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1.0 INTRODUCTION

TheUpper Sheyenne River sdtfasin (09020202) and the Middle Sheyenne Rive#smgmn
(09020203) collectively encompass approximatehl 3gjuare miles, or nearly2million

acres located within twelve counties (Barnes, Benson, Eddy, Foster, Griggs, Mdiiseon,
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 Qaatityatershed
Assessment Project are to assess the current water quality condition and beneficial use (e.g.,
aqguatic life and recreation) support status of the Sheyenne River above Lake Ashtabula (Upper
and Middle Sheyenne River stiasins) and their tridaries. The project is also intended to
identify possible sources or causes of any documented impairment(s) to beneficial uses. This

project was funded through

t he

North Dakot a

Nonpoint Source Pollution Managemt 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,
andGarrison Divesion Conservancy District. Data 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 model the transportutfients 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
subbasins above Lake Ashtabula (3,913 square miles 64,2(¥ million acres in total)

and the limitations of the AnNnAGNPS model, seven separate watershed models had to be
developed for the project (Figure 2, Table 1).

¥ :
1 \v\ Pt
FOSTER i)
Upper Red River Basin Reach Indexed Streams k‘:\ff
JI Upper Red River Basin Reach Indexed Lakes B

egend
Model_1_Sheridan
Model_2_Pierce
BURLEIGH % xz:i::j:g:z:on STUTSMAN :7'“‘
Model_5_Griggs |
:: Model_6_Barnes "‘%%‘ = ;
Model_7_Nelson \% Y
Figure 2. Upper and Middle Sheyenne River VatershedAnnAGNPS Models

(Highlighting the Model 6-Barnes).

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 Bdels.

Watershed Model Description

Model 1- Sheridan Area above Harvey encompassing Sheridan and
Wells Counties
Area between Harvey and the junction with the N
Model 2 - Pierce Fork Sheyenne Rivencompassingierce, Wells,
Sheridan, and McHenry Counties
Area between the junction with the North Fork
Sheyenne River and 1 mile upstream of Eddy Col
Hwy 1 encompassingenson, Wells, and Eddy
Counties
Area between 1 mile upstream of Eddy County Hy
Model 4 - Eddy 1 and south of Pekiancompassingddy, Ramsey,
Griggs, and Nelson Counties
Baldhill Creek watersheedncompassinriggs,
Barnes, Stutsman, Foster, and Eddy Counties
Area between upstream of the Griggs and Barnes
County and Baldhill Dam (excluding Baldhill
Creek) encompassing Barnes, Griggs, and Steele
Counties
Area south of Pekin arnd upstream of the Griggs
Model 7 - Nelson and Barne8County linessncompassinjlelson,
Griggs, and Steele Counties

Model 3 - Benson

Model5 - Griggs

Model 6 - Barnes

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 veatality reports depicting water
guality 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 wihpde information to assist
stakeholders with developing water quality and watershed restoration targets and
implementation strategies to improve water qualifiis report is focused on Mode)|
referred to a9 ltisthe furfhdésdowrnstean oMite devdn watershed
models that were developed for the Upper and Middle Sheyenne River watershed
assessmermirojectand encompasses portions oflgzs, Griggs and Steele Counties.

1.2 Environmental Setting
1.2.1Land Use

ThefiBarnesModelo watershed encompassE3?,069acresin Steele Griggs,and Barnes
Counties, North Dakotélrable2). According to National Agricultural Statistics Service
(NASS)2007 land cover data, the dominate land use in the watershgdasltural with
52 percentused for cropland39 percengrassland/pasturand the remainin§ percent a
combination of watenyvetlands anddeveloped/open spa¢€igure 3) The dominant
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crops grown in the watershadesoybeans, spring wheagnola sunflowers, anavinter
wheat

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 3912.6 2,504,005
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Figure 3. National Agricultural Statistical Survey Land Use Map,2007(Barnes
Model).
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1.22 Ecoregions

TheBarnesModel watershed lies within three level IV ecoregions. These are the End
Moraine ComplexEcoregion (46f), Drift Plaing&coregion (46i), and Glacial Outwash
Ecoregion (46j) (Figurd). The End Moraine Complex level IV ecoregion (46f) is
composed of blocks of aterial scraped off artthrust up by the continental glacier at the
south end of the Devils Lake basin. The western part of the ecoregion exhibits similar
stagnate moraines similar to the Missouri Coteau whilsdkitherrmoraines contain
slightly higherelevations resulting in wated lake boundaries and morainal ridges. Land
use within the End Moraine Complex ecoregion consists of mixed range and cropland
depending on slope and presence of rocky soil.

The Drift Plains ecoregion (46i) was created fribva retreatingVisconsinarglaciers

which left a subtle rolling topographthick glacial tillandalarge number of temporary
and seasonal wetland¥he Drift Plains contain 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

The Glacial Outwash ecoregion (46j) is characterized by smoother topography and soils
with high permeability and low water holding capaciGroplandproduction is poor to

fair with most areas being used for irrigated agriculture. Soil blowing is present i
droughty areas and is reducedrbtainingnative range grasses like little bluestem,
needleandthread and green needlegr@3SGS, 2006).

o
" [egend
Upper Red River Basin Reach Indexed Streams|
Upper Red River Basin Reach Indexed Lakes
Model_6_Barnes
~ level IV EcoRegions

., ECco
Glacial Outwash (46f)
Drift Plains (46i) “d}%
Glacial Outwash (46)) 4

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

Precipitation data for the er and Middle Sheyenne Watershed Project was obtained
from the North Dakota Agricultural Weather Network (NDAWN) station located near
Dazey ND in thesoutheastorner of the watershed. A graph showing monthly
precipitation data averaged for the yeard @83-2008is compared to thprecipitation
totals for each month of 2009 and 2010, during the project (Figugnéjvfall data had
not been converted into precipitation for the months of January through March and
November through December for the yeB85 to 2010, and so those months do not
appear in Figure 5.
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Figure 5. Monthly Pre(:lpltatlon for NDAWN Weather Station Located NearDazey,
ND.

1.3Water Quality Standards and Guidelines

State law(NDCC 6128) establishegoliciesto protect, maintairgnd improve the quality

of waters of state, while the overall goal of the federal Clean Water Act (CWA) is to
irestore and maintain the chemical, physic
waterso (RDDoH, 201

The national water quality standarregulation 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, andvildlife, andfor recreational, agricultural, industrial, and

navigational purpose.he pr ot ected beneficial wuses of
defined in theStandards of Quality for Waters of the St@®DoH 2011)
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1.3.1 Beneficial Use ath Class Description

The primary beneficial uses identified in
life and recreation. Protection for aquatic life means surface waters are suitable for the
propagation and support of fish and other aquati@bintluding 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 akibgtand swimming and for

secondary contact activities such as boating, fishing, and wading. Other beneficial uses
identified in the Stateds water quality st
water suitable for drinking after appropriate treamt), 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 Statebés water quality standandl)andpr ovi d
five lake classes (B). All classified lakes, reservoirs, rivers, and streams in the state are
protected for aquatic life, recreation, agricultural, and industrial uisesidition Class I,

IA, and Il rivers and streams, and all clagsiflakes and 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
classification have the same water quality standards as Class | streams, except where
naural conditions exceed Class | criteria for municipal and domestidrutigese cases

the availability ofsoftening or other treatment methods may be considered in determining
whether ambient water quality meets the drinking water requirements DibeH.

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

Dam is not classifietbr municipal or domestic use (NDDoH, 201C)ass IArivers also

have the exceptions from Class I rivers listed in T&Mldelow.

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

Substance or Characteristic Maximum Limit
Chlorides (total) 175 mg/L (36day arithmetic average)
Sodium 60% of total cations as mEd/L

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

The Barnes Model portion of the Middle Sheyenne River is assigned aquatic life,
recreation, agriculture, and industrial beneficial uses bpthedards of Water Quality
for State of North DakotthDDoH, 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.

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
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standards.The NDDoH has set narrative water quality standards, which applly to a
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 practices in concentrations or
combinations which are toxic or harmful to hams, 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 environmental resources;

2) Impair existing or reasonable beneficial uses efréteiving 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. Tpo al st ates that fthe biological
be similar to that of sites or waterbodies determined by the department to be regional
reference sites Direct measures of biological community health (i.e., indices of

biological integriy), various chemical data (e.g., dissolved oxygen or metals

concentrations) or best professional judgment can be used to determine if the river is
achieving certain narrative and numerical standards, and the narrative biological goal to
fully support aquat life useSNDDoH, 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 proteidn of the beneficial uses for that classification. For the purposes of this
assessment report, relevant numeric standards are for E. coli bacteria and dissolved
oxygen, with a site specific standard for total sulfate.

Numeric criteria for E. coli bactieris defined as not to exceed 126 organisms per 100
mL as a geometric mean of representative samples collected during-day 30
consecutive period, nor shall more than ten percent of samples collected during any 30
day consecutive period individually eeed 409 organisms per 100 mL. For assessment
purposes, the 3@ay consecutive period shall follow the calendar month. This standard
shall apply only during the recreation season of May 1 to SeptembEn&Waterbody

is classified as fully supportingendicial usesif both criteria are meet, fully supporting

but threatened if only the first criteria is met, and not supporting if neither of the criteria
are met by the waterbody (NDDBR(Q12). Month-specific beneficial use attainment for

the Upper and MiddI&heyenne River is determined and explained in Sectéh. 3.

Also, in addition to the Class IA exceptions for water quality standards listed inJable
above, the Sheyenne River from the headwatesaddenth mile downstream of Baldhill
Dam has a sitepecific total sulfate standard of 750 mg/L
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Currently, North Dakota is in the process
waters. Excessive nutrients typically manifest themselves as elevated amounts of algae

in lakes andeservoirsand as epiphytic algae in streams and rivers. The NDDoH is

currently performing a pilot project on establishing numeric standards for lentic (lake)
systems, but does not yet have guidance on lotic (river) systems.

Since the NDDoH has not yet definedmeric nutrient criteria for rivers and streams,
reference nitrogen and phosphorus values developed as part of the draft reporttentitied
Ecological Assessment of Perennial, Wadeable Streams in the Red Rivar Badim
Dakota(NDDoH, 2012) will be usd in this assessment repofthese valueshich,

were developetbr the Northern Glaciated Plains (46) ecoregeme 0.581 mg/L and

0.115 mg/Lfor nitrogen and phosphorugspectively

1.3.4 Impaired Waters Listings

Currently, the2012 Section 303(d) List of Waters needing Total Maximum Daily Loads
registers Lake Ashtabula as not supporting recreation uses due to nutrients/eutrophication
biological indicatorNDDoH, 2012). This report will not focus on the 303(d) listing of

Lake Ashabulg whichwill be covered in a separate report.

2.0 WATER QUALITY SAMPLI NG METHODS
2.1 Sampling Sites
Monitoring stations were selected on the Upper and Middle SheyennesBRbeasinsto
determine the current water quality, potential efextpollutant loadings, stressors

and/or pollutant sources on any use impairments. Descriptions and locatiersit#
and parameters sampléd the BarnesModel areprovidedin Table4 and Figures.

Table 4. Description ofthe Sampling Site and Parameterdor the Eddy Model.

Collection
Storet ID | Site Description Parameters Year
. Water Chemistry
380153 fsrg‘renygg?;hﬁ"[’)eaﬁ)rgwns”eam E. coli Bacteria 20092010
Discharge (USGS Site 058600)

"Water chemistry includesmajor cations/anions, trace elements, nutrients (total nitrogen, total Kjeldahl nitrogen, nitrite
nitrate, ammonia, and total phosphorus), and total suspended solids.
Collocated with USGS stream gauge station.
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Figure 6. Stream Sampling Siteand

USGS Gagestation (0508000 for the

Upper

and Middle Sheyenne Water Quality and Watershedssessmen{Barnes Model).

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 tributaries and to identifylgoossi
sources/causes of any documented impairment to beneficial uses.

A quality assurance project plan (QAPP) was developed focusiagmple locations,
frequency schedules, and methtalsupport the primary goal of the Upper and Middle
Sheyenne River \&ter Quality and Watershed Assessment Project.

For acomplete description the reader is redd to theQuality Assurance Project Plan for
theUpper and Middle Sheyenne Riwater Quality and Watershed Assessment Project

(NDDoH, 2009).

2.3 Sampling Metlods

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.
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The reader is referred to tB¢andard 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 methoatsed for this project.

3.0 STREAM ASSESSMENT DATA

While the SheyennRiver was samplednd analyzedor a variety ofwater qualityconstituents,
only those parameteof 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 importarhpkementto the concentration data
collected during water quality analysis, as it allows the determination of what quantity
(load) of a pollutant flows througihe system over a given time. A concentration value

of ten milligrams per lite(mg/L) has a verylifferent 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 Glossanjischargas 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 s&cl.

Daily stream discharge values were collectedHeBarnesModel at the United States
Geological Survey (USGQSyauging stationocatedbelow Baldhill DamNorth Dakota
(05058000) The USGS station has operated continuously di68and is collocated

with the NDDoH monitoring locatioB80153 For the purposes of this assessmepbrt,

the last twenty years (199D10) of historical discharge records will be used to describe
the hydrology of th&arnesModel watershedThis block oftime should accourior wet

and dry cycles through the hydrological history of USGS gage s@&oH3®0. From

1990 to 1992, the annual mean discharge oStieyenne River below Baldhill Dam,

North Dakotavas very low most likely due to droughtcondith s i n t he | ate 1
Then in 19932001 the mean annual discharge fluctuates from average to above average
flows most likely due to a welycle, then begins to draggnificantly in 2002 to 2003

and again in 2006 to 2008 (Figurke During the 2004eason flows fluctuated to levels

of 19932001 which would mostly likely causéy another wet cycleln 2009, the

discharge was gtimes higher than the average annual discharge of2008 which

was calculated &05cfs. This can be attributed tocord snowfalls and above average
spring rains that were present all across North Dakota.
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Figure 7. Mean Annual Discharge at theUSGS Gauging Station (0508000 on
Sheyenne River below Baldhill DamND.

Discharge for the watershed is then usedetermine the flovdurationcurve that will be

used in théoad duration curve analysis. Flauration curve analysis looks at the
cumulative frequency of historic daily flodata over a specific period of tim&he flow
duration curve relates flow (exg®ed as mean daily discharge) to the percent of time
those mean daily flow values were met or
exceeded (i.e., duration) provides a uniform scale ranging from 0 to 100 percent, thus
accountingor the full range of seam flows. Low flows are exceeded most of the time,
while high flows or flood flows are exceeded infrequenB?A, 20®). As mentioned

earlier, this is theomplemento the concentration data (measurecdhigyL) and will help

graph how often large amownof water are flowing through the watershed.

A basic flow duration curve runs from high to low (0 to 100 percent) along-#xésx

with the corresponding flow value on theyis (Figure 8). using this approach, flow
duration intervals are expressed ggecentage, with zero corresponding to the highest
flows in the recordi(e., flood conditions) and 100 to the lowest flows in the recoad (
drough). Therefore, as depicted in Figure 8, a flow duration interval of 50 percent,
associated with therstam flow of133cubic feet per second (cfs), implies that 50 percent
of all observed mean daily discharge values equal or excé83edks.
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Figure 8. Flow Duration Curve for USGS Gauging Station 050800Q

Variable stream flows at high and low intervals are important factors in determining
nonpoint sourceollutionloads. To better correlate the relationship between the
pollutants of concern and the hydrology of the Sheyenne Roaat duration curves were
developed for total nitrogen (TN)nhdtotal phosphorus (TPCurves 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 valuafa TR
based on ecoregion criteria discussed in the draft report emtitl&atological

Assessment of Perennial, Wadeable Streams in the Red River Bisih 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 m@gen 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 ajae (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
causes thigatio 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 watersenitsog

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 usefuhslieethe

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

which can be toxic to domestic animals, wildlife, and humans if ingested. Toé die

rooted vegetation due to lack of dissolved oxygen can lead to an increase in water
temperature and to a decrease in suitable habitat for aquatiésongarBoth of these

factors can lead to stresaused 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 decreasssofved oxygen) of downstream

lakes and impoundments.

High levels of nitrates (eomponenbf 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, thostbove 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 aesbwaiith high nutrient

levels. The costs include filtering of algae toxins as well as the increased cost of treating
disinfection byproducts formed during the drinking water treatment. High nutrient

levels in drinking water sources also affect watealigyiin 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 sergi500 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 plian 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 in@ngic nitrogen that are commonly measured in water bodies:
ammonia, nitrates and nitrites. Ammonia and nitrates are the reactive forms for plant
uptake. Total nitrogen is the sumarfjanicnitrogen ammonia, and nitrateitrite. It can

be derived byanalyzingfor total Kjeldahl nitrogen (TKNyvhich consists of organic
nitrogen ancammonia, andor nitratenitrite. Reactive nitrogen, most commonly nitrate
and ammonia, is the form most readily available to plants.

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 waseatkfrom nutrient data
collected at a set of Al east disturbedo re
Plairs ecoregion of North DakotaThis value is not a water quality standard, as nutrient
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criteria or standards have not yet been developéddsIprovided as a point of reference
or goal when evaluating the data collected within the watershed.

Observed irstreamtotal nitrogendata obtained from monitoring sié&0153in 2009and

2010 were converted to a pollutant load by multiplybotal nitrogenconcentrations by

the mean daily flow and a conversion factor. These loads are plotted against the percent
exceeded of the flowrnthe day of sample collectiorPoints above theriteria lineof

0.581 mg/Lhave values that exceeded the referamureentration value for that flow,

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

stream for that given flow.

Ideally, values that are close to the line indicate a nitrogen load for the stream that is
close to thdeast 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 Figurel0, the load duration curve for sit&@153indicates that the total nitrogen load
is highly related to operation of Lake Ashtabula drawdovlhis indicated by a large
amount of total nrogensamples appearing during higher flows
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Figure 9. Total Nitrogen Load Duration Curve for the Sheyenne RiveiMonitoring
Station 380153The curve reflects flow data from 19962010).
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3.23 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 organicqadine) 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 glaakéd 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 thermaifstedion (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 abundae 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 calmiiable

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

areas, disturbed land areas, drained wetlands, water treatment, dsitimm@f 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 and have been discussed ievlmprsection. They

are associated withlgae 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 repokn Ecological Assessment of Perennial, Wadeable Streams in
the Red River BasjrfLarsen, 2012), a total phosphorus reference value of 0.115 mg/L
was estimated for the Northern Glaciated Plains Ecoregion 463.reference value

was devel oped based on data coll ected at
Northern Glaciated Plains Ecoregidgain, reference value of 0.115 mg/L is not a water
quality standard, but is provided as a point of refezemoen evaluating the data

Observed irstreamtotal phosphorudata obtained from monitoring si8&0153in 2009
and 2.0 were converted to phosphorusoad by multiplyingtotal phosphorus
concentrations by the mean daily flow and a conversion fadtoese loads are plotted
against the percent exceeded of the flowtlee day of sample collectiorPoints plotted
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above theeriteria line of 0.115 mg/L have values that exceeded the reference
concentration value for that flow.

Those concentrations alsaceeded 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 to the stream that
is close to tk least impacted streams in this ecoregion. The further away from the

criteria line, the larger the negative impact to the stream becomes. The criteria line is for
comparison purposes, as the State currently does not have a numeric water quality
standardor phosphorus in streams. If conservation practice implementation is desired at
the conclusion of this report, appropriate target values for total nitrogen and phosphorus
may be discussed.

In Figure D, the load duration curve for site 3&BRlindicates that the total phosphorus
load is also related toake Ashtabula drawdown managemernhis indicated by a large
amount of totaphosphorusamples appearing during higher flows.
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Figure 10. Total Phosphorus Load Duration Curve for theSheyenne River
Monitoring Station 380153(The curve reflects flow data from 199€2010).
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3.3 Total Suspended Solids

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

in the water and include silt, plankton, andustrial 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. Whenuadjc 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 fistclogging 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-hatadyed larvae. Suspended

solid material settlemto 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 runoffindustrial waste, and wastewater discharges (NDDoH, 1997). The
State of North Dakota has no numeric water quality standard or reference value for TSS.

3.4 Historic Data (1998-2010) from the Sheyenne River/Valley City Watershed
Project, 2002 2010,Barnes County, ND

An implementation project was initiated 2001, with data collected from 18and 199

for a large portion of the Sheyenne River watershed in Barnes County, which included

site 380153 that is also listed in this report. The goal gptbgect was to reduce

nutrients by 10 percent and to achieve and maintain a fully supporting aquatic life

beneficial use. The project concluded in 2010 meeting almost all of its goals. For a

detailed report on all the sites in this project, including33@153, the reader is referred

to AWater Quality Results for the Sheyenne
2010, Barnes County, NDO from the NDDoH.

To achieve this goal it was determined that conservation land management practices
should be applied tpriority areas of cropland and grazing landhe watershedas well
as the restoration of streambanks and riparian areas.

Based on the final watguality report for the project mentioned above, nutrient
concentrations were showing a declining trend by the beginning of(E@fures 11 and
12). Tables 5 and 6 show annual median nutrient concentragismgell as the 319
project goals and achievenien
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Table 5. Historic Annual Median Nutrient Concentrationsfor Site 380153 (1998

2010)
Year Annual Median Annual Median
Total Phosphorus(g/L) Total Nitrogen (mg/L)
1998 0.249 1.33
1999 0.259 1.10
2000 0.193 1.40
2001 0.258 1.50
2002 0.209 1.17
2003 0.217 1.55
2004 0.321 1.66
2005 0.167 0.993
2006 0.270 1.64
2007 0.263 1.33
2008 0.209 1.14
2009 0.213 0.9
2010 0.199 1.19

Table 6. Nutrient Reduction Goals and Achievements for Site 380153 (202209).

Total Phosphorus Total Nitrogen
Project Start Concentration (mg/L) 0.254 1.515
Project EndConcentration (mg/L) 0.226 1.126
Reduction to Achieve Goal (%) 11.0 25.7
2009 Annual Median (mg/L) 0.213 0.920
Project Start to 2009 Annual Median Reduction 16.1 39.3
Goal Achievement yes yes

3.5 Total Nitrogen, Total Phosphorus and Total Suspended Solid®Box and Whisker
Plots

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

The box and whisker plots represenie&iguresl13-15 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 Uperd Middle Sheyenne sdiasins.

Total nitrogen for site 380153, located in the Barnes Model watershed, can be compared
with the rest of the water quality sampling sites along the Upper and Middle Sheyenne
River (Figure 13). The height of the box itiGas the spread of the data, indicating the
smallest and largest observations. In the case of site 380153 the height of the box is about
average compared to the rest indicates that the data was fairly consistent in values. When
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comparing site 380153 tbe rest of the Upper and Middle Sheyenne River, the mean
value (shown by the blue diamond) is lower than most of the adjacent river reaches while
the number of outliers (red x6s and +06s)
correlation between aguttural land use activities and the proximity of those activities to
the river. This region has a highly vegetated riparian corridor, with most of the cropland
occurring further away from the river in the watershed (Figure 3). However, even though
this reach has a moderate average value for nitrogen, all of the sites have average values
that exceed the reference value of 0.581 mg/L.
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Figure 13. Box and Whisker Plot of Total Nitrogen for all the Water Quality
Sampling Sites in the Upper and MiddleSheyenne River.

Phosphorus values for site 380153 are higher than most of the downstream reaches, and
the box plot is long with extensive whiskers indicating a great variety in concentration
values (Figure 14). With the exception of sites 385504 and2B34hosphorus 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 averdges/higher than the
reference value of 0.115 mg/L.
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Figure 14. Box and Whisker Plot of Total Phosphorus for all the Water Quality
Sampling Sites in the Upper and Middle Sheyenne River.

Suspended solids are a combination of organic matter and sedaistsuspended in
the water column. It is an indication of water clarity. As shown in Figure 15, total
suspended solid values for site 38015@®mlow averagebutwith quitea bit of
variation intheoutliers at the top.
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Figure 15. Box andWhisker Plot of Total Suspended Solids for all the Water
Quality Sampling Sites in the Upper and Middle Sheyenne River.
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3.6 Pathogens

Excessive amounts of fecal bacteria in surface water used for recreation have been known
to indicate an increased risk pathogerinduced illness to humans. Infectgdue to
pathogercontaminatedvaters include gastrointestinal, respiratory, eye, ear, nose, throat,
and skin disease (EPA, 198@he fecal bacteria known to cause the most harm to

humans is E. coli bacteriand is the parameter now used in NDDoH water quality
standardsréfer to Section 1.3)3

3.6.1Recreational Use Support AssessmeMethodology

Recreation use is any activity that relies on water for sport and enjoyment. Recreation

use includes primargontact activities such as swimming and wading and secondary

contact activities such as boating, fishing, bathing Recreation use in rivers and

streams is@nsidered fully supporting whehereis little or no risk of iliness through

either primary or secondary contact with the water. Sthet e s r ecr eati on u
assessment methodology for rivers and streams is based®$n¢éhé e 6s numeri ¢ w.
guality standards for E. coli bacteria (Sectl1.3.3).

For each assessment based solely on E. coli data, the following criteria are used:

1 Assessment Criteria 1: For each assessment unit, the geometric mean of samples
collected during any montindm May 1 through September 30 does not exceed a
density of 126 colony forming units (CFUs) per 100 ritéirs (mL). A minimum
of five monthly samplearerequired to compute the geometric mean. If
necessary, samples may be pooled by month across years.

1 Assessment Criteria 2: For each assessmentiesstthan 10 percent of samples
collected during any month from May 1 through Septemben&@exceed a
density of 409 CFUs per 100 mL. A minimum of five monthly samples is
required to compute the percent of samples exceeding the criteria. If necessary,
samples may be pooled by month across years.

The two criteria are then applied using the following use support decision criteria:

1 Fully Supporting: Both criteria 1 and 2 are met

1 Fully Supporting but Threatened: Crigefl notmetwhile is 2 met

1 Not Supporting: Criterion And 2 arenot met

3.6.2 Recreational Use Assessmesitor Site 380153

Within theBarnesModel watershed, E. coliadla was collected at one siteonitoring site
380153along with the nutrient and TSS défagure6). Data was collected during the
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recreation season of May 1 through September 30 in 2009 and 2010. Recreational
beneficial use attainment was determined for each site and is summarized iA diadble
the complete set of data is available in Apper&lix

Analysis of E. coli bacteria data aatted at site 380153 in 2009 and 2@&Permined that

the months of May through July werdly supporting recreational uses for E. coli
bacteria

Table 7. Summary of E. coli Data for Sites380153Data Collected in 209 to 2010.

380153
Recreational Season May June | July | August | September
Number of Samples 12 16 12 10 12
Geometric Mean 14 14 16 16 19
% Exceeded409 CFU/100mL | O 0 0 0 8
Recreational Use Assessment | FS FS FS FS FS

FSi Fully Supporting; FSBT- Fully Supporting but Threatened; NSi Not Supporting; INSFD i Insufficient Data

4.0 WATERSHED ASSESSMENT

4.1 Riparian Vegetation andStreambank Stability

Riparian areas are the vegetatndfersadjacent to a river or stream. The riparian area
includes the streamsfream banksand wetlands adjacent to the streams. Riparian areas
protect water quality by capturing, storing, and treating water through their soils before it
gets to streams. A thigdgowth of diverse vegetation, plant residues covering the soil
surface, and nenompacted soils facilitate water captarel storageHealthy growing

plants take up nutrients transported into the riparian areas. Soil organic matter captures or
facilitatesdegradation of contaminants. Healthy riparian vegetation captures water and
filters the water through the soil. Riparian areas witiiga diversity of plant species are

most effective in slowing the flow of water and storing it for future use (Bellovi33)20

Riparian vegetation has an important effect in stabilizing stream banks. In general, all
root systems reinforce the soil and increase stability. Fine roots are more effective than
thick roots, but aiversity of plants works together to hold strelaamk soils in place and
protect them from erosion and undercutting by floodwaters, transported woody debris, or
ice jams. The deep, penetrating roots of sedges, rushes, willow, grasses, and other
herbaceous plants provide structural support for streakspaile the thicker, harder

roots of woody plants protect stream banks against bank scouring by floods and ice jams
(Winward, 2000).Banks devoid of vegetation and saturated with water are more likely to
collapse; however riparian vegetation improvesdhainage of bank soils through plant
uptake of water resulting in increased stability. Riparian vegetation such as grasses may
also serve to decrease water flow velocity and the erosive action of water. The weight of
the vegetation usually does not kaan effect on bank stability unless it is located on

steep banks that are not capable of supporting themgel8aCOE, 2001).
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Bank erosion and failure are natural stream channel process. Bank erosion is the particle
by-particle loss of the bank mater@e to the shear stress exerted by the water on the
banks. The particlby-particle loss can be observed along exposed streambanks that are
devoid of vegetation. Bank failure is the sudden collapse of a portion of the bank
material into the river. Banfiailures are most easily observed along cutbanks in meander
bends and occur due to the removal of the bank material along the toe. Although bank
erosion and failure are natural processes, the rate of bank erosion or failure can be
accelerated by anthrogenic (human impact) changes in hydraulic and geomorphic
variables (e.g. dams, drainage, and channelization) (USACOE, 2001).

4.11 Rapid Geomorphic Assessment (RGA)

The Rapid Geomorphic Assessment (RGA) method was used to evaluehanhel

stability conditiors and stage of evolution of the mainstem Upper and Middle Sheyenne
Riverusing the Channebtability Ranking Scheme. The RGA uses diagnostic criteria of
channel form to infer dominant channel processes and the magnitude aflchann
instabilities through a series of nine criteria. Evaluations of this sort do not include an
evaluation of the watershed or upland conditions; however, stream channels act as
conduits for energy, flow and materials as they move through the watershedl and
reflect a balance or imbalance in the delivery of sediment. The RGA provides a rapid
characterization of stream stability conditions.

The RGA procedure consisted of three steps completed on site:

1. Determine the fAreacho. The fireacho i s
6-20 channel widths, thus is scale dependent and covers at least twiflgool
sequences.

2. Take photographs looking upstream, downstream and across the reach;ifpr qual
assurance and quality control purposes. Photographs are used with the RGA forms
to review the field evaluations

3. Make observations of channel conditions and diagnostic criteria listed on the
channelstability ranking scheme.

A field form containingnine criteria(AppendixD) was used to record observations of

field conditions during the RGAs. Each criterion was ranked from zero to four and all
values summed to provide an index of relative channel stability. The higher the number
the greater the imasbility: sites with values greater than 20 exhibit considerable
instability; stable sites generally rank 10 or less. Intermediate values denote reaches of
moderate instability. However, values are not weighted, thus a site with a value of 20 is
not twice as unstable as a site with a value of 10. The process of filling out the form
enabl es the final decision of AStUppgre of
and Middle Sheyenne Rivassessment, sites with total scores of O to 10 are considered
stable and sites with scores of 20 to 30 as unstable, recognizing that scores which fall in
the range of 10 to 20 have moderate instability and will rely on specific assessment
values to determine the trend toward improvement or grizestability.
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Sixty sites were randomly selectddoughouthe entireUpper and Middd? Sheyenne

River (8-Digit HUCs 09020202 and 090202p@igure B). There were not enough

sites located in each of the sub watersheds to determine geomorphic assessments at that
level. Therefore, for the purposes of this assessment, the results apply to the mainstem
of the Upper and Middle Sheyenne Rivét each site numeric values were assigned to
each of the nine RGA criteria and then summed to calculate an overall RGA score for
each ge. By analyzing the scores for the 60 randomly selected sites, an overall
assessment of stream stability can be made for the Upper and Middle Sheyenne River.

Figure 16. RGA Assessment Sites on the Upper and Middle Sheyenne River

Mainstem.

Table 8. Rapid Geomorphic AssessmenScoring Ranges and Percentages of the
Upper and Middle SheyenneRiver.

RGA Scoring Range 0-10 10-20 20-30
Classification Stable Moderate Instability Unstable
Percentage of Stream Sites 10% 55% 35%

The RGA scores indicate that 35 percent of the sites sampled were unstable, with only 10
percent stable, with the remaining 55 percent were assessed as moderately unstable



