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1.0 INTRODUCTION AND DESCRIPTION OF THE WATERSHED

The Souris, or Mous&iver originates inthe Yellow Grass Marshes north of Weyburn,
Saskatchewan, Canadmd flows southeast, crossing the northern boundary of North Dakota
west of Sherwood\orth Dakotalt then forms a loop and flows back north, entering Manitoba
Canadanear WesthopeNorth DakotaThe river eventually flows into the Assiniboine River
near Brandon, Manitob@igurel) A map of the entire Souris Rivesatashed can be found in
Appendix C Flowin the upper Souris Rivés regulated byhreereservoirs in Canada
(Boundary Reservoir, 48,990 adteRafferty Reservoir, 356,400 acift; and Alameda
Reservoir, 85,560 aeft). Total reservoir capacity is abod®0,000 acrdt. Some diversions for
irrigation and municipal supply exist on the river

The Total Maximum Daily Load (TMDL) listed segment (MI9010001001-S_00) of this river

is located in Renville County and the northeast portion of Burke Couriynsists of 43.4 miles

of the Souris River from the border with Saskatchewan, Canada to Lake Darling in North Dakota
(Figure?2). Its watershed has area ofapproximately 109,108cresnside the United States

(Figure 3).Limited data for the Canadian pgeon of this watershed is availablEable 1

summarizes some of the geographical, hydrological and physical charactefigtissSTMDL

listed segment of the Souris River.

SASKATCHEWAN l MANITOBA

® Regina

P .
If)ey[o”e

0 100

1 i
kilometers

NORTH DAKOTA

Figure 1. Souris River and TMDL Impaired Reach
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Figure 2. Location of Souris River in North Dakota.

Table 1. General Characteristicsof the Souris River and Its Watershed

Legal Name Souris (Mouse) Rivér

Stream Classification Class IA

Major Drainage Basin Souris (MouseRiver'

8 Digit HUC 09010001

County Renville and Burke&Countes, ND

Eco-region Level lll: Northern Glaciated Plainsi6
Level IV: Northern Black Prairi¢ 469

Watershed Area 109,103.7Zcres

River Miles 43.4 miles

Recentlocal legislation passed that determined the river shall be called Mouse River on all identifiable signs. It is also kna8auais the
River in Canada and too many state and federal agenitfés North Dakota
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Figure 3. Location ofthe TMDL Liste d Segment of the SouriRiver and Its Watershed

1.1 Clean Water Act Section 303(d) Listing Information

Based on the 2 Section 303(d) list of impaired waters needing TMDLSs, the North Dakota
Department of Health (NDDoH) has identified segment08D10001001-S_00 of the Souris
River as fully supportingout threateneébr fish and other aquatic lifieenefcial use duéow
dissolved oxygen concentrationk is also listed as fully supportinigut threatened fdish and
otheraquatic life beneficial use due to sedimentationfatig supporting but threatened for
recreation beneficial use due to fecal coliform bacteria

Table 2. 2010 Section 303(d) TMDL Listing Information for Souris River,
Assessment Unit ID ND09010001001-S_00 (NDDoH, 2a0).

Assessment Unit ID ND-09010001-001-S 00

Souris River from the Saskatechewan, Canada border
downstream to Lake Darling. Located in Renville County a
a portion of NE Burke County.

Size 43.4 miles

Waterbody Description

Impaired Designated Use Fish and Aquatic Life

Use Support Fully Supportingbut Threatened

Impairment Low Dissolved Oxygen
TMDL Priority High
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The recreation impairment due to fecal coliform bacteria has been addressed in a separate
TMDL, while the aquatic life impairment due to sedimentation/siltatidhneed to be address
in a future TMDL report. The results of this dissolved oxygen TMDL repmé &kso identified
nutrients as contributing to the organic enrichment impairment resulting in low dissolved
oxygen. As the NDDoH develops and implemenisient criteria for rivers and streams, it is
likely a nutrient TMDL will also be required for the Souris River.

1.2  Ecoregions/Land Cover

This segment of the Souris River watershed lies within the Northern Black Prairie level IV
ecoregion (469) (Figre 4) which belongs to the Northern Glaciated Plains level 11l ecoregion.

Within the Northern Glaciated Plains level IIl ecoregion, the subhumid conditions foster a
grassland transition between the tall and short grass prairie. High concentrations of temporary
and seasonal wetlands are found throughout the region. Additicthaliorthern Black Prairie
level IV ecoregion represents a broad phenological transition zone marking the introduction of
boreal influence in climate from the north. Aspen and birch appear in wooded areas, willows
grow on wetland perimeters, and rough tessbecomes evident in grassland associations. This
ecoregion has the shortest growing season and lowest January temperatures of any level IV
ecoregion in the Dakotas.

This watershedis har act eri zed as gl aciated and gener al
undulations. High concentrations of temporary and seasonal wetlands are present and the

drainage pattern is simple. Surficial material consists of glacial till over Cretaceows3tiate.

The soils present belong to the Order Mollisols and are typically Barnes, Svea, Hamerly,

Cresbard, Buse, and Parnell. Though the till soil is very fertile, agricultural success is subject to
annual climatic fluctuations (USEPA, et al. 199Blevation in the watershed ranges from 1,500

to 1,970 ms(USGS, 2006).
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Figure 4. Level IV Ecoregions for the Souris River TMDL Watershed
1.3 Land Use

Land use datrom the North Dakota Agricultural Statistics ServicdD@ASS, 2006) indicates

that the North Dakota portion of the watershed is primarily agricultural (70.47 percent),
consisting of crop production and livestock grazing. Faite percent of the agricultural land

is actively cultivated, tilled mainly for durumspring wheat, and other small grains, but including
a variety of crops. Twentgne percent is in pasture/range/haylands. Water and woods make up
over eighteen percent of the watershed (Tables 3 and 4, Figure 5). There are two permitted
animal feeding opations (AFOs)one medium and one smaklfhich allow zero discharge and

no confined animal feeding operations (CAFOs) within the contributing US drainage. The
number of nofpermitted animal feeding operations within the watershed is unknown, but is
believed to be significantsee also S¢ion 1.57 Other Data)

Table 3. Major Land Use Categories in the Section 303(d) Listed Souris River
Watershed (based on 2006 NASS data)

Major Category Acres Percent of Watershed
Agriculture/Cultivated 53,923.6 49.43
Pasture/Range/Hay 22,955.2 21.04
BarrerFallow 1,257.9 1.15
Urban/Roads 10,778.6 9.88
Water 18,298.8 16.77
Woods 1,889.6 1.73
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Table 4. Land Use Types in the Section 303 (d) Listed Souris Rivéfatershed

(based on 2006 NASS data)

Land Use Type Acres Percent of Watershed
Winter Wheat 635.07 0.58
Durum/SpringWheat 35,576.44 32.61
Rye/Oats/Other Small Grains 6,744.44 6.18
Beans/Peas/Lentils 2,456.67 2.26
Sunflowers 1,400.7C 1.28
Corn 860.14 0.79
Oil Seeds 6,250.17 5.73
Barren/Fallow 1,257.91 1.15
Alfalfa 409.33 0.37
Pasture/Grass/CRP 22,545 8¢ 20.67
Water 18,298.8¢ 16.77
Woods 1,889.5¢ 1.73
UrbanRoads 10,778.6( 9.88
TOTAL 109,103.71 100

ey |
- ¥ D Listed Segment Watershed
] 2007 Land Use

’lj I com
" {_ [ Sunflowers
\t_ [ Durum Wheat/Spring Wheat
B L [ winter wheat
,—4 5y Barley/Oats/Sm. Grains
e Oil Seeds
- [ Beans/PeasiLentils
J I e Fallow
;’11‘ Claver/ Alfalfa
LA B Grassland/Pasture/CRP

I voodiand
I ater

Urhan

Figure 5. Land Use Map forthe Souris RiverWatershed (NDASS, 2006)
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1.4 Climate and Precipitation

North Dakotads climate i s characterized by | a
light to moderate irregular precipitation, plentiful sunshine, low humidity, andynatinuous

wind. Its location at the geographic center of North America results in a strong continental
climate, which is exacerbated by the mountains to the west. There are no barriers to the north or
south so a combination of cold, dry air mass&grating in the far north and warm humid air
masses originating in the tropical regions regulfidy overthe state. Movement of these air
masses and their associated fronts cause near continuous wind and often result in large day to
day temperature fituations in all seasons. The average last freeze in spring occurs in late May.
In the fall, the first 32 degree or lower temperature occurs between Septefibad1Z85".

However freezing temperatures have occurred as late aslamd and as early asd-August.

About 75 percent of the annual precipitation falls during the period of April to September, with
50 to 60 percent occurrirgetweenApril andJuly. Most of the summer rainfall is produced

during thunderstorms, which occur on an average of 35 uays per year. On the average,
rainsoccuronceevery three or four days during the summer. Winter snowpack, although
persistent from December through March, only averages around 15 inches (Enz, 2003).
Historical average precipitation data for thienate station at Mohall, ND, which is within the
watershed, were obtained from the High Plains Regional Climate Center (HPRCC) and can be
seen in Figure 6.

Average yearly air temperatures at the Mohall North Dakota Agricultural Weather Network
(NDAWN) station, located within the Souris River watershed, wetd@2006) and 40

F(2007), with an average wind speed of 9 mph. Average annual precipitation ranges from 7.89
inches (2006) to 11.07 inches (2007) (NDAWN, 2009). Figure 7 shows the monthly pteipit
totals for 2006 and 2007.

MOHALL, MWD (326025
Period of Record : 9/ 1/1893 to 8/31/°009

- 4
L]
£ a5
-~ 3
5
g s
% 2
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B 1.5
]
1 1
o
E s
0
Jdan Mar May Jul Sep M
Fehk Apr Jun Aug Oct Dec
Dﬂ'_-l of Year High Flains
Regional
[ Average Total Monthly Precipitation ] Clirate
Center

Figure 6. Average Total Monthly Precipitation Data for HPRCC Mohall Station
326025, 1893 2009
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Figure 7. Rainfall Amounts at the North Dakota Agricultural Weather Network

(NDAWN) Mohall Station, 20062007

1.5 Available Data

Five sites (four in North Dakota and one upstream in Saskatchewan, Canada) were sampled
along the Souris River from October, 2006 through September, 2007 (Fjguabl& 5. There

is aU.S.GeologicalSurvey (USGSktreamgauging station(05114000)ocated approximately 14
miles west of Sherwood, North Dakpteear the United States/Canada barder

Table 5. Sampling Site Summary.

Site Name Site STORET Site USGS Gauging | Country of Location
Number Station Number
Highway 9 **30 miles upstream from Glen Ewen** Canada
Glen Ewen 385404 Canada
USGS Sherwood 05114000 United States
County Road 2 Bridge 380091 United States
Stafford Bridge 385403 United States
Johnson Bridge 385402 United States
County Road 3 Bridge 385220 United States
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Figure 8. Location of Water Quality Sampling Sites and USGS Gauging Statiofor the TMDL
Listed SegmentND-09010001001-S_0Q

1.5.1 Dissolved Oxygen Data

Historical Data(19941 2004)

Data collected from USGS @Gging Station56114000 between August 1994 and September
2004 were analed for variation of dissolved oxygen (DO) levels in the Souris River
(Figure9). Generally, the DO measurements were taken at thgmgastation on a monthly
basis; however, fewer samples werestakluring the winter months. From 1994 to 1999, a
total of 115 DO samples were taken, of which 13 data points ptcént)show DO level

less than the minimum standard level of 5 mg/L. The lowest readings of DO were recorded
on March 6, 2003 (1 mg/L) arfeebruary 15, 2001 (1.6 mg/L). These results confirmed
impairment as classified by the Health Department of North Dakota.
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Figure 9. Dissolved Oxygen Levels in the Souris River 192D06 USGSGauging Station
(05114000near Sherwood, ND(Lin et al., 2007).

In Figure10, DO concentration is plotted versus flow rate with winter data highlighted in
red squaresthis shows that most lo®O readings were recorded during winter months
when the river is covered by ice and flow was.low
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Figure 10. Flow Compared with DO near Sherwood(380091) ND 19942006. (Lin et al.,
2007).

Fish kills areusually an indicator of low dissolved oxygen in the water coluivimen

oxygen levels drop belowrag/L, warm water species, like those found on the Souris River,
become highly stressed. A fish kill event occurred in February 1999 in the Souris River in
North Dakota. Low dissolved oxygen and high levels of ammonia were noticed at Mouse
River Park near the head of Lake Darling. Fish kills also occurred in 2002,8&&Z)04
(Kellow and Fewless, 2002). It can be difficult to assign a specific cause aod effe
relationship to fish kills; quick action is needed to determine why a particular event took
place. In the winter the timeframe of a fish kill is difficult to ascertgish kills primarily

serve as amvent indicating problemand prompting further sty.
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CurrentData (20062007}

Dissolved oxygen results weadovethe standard DO level of 5 mg/L except for two time
intervals within the sampling period of record. The first low DO period was between
December and March 2007. The second low DO interval was between June and July 2007.
Dissolved oxygen results were vergnsistent in the five sampling points throughout the
reach. Figure Ldisplays the field dissolved oxygen measurements for the entire study time
and reach interval.

20
d 0 o Glen Ewen
? County Road 2
ok t ‘1 x Stafford Bridge
g . o ¥ N ® Johnson Bridge | #
=104 ’ O M + County Road 3
g0y bk i, DO
g n X x. * ' :
0 5- ?_! " .
g [ ] i ¢ ¢
0 L P . .

9/20/06 12/9/06 2127107 5/18/07 8/6/07 10/25/07

Time, mo/day/year

Figure 11. Dissolved Oxygen Concentrations fdfive Sampling Sites (Lin et al., 2010).

Two declining periodshown in Figure 1 precede the DO deficitsn the Souris River in
2006:2007. The firsand most severe defi@tcurred in December, and coincided with the
formation of ice on the river. The period of dangerously low DO lastedyrtbage months
from December to March of 2007. Dissolved oxygen levels returned to acceptable levels
with the i ncr eas ©nManch 0] 200fherawad stiliapprogximaielyt o .
onefoat of ice cover and oApril 1, 2007little to no ice cover existed. Reeration occurred
very quickly following ice out, when DO levels rebounded to approximately 10 rDgfia.
from the USGS site (05114001) provided in Figure 4.
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USGS 05114000 SOURIS RIVER NR SHERWOOD, ND
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Figure 12. Maximum and Minimum DO, Sherwood Automatic &mpler (USGS, 2009)

The USGS gauging station located near the Ganddrder automatically monitors the
river 24 hours a day. Figur& $hows a prominent 2dour variation of dissolved oxygen in
June2007.Thevaluesin Figure B are for one ®ay peria for the Souris River and vary
from week to week Note the high amplitude in the diurnal variation.
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Figure 13. Diurnal Dissolved Oxygen Variation at USGS5auging Station 0511400QUSGS,
2009)

1.5.2 Nutrients

HistoricalData (19731992)

Canadian water input greatly influences tipstream water flow rate and its quality on the
impaired reach. Water quality data for a station approximately 30 river miles upstream from
Glen Ewen(385404)for the period of record 1971 to 1992, was obtaiinech the

Saskatchewan Watershed Authofigyggure14). High total phosphorus concentrations

occur, with more than 90 percent of the samples exceeding the interim North Dakota state
standards limit of 0.1 mg/L (ND Century Code, 2001). Phosphorus conceméras high as

2 mg/L have been reported in Saskatchewan, Canada (Saskatchewan Watershed Authority,
2005). Water quality a€ounty Road 2 site (380091ne NDDoH site neaestUS/CAN

border met ammonia and nitrat@trogen standards most of the time. Phosphorus
concentrations consistently exceed the interim guideline value.
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Figure 14. Souris River Phosphorus @ncentrations at Highway9, 30 Miles Upstream of
Glen Ewen (385404)19741986 (Saskatchewan Water Authority, 2005).

CurrentData (20062007}

Data collected in this study show that elevated levels of phosp{tguse15) in the

impaired reactiND-09010001001-S_00)are consistent with historic data. Phosphorous
levels from the sit@earesthe USGS station, County RoadqFAgure16) compare directly

with the increase in diurnal variation of maximum/minimum DO levels indicated by Figure

13.
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Figure 15. PhosphorusLevels onlmpaired ReachND-09010001001-S_00(Lin et al., 2010).
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Figure 16. Phosphorousl evels at County Road 2380091)(Lin et al., 2010).

1.5.3Sediment Oxygen Demdn

Sediment oxygen demand (SOD) is a possible oxygen depleting source. An observation of
the sediment during field visits indicated sediments were black in color and smellg8, of H
which can be a sign of thedimenthavinga high percentage of organic material. Following
this observation, sediment samples were gathered at each site for analysis in the lab by
graduate student Matt Baker. Five of these sites are displayed in Efgure

9
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X
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Figure 17: Oxygen Depletion from Sediment inCompletely Mixed Reactors(Lin et al.,
2010).

Characteristics ahe sediment tested are displayed in T&bl€he higher the organic
content in the soil, the faster oxygen is depleted. The sites with lower percent organics
consisted more of rocky and sandy sediment while the higher percent organic sediments
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were black in color and made up of finer material. filgher percent organic soil was

found where the water was deeper and wider. Lower velocity water allows sediments to

settle out in larger pools. Oxygen depletion tests on sediment were conducted by using a

completely mixed method.

Table 6. Characteristics of Sediment Samples.

Site Site Location % Organic Coarse Composition Observed
Hwy 9 Upstream 9.45 Very Little Coarse (twigs)
USGS 6.1 No Coarse Retained

County 2 2.61 Mostly Coarse Aggregate
Stafford 13.23 Little to no Coarse

Johnson Downstream 14.91 Algae and Plant remains

1.5.4 Macroinvertebrates

In addition to the water quality sites, four sites were sampled for macroinvertebratess

of the four sites correspond to the water quality sites (T@blén order to interprahese
biological data and to develop a biological assessment methodology, the NDDoH has
adopt ed -ménter ifianw |l itmdex approach t o -likesiseess
support for rivers and streams. The muaittric index approach assumest tvarious

measures of the biological community (e.g., species richness, species composition, trophic
structure, andhdividual health) respond to humamduced stressors (e.g., pollutant loadings
or habitatalterations). Each measure of the biologicalcammi t vy, t er med a
evaluated and scored on either-a3t, 5-point scale (fish) or on a scale 6fL00
(macroinvertebrates). The higher the score, the better will be the biological condition and,
presumably, the lower the pollutant or habitapact.

bi

i me

Currently the multimetric 1Bl for the Souris River Basin of the Northern Glaciated Plains
(46) level 11l ecoregion is under development. However, enough data has been compiled and
analyzed to allow a general interpretation of the IBI scorehé8buris River (Tabl8).

Table 7: 1Bl Scores for the Souris River, 2007

Macro Station Corresponding |Final IBI Score Biological Aquatic Life
ID WQ Site ID Integrity Class Designated Use
552059 385404 58 Poor Not Supporting
552057 None 8 Poor Not Supporting
552036 380091 24 Poor Not Supporting
552053 385403 24 Poor Not Supporting

Table 8. 1Bl Threshold Condition Values for the Northern Glaciated Plains Ecoregior46).

Good - Fully Supporting

Fair - Supporting

Poor - Not Supporting

25th Percentile or 70 IBI

<69 IBl and> 59 IBI

10th Percentile ok 58 IBI
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1.55 Stream Cross Sections

Cross sections were surveyedalir of thefive sampling site$385404, 385403, 385402,
385220)in order to record accurate flow and show river bottom changesrérig).
County Road 3ite (38009) was not surveyed singast USGS testindataexists

Gler Ewer Bridoe (Looklng Lpstream) STORET 385404
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Figure 18. Surveyed Profiles ofSelectedSampling Sites(385404, 385403, 385402, 385220).
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1.56 Hydraulic Discharge

Flow in the upper reach of the Souris Riv@regulated byhreereservoirs in Canadghe
Boundary Rafferty, and AlamedReservois (Figurel9). Constructed by the Rafferty

Alameda Project (1988995), these reservoirs provide water to users in the area, as well as
flood protection for residents downstream, including those in North Dakota. Water releases
are governed in accordancethivihe Boundary Waters Treaty and determined by the
International Souris River Board of Control (ISRB), under the International Joint
Commission.

Specifically, Athe Province of Saskatchewar
waters which origiate in the Saskatchewan portion of the Souris River basin, provided that
such diversion, storage, and use shall not diminish the annual flow of the river at the
Sherwood Crossing more than fifty percent of that which would have occurred in the state
of naure, as calculated by the Board. For the benefit of riparian users of water between the
Sherwood Crossing and the upstream end of Lake Darling, the Province of Saskatchewan
shall so far as practicable regulate its diversions, storage, and sues insacmasthat

the flow in the Souris River channel at the Sherwood Crossing shall not be less than 0.113
cubic meters per secofl(dur cubic feet per second) when that much flow would have
occurred under conditions of water use development prevailing Beasleatchewan

portion of the Souris River basin prior to construction of the Boundary Dam, Rafferty Dam,
and Al ameda 1®3. mhe ISRB aRkeBtablished numeric fecal coliform

bacteria objectives for water crossing the boundary (see Section 2.3).
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The discharge record from USGS site 05114000 was chosen to represent thistentire
reach(ND-09010001001-S_00) Forthisimmediate watershed in North Dakota, there are

no major tributaries or streams flowiirgo the Souris River. As such, it has bee

determined that flow is similar (i.e. not gaining or losing) all along the-A®&l TMDL
listed reach. Because of the effect the upstream reservoirs have on flow, only the flow
record from 1991, the date the first reservoir, Rafferty, was completpegent were
used in the construction of the flow and load duration curves. For comparison, flows prior

to reservoir construction (1931 to 1991) and after reservoir construction (1991 to 2010) are

illustrated in Figur€0. Discharge for the sampling pediis show in Figur@l.
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Figure 20. Mean Monthly Flows at USGSGauging Station05114000, Preand
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1.5.7 Other Data

On May Z and 282007 a North Dakota State University(NDSi¢)d teamcanoel along

the Souris Rrer from Glen EwenSaskatchewagrCanaddo County Road & North

Dakota, excluding a few miles near the border on the Canadian side, covering a total
distance of 52 river milesThe purposes of the trip included identifying point sources and
potential nonpoint sources; assessing rokaracteristics, water depth and bank slopes;
taking sediment samples; and surveying river cross sections at predetermined locations.
The NDSU field team surveyed 13 cross sections, recaeddg-jammedsectionsvhich
were restricting flowand idenfied 64 locations where the river was used as part of
livestockoperations (Figur@2). The majority of livestock crossings and water sites were
found in Saskatchewan, Canaslaere water is shallow. At several locatiolnggstock

were found on river banks in the river. As water depthcreasedn the lower portion of

the reach, fewer cattle operatsalongthe river were found. No point sousogere
identified. Based on this field trifiyestock usage of the river waentified as grimary
source 6r fecal contamination dgheriver reach
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Figure 22. Visual Assessment of Livestock Along the Souris River, Conducted by NDSU
Personnel, May 27- 28, 2007(Lin, et. al, 2006)
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2.0 WATER QUALITY STANDARDS

The Clean Water Act requires that Ta#éximum Daily Loads (TMDLs) be developed for waters on a
state's Section 303(d) |I|ist. A TMDL is defined
point sources and |l oad all ocations for appotmpoi nt
of the waterbody to assimilate pollutant loadings is not exceeded. The purpose of a TMDL is to identify
the pollutant load reductions or other actions that should be taken so that impaired waters will be able to
attain water quality standards. TMNs are required to be developed with seasonal variations and must
include a margin of safety that addresses the uncertainty in the analysis. Separate TMDLs are required
to address each pollutant or caws impairment (i.e., low dissolved oxygen

2.1 Narrative Water Quality Standards

The North Dakota Department of Health has set narrative water quality standards that apply to
all surface waters in the State. The narrative general water quality standards are listed below
(NDDoH, 2006).

o All waters of the State shall be free from substances attributable to municipal, industrial,
or other discharges or agricultural practices in concentrations or combinations that are
toxic or harmful to humans, animals, plants, or resident acjiata.

e 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 orindirectly 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. T h e g onditlon of durdateavaterd shadl be sifinitaitce b i o |
that of sites or waterbodies determined by the department to be regidna@r ence si t es o
(NDDoH, 2006).

2.2 Numeric Water Quality Standards

The Souris Rivers a ClassA stream The NDDoH definition of &Class |A Stream is shown
below (NDDoH, 2006)

Class IA - The quality of waters in this class shall be suitable for the propagation or
protection, or both, of resident fish species and other aquatic biota and for swimming,
boating, and other water recreati The quality of the waters shall be suitable for
irrigation, stock watering, and wildlife without injurious effects. After treatment
consisting of coagulation, settling filtration, and chlorination, or equivalent treatment
processes, the water qualityadl meet the bacteriological, physical, and chemical
requirements of the Department for municipal or domestic use. Treatment for
municipal use may also require softening to meet the drinking vesfairements.
Numericcriteria have been developed for €4dA streams for dissolved oxygen
(Table9).
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Table 9. North Dakota Dissolved OxygerStandards for ClasslA Streams
Water Quality Standard
(minimum value)

Dissolved Oxygen 5.0 mg/L*

1 . . . . .
Up to 10% of representative samples collected during any 3yreriod may be less than this value provided
lethal conditions are avoided.

2.3 Water Quality Objectives Set by the International Souris River Board

The International Souris River Board has set water quality objectives for the Souris River as it
crosses the boundary from Canada to the United States, which is the upper portion of this TMDL
reach. As documented in their most recent Annual Report totdeational Joint Commission,
thedissolved oxygemwbjective is5 mg/L (ISRB, 2007).

3.0 TMDL TARGETS

A TMDL target is the value that is measured to judge the success of the TMDL effort. TMDL targets
must be based on state wagaality standards, but can also include site specific values when no numeric
criteria are specified in the standard. The following TMDL targettferSouris (Mouse) Rives based

on the North Dakota water quality standarddmsolved oxygenlf the taget is met, thaquatic life

beneficial use will be fully supported.

3.1 Dissolved Oxygen Target

The North Dakota State Water Quality Standard
minimum @p to 10 percent of representative samples colletiedg any three year period may

be less than this value provided that lethal conditions are ayoidleda nd wi | | be the
oxygen target fothe Souris (Mouse) River.

4.0 SIGNIFICANT SOURCES
4.1 Point Source

Within this listed segment of &Souris (Mouse) Rivewatershed there are point sources
permitted through the North Dakota Pollutant Discharge Elimination System (NDPDES)
Program.Towns located within the watershed utilize septic waste systems.

There argwo permitted AFOs in the watghed,one medium (300 to 999 cattle) and one small
(299 cattle or lesd)owever they are zero discharge facilities and are not deemed a significant
source for this reporfhere are several unpermitted animal feeding operations in the watershed
as indicaed by the presence of livestock during the river survey(Eit3). The exact number

of these operations is unknown.
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4.2 Nonpoint Source

The data collected during the water quality assessment indicate that the primary nonpoint sources
contributingto the low dissolved oxygen levetsthe Souris (Mouse) Rivewatershed are as
follows:

e Nutrient runoff from cropland contributing to the organic load;
e Runoff of manurewhich contributes to the organic lodhm animal feeding areaand
e Direct deposit of manure int®ouris Rivelby livestock

5.0 TECHNICAL ANALYSIS

In TMDL development, the goal is to define the linkage between the water quality target and the
identified source osources of the pollutant/impairntgine. low dissolved oxyggrio determine the

load reduction needed to meet the target. To determine thearaahistect relationship between the
water quality target and the identified soyrte2 QUAL2K model was used. The loading capacity or
TMDL is the amount of pollutant a waterbody can receive and still meet and maintain water quality
standards and beneficial uses. The followirdptécal analysis addresses tbe dissolved oxygen
through asedimenbxygen demand3OD) load allocation and the dal allocation reductions necessary
to achieve the water quality standards targé&t @fmgL dissolved oxygeminimum,plus a margin of
safety.

5.1 Definition of Water Quality Terms

One of the most important parameters in aquatic ecosystems is dissofget(DO). Fish and
macroinvertebrates require minimum levels of oxygen in order to grow, reproduce, and survive.
Groundwater, the primary source of river flow during dry weather, or in this case low discharge
from the upstream reservoirs, is naturédyw in DO. Aquatic plant life serves as both a source
(photosynthetic oxygen production) and a sink (respiration and decompos#wvdver, the
measurement of oxygen concentrations does not directly measure the pollutants contributing to
the impairmentSome analysis into interactions with otheemical processes as well as
determining the relationshigetween thens required Figure 23).

Biochemicaloxygendemand BOD) represents the amount of dissolved oxygen required by
aerobic biological organisms a body of water to break down (oxidize) organic matter present
in a given water sample at a certain temperature over a specific period aftigrgreater the
BOD, the greater the oxygen depletion in a stream or lake

Carbonaceous biochemical oxyggegmand (CBOD) is the amount of oxygen required by
bacteria to oxidize organic carbon material to carbon dioxide (its lowest energy ktatepl
areas, sources of oxygelemanding substances may include diffuse runoff of agricultural
fertilizer and ammal wastes (from manure application or grazing animals), soil erosion, and
runoff from concentrated animal operations (Vellidis, 208k&itrient levels from runoff can
sometimes cause enough eutrophication to generate CBOD loads from decaying algae. Thes
may not occur locally, but instead downstream where velocities are slow and the algae
populations collect (MPCA, 2008). This is part of the process in this impaired reach of the
Souris river as the shallow reaches upstream in Canada contain a gredtéedfall and

logjams in the river, then as the river flows through North Dakota it is incised which slows the
flow. Where the water velocities drop, excess algae growth is noted.
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Nitrogenous biochemical oxygen demand (NBOD) is the amount of oxygemaedpy bacteria
to oxidize ammonia to nitrite, then nitrite to nitréfehobanoglous, 1985).

Sediment oxygen demar{8OD) is defined as the combination of several processes, primarily
the aerobic decay of organic material that has settled taoth@m of the streambeBxamples

of organic materials that can act as source¥@Dinclude leaf litter, particulate BOD in
wastewater discharge, and algae or plant biomass.
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Figure 23. Schematic of theMajor Processednfluencing DO in Rivers (MPCA, 2008)

5.2 Dissolved Oxygen Interactions

The amount of DO in a river at any point in time reflects the combination of physical, chemical,
and biological sources and sinks of oxygen within the reach. Sources of oxygen include re
aeration, transport frompstream (flow), ground water, and photosynthetic production by algae
and aquatic plants. Sinks for oxygen loss include the biochemical oxidation of suspended and
dissolved organic material, oxygen demands from settled organic and inorganic materials,
regiration of aquatic plants, and the conversion of nitrogen through nitrification (MPCA, 2008).

Wa t enrai@ source of oxygen is from the atmosphere (Fig8yeWater movement, either by

flow or wind, can increase the renewing surface area of waterghanteract with the

atmosphere. Agitation of the surface and the formation of waves can increase the contact surface
area of water and air. These procegsesaeration)can significantly increase the dissolved

oxygen transfer rat&Vater movement bringsurface water (high in dissolveayger) into

contact with deeper (dissolved oxygen poor) wathe depth of the water severely limits the
transport of oxygen from the surfadee and snow cover preventaeration almost completely.
Diffusion without mixing can be a very slow process. (Tchobanoglous, 1985).

Direct discharge of pollutants from point and nonpoint sources into a river segment adds to its
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CBOD and NBOD, creating an oxygen demand that may depress DO below acceptable
concentrations. High nuént (nitrogen and phosphorus) leveds cause theutrophication
procesgo generate CBOD loads from decaying algae. (Vellidis, 2006).

Oxygen demand caused by benthic sediments can represent a significant oxygen sink in some
rivers. The deposition of organic material originating from external sources, such as leaf litter or
aguatic plant decay, can create a SOD that is localized anddetaraental at areas in the river

such as deep poolg.he flow and volume of water can modify the pollutant concentrations.
Organic loads are subject to chemical, biological, and biochemical processes that degrade it into
stable end products. Howevempallutant load of oxygeflemanding organics that is large

enough to overwhelm the oxygen resources of a water body creates an imbalance that leads to
aguatic life impairments that, with added physical impairments such as low winter flows, is
sustained thnaghout the year.

In times of low flow,pools where sediments have settledavatte aroxygen demanthatcan
contribute to SOD. SOD during the winter months, when a river is covered by ice, can cause low
DO conditions. Ice and snow preventsaggationand photosynthesis. Oxygen depletion can
become widespread throughout the stream without points where water is open to the air (Parr,
2004).

During the summer months a high densityqbatic plants cacause oxygen levels to vary

widely (Mulholland et &, 2005). Slow movement of water, high water temperature, high levels
of nutrients, and strong solar radiation, such that occur in the summer, increase photosynthesis
and plant growthDuring the night, plants undergo respiratian oxygen dependant réaa,

which creates aoxygen demandWhen algae densities are high, large diurnal swings in DO can
occur. An idealized diurnal stream response for DO is show in F2gurklighly eutrophic
conditions can occur, especially during low flow conditionsminereased residence times are
favorable for producing lots of algae, causing periods of active plant growth and respiration.
When the growth factors change and become less favorable, plants will die, decompose, and use
up oxygen resourcefVellidis, 2006). The potential BOD load created from increased organic
content in thesedimentan be transportediles downstream creating oxygen deficits (MPCA,
2008). This magnifies the amplitude in the diurnal responser@&a).
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Figure 24. Idealized Diurnal Dissolved Oxyen Response to PhotosyntheticyCles.
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5.3 Determination of Causes forDissolvedOxygenImpairment Within Listed Reach

To look specifically at this impaired reach of the Souris R{#D-09010001001-S_00),several
of the above conditions can be noted. First of all there is high nutrient loading octnaming
nonpoint sources throughout the reach, as well as above the reaantaC This nutrient
loading is leading to excessive algal growth during the summer months as indicated by both
conversations with local residents, and the very large diurnal swings that were natiee 1@)ig
The algae then goes through boom and budesythat create both an oxygen deficit in the
summer (Figre 10), as well as contribute organic matter to the benthic sediment duriodfdie
Organic matter is also a result of manure runoff from the numerous tkestted along the
reach (Figire 22).

Second, the large amounts of organic matter are aided in their deposition, and subsequent
incorporation into the benthic sediment by the reduced spring floods since the construction of
three large reservoirs upstream in Saskatchewan, Canada, whichsloaneglaced the scour of
organic matter that usually occurs with spring floods. Also, the North Dakota portion of the river
channel is incised, which slows the velocity of the river since the channel can hold more water.
This slow moving water, whicteaches almost no flow except for that contributed by

groundwater during the winter months due to apportionment rules, decreaseadtsion of

the water. Add to that ice cover that during winter that haléeration entirely. During this

period, sedirant oxygen demand causes almost three months of dissolved oxygen concentrations
to be near zero (Fige 10).

Because the DO levels in the winter are the most critical and longest lasting, SOD was chosen as
the TMDL load representing low dissolved oxygenthis reach. Since it is the organic content

of the sedimentwhich is built over the course of the entire yeigt drives the SOD, a

correlation was set up between SOD and percent organic content of the sediment, so that SOD
could be modeled using QUL2K.

54 QUAL2K Model Analysis

River andStream Water Quality model (QUAKJ is a comprehensive steam wateality

model that can simulate up to 15 water qualdystituentsn any desiredombination The

QUAL2K modelsimulategdissolved oxygein the river using one dimensional advection
dispersion mass transport equation, winsideration of various oxygen sources and sifilks.

river is modeled as series of completely mixed reactors, defined as computational elements,
which are grouped inteeaches with 20 or less computational elements in each sub Veisai.
eachreach geometric properties uch as river bed sl ope, channel
roughnessandhydrological propertiesuch as dispersion, and biological propersiesh as

decay ratare remained sam&he computational elements are used to input the sources such as
wastewater treatment plant discharges, runoff outfall discharge points and sinks such as water
treatment plant withdrawals. Multiple loadings (sources) withdrawals (sinks) can be input to
any computational element.

54.1. Flow Calibration

The Qual2K was first calibrated for the river flow using discharge data obtained from
USGS Gaging Station05114000(Figure 8), river cross sections surveyed aldhg river
(Figure 18) and water depth measured at sampling sites.
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Field surveying was conducted at 13 different location@uding the Glen Ewen
Saskatchewan, Canasite 385404, USGS Gaging Station05114000 and the site at

the downstream end die reach (385220)o determine river cross section profilés

least square regression based method was developed to transform field measured river
cross sections into trapezoidal sectidhaias assumed that river cross section remained

the same betwaegwo adjacent surveyed cross sections. For Qual2K simulations, the

river reach was divided into 17 segments, with Glen Ewen as the headwater and Lake
Darling as the end point. These river segments and 13 surveyed cross sections are shown
in Figure26.

Elevation data along with latitude and longitude information for sagimentvas
obtained from GIS datd he river bed slogewerecalculated from the elevation datad
distances of each segmewthen river bed slope is milder than 0.000%|ape of 0.0001
(minimum slope for Qual2K) was uddannings roughness afficient was adjusted for
each segment until simulated water depth matched with measureddataerature
range for natural stream

channelf 0.025 to 0.2 (Chapra S, Pelletiérand Tao H, 2008yas used as a guideline
for selection of Mannin@ coefficient

Because winter months were identified as critical conditions for I8 [Dthe Qual2K
wascalibraedfor a low flow condition of 30 cfs and river water depths were availab
all sampling points. Calibrated Mannisgoefficientfor all the segmestare listed in
Table10and calibrated river profile is shown in Figa
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Figure 26. Souris River QUAL 2K Simulation River Sub-Reaches and Cross Section Profiles
(Lin, et. al, 2010)
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Tablel0. Cal i brated Manningds Roughness Constant
Segment STORET Number Manningbs Roug|
CS1i Glen Ewen, Saskatchewan 385404 0.065
CS2 0.065
CS3 0.050
CS4 0.080
CS5 0.090
CS6 0.020
CS7 0.065
CS8i USGSSite 0.010
CS9 0.010
County Road 2 Bridge 380091 0.010
CS10 0.010
Stafford Bridge 385403 0.009
CS11 0.050
Johnson Bridge 385402 0.050
CS12 0.050
CS13 0.010
County Road 3 Bridge 385220 0.020

1650

1640 - ¢ River bed

1630 | — Water depth QUAL2K simulation e
= Water depth Field measurec
= 1620 -
e
*§ 1610 -
ﬁ 1600 - — %

1500 \— o ¢ ¢

1580 i

1570 T T . . . .
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Figure 27. Calibrated Souris River Profile (Lin, et. al., 2010)

54.2 Dissolved Oxygen Calibration

Sediment oxygen demand (SOD) was identified as the major oxygen sinklatomgpaired
reach of the Souris Riveandthecritical condition was identifiedswinter months when thee-
aerations is zero due to ice cover and almost no flaval2K was calibrated assumitigs
critical conditionand SOD was the onljissolved oxygesink.

Sediment samples were taken from several locations along the river reach. Sedjar@nt o

contens and SOD rates were determined in the laboratory. A linear correlation between SOD

rates and organic contents were established and this relationship was used to determine SOD rates
at other locations. Results from this study are shown in Tidlded Figue 28.
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Table 11. Organic Content of Sediment and SOD Rates.
. : SOD
Sample Locations Percent Organic Content (gOzlmzlday)
Glen Ewen (385404) 3.58 0.14
Cross Section 3 (CS3) 3.00 0.15
Cross Section 5 (CS5) 5.80 0.6%
USGS Site (5114000) 6.11 0.74
Country Road 2 (380091) 2.61 0.14
Stafford Bridge (385403) 13.32 2.03
Johnson Bridge (385402) 14.91 2.37
Cross Section 12 (CS12) 1.33 0.0
County Road 3 (385220) 4° 0.33
4S0D rate measured in laboratory
® SOD rate estimated from linear correlation
¢ Organic content estimated from SOD rate baselhear correlation
0.8
*
y =0.1827x 0.4051

. 0.6 1 R2=0.9338

S

E

Q' 0.4

(@]

=)

%

0.2 -
L g
O T T T T T T
0 1 2 3 4 5 6 7
Organic Content, %

Figure 28. RelationshipBetween SOD Rates and Sediment Organic Contenisin, et. al, 2010)

Using the SOD rates and organic contents obtained above, the Qual2K was run to match the field
data from January 28, 2008. Arcreaseof DO concentration at USGS Gging Station

05114000 was observed and this could be caused by opening in the ice ceweandt was

assumed that the river is getting aeratetthiatlocation with an aeration rate@6 day'. Resulted

DO profile from this calibration is presented in Figdge
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Figure 29. QUAL2K DO Calibration (Lin, et. al., 2010)

54.3 Dissolved Oxyge®@UAL2K Simulations

To improvedissolved oxygelrevels during winter months, organic contents in the sediments have
to be reduced to decrease SOD. It should be noted that reduction of SOD also has to be carried
out upstream fronthe Glen Ewen Saskatchewan sites well High sediment organic contents

were observed amtissolved oxygemvas almost completely depletedia¢ Glen Ewersite as

well as at the Sherwood site just south of the North Dakota bdrdemalibrated Qual2kmodel
wasused tadevelop twosimulatel dissolved oxygetevels along the impaired reach
(ND09010002001-S_00) The first simulation assumed a reduction in the organic contents of
sediment upstream of Glen Ewen, Saskatchewan only. The second simulation assumed a
reduction in the organic content of sediment both upstream of Glen Ewen and along the impaired
reach of the Souris River in North Dakota.

QUALZ2K Simulationl: Reduction of sediment organic contentCanadanly

For this simulationtiwas assumed thatganic content and nutrient loadingstreanof

Glen Ewen was reduced so that the dissolved oxygen level at the Glen Ewen site reached 8
mg/L in the winter monthsQual2K was run to determine whether this change will result

in meetingdissolved oxygestandard of 5 mg/L through the entirepairedreach.From

the results of this simulation (kige 30) it is clear thateduction of organic content

upstreanof the US/Canada bordefone is not sufficient for meeting téssolved oxygen
standard downstrear&venwith thedissolved oxygeroncentration at Glen Ewen as high

as 8 mg/Ldissolved oxygen leveldropped below 1 mg/L downstream from the Johnson
Bridge (385402) Conclusion is thateduction of sediment organic contevithin the study
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Figure 30. QUAL2K Simulation Results Assuming 8 mg/L DO at Glen Ewen,
Saskatchewar(Lin, et. al, 2010)

OQUALZ2K Simulation 2: Reduction of sediment organic content both upstream and downstream
of the US/Canada border

To increasalissolved oxygetevelsto 5 mg/Lthroughout the impaired reacQual2K
simulations were performed to determine percent sediment organic redtictibmsuld

be needed for differemlissolved oxygenaluesat Glen Ewen. Simulations were run with
the initial upstream values 6f 7,and8 mg/L, at Glen EwerResults of these simulations
areshown in Table 2 and Figure 3. As initial values of the border condition are set lower,
greater reduction in sediment organic content is needed.

Table 12. Sediment O ganic Content Reductions for Varied Initial DO
Concentrations.

Initial (Border) Dissolved Reduction in Sediment
Oxygen Concentration Organic Content
8 mg/L 31%
7 mg/L 39%
6 mg/L 53%
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Figure 31. QUALZ2K Simulation Results to Maintain 5 mg/L Dissolved Oxygen
at End of Impaired Reach(ND-09010001001-S_00)(Lin, et. al, 2010)

5.5 Calculation of Existing Load and TMDL Load

The existing SOD load was calculated as a volume weighted mean of each section of the
impaired reactiTable B). Using te linea relationship noted in FigureB2a 53 percent
reduction in percent organic content of the sedinseatuivalent to the 53 percent reduction in
SOD neededb achieve the 5.0 mg/l throughout the reafds is the value usexs the TMDL.

Table 13. Volume Weighted Mean of SOD as Current Load.

SOD Length of

Section Name (gO2/m2/day)| River Section (mi.) Weighted
USGS 0.74 3.78 2.80
CoRd2 0.14 5.83 0.82
Stafford Bridge 2.03 5.64 11.44
Csl11 0.01 2.32 0.02
Johnson Bridge 2.32 3.85 8.92
Cs12 0.01 6.94 0.07
CoRd3 0.33 14.22 4.69
Total 42.58 28.76
Weighted Mean SOD (US) 0.68 (=weighted/total river length)

1 This value is slightlyfess tharthe total reach distance due to the fact the sampling station is slightly downstream
from the actual border with Canada
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6.0

7.0

MARGIN OF SAFETY AND SEASONALITY
6.1 Margin of Safety

Section 303(d) of the Clean Water Act andlthe S . Environment al Protect
regul ations require that ATMDLs shall be esta
the applicable narrative and numerical water quality standards with seasonal variations and a

margin of safety whig takes into account any lack of knowledge concerning the relationship

bet ween effluent | imitations and water qualit
incorporated into conservative assumptions used to develop the TMDL (implicit) or added as a
separate component of the TMDL (explicit).

To account for the uncertainty associated with known sources an@@®/SODload
reductions necessary to reach theOIMdissolved oxygen target of 5.0 mg/L, a farcent
explicit margin of safety was used for this TMDL. The MOS was calculatezhagrcent of

the TMDL. In other wordsenpercent of the TMDL is set aside from the load allocation as a
MOS.

6.2 Seasonality

Section 303(d)(1)(C) of the Clean Water Act and associated regulations require that a TMDL be
established with seasonal variations. Bloeiris (Mouse) RivefMDL addresses seasonality
becausehe reduction of SOD is related to the period of the@eavhen the greatest deficit of
dissolved oxygen occurs.

TMDL

Table14 provides an outline of the critical elements of 8muris (Mouse) Rivedissolved oxygen

TMDL. The TMDL is presented in Tablé&1This Table provides an &®ate of the existing daily load

and an estimate of the average daily loads necessary to meet the water quality target (i.e. TMDL load).
This TMDL load includes a load allocation from known nonpoint sources and a ten percent margin of
safety.It should benoted that the TMDL loads, load allocations, and the MOS are estimated based on
available data and reasonable assumptions and are to be used as a guide for implemiéreadinal
reduction needed to meet the applicable water quality standards rihbeor lower depending on

the results of future monitoring.

Table 14. TMDL Summary for Impaired Reach ND-09010001001-S_ (0, Souris River.

Category Description Explanation

Beneficial Uselmpaired | Aquatic Life Fish and other aquatic life impairments

Pollutant/Impairment

Low Dissolved Oxygen
Due to high sediment oxygen
demand (SOD)

See Section 2.1

TMDL Target 5.0 mg/Ldissolved oxygen Based on North Dakota water quality standards

WLA

No contributing point sources in the watershed.

LA

Nonpoint Source Contributions | Loads are a result of nonpoint sources (i.e.,
rangeland, pasture land, etc.)

Margin of Safety (MOS) | Explicit 10 percent
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Table 15. Dissolved Oxygen TMDLfor ND-09010001001-S_(, Expressed as SODn g/m?/day.

Existing Load 0.68 g/m?/day (as a volume weighted mean of the segme
TMDL * 0.320 g/nf/day (53% reduction)

WLA None

LA 0.288g/m’/day

MOS 0.032 g/m’/day

! Assumes a 6mg/L DO Border Condition at the Saskatchewan/ND border.

The TMDL can be described by the following equation
TMDL = LC = WLA + LA + MOS where:

LC = loading capacity, or the greatest loading a waterbody can receive without
violating waterquality standards;

WLA = wasteload allocation, or the portion of the TMDL allocated to existing or
future point sources;

LA = load allocation, or the portion of the TMDL allocatedexisting or future
nonpointsources;

MOS = margin of safety, or aaccounting of uncertainty about the relationship
between pollutant loads and receiving water quality. The margin of safety
can be provided implicitly through analytical assumptions or explicitly by
reserving a portion of loading capacity.

8.0 ALLOCATION

There areno knownpoint sources that could fmtially impact the watershed. Therefore, the entire
dissolved oxygeioad for this TMDL is allocated to nonpoint sources in the watershed. The entire
norpoint source load is allocated a single load because there is not enough detailed source data to
allocate the load to individual uses (e.g., animal feeding, septic systems, riparian grazing, upland

grazing).

A specific allocation of SOD to Saskatchewan, Canada cannot be givemldak of dataHowever the
conclusion of the model indicates that improvement to the stream on both sides of the international
border in the form of reduced nutrients and organic content to the sediment, along with additional flows
in the winter tgorovide reaeration will be needed in order to meet water quality standards.

In 2005, the Saskatchewan Watershed Authority completed a State of the Watershed report for the
Lower Souris River (that portion of the Canadian watershed just above the bOfdas.three
conditions used to rank watersheds throughout Saskatchewan, Canada, (healthy, stressed, and impacted)
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based on ecosystem services, ecosystem functi on,
change, the Lower Souris River watershedategorized as stressed (Dayvi&sl0). There are 22

stressor indicators that contribute to that watershed condition. An advisory board was established to
determine ways to implement best management practices to improve water quality. The Internationa
Souris River Board also has set water quality objectives for the Souris River crossing the border, so the
issue is important to both countries.

To achieve the TMDL targets identified in the report, it will require the wide sjmezrtational
support ad voluntary participation of landowners and residents in the immediate watershed as well as
those living upstream. The TMDLs described in this report are a plan to improve water quality by

implementing best management practices throughregulatoryapp oaches. @A Best manag
practiceso (BMPs) are methods, measures, or prac
effective means for a | and owner to mee®. nonpoin

This TMDL plan is put forth @a recommendation for what needs to be accomplish&btois River

its tributaries and associated watershed to restore and maintain its recreational uses. Water quality
monitoring should continue to assess the effects of the recommendations masié MDhi

Monitoring may indicate that BMP implementation andh@ kbading capacity recommendations should
be adjusted.

Controlling nonpoint sources is a difficult undertaking requiring extensive financial and technical
support. Provided that technical and financial assistance is available to stakeholders, these BMPs have
the potential to significantly reduce fecal colifobacteridoading to theSouris River The following

describe in detail those BMPs that wiliprove dissolved oxygelevels in theSouris River by reducing
organic matter and nutrients

8.1 Livestock Management Recommendations

Livestock management BMPs are designed to promote healthy water quality and riparian areas
through management of livestock and associated grazing @gnic matter and nutrients

from livestockmanureand erosion from poorly managed grazing land and riparian areas can be a
significant source ofrganicloading to surface water. Precipitation, plant cover, number of
animals, and soils are factors that affect the amayatiutantdelivered to a watedaly as a

result of livestock. Théollowing specific BMPs are known to reduce NPS pollution from

livestock.

Livestock exclusion from riparian area$his practice is established to remove livestock from
grazing riparian areas and watering in the streaivestock exclusion is accomplished through
fencing. A reduction in stream bank erosion can be expected by minimizing or eliminating hoof
trampling. A stable stream bank will support vegetation that will hold banks in place and serve a
secondary funabn as a filter from nonpoint source runoff. Added vegetation will create aquatic
habitat and shading for macroinvertebrates and Tish.cooler temperatures will improve

dissolved oxygen levels in the rivelirect deposit omanurento the stream anstream banks

will be eliminated as a result of livestock exclusion by fencing.

Water well and tank developmerfencing animals from stream access requires an alternative
water source, installing water wells and tanks satisfies this need. Instedliagtanks provides
a quality water source and keeps animals from wading and defecating in streams.

Prescribed grazinf This practice provides increased ground cover and ground stability by
rotating livestock throughout multiple fields. Grazing watkpecified rotation minimizes
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overgrazing and resulting erosion. The Natural Resources Conservation Service (NRCS)
recommends grazing systems to improve and maintain water quality and quantity. Duration,
intensity, frequency, and season of grazing eambnaged to enhance vegetation cover and
litter, resulting in reduced runoff, improved infiltration, increased quantity of soil water for plant
growth, and better manure distribution and increased rate of decomposition, (RIRQAS,

Waste managemenysem- Waste management systems can be effective in controlling up to 90
percent of the loading originating from confined animal feeding areas. A waste management
system is made up of various components designed to control NPS pollution from concentrated
animal feeding operations (CAFOs) and animal feeding operations (AFOs). Diverting clean
water around the feeding area and containing dirty water from the feeding area in a pond are
typical practices of a waste management system. Manure handling amatamplorocedures

are also integral to the waste management system. The application of manure is designed to be
adaptive to environmental, soil, and plant conditions to minimize the probabibtgaic

matter from manure reaching therface water.

8.2 Other Recommendations

Vegetate Filter Stripi Vegetated filter strips are used to reduce the amount of sediment,
particulate organics, dissolved contaminants, nutrientspagathic matteto streams. The
effectiveness of filter strips and other BM&scontrol measures to reduce nonpoint source
pollution is quite successf(iTable B). The ability of the filter strip to remove contaminants is
dependent on field slope, filter strip slope, erosion rate, amount and particulate size distribution
of sedinment delivered to the filter strip, density and height of vegetation, and runoff volume
associated with erosion producing events (NRCS, 2001).

Septic Systerii Septic systems provide an economically feasible way of disposing of household
wastes where oth@neans of waste treatment are unavailable (e.g., public or private treatment
facilities). The basis for most septic systems involves the treatment and distribution of
household wastes through a series of steps involving the following:

1. A sewer line corecting the house to a septic tank

2. A septic tank that allows solids to settle out of the effluent

3. A distribution system that dispenses the effluent to a leach field
4. A leaching system that allows the effluent to enter the soil

Septic system failure occurs when one or more components of the septic system do not work
properly and untreated waste or wastewater leaves the system. Wastes may pond in the leach
field and ultimately run off directly into nearby streams or percolategraundwater.

Untreated septic system waste is a potential source of nutrients (nitrogen and phosphorus),
organic matterandsuspended solids. Land application of septic system sludge, although
unlikely, may also be a source of contamination.

Failureof septic systems can occur for several reasons, although the most common reason is
improper maintenance (e.g. age and inadequate pumping). Other reasons for failure include
improper installation, location, and choice of system. Harmful household cle&acaalso

cause failure by killing the bacteria that digest the waste. While the number of systems that are
not functioning properly is unknown, it is estimated that 28 percent of the systems in North
Dakota are failing (USEPA, 2002).
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Table 16. Relative Gross Effectivenessf Confined Livestock Control Measures (Pennsylvania
State University, 1992a)

d d Fecal
Practice” Runoff® ol Total Sediment Coliform
Phosphorus | Nitrogen .
Category Volume Percent Bacteria
Percent Percent
Percent
é}r;lsr:;a;:ﬁWaste - 90 80 60 85
[S);/\/set(rasrlﬁon - 70 45 NA NA
Filter Strip$ - 85 NA 60 55
Terrace System - 85 55 80 NA
Containment
Structured ] 60 05 70 %0

NA = Not Available

aActual effectiveness depends on sifeecific conditions. Values are ratmulative between practice categories.

b Each category includes several specific types of practices.

¢ - = reduction; + = increase; 0 = no change in surface runoff.

d Total phosphorus includes total and dissolved phosphorus; total nitrogen includes-NrganimoniaN, and nitrateN
e Includes methods for collecting, storing, and disposing of runoff and prgeassated wastewater.

f Specific practices include diversion of uncontaminated water from confinement facilities.

g Includes all practices thatdace contaminant losses using vegetative control measures.

h Includes such practices as waste storage ponds, waste storage structures, and waste treatment lagoons.

9.0 PUBLIC PARTICIPATION

To satisfy the public participation requirement of this TMDL, a hard copy of the TMD&duris River
and request for commen@aamailed to participating agencies, partners, and to those requesting a copy.
Those included in the hard copy mailingna

Burke and Renville Countgoil Conservation Distrist

International Souris River Board of Control

Saskatchewan Watershed Authority

US Fish and Wildlife Service, Upper Souris National Wildlife Refuge
US EPA- Region VI

USDA-NRCS Statéffices

In additionto mailing copies of this TMDL for Souris River to interested parties, the TMBépwsted

on the North Dakota Department of Health, Division of Water Quality web site at
http://www.ndhealth.gov/IWQ/SW/Z2_TMDL/TMDLs_Under_PublicComment/B_Under_Public_Com
ment.htm . A 30 day public notice soliciting comment and participation was also published in the
following newspapers:

The Bismarck Tribune
Minot Daily News
Renville County Farmer
Burke County Tribune

Comments were only received from US EPA Region 8, which were provided as part of their normal
public notice review (Appendix E). The NDDoHOGs
Appendix F.
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10.0 MONITORING

As stated previously, ghould be noted that the TMDL loads, load allocations, and the MOS are
estimated based on available data and reasonable assumptions and are to be used as a guide for
implementation.The actual reduction needed to meetapplicable water quality standards may

be higher or lower depending oretresults of future monitoring.

To insure that the implementation of BMPs will redtloe sediment oxygen demand to the
necessary levels to meet the dissolved oxygen stanaaterquality monitoring will be
conducted in accordance with an approved Quality Assurance Project Plan (QAPP)

Specifically, monitoring will be conducted for all variables that are currently causing
impairments to the beneficial uses of the waterbody. Tmesede, but are not limited to

dissolved oxygenOnce a watershed restoration plan (e.g. Section 319 Non point Source Project
Implementation Pla@PIP) is implemented, monitoring will be conducted inwa¢ershed

beginning two years after implementatiordaxtending five years after the implementation

project is complete

11.0 TMDL IMPLEMENTATION STRATEGY

Implementation of TMDLs is dependent upon the availability of Section 319 NPS funds or other
watershed restoration programs (e.g. USDA EQIP), asaselecuring a local project sponsor

and required matching funds. Provided these three requirements are in place, a project
implementation plan (PIP) is developed in accordance with the TMDL and submitted to the ND
Nonpoint Source Pollution Task Force anfl BPA for approval. The implementation of the best
management practices contained in the NPS PIP is voluntary. Therefore, success of any TMDL
implementation project is ultimately dependant on the ability of the local project sponsor to find
cooperating prducers.

Monitoring is an important and required component of any PIP. As a part of the PIP, data are
collected to monitor and track the effects of BMP implementation as well as to judge overall
project success. Quality Assurance Project Plans (QAPP4)thetatrategy of how, when, and
where monitoring will be conducted to gather the data needed to document the TMDL
implementation goal(s). As data are gathered and analyzed, watershed restoration tasks are
adapted to place BMPs where they will have treatgst benefit to water quality.
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Appendix A
Water Quality Data Provided by NDSU



Sampling Data

Source:

Location:

Period:

NDSU

September 2006, May 200

Glen Ewen, Canada tounty Road 3, US

On Site Sampling Data 9/06 to 10/07, County Road 3

Flow Measurement Field Mornitoring Data
Sampling Date | Sampling Time| Stage Flow Velocity | Water Depth Ice Sampling Depth [ Avg. Water Temp. | Temperature| pH Avg. DO DO Conductivity| Notes
ft. fps ft. ft. ft Celcius Celcius mg/L mg/L uS/cm
9/23/06 10:15 13.00 13.00 .65 8.75 8.75 1835
11/5/06 :30 4.6 10 0. .70 3.70 .61
11/19/06 :45 7 10 0.! .90 .90 .60 14.70 14.70 336
12/3/06 :00 .5 5.6 0. 433 4.33 .21 7.63 7. 66!
12/16/06 :15 .1 0.188* 12.7 0. 4.78 4.78 .21 241 2.4 55!
1/7/07 :15 4.8 123 1 10.00 4.37 .45 .20 0.82 0.: 84!
1/7/07 4.00 4.30 .00 0. 44
1/7/07 .00 3.71 7.96 1.25 134
1/7/07 13.1 1 .00 5.27 8.20 0.11 830
1/7/07 .00 3.12 7.96 173 301
1/14/07 7:53 12.2 175 .20 4.47 4.38 8.14 0.45 0.33 | 1666
1/14/07 6.40 4.54 8.13 025 | 1621
1/14/07 4.40 3.31 7.90 111 339
/14/07 9.00 4.91 .13 0.65 860
/14/07 12.6 11 8.00 4.94 .07 0.14 683
/14/07 10.00 5.32 .08 0.08 813
/14107 6.00 4.79 .60 0. 660
/14/07 4.00 .59 .82 0. 324
| 1/28/07 8:45 .4 7.7 4.63 .7 .09 0.14529| 0. 781
| 1/28/07 .4 11.7 .7 .09 0.0 870
| 1/28/07 .4 9.7 5.69 8.1 0.0 869
| 1/28/07 4 7.7 5.08 .13 0.08 736
I 4 7 2.24 7.97 011 | 1550
I 4 7 52 7.75 0.35 385
[ 1728007 . 5 52 8.12 008 | 1851
| 1/28/07 X 56 777 0.35 403
| 1/28/07 4 4 88 7.74 0.17 359
| 1/28/07 4 29 0.07 673
| 1/28/07 .4 4.97 0.05 755
[ 128007 4 0 5.46 0.06 853
N X 2 558 ) 008 | 1859
| 1/28/07 .4 3 5.63 .0 0.08 863
| 1/28/07 . 0 0 0 Titration
| 1/28/07 .9 7 0.3 0.3 Titration
| 1/28/07 1 4 0.3 0.3 Titration
/11/07 7. 5.111666667 .54 8.1 0.10833| 0.14 830
/11/07 9. 5.72 .1 0.1 853
/11/07 5. 4.32 .0 0.2: 649
/11/07 3 7.7 5.05 1! 0.0¢ 737
/11/07 7 9.7! 5.52 .1 0.0t 828
/11/07 5.7! 4.52 . 0f 0.0 642
2/25/07 7:50 13 . 7. 5.228333333 5.33 8.2 0.05167] 0.08 | 1839
2/25/07 7 9. 5.74 8.2 0.0: 905
2/25/07 7 5. 4.13 8 0.04 651
| 2/25/07 8 5.65 8.21 0.04 886
| 2/25/07 10 5.76 8.2 0.0: 903
[ 225007 6 76 810 0.04 749
[ 3/mo/07 9:00 13 7.2 5.151666667 .05 7.96 0.135 0.04 28
/10/07 9.2 .69 7.98 0.05 | 1880
/10/07 5.2 .65 7.69 0.08 572
/10/07 8 .89 8.01 0.16 | 1870
/10/07 10 .95 7.99 025 | 1896
0/07 6 .68 7.86 0.23 662
4/1/07 8:00 135 7.32 0.82 0.9 7.85 9.625 9.61 688
4/1/07 8:30 5 7.2 0.74 7.85 9.64 679
419107 8:30 15.35 10.65 6.4 2.145 218 8.11 12,085 | 12.16 885
4/9/07 15.8 11 6.6 2.1 8.1 .01 884
4/14/07 7:10 14.95 11 6.6 4.17 4.1 .64 15.255 .14 99
4/14/07 7:30 . 10.6 6.36 4.1! .64 .37 000
4/22/07 7:23 4.! 123 6.38 11.305 1.37 .63 10.05 .87 04
4/22/07 7:40 4. 12 7.2 1.24 .63 | 9.23 0:
| 4/28/07 6:42 4. 118 7.08 14.095 4.01 .63 8455 | 835 1
4/28/07 7:40 4. 11.65 6.99 4.18 .55 .56 1
5/5/07 7:30 14 2 7.2 17.27 17.3 .33 7.745 7.7 0
5/5/07 7:40 14 12.8 7.68 7.24 .36 | _7.79 092
/13/07 :00 143 117 6 16.645 .65 .36 8.485 .53 080
/13/07 :30 A 118 6 .64 .37 | 8.44 080
/19/07 00 4 12 7.2 16.61 .1 .44 859 | 835 168
/19/07 :30 4 7.2 .0 .48 .83 175
5/28/07 7:00 A 12 7.2 15.48 .9 .56 11.21 .33 0:
5/28/07 7:30 4. 12.1 7.26 0 .58 .09 0:
6/3/07 5 4. 11.8 7.26 16.45 .58 10.705 .06 0.
6/3/07 0 4. 7.08 .55 0.35
/10/07 0 4. 0.2226 118 7.08 19.22 . .38 10.05 .23
/10/07 0 4. 0.238 112 6.72 18.84 .87
/12/07 4:30 14 0.0913 2 7.2 20.49 20.77 8.755 .96 4
/12/07 4:50 14 0.0913 7.08 20.21 .55 4
6/24/07 7:15 14.1 . 7.14 20.815 21.2 . 4.935 .89 1!
6/24/07 7:20 14.1 .4 7.44 20.43 8.2 .98 00
7/15/07 8:30 143 . 6 23.085 23.37 8.6 3.91 4.8 80
7/15/07 8:30 4. 11.6 6 22.8 .48 .02 776
7/30/07 6:30 4.! 125 7.5 25.335 25.17 .24 3.575 .47 130
7/30/07 7:00 4. 11.15 6.9 255 .25 .68 126
8/19/07 .00 4. 7.98 20.285 20.27 .55 6.8 .76 090
8/19/07 :30 4. 7.08 20.3 .56 .84 091
9/9/07 .00 7.56 16.67 16.67 .63 6.39 .43 098
9/9/07 :30 . 7.5 16.67 .64 .35 100
10/21/07 30 9.4 5.6 8.55 8.62 8.6 8.74 77 089
10/21/07 8:15 10.3 6.18 8.48 8.6 .71 082




On Site Sampling Data 9/06 to 10/07, Johnson Bridge

Flow Measurement Field Mornitoring Data
Sampling Date | Sampling Time Stage Flow Velocity | Water Depth Ice  [Sampling Depth | Temperature pH Avg. DO DO | Conductivity Notes
ft. fps ft. ft. ft Celcius mg/L uS/cm
9/23/06 18:00 12.60 8.58 8.58 8.58 2274
11/5/06 10:30 15.9 4.5 0.5 3.48 8.59
11/19/06 10:30 17 4.3 0.25 3.45 8.29 11.60 11.60 1126
12/3/06 11:30 16.5 2.85 0.8 2.55 8.08 9.11 9.11 1229
12/15/06 9:30 17.2 0.00* 4.3 0.7 1.92 7.82 5.99 5.99 1291
1/14/07 10:15 4.2 1.25 24 1.37 7.45 1.05 0.77 1524
1/14/07 2 0.99 7.44 0.72 1530
1/14/07 2.4 1.15 1.15 1.12 7.45 0.77 1526
1/14/07 12 0.66 7.45 1.92 1832
1/28/07 10:00 3.9 1.45 3.00 1.10 7.44 0.29 0.35 1871
1/28/07 3.9 1.45 2.50 0.80 7.45 0.17 1880
1/28/07 4.3 14 3.50 0.96 7.45 0.53 1871
1/28/07 4.3 14 2.50 0.93 7.45 0.17 1877
1/28/07 3.9 1.45 1.90 0.20 0.20 Titrition method
1/28/07 3.9 1.45 2.90 0.30 0.30 Titrition method
1/28/07 3.9 1.45 3.70 0.30 0.30 Titrition method
2/11/07 9:00 16.6 4.1 16 3.10 0.36 7.49 0.35 0.32 2032
2/11/07 4.1 1.6 2.10 0.15 7.49 0.23 2036
2/11/07 3.9 1.6 3.00 0.56 7.50 0.42 2006
2/11/07 3.9 16 2.00 0.22 7.90 0.42 2029
2/25/07 9:11 16.6 3.8 1.7 3.00 1.34 7.55 0.32 0.35 2121
2/25/07 4.1 17 3.00 1.22 7.55 0.28 2117
3/10/07 11:45 16.6 3.8 16 3.00 1.33 7.39 0.39 0.40 2295
3/10/07 3.8 1.6 2.00 0.73 7.41 0.42 2239
3/10/07 3.2 17 2.60 1.04 7.41 0.50 2271
3/10/07 3.2 1.7 3.00 1.16 7.41 0.24 2268
4/1/07 9:00 16.5 5.6 3.36 0.38 8.02 10.58 10.58 866
4/9/2007 9:50 149 5.6 3.36 1.18 8.25 13.36 13.36 1046
4/14/2007 8:10 14.6 6.1 3.66 5.15 8.71 14.54 14.54 1057
4/22/2007 9:00 16.4 8 4.8 11.13 8.64 8.79 8.79 1079
4/28/2007 8:35 15 5.6 3.36 14.25 8.4 7.84 7.84 1188
5/5/2007 9:15 16 0.263 6 3.6 16.72 8.34 7.65 7.65 1071
5/13/2007 7:10 16.7 0.105 53 3.18 15.85 8.36 8.29 8.29 1044
5/19/2007 9:00 16.5 5.6 3 16.38 8.36 8.69 8.69 1197
5/28/2007 15:20 16.7 5 3 15.1 8.26 10.19 10.19 1176
6/3/2007 : 16.9 5.1 3.06 18.06 8.2 8.22 8.22 1096
6/10/2007 19:30 16.3 0.146 5.7 3.42 20.52 8.35 8.12 8.12 1309
6/12/2007 16:15 16.5 0.23 5.5 33 20.38 8.06 5.64 5.64 1433
6/24/2007 8:20 17.4 55 3.12 24.36 8.62 7.80 7.8 1670
7/15/2007 9:44 15.3 0.153 5.4 3.24 24.03 8.38 5.48 5.48 1109
7/30/2007 8:16 153 0.106 5.7 3.42 25.77 8.31 6.24 6.24 1121
8/19/2007 9:00 15.3 0.116 5.1 3.06 19.36 8.63 6.99 6.99 979
9/9/2007 10:00 15.9 4.2 2.52 15.48 8.42 5.14 5.14 1006
10/21/2007 9:00 16 4.5 2.7 7.66 8.59 10.53 10.53 1056




On Site Sampling Data 9/06 to 10/07, Stafford Bridge

Flow Measurement Field Mornitoring Data
Sampling Date | Sampling Time Stage Flow Velocity | Water Depth] Ice |Sampling Depth | Temperature pH Avg. DO DO Conductivity Notes
ft. fps ft. ft. ft Celcius mg/L mg/L uS/cm
9/23/06 15:15 11.85 8.29 8.42 8.42 1767
11/5/06 11:30 23.4 2 3.48 8.52
11/19/06 11:30 23.25 2 2.03 8.29 14.45 14.45 1193
12/3/06 12:30 23.3 2.8 0.9 0.31 8.11 10.87 10.87 1354
12/16/06 10:15 23 0.163 2.8 0.7 0.40 7.65 3.73 3.73 1459
1/14/07 11:46 27 0.8 0.60 0.23 7.49 1.85 1.89 1810
1/14/07 1.20 0.12 7.43 1.94 1680
1/14/07 0.60 0.13 7.42 1.81 1821
1/14/07 1.80 0.14 7.42 1.74 1809
1/28/07 10:50 2.7 1 2.00 0.22 7.40 0.54 0.56 2146
1/28/07 2.7 1 1.50 0.16 7.40 0.53 2148
1/28/07 2.65 1 2.00 0.12 7.45 0.69 2158
1/28/07 2.65 1 1.50 -0.10 7.45 0.60 2159
1/28/07 2.7 1 2.00 7.45 0.50 0.50 Titration
1/28/07 2.7 1 2 7.45 0.35 0.35 Titration
2/11/07 10:00 23 2.8 15 2 0.3 7.49 0.18 0.21 2458
2/11/07 2.8 15 25 0.25 7.49 0.2 2460
2/11/07 2.7 1.5 2 0.23 7.5 0.14 2476
2/11/07 2.7 15 25 0.22 7.49 0.15 2472
2/25/07 9,50 23 27 12 2 0.14 7.52 0.23 0.13 2709
2/25/07 2.7 1.2 23 0.13 7.52 0.24 2710
2/25/07 2.65 1 2 0.13 7.52 0.32 2710
3/10/07 13:00 23 2.8 1 1.72 0.27 7.41 0.45 0.35 2466
3/10/07 2.8 1 1.2 0.76 7.41 0.34 2594
3/10/07 25 0.5 17 0.83 7.39 0.57 2583
3/10/07 25 0.5 2.2 0.51 7.4 0.52 2600
4/1/07 9:30 22.1 3.4 2 1.53 8.1 11.66 11.66 905
4/9/07 10:30 22 1.27 18 1.8 1.27 8.45 14.06 14.06 889
4/14/07 9:10 22.4 0.603 3.2 1.92 4.96 8.73 13.66 13.66 1066
4/22/07 9:41 22.5 0.707 3 1.8 10.02 8.5 9.71 9.71 1070
4/28/07 9:40 22.5 0.707 3 18 11.8 8.44 8.50 8.5 13.95
5/5/07 10:10 22.5 0.66 3 2 16.45 8.36 7.38 7.38 1057
5/13/07 7:51 23 0.568 25 15 15.28 8.31 8.95 8.95 1084
5/19/07 10:00 23.7 0.2 13 0.78 15.81 8.11 6.02 6.02 1341
5/28/07 8:22 23 0.338 2.6 1.56 155 8.19 7.51 7.51 1158
6/3/07 19:18 233 0.3345 2.6 1.56 22 7.98 6.89 6.89 1097
6/10/07 18:30 22.6 0.8 3.1 1.86 21.65 8.37 7.49 7.49 1345
6/12/07 17:00 23 0.741 25 15 22.56 8.23 5.61 5.61 1413
6/24/07 8:50 23 0.187 2.2 1.32 25.48 8.63 4.48 4.48 1850
7/15/07 11:00 22.7 0.561 29 1.74 24.15 8.39 5.13 5.13 1129
7/30/07 9:00 22.9 0.383 2.9 1.74 25.32 8.26 4.60 4.6 1099
8/19/07 9:55 23 0.145 3.1 1.86 19.23 8.56 7.20 7.2 969
9/9/07 10:30 23.4 0.175 21 1.26 14.85 8.41 8.33 8.33 1058
10/21/07 9:30 23.2 0.101 2.2 1.32 7.43 8.48 12.82 12.82 1120




On Site Samplindpata 9/06 to 10/07, County Road 2

Flow Measurement Field Mornitoring Data
Sampling Date | Sampling Time Stage Flow Velocity | Water Depth Ice Sampling Depth | Temperature| pH |Avg. DO| DO Conductivity Notes
ft. fps ft. ft. ft Celcius mg/L mg/L uSlcm
9/24/06
11/5/06 12:30 30.7 1 1 217 8.57
11/19/06 13:00 30.8 2 2.03 8.29 14.45 14.45 1193
12/3/06 13:30 30.8 14 0.6 0.00 8.01 9.57 9.57 893
12/16/06 10:50 32 0.125 0.9 0.01 7.62 4.37 4.37 1482
1/7/07 11:30 31.8 0.8 open -0.40 7.54 3.79 3.82 1814
1/7/07 11:30 318 0.8 open -0.04 7.54 3.76 1813
1/14/07 13:00 13 0.6 0.40 0.15 7.32 3.01 2.99 1936
1/14/07 13:00 0.60 0.01 7.35 2.94 1941
1/14/07 13:00 17 12 0.30 -0.80 7.35 3.06 1951
1/14/07 13:00 0.20 -0.02 7.36 3.04 1944
1/28/07 11:30 13 1 1.20 -0.03 7.41 0.94 1.02 2294
1/28/07 1 0.8 1.00 -0.04 7.41 1.02 2296
1/28/07 13 1 0.80 0.80 Titration
1/28/07 13 1 0.90 0.90 Titration
2/11/07 Too shallow to sample
2/25/07 Too shallow to sample
3/10/07 No water present
4/1/07 10:00 29 29 174 1.01 8.10 11.66 11.66 928
4/9/07 11:50 27.4 2.17,1.75,2.07, 34 2.00 1.13 8.40 13.99 13.99 985
4/14/07 11:00 28 0.946 3 1.8 4.44 8.67 12.86 12.86 1065
4/22/07 10:42 28.5 0.94 4 24 9.64 8.55 9.51 9.51 1072
4/28/07 10:20 28.5 0.94 3 1.8 13.17 8.44 8.66 8.66 1051
5/5/07 11:00 32 0.741 3 18 15.69 8.36 7.29 7.29 1055
5/13/07 8:39 26.3 0.237 2.3 1.38 15.04 8.33 8.93 8.93 1083
5/19/07 11:00 29.5 0.645 2 12 14.34 8.29 7.60 7.6 1354
5/28/07 6:23 29.5 1.8 1 15.72 8.28 7.60 7.6 1164
6/3/07 18:29 313 0.255 15 0.9 2351 8.29 8.92 8.92 1163
6/10/07 18:00 31 0.8 3 1.8 21.86 8.36 7.95 7.95 1371
6/12/07 18:00 28 0.765 3.3 1.98 23.02 8.3 4.82 4.82 1436
6/24/07 9:36 28 0.475 18 1.08 25 8.64 4.79 4.79 1950
7/15/07 12:00 28.9 0.666 24 1.44 24.56 8.42 6.79 6.79 1116
7/30/07 10:00 29.3 0.546 2.1 1.26 25.87 8.37 4.40 4.4 1088
8/19/07 10:30 29.4 0.5 2 12 19.17 8.71 7.19 7.19 961
9/9/07 11:30 29.7 0.183 15 0.9 14.48 8.36 8.62 8.62 1045
10/21/07 10:30 29.8 0.183 1.4 0.84 7.52 8.62 12.28 12.28 1673




On Site Sampling Data 9/06 to 10/07, Glen Ewen

Flow Measurement Field Mornitoring Data
Sampling Date | Sampling Time Stage Flow Velocity | Water Depth Ice Sampling Depth [Temperature| pH [Avg. DO| DO | Conductivity Notes
ft. fps ft. ft. ft Celcius mg/L mg/L uS/cm
9/24/06 13:30 12.94 8.57 10.67 | 10.67 1053
11/5/06 13:30 26.8 - 0.17 2.00 8.56
11/19/06 13:00 26.8 * surface 0.25 111 8.35 18.12 18.12 1833
12/3/06 15:47 26.5 2.6 0.8 0.02 7.75 3.71 3.71 1667
12/16/06 13:30 28* 0.383** surface 0.8 0.00 7.59 0.59 0.59 1990
1/7/07 13:30 29.7 4.8 13 -0.04 7.58 0.19 0.23 2586
1/7/07 7:12 29.7 3.6 18 .05 7.58 0.14 2582
1/14/07 15:15 2.5 18 2.02 -0.12 7.45 0.41 0.93 2958
1/14/07 2.35 -0.09 7.51 0.30 2976
1/14/07 0.80 .08 7.55 0.20 2980
1/14/07 0.10 -0.08 7.50 0.22 2980
1/28/07 15:09 8.8 17 5.90 0.41 7.50 0.19 0.37 3111 at a culvert about
1/28/07 8.8 17 8.00 0.15 7.50 0.16 3076 1 km down stream
1/28/07 8.8 17 5.00 0.10 7.50 0.11 3085 of the bridge because
1/28/07 8.8 17 3 0.07 7.5 0.13 3085 site is frozen through
1/28/07 8.8 4 0.00 0 Titration
1/28/07 8.8 8 0.00 0 Titration
2/11/07 12:45 8.8 2.3 6.1 0.18 7.57 0.19 0.34 3191 Smelly black water
2/11/07 8.8 2.3 8 0.32 7.57 0.12 3209
2/11/07 8.8 2.3 4 0.24 7.57 0.1 3188
2/25/07 12:30 8.5 2 6 0.97 7.69 0.13 0.16 2952
2/25/07 8.5 2 8 0.98 7.7 0.17 2945
2/25/07 .5 2 4 0.74 7.7 0.07 2925
3/10/07 14:30 .5 2.2 6 1.42 7.51 0.18 0.24 2663
3/10/07 .5 2.2 8 1.42 7.51 0.16 2670
3/10/07 8.5 2.2 4 1.14 7.52 0.14 2803
4/1/07 11:30 26 3.6 1.56 0.47 7.99 11.62 | 11.62 1013 Back to original location
4/9/07 13:50 25.4 2.47 4 24 2.61 8.32 13.09 13.09 1041
4/14/07 12:30 25.5 1.17 4 2.4 5.39 8.48 12.42 12.42 1087
4/22/07 12:23 25.5 0.68 35 21 9.92 8.54 8.31 8.31 1068
4/28/07 12:30 26 0.68 4 2.4 13.11 8.42 10.33 10.33 1118
5/5/07 13:05 27 0.635 3 18 15.08 8.42 8.44 8.44 1003
5/13/07 11:00 26.3 0.271 3.4 2 14.63 8.64 9.14 9.14 1202
5/19/07 12:30 26 0.334 35 21 11.89 8.59 9.53 9.53 1276
5/27/07 7:15 29.6 0.28 29 1.8 13.52 8.78 10.99 | 10.99 1127
6/3/07 16:44 23.65 0.238 6 3.6 23.59 8.71 10.48 10.48 1268
6/10/07 15:30 25.5 0.8 4.5 2.7 20.79 8.67 9.75 9.75 1425
6/12/07 20:00 259 0.345 3.7 2.22 23.13 8.55 5.91 5.91 1929
6/24/07 11:00 26.9 0.16: 29 1.74 25.25 8.84 6.41 6.41 1888
7/15/07 14:00 26 0.53 3.6 2.16 26.15 .61 6.43 6.43 1134
7/30/07 12:35 26.1 0.44. 3.6 1.56 26.15 .49 4.38 4.38 1056
8/19/07 12:30 26.6 0.11. 3 18 18.75 .71 7.28 7.28 1012
9/9/07 14:30 26.9 0.15 1.8 1.8 15.06 8.2 7.21 7.21 1418
10/21/07 12:00 27.2 0.15 2.2 1.32 7.61 8.62 12.28 12.28 1673
On Site Sampling Data 9/06 to 10/07, USGS Site
Flow Measurement Field Mornitoring Data
Sampling Date | Sampling Time | Stage Flow Velocity [ Water Depth Ice  |Sampling Depth [Temperature| pH DO | Conductivity Notes
ft. fps ft. ft. ft Celcius mg/L uS/cm
9/24/06 8:30 11.48 8.56 8.78 1584
11/5/06 14:30 154 29 0.50 15.60 1260
11/19/06 12:30 1.61 3.8 0.10 16.10 1380
12/3/06 13:30 1.45 0.00 10.80 1540
12/15/06 12:30 154 0.00 4.80 1660
1/28/07 12:15 3.3 18 3 0.02 7.42 1.52 2266 Field sample
1/28/07 33 1.8 2.00 0.01 7.42 1.39 2369 Field sample
1/28/07 12:30 -0.20 0.70 478 Field sample
1/28/07 2.00 1.10 Titration
1/28/07 2.00 1.00 Titration
2/11/07 11:00 25 15 2.10 -0.10 7.44 0.44 2664
9/9/07 12:39 14.31 8.36 8.13 1055
9/9/07 12:44 14.04 8.39 8.07 1055
9/9/07 12:49 14.04 8.39 8.17 1053
9/9/07 12:54 14.04 8.41 8.20 1052
9/9/07 13:00 14.07 8.41 8.19 1052




On Site Sampling Data 9/06 to 10/07, Highway 9 Bridge

Flow Measurement Field Mornitoring Data
Sampling Date | Sampling Time| Stage | Flow Velocity | Water Depth Ice Sampling Depth | Temperature pH DO Conductivity Notes
ft. fps ft. ft. ft Celcius mg/L uS/cm
1/7/07 16:00 3.7 0.8 2.20 0.14 8.29 0.71 3741
1/7/07 16:00 3.8 0.7 2.00 0.16 8.29 0.42 3740
1/28/07 16:20 29 1 2.20 0.26 8.10 0.26 3756
1/28/07 29 1 2.50 0.23 8.10 0.19 3730
1/28/07 29 1 1.50 0.14 8.10 0.30 3729
1/28/07 29 1 0.2 Titration
1/28/2007 2.9 1 0.1 Titration
2/11/2007 14:00 3.2 1.6 2.9 0.02 8.02 0.2 3853 Black smelly water
2/11/2007 3.2 1.6 1.9 0.01 8.02 0.16 3854
2/11/2007 3.2 16 2.8 0.02 8.02 0.14 3853
2/25/2007 14:00 2.7 11 2 0.14 8.3 0.32 3939
2/25/2007 3 13 2.3 0.13 8.14 0.27 3939
3/10/2007 17:00 3.3 1 2.4 0.6 7.86 0.1 3842
3/10/2007 33 1 14 0.35 7.86 0.1 3869
3/10/2007 33 1 3.1 0.36 7.85 0.14 3860

On Site Sampling Data 9/06 to 10/0&h€&r Sampling Locations

Description Flow Measurement Field Mornitoring Data
Site Name _|Latitude |Longitude | Sampling Date | Sampling Time | Stage | Flow Velocity | Water Depth| Ice [Sampling Depth | Temperature|  pH DO [ Conductivity
ft. fps ft. ft. ft Celcius mg/L uS/cm
Alameda Res 49.262| -102.237 1/7/07 15:15 29.7 1.6 18, 1.45 1027| 10.25 8.36
N of 05114000 | 48.274[ -101.433 1/7/2007 10:15 13 1 -0.04 1876| 4.04 7.54
N of 05114000 48.274| -101.433 1/7/2007 10:30] 13 1 -0.04 1654| 4.06 7.54

Souris River Water Quality Data

Source:

USGS

Location:Gaging Station 5114000, near Sherwood, ND
Period: 19947 2004

Souris River Fecal Coliform, Ammonia, Copper,

Calculatedstandards for Ammoniand Copper

and Organic Carbon Data and

Ammonia Hardness | Org. carbon Ammonia Standard Cu standards
Date Flow Rate |Water Temp pH nitrogen | fecal coliform| mg/L as unfltrd Copper Acute Chronic CMC CCC
cfs c mg/L | CFU/100mI [ CaCOs mg/L gL mg/L mg/L gL gL
10/6/98 3 8.5 8.1 - - -
11/3/98 4.2|-- 8.4 0.023 350 11 1 3.88 1.20| 44.03419| 26.1221
2/9/99 3.6 0 7.4 1.84(K4 430 18 2 22.97 4.70] 53.47138| 31.1459
3/30/99 1600 0.5 8.1 0.185|K77 62 17 4 6.95 2.02| 8.60466( 5.952518
4/13/99 2050 7.5 8 190(-- 4 8.41 2.36( 24.74679( 15.49876
5/26/99 1100 16.3 8.1 0.039|K15 190 52 4 6.95 1.81| 24.74679| 15.49876
716199 344 19.9 8.1 -- -- - 6.95 1.44
7/20/99 407 23.1 8.2 220 14 4 5.73 1.00( 28.41698| 17.56719|
8/5/99 303 241 8.1 -- -- - 6.95 111
8/24/99 353 20.9 8.3(<.020 120|-- -- - 4.71 0.97
9/30/99 51 75 7.9 0.042 100 310 15 7 10.13 2.73| 39.27101| 23.5489
10/27/99 14 0.1 8.1(<.020 100 400 14|-- 6.95 2.02| 49.94521| 29.27941
11/16/99 14 0 8.2(<.020 K8 410 19|-- 5.73 1.71( 51.12221| 29.90376
1/6/00 53 0.1 7.4-- - -- -- 1 22.97 4.70
1/12/00 5 0.1 7.4|-- - - - - 2297 4.70
2/23/00 51 53 7.5 0.951 42 460 11 1 19.89 4.32| 56.98363| 32.99352
3/1/00 12 10.1 7.7|- - - - 2 14.44 3.52
3/28/00 13 16 8.3(<.020 <2 320 13 2 4.71 1.31| 40.46491( 24.19651
4/19/00 13 19.1 8.4|-- K9 320|-- - 3.88 0.91( 40.46491| 24.19651]
5/17/00 14 235 8.4(<.020 64 370 14 3 3.88 0.69( 46.40399| 27.39242
6/26/00 35 246 8.3|-- - - - - 4.71 0.77
7/7/00 98 228 8.2 0.167 420 290 19|-- 573 1.02| 36.87658( 22.24442
7/25/00 54 215 8.3|-- - - - - 4.71 0.93
8/8/00 33 19.7 8.4(<.020 K380 - 20|-- 3.88 0.87
8/15/00 12(-- - - - - - 4
8/22/00 11 52 8.3|-- - - - 2 4.71 1.44
9/6/00 6.6 2.9 8.3 0.118 680 370 19 1 471 1.44| 46.40399| 27.39242




Souris River Fecal Coliform, Ammonia, Copper, and Organic Carbon Data and
Calculated Standard for Ammonia and Copper (Cont.)

Ammaonia Hardness | Cirg. carbon Ammonia Standard Cu standards
Date Flw Rate |Water Termp pH mitragen | facal coliform| mglL as unfird Copper Acute Chronic CMC [+ H
cfs [ mgll | CFUMBoml | CaCO, mgiL Fgil mgil gL Hail FgiL
A0 800 36 .2 a.3(-- - = - - 4.7 1.44
11720000 93 1] 8.3 0 114(E21 330 17 18 471 144| 416567 2484113
140 4.3 ] 76| - - - - 17.03 383
215101 3 L] 7.5]- - - - - 1589 4.32
Jai 340 4] 8.2 0.048|E4 360 18 11 5.73 1.71| 45.22002| 2675855
A2 1740 4] ] 0.138|E3 170 15 24 841 2.35| 22.281%4| 14.09356)
e 1320 0.1f- - - — - -
4501 ang 4, 8(-- - - - o =
a2 1530 .3 8.1 - - e v 685 2.02
424107 1500 B.6 - Ez20 180|-- 4.1 23.81531 14,799
5901 2180 11 - — = e -
51601 629 16.1 7.8 - - - - 10013 2.47
G20/ 207 18.4 8.1|E.034 1 280 14 248 5.05 1.86| 35.67589| 31.58731
e 162 2B.2 8. 3|= 040 280 30 14 32 4.7 0.70| 28.416588( 1756719
831 a4 178 8.3|E.022 120(-- 14{.- 471 1,47
a2 113 14.4 8.5(=040 160 210 13 4.8 47 1.45| 27.19634| 1688256
10M1 801 73 5.8 8.5 — 320 1.00
11718001 11 0.8 §.3|e.03 13k 380 1 14 4.M 1.44| 4876653 2865274
113102 3.2 4] 7.4 — 2287 4.70
21302 4.6 [+] 7.5 0.81)=2 430 10.2 1.6 19.65) 432 5347138 311459
Jzang 12 0.1 TG ke 17.03 3.83
417102 &1 2.2 ==
42502 34 5.5 8.6|=04 =2 230 129 15 265 0.8Z| 29.63388| 1824729
51602 77 0.9 8.3 - 471 1.44
B2 12 19.9 ] 540 340 24 841 168 42.84643| 2548301
B BI02 12 221 =
B/27102 20 257 7.9 0,39)=1200 0 155 29 1013 1,35 42 84843| 25483
THBM2 25 256.2 8 Ble0d T8 280 21.9| 318 471 0.76| 36.87858| 2224442
ar2an2 16 17.1 B.6|=04 136 280 15.5 14 265 0.71| 36.87858| 2224442
911102 22 19.2 8.3 0.05 104 14.9| 471 1.08

Souris River Fecal Coliform, Ammonia, Copper, and Organic Carbon Data and
Calculated Standards for Ammoraad Copper (Cont.)

Ammaonia Hardness | Cirg. caroon Ammonia Standard Cu standards
Date Flw Rate |Water Temp pH mitrogen | fecal coliform| mgiL as unfttrd Copper Acute Chronic CMC CCC
cfa [ mgll | CFUMpoml | CaCO, mgiL FgilL mgiL gL Mgl FgiL
10vaE0E |- e - = - -
112002 71 ] 8.2 =004 43 500 16.3 1 273 1.71| 6164658 3543006

B3 6.2 L] 7.6 - == - - 17.03 3.93

603 0.7y 0 16 1.34(=2k 580 18.1 0.8 17.03 3.93| 72.0834%| 4081269
26003 ] - - - - -

AL2103) 93 [ 8.1 0.18(6k 210 10.4 286 5.05 2.02| 27.19654| 1583256
4803 10}-- bl e = - -

AG0M03 ag 16 8.4 17k 330 23 3.EBB| 190 41.8567| 2484118
SI28/03 111 27 8.4(=0.04 21k 320 16.8| 8 388 0.56| 40.48451| 7419851
T3 G4 21 8.3|E.03 a2 380 21.1 31 471 0.95| 4522002| 2575855
821703 4.3 27 8.4 0.0 vl B 22 6| BB 058

10003 2B 18 8.3 0.0 2E0 380 227 4.3 4.7 1.3 4758514 2802381
SI26/03) v 15 8.7 - - - - 220 088

S26/03) 37 16 8.6[-- - = - - 184 0.52
11113003 2.3 0.5 B|=0.04 260k 450 215 4 241 2.36| 5581428 3237965
1140 0.61 1 76| - - - - 17.03 3.63

212504 0.43 1.1 1.7 0.73 4 580 10.5] 21 14.44 3.52| T0.91078| 4022085
324104 5 of-- - - — - -

41104 a0 0.5 8.5|E.03n 20k 320 30z 32 320 1.00) 40484591 24 19651
4122104 a5 7.9 B.T|- 54 380|-- 28 220 0.6B| 4B,78853| 2B65278)
52604 52 13 8.7(=0.04 a2 380 19.8| 35 220 0.6B| 4878853 2B.65274)
BG4 333 1% - - - - -

21404 110 24.5 1.6 012 220 310 24.3| 55 17.03 2.0B| 39.27101| 235489
A1Ti04 13 2053 7.5(=0.04 TOk = 18.2]-- 12.88 2.85

SED4 63 14,3 7.B|=D.D4 - 400 234 41 1214 37| 49,24521| 2027941

S 30 5.8 16| - - = - - -




Souris River Dissolved Oxygen and Nutrients Data (192004)

N2 Ny N5, NO,
Sample Date | Sample Time B8] Mitrogen | Phosphores | Sample Date | Sample Time (n s ] Mitrogen | Phosphorus
mgiL gL mg/L mgiL /L gl
222194 12:30 4.5 .25 0.23 EIERER) 12:00 8.8]= 05 [
aME94 13:00 12 14 08 101196 200 10
22194 14:30 12 047 0.33 11121096 10:00 10.5 0.av [V
A24/94 10:30 13 .35 027 aM1a7 11:00 1.2 0E1 .37
4/1/94 11:00 11.% 037 0.25 4M0a7 11:00 13 02y 02
5/2/94 13:00 10.9]= 050 0.28 4ME97 11:00 102 .35 .18
GI20/94 1330 9.8|= .050 0.36 aeaT 13:30 10.5 014 016
7118794 13:00 B.5 G697 13:30 ]
Rig/g4 12:00 7.3 a7 1000 T« 05 .15
194 12:30 B.4 BISST 10:00 7.2|= .05 017
11/14/94 12:30 1= .05 017 a'3oea7? 10:30 1.2
2/6/95 1300 6.5 019 0.3 1114197 1100 1 007 o1
316795 11:00 b 0.549 0.74 21038 10:00 55 028 0.0
20095 11:00 o 054 0N A/Ti98 10:00 11.8| .51 022
32395 11:30 10]= .05 0.29 A5raa 10:00 12.5 054 n.oe
27045 16:00 0.4 Q.60 0.34 411438 10:00 9.5 036 .15
5295 1300 B2 03 019 ar198 10:00 a7
BM0as 12:00 8.3 G008 11:30 6.8]= .05 024
&M12/95 12:00 8| 05 oM Bi30/98 12:00 71
62595 14:00 7.6 .35 042 Ti4038 10:00 4.5= .05 003
775 12:00 T a25/98 10:00 5 .05 024
B985 12:00 6.5 100698 14:00 8.5
a18/95 12:00 -] 113088 1010 B.4|= 05 008
1146495 12:30 10.5 11 015 210/99 10:00 4 .08 o
21298 12:30 025 n.22 31399 11:00 121 1Ry 03
AM1%/96 10:00 136 0.35 0.28 4113095 10:30 11.5
4/12/98 10:30 134 054 0,33 BI26/99 1700 94 ooy 018
4/16/96 12:00 13.5 017 on TEas 13:15 ]
4130096 10:30 13.5 01 02 Ti20iag 17:00 B
Gi4/96 11:00 9= .05 o BIE99 1600 6.3|
GI25/96 14:00 B.4 824195 11:15 6.7|= .05 02
THE/96E 8:30 57 .08 oM 013098 11:20 10 012 018




Appendix B
Surveyed Profiles of Souris River Provided by NDSU



Souris River Sampling/Field Investigation Sites

Source:
Location:
Period:

NDSU

Glen EwenCanada to County Road 3, US
September 2006, May 2007

Surveyed Profiles of Sampling Sites, County Road 3

Site Number: 382020
Site Location: DLAT: N 48°48' 510"
DLONG: W 101°49' 514"
Conditions of river on 9/23/06
Point Distance from| Profile of
East Bank | River Bottom Station 4 | Station10
0 0 -17.120 Width of Bridge| 32.22' 32.15
1 2.283 -17.711 T/ °C 12.99 13.00
2 8.812 -19.937 Cond/uS/cm 1836 1834
3 15.169 -22.017 DO%: 84.1 83.4
4 21.641 -22.503 DO/ mg/L: 8.78 8.73
5 28.206 -23.800 Depth/m: 1.991 2.006
6 34.808 -23.886 pH: 8.64 8.66
7 41.334 -23.486
8 48.076 -24.297 County Road 3
9 54.547 -24.183 o
10 61.111 -23.890 5
11 67.537 -23.483 . 1o
12 74.128 -22.119 g 15
13 80.847 -19.946 o \._N_._*A J
14 87.579 -17.570 2(5) i
15 89.685 -16.869 0 2 40 60 80 100
Distance West from point 0

Date: Sept, 23 2006

Measured by: Dr. Wei Lin, Dr. B.Sini-Eidukat, Joe Super

Recorded by: Dr. B.Sini-Eidukat measured from top of metal rail

Water
V-A H-A hor. angle tape hor. Surface | river bed | ave corrected +0.25

0 1.944 24.328 296° 63' 48" 0 14.25 17.12 17.1
1 3.753 26.611 2.3' 15.880 19.520
2 3.787 33.140 8.85' 15.950 21.780 21.82'
3 3.837 39.497 15.45' 16.100 23.910 23.92'
4 3.881 45.969 22.08' 16.110 24.440 24.43'
5 3.894 52.534 28.65' 16.120 25.750 25.78'
6 3.938 59.136 35.24' 16.150 25.880 25.90'
7 3.958 65.662 41.82' 16.125 25.500 25.50'
8 3.977 72.404 303 A4[65 048.35' 16.145 26.330 26.32'
9 3.951 78.875 303A2565 8400 16.255 26.190 26.17'
10 3.924 85.439 303A3465 81560 16.130 25.870 25.85'
11 3.901 91.865 303A5806 18810 16.115 25.440 25.48'
12 3.855 98.456 304A2406 4 7470 16.060 24.030 24.04'
13 3.803 105.175 304A346 2 8105 15.990 21.805 21.785'
14 3.754 111.907 304A42360 8785 15.920 19.380 19.39'
15 2.135 114.013 304A48060 850015 14.350 17.060




Surveyed Profiles of Sampling Sites, Johnson Bridge

WE

WE

Site Number: 385402
Site Location: DLAT: N 48°52' 752"
DLONG: W 101°52' 071"
Souris River measurements
Point Distance from | Profile of River
East Bank Bottom T/°C 12.6
1 0 0 Cond/uS/cm 2274
2 29.600 -11.020 DO%: 86.5
3 35.944 -14.130 DO / mg/L: 9.11
4 42.105 -16.413 Depth/m: 1.265
5 48.520 -17.977 pH: 8.58
6 54.392 -21.080 Time: 6:00pm
8 66.782 -20.331
10 79.383 -20.237 Johnson Bridge
12 91.579 -19.907 N
14 104.083 -18.891 =
15 110.377 -18.812 g °
16 116.360 -18.131 S
17 122.632 -17.789 @ . \, 7,'/’
18 128.911 -16.667 E \ M
19 135.064 -13.709 £ —r—¢
20 141.362 -10.958 8
] 20 40 60 80 100 120 140 160
Date: Sept, 23 2006 Distance from East end of Bridge (ft)
Measured by:  Dr. Wei Lin, Dr. B.Sini-Eidukat, Joe Super
Recorded by:  Dr. B.Sini-Eidukat
measurement using 5' staff
S-A | H-A V-A | Vv-Angle | HAR H-Angle | measurement bed
1 not measured
2 29.619 29.600 1.058 2A26500 0A26280 11.2
3 35.959 35.944 1.058 1A38616859A56p35014.31
4 42117 42.105 0.995 1A2161500A0060p 16.53
5 48.529 48.520 0.966 1A080625859A57p07018.07
6 54.399 54.392 0.878 0A5506219859A59p 4302108
7 66.788 66.782 0.917 0A470611859A58401 02037
8 79.388 79.383 0.921 0A39654859A58p02020.28
12 91.584 91.579 0.971 0A360627859A58p47020.00
14 104.088 104.083 1.027 0A330654859A57p30019.04
15 110.382 110.377 1.026 0A316598859A57p38018.96
16 116.365 116.360 1.047 0A300654859A59p59018.30
17 122.637 122.632 1.049 0A290623859A58p04017.96
18 128.916 128.911 1.051 0A28601859A56H47016.84
19 135.068 135.064 1.029 0A26011859A566p46013.86
20 141.366 141.362 1.030 0A250602859A55p51011.11




Surveyed Profiles of Sampling Sites, Stafford Bridge

Site Number:
Site Location:

485403

DLAT:
DLONG:

N 48°55' 362"
W 101°55' 582"

Souris River water Data

Distance from | Profile or River
Point East Bank Bottom T/ °C 11.85
0 138.119 0 Cond/uS/cm 1767
1 134.905 -3.175 DO%: 78.4
2 122.517 -4.206 DO/ mg/L: 8.42
3 118.844 -7.721 pH: 8.2
WE 4 114.716 -12.158 time: 3:58pm
5 110.431 -13.664 bolt to water surface| 22.12 feet
6 99.731 -13.894 bolt to water bed| 25.55 feet
7 94.861 -14.242
8 89.113 -14.822 stafford Brid
9 85.112 -15.195 attord Bridge
10 81.484 -15.503 10
11 79.037 -15.534 5
12 74.07 -15.600 ol ® .
13 72.912 -15.711 s . MK
14 68.878 -15.325 g . % -
15 66.217 -13.708 15 R wesss ¢°
WE 16 63.716 -12.054 -20 . .
17 61.17 -7.435 0 50 100 150
18 58.022 .5.715 Distance from East Bank
19 46.034 -4.199
20 31.779 -2.476
21 19.494 -0.037
22 8.756 2.840
23 0.000 4.545
Bridge bolt 99.351 10.777
Date: Sept, 23 2006
Measured by: Dr. Wei Lin, Dr. B.Sini-Eidukat, Joe Super
Recorded by: Dr. B.Sini-Eidukat
Point S-A H-A V-A V-Angle HAR H-Angle
0 85.455 85.257 5.812 3A5460¢8 116420
1 82.086 82.043 2.637 1A500626[/0 40464
2 69.674 69.655 1.606 1A19613[0 156520
3 66.010 65.982 -1.909 358A2063400063094
WL 4 62.179 61.854 -6.346 354A8063p0 3635
5 58.102 57.569 -7.852 352A146p859A59[6130
6 47.561 46.869 -8.082 350A1306QBHI9A52|6240
7 42.837 41.999 -8.430 348A396(QBH9A52|6240
8 37.354 36.251 -9.010 346A20631H00A004[90
9 33.587 32.250 -9.383 343A4664BHI9A35|6190
10 30.218 28.622 -9.691 341A170648B8H9A42|6310
11 27.923 26.175 -9.722 339A3763®BHI9A54/6270
12 23.358 21.208 -9.788 335A130632BH9A38/6330
13 22.361 20.050 -9.899 333A4363BHI9A14|6210
14 18.629 16.016 -9.513 329A1763®BH9A39|6220
15 15.515 13.355 -7.896 329A246320A15686400
WE 16 12.521 10.854 -6.242 330A05648dA0060]J20
17 8.465 8.308 -1.623 348A56064BHI9A45|6250
18 5.161 5.160 0.097 1A4649d 359A29[6210
19 7.016 6.828 1.613 13A1763L480A20[6400
20 21.345 21.083 3.336 8A59631[0180A046450
21 33.864 33.368 5.775 9A490606/0180A44/6380
22 44.946 44.106 8.652 11A0565p080A196440
23 53.867 52.862 10.357 11A0560f880A456420
Additional point, surveyed later
stn 8.5 35.816 34.643 -9.093 345A17063 8% 9 A0 5|édlf éesting on bed
stn 8.5 35.028 34.534 -5.862 350A21649 66 9 A0 9|édlf Srowater surface
CL bridge bolt 49.360 46.489 16.589 19A38062P 829 A3 0|étaf procenter bolt




SurveyedProfiles of Sampling Sites, Glen Ewen

Site Number: 385405
Site Location: DLAT:

DLONG:

N 49°10' 811"
W 102°01' 650"

(All measurements at 6 foot staff transect location is 150' E of Bridge)

River Bottom Profile as of 9/24/06

Distance from | Profile of river
Point South bank bottom
1 0.000 0
2 11.771 -4.074
3 16.649 -7.932
WH 4 21.964 -9.634
5 26.673 -10.882
6 31.114 -11.437
7 34.655 -11.908
8 38.242 -12.101
9 42.785 -12.150
10 47.647 -12.092
11 51.759 -12.066
12 55.905 -11.819
13 60.935 -11.688
14 64.984 -11.576
15 68.705 -11.249
16 72.820 -10.868
17 77.521 -10.600
WH 18 82.234 -10.433
19 87.463 -10.162
20 92.580 -9.668
21 106.100 -9.518
22 112.739 -9.151
23 120.363 -8.213
24 126.755 -6.426
25 132.799 -4.456
26 137.148 -3.194
27 141.831 -2.423

Measured by: Dr. Wei Lin, Dr. B.Sini-Eidukat
Recorded by: Dr. B.Sini-Eidukat

Date: 9/24/2006

t, Joe Super

Conditions of river

T/°C 12.94

Cond/uS/cm 1053

DO%: 101.30%
DO / mg/L: 10.67
Depth: 1.00
pH: 8.57
Glen Ewen
0
2
4 P
s 6\
Qo
] 8

o-¥

-14 T

0.000 50.000

T
100.000
Distance from South Bank

150.000

S-A H-A V-A V-Angle  [HAR hor-Angle

1 151.172 151.162 1.784 0A406B5d0DA000|0

2 139.401 139.383 -2.290 359A0363BA061FO
3 134.523 134.382 -6.148 357A226399A48[62
4 129.208 128.969 -7.850 356A30[0399A44[65
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Appendix C
QUAL2K Model Summary Provided by NDSU



Qual2K Simulations
Qual2K was used to simulate the impact of sediment oxygen demand (SOD) on Souris River DO levels during winter
conditions with the river covered with ice.

Flow Calibration
The Qual2K was first calibrated for the river flow using discharge data obtained from USGS Gaging Station 5114000, river
cross sections surveyed along the river, and water depth measured at 5 sampling sites.

Field surveying was conducted at 13 differetdtions including the Glen Ewen site (upper end of the reach), USGS
Gaging Station 5114000 and the County Road 3 site, to determine river cross section Argfilsssquare regression

based method was developed to transform field measured riveiseri&ss into trapezoidasectionsit was assumed that

river cross section remained the same between two adjacent surveyed cross sections. For Qual2K simulations, the river
reach was divided into 17 segments, with Glen Ewen as the headwater and Laigd34tthe end point. These river
segments and 13 surveyed cross sections are shown in Figure ??7?.

Elevation data along with latitude and longitude information for sagmentvas obtained from GIS datéhe river bed
slopes werecalculated fronthe elevation dataand distances of each segmétihen river bed slope is milder than 0.0001,
aslope of 0.0001(minimum slope for Qual2K) was uddannings roughness agfficient was adjusted for each segment
until simulated water depth matched with measured. @& literature range for natural stream chanoe®&025 to 0.2
(ChapraS, PelletierG and TadH, 2008)was used as a guideline for selection of Mandsrgefficient

Because winter months were identified as critical conditions for I@éDPthe QualK wascalibraedfor a low flow
condition of 30 cfs and river water depths were available at all sampling points. Calibrated Necwefiicientfor all the
segment are listed in Table ??? and calibrated river profile is shown in Figure ??7?
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Figure 1.Upper Souris River Qual2K Simulation River Stdaches and Cross Section Profiles

Table??? Cal i br ated

Manningds roughness constant



SegmentName

Manni ngds RoughnN

Glen Ewen

N O oA~ W N

USGS

9

County Road 2
10

Stafford Bridge
11

Johnson Bridge
12

13

County Road 3

0.065
0.065
0.050
0.080
0.090
0.020
0.065
0.010
0.010
0.010
0.010
0.009
0.050
0.050
0.050
0.010
0.020

1650
1640 -
1630 -
1620 -
1610 -
1600 -
1590
1580

Elevation, ft

s

¢ River bed

—Water depth QUAL2K simulation

Water depth Field measurec

_/_('

o

"
® 4

1570
0

10

Figure ??? Calibrate river profile

20 30 40

Distance, miles




DO Calibration

Sediment oxygen demand (SOD) was identified as the majaren sink along the study reach, and critical condition was
identified in winter months when the river is covered with ice and flow is very low. Qual2K was calibrated assuming no
aeration with ice cover and SOD was the only DO sink.

Sediment samples westaken from several locations along the river reach. Sediment oganic contents and SOD
rates were determined in the laboratory. A linear correlation between SOD rates and organic contents were established an
this relationship was used to determine SOBgait other locations. Results from this study are shown in Table ??? and

Figure ???

Using the SOD rates and organic contents obtained above, the Qual2K was run to match the field data from
January 28, 2008. Aimcreaseof DO concentration at USGS GagiStation 511400 was observed and this could be
caused by opening in the ice cover upstrdamas assumed that the river is getting aeratékigtocation with an
aeration rate 08.5 day". Resulted DO profile from this calibration is presented in Fig22?

Table ??? Organic Contents and SOD Rates

Organic content SOD
Sample locations % gO,/m?/day
Glen Ewen 3.58 0.14*
RoadCrossing(RC) 3.00 0.15*
Bridge CrossingBC) 5.80 0.65*
USGS 6.11 0.74*
Country Road ZCR2) 2.61 0.14*
Stafford Bridge(SB) 13.32 2.03*
Johnson BridgéJB) 14.91 2.32*
Cross section 1gCS 1.33 0.01+*
12)
County Road 3CR3) grxx 0.33

* SOD rate measured in laboratory
*SOD rate estimated from the linear correlation
*** Organic content estimated from SOD rate basethe linear correlation

0.8
*

> | y=0.1827x 0.4051
g 06 R2 = 0.9338
£
Q' 0.4
o
3

0.2
@ S S

0 T T T T T T
0 1 2 3 4 5 6 7

Organic Content, %



Figure ??? Relationship between SOD rates and sediment organic contents
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Figure ??? DO Calibration

DO Simulations

To improve DO levels during winter months, organic contents in the sediments have to be redeceshise SOD. It

should be noted that reduction of SOD also has to be carried out upstream from Glen Ewen as well, because high sedimer
organic contents were observed and DO was almost completely depleted at Glen Ewen. Calibrated Qual2K was used to
simulae DO along the study reach with assumptions of (1) reduction of sediment organic contents upstream of Glen Ewen
only and (2) reduction of sediment organic contents both upstream of Glen Ewen and in the study reach.

(1) Reduction of sediment organic contenstipam only

It was assumed that upstream was cleaned up and at Glen Ewen DO level reached 8 mg/L in winter months. Qual2K
was run to determine whether this change will result in meeting DO standard of 5 mg/L through the entire study reach.
Results of thisimulation is shown in Figure ??7. It is clear from the simulation results that upstream cleanup alone is
not sufficient for meeting the DO standard downstream. Even the DO concentration at Glen Ewen was as high as 8
mg/L, DO dropped to below 1 mg/L downsam from the Johnson Bridge. Reduction of sediment organic content in

the study reach is needed.
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Figure ??? Qual2K simulation results assuming DO at Glen Ewen 8 mg/L

Reduction of sediment organic content both upstream and downstream from Glen Ewen

To improve DO level to 5 mg/L at the entrance to Lake Darling, Qual2K simulations were performed to determine
percent sediment organic reductions would be needed for diffe@walues, 6, 7, or 8 mg/L, at Glen Ewen. Results

of these simulations (Figure ??7?) show that to maintain a minimum DO of 5 mg/L at Lake Darling, 31% sediment
organic reduction along the reach would be needed if DO level at Glen Ewen could be raisggltolBDO level at

Glen Ewen is lower than 8 mg/L, more sediment organic reductions would be needed. A 39% and a 55% sediment
organicreductions would be required if DO at Glen Ewen is 7 mg/L and 6 mg/L, respectively.
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Figure ??? Required sediment organic reductions to maintain 5 mg/L DO at Lake Darling
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Appendix D
Macroinvertebrate Data



Datafrom 2007

Waterbody Max EPT
2StationID Name Location Lat_Dec Long_Dec CollDate ActivitylD BenSampID | Count | Tax
From
SHERWOOD,
552036 Souris River 14.5 Mi W. 48.96634 -101.94749 13-Sep-07 B-404081 14473 300 6
2.5 Mi South,
13.5 Mi West
552053 Souris River of Sherwood 48.92272 -101.92698 13-Sep-07 B-404085 14477 300 6
1 mi N of
Canadian
552057 Souris River Border 49.02111 -101.973 13-Sep-07 B-404083 14475 300 3
13 mi N of
Canada
552059 Souris River border 49.18018 -102.0275 13-Sep-07 B-404087 14480 300 8
%
Intol
WaterbodyN % Tax
StationlD ame Location CollDate EPTTax IntolTax PredPct Beck BI Trich a
From
SHERWOOD,
552036 Souris River 14.5 Mi W. 13-Sep-07 6 0 26.40264026 3 0.66 0
2.5 Mi South,
13.5 Mi West
552053 Souris River of Sherwood 13-Sep-07 6 1 53.93700787 2 2.76 1.57
1 mi N of
Canadian
552057 Souris River Border 13-Sep-07 3 0 79.59183673 1 0 0
13 mi N of
Canada
552059 Souris River border 13-Sep-07 8 1 4.332129964 4 1949 | 2.89
Standardized
Final IBI
Scores EPTTax IntolTax PredPct Beck Bl % Trich % Intol Taxa IBI Score Score
23.9407930
552036 60 0 31.470845 50 2.173913043 0 1 24
23.6708401
552053 60 33.33 0 33.33 9.090909091 = 6.26746507 4 24
177777777
552057 30 0 0 16.67 0 0 8 8
57.8063321
552059 80 33.33 91.10475557 66.67 64.19631094 11.53692615 1 58




Appendix E
Photos of Two Sampling Sites: One in US, One in Canada



Staford Bridge North DakotaUnited States Sampling Site

Glen Ewen Saskatchewan, CanadsamplingSite.



