 The curve reflects flowdata from 1990-2010).

3.23 Total Phosphorus

Total phosphorugTP)is also aressential nutrient for plants and animadlis.
waterbodiesphosphorusccurs in two forms, dissolved and particulabgssolved
phosphorus comes in bagblublereactive andolubleorganic (norreactive) forms.

Particulate phosphorus is formed when phosphorus becomes incorporated into particles

of soil, algae and small animals that are suspended in the iéatitr dissolved and
particulate phosphorus can change from one form tthanwery 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 midnes®f the water, the
amount of dissolved oxygen in the waded thermal stratification (layers of water
having different temperatures

While phosphoruss naturally limiing in most fresh water systems because it is not as
abundant as carbon and nitrogdlorth Dakota seeslevated concentratioms its waters
due to its abundance in most soils a&mgiintensiveagricultureland useacross the state.
Particulate posphorus naturally bonds to soil partickesl as a resuttan be transported
over long distances witkrodedsoil. Because of this binding propegynosphorusften
settles withsoil particles onthe bottom of streams, rivers, and lakes wiiglbecomes

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

concentrations of nitrogerSolublephosphorus remains thewater columnavailable
for plant use.Sources of phosphorus include soil and rock, wastewament plants,
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leaking septic systemsynoff from croplan, fertilized lawns animal manure storage
areas, disturbed land areas, drained wetlands, water treatment, decomposition of organic
matter,storm waterunoff, and commercial cleaning preparati¢dtsSSEPA, 20(®).

The negative consequences of large amounts of phosphorusterabody are similar to
those of large amounts of nitrogeshich hasbeen discussed in the previous section.
They areassociated witlalgae blooms, accelerated plant growth, low dissolved oxygen
from the decomposition of additional veggon, andincreased costs associated with
drinking water infrastructure

3.2.4 Total Phosphorus Load Duration Curve Analysis

Based on the draft repokn Ecological Assessment of Perennial, Wadeable Streams in
the Red River BasjrfLarsen, 2012), a total phosphs reference value of 0.115 mg/L

was estimated for the Northern Glaciated Plains Ecoregion (46). This reference value
was devel oped based on data coll ected at
Northern Glaciated Plains Ecoregidkxgain, thereference 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 irstreamtotal phosphorudata obtained from monitoring sié&0135in 2009

and 2.0 were converted to phosphousload by multiplyingthe observedbtal
phosphorugoncentratiorfor each sampling eveby the mean daily flovebserved on

the day the sample was collectstt a conversion factor. These loads are plotted against
the percent exceeded of the flow the day of sample collectiorPoints depicting the

daily load estimateplotted above theriteria line of 0.115 mg/ldepict observed
concentrations that exce#ite reference concentration value for that flow

Those concentratioredso exceeeldthe phosporus load of a least impaired reference
stream giverheirflow rates at the time of collectiorAs in the case with the nitrogen

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

is similarto the least impactkstreams in this ecoregioithe further away from the

criteria line, the larger the negative impact to the stream bectimegershed

restoration activities argesired at the conclusion of this report, appropriate target values
for total nitrogen anghbhosphorusnaybe discussed.

In Figurel0, the load duration curve for site 380135 indicates that the total phosphorus
load isalsorelated to flow conditions. This wouldsosuggesthat sources of

phosphorus could beverland flow reéted tononpointsource pollution runoff

However the slight variation in the symmetry of the samples also inditastm-stream
processes such as plant decay or riparian grazengignificant sourcess well. This is
alsoindicated by the samples at the extrentegh flows (less than 8%r 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 cfsare above the criteria line.



Water Quality and Watershed Results of the Upper and Middle Final: March 2013
Sheyenne Riveih Sheri dan Model 0o Pagel8of 49

1000.00

100.00 +

10.00

CriteriaLine

® Samples

Load [mg/L}/Day

1.00

0.10

0.01 T T T T T T T T T 1
0% 10% 20% 30% 40% 50% 60% 0% 80% 90% 100%

Percentile

Figure 10. Total PhosphorusLoad Duration Curve for the Sheyenne River
Monitoring Station 380135 (T he curve reflects flowdata from 1990-2010).

3.3 Total Suspended Solids

Total suspended solids (TS&)k organic and inorganic solid materials that are suspended

in the water andhclude 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
necessarfor aquatic life. When aquatic plants receive less Jigiwtosynthesis

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).

Suspendedolids can alsaffect fish byclogging gills, reducing growth rates, decreasing
resistance to disease, and prevenegg and larval development. Particles that settle out
can smother fish and aquatic insect eggs and suffocate-hatalyed larvae. Suspded
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 esbgam,
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 contlons within the Harvey Reservoir, the Sheyenne River, and
throughout the watershed

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 atsoiroed
that a secondary focus should be given to addressiognfinedanimal 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 thresultsin Figures 11 and 12, water quality improvemenmnit

respect to nutrients are not apparemtis lack of measurable improvement in water

guality has many contributing factors. First, though the plan called for Best Management
Practices (BMPsipo be applied to 75 percent of the cropland in the watersittedately

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

Second, althougbhnconfinedanimal waste was identified as a primary cause of concern,

no animal waste systems were constructed through this pro@/aimthedepressed

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. thisbtiane,

the Statebdbs BMP team had not weenotbeen est a
available to help defray some of the cost by providing engineeringlanding

expertise.

Third, as described in thday 2005final reportprepared byhe Wells Couty Soil
Conservation District, the project would have benefitted frarmoee detailed upfront
assessment identifyg priority areaswith thegreatest potential sources of pollutant
loading As indicated by comparing Figure 13 to Figures 21 and 22, mahg of
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 thg Harve
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
19962004 Implementation Project was very successful at increasing publiereesar

with the completion of 41 workshops, presentations, and displays at a wide variety of
meetingsheldthroughout the area, as well as newsletters and brochures thahadsze
availableto producers. Thisnproved knowledge anahderstanding is the fadation on
which all future projects can grow.

The Stateds Section 319 Program has grown
19961 2004 Implementation Project. Many advancements in computer modeling and
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data analysis have made it possible toiife 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
engineeringeam as well aglanningsupport
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Figure 11. Annual Mean Total Nitrogen Concentrations and Discharge for Site
380135 (1996 2010).
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Figure 12. Annual Mean Total Phosphorus Concentrations and Discharge for Site
380135 (1995 2010).
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Figure 13. BMPs Installedduring the 199671 2004 Section 319 Upper Sheyenne River
Project.

3.5 Total Nitrogen, Total Phosphorus and Total Suspende&olidsBox and Whisker
Plotsfor the Upper and Middle Sheyenne River Watershed.

A box andwhisker plot is a convenient way of graphically depicting groups of numerical
data through their firemumber summaries: 1) the sample minimum; 2) lower quartile; 3)
median; 4) upper quartile; 5) sample maximum. The box plot may also indicate which
observéions, if any might be considered outlieisor further information on box and
whisker plots please refer to Appendix C.

The box and whisker plots representeéigures14-16 show all water quality sites that
sampled for total nitrogen, totahosphorus, 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 Sheyennéasibs

Total nitrogen for sit@80135 located in the Stridan Model watershedan be
compared with the rest of the water quality sampling sites along the Upper and Middle
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Sheyenne River (Figure 14The height othe box identifies the spreaflthe data,
indicating thesmallestand largest observations.tlme case of site 380135 the height of
the box is shorter than most which indicates that the dataavasstentn values, as is
expected in headwaters of rivers. When comparing site 380135 to the rest of the Upper
and Middle Sheyenne River, the mean ealshown by the blue diamond) is lower than
adjacent river reaches wamnd erckasenthe umber of
downstream reaches. This is an indication of a strong correlation between agricultural
land use activities and the proximiajthoseactivitiesto 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) ke 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 Plotof 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) consistentvith a headwater region of a riveWith theexception of site

385504and 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 a#ad the sites

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



