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1.0 INTRODUCTION AND DESCRIPTION OF THE WATERSHED

Wintering Riveris located within the Mouse (Souris) River WatershagouthwesMcHenry
and northeast McLeddountes,in north centraNorth DakotaFigures 1 and 2 The river is
207.8miles long and itsvatershed has aarea 0f655,520acres The Wintering River and its
watershed flow northward and etgjnto theMouse Sourig River. Table 1summarizes some
of the geographical, hydrological and physical characteristittee Wintering Riverand its

watershed
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Figure 1. Location ofWintering River and its Watershedin North Dakota.

Table 1. General Characteristics ofWintering River and its Watershed.

Legal Name

Wintering River

Stream Classification

Class Il

Major Drainage

Mouse Sourig River'

Basin

8 Digit HUC 0901003

Counties McHenry and McLearCountes, ND
Eco-region Level lll: Northern Glaciated Plains (46)

Level IV: Glacial Lake Delta (46d)and Drift Plaing46i)
[Small portion in Northwestern Glaciated Pla{dg), Missouri Coteau (42a)]

Watershed Area

555,20 acres

River Miles

207.8 miles

Recentiocallegislation passed that determined the river shall be called Mouse River on all identifiable signs.
It is also known as the Souris River in Canada and to many state and federal agémoiéorth Dakota
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Figure 2. Location ofWintering River 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 Wintering Riverasfully
supporting, buthreatenedor fish and aquatic lifdeneficial use dut low dissolved
oxygen levels

Table 2. 2010 Section 303(d) TMDL Listing Information for the Wintering River .

Assessment Unit ID ND-0901003-003S 00
Wintering River, including all tributaries. Located in SW
McHenry Countyand NE McLean County

Waterbody Description

Size 207.8miles
Impaired Designated Uses Fish and Aquatic Life

Use Support Fully Supporting, bulhreatened

Impairment Low Dissolved Oxygen
Priority High
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1.2 Ecoregions

The Wintering River begs at Wintering Lake, southwest of Bergen, ND and flows east
then north to the Souris Rivekpproximately 87 percent of the Wintering River
watershedies within the Drift Plaindevel IV ecoregion (46i)with ten percent in the
Glacial Lake Deltas ecogeon (46d), and about three percent in the Missouri Coteau
ecoregiong42a)(Figure 3)These all belong to thdorthern Glaciated Plaing@6) level

lll ecoregion

The Drift Plains areharacterizethy generally flat to occasionally rolling topography

with a thick layer of glacial till left behind by the Wisconsinan glaciBrsor to

cultivation, the Drift Plain grasslands were a mixtofetall grass and shograss prairie.
There are a good proportion of temporary and seasonal wetlands throughout the
watershedThe Glacial Lake Deltas were deposited by rivers entglagjal lake basins
(e.g., Glacial Lake Souris). The heaviest sediments, mostly sand and fine gravel, formed
delta fans at the river inlets. As the lake floors were exposed during witharbthel

glacial ice, wind reworked the sand in some areas into dunes. In contrast to the highly
productive, intensively tilled glacial lake plains, the dunes in the delta areas have a thin
vegetative cover and a high risk for wind erosion. These areaseatenainly for

grazing or irrigated agricultureA small portion of the Missouri Coteau ecoregion is
within the watershed. It consists of a glaciated, hummocky, rolling stagnation moraine.
Stream drainage is absent or uncommon and there are numeraule patiands

between mounds of glacial till. Soils consist of thick glacial till over Tertiary sandstone
and shaleElevation in the watershed ranges from 1,080 to 2,000 ft (SIS, 2006).

The soils present belong to the Order Mollisols and are t{piBarnes, Svea, Hamerly,
and Parnell. Though the till soil is very fertile, agricultural success is subject to annual
climatic fluctuations(USEPA, et al. 1998)
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Figure 3. Level IV Ecoregions of the Wintering River Watershed.

1.3 Land Use

Land usealata from the North Dakota Agricultural Statistics ServicBASS, 2006
indicates thathe watershed is primarily agricultur@4.6 percent), consisting of crop
production and livestock grazing. Fottyee(43) percent of the agricultural land is
actively cultivated, tilled mainly for durum, spring wheat, other small gr@@rg, rye,
oats) anda variety ofothercrops(Table 4) Forty-one(41) percentof the watershed is
pasturefangehaylands Faur (4) percent is low density urban developmewtile water
and woods make up almost @) percent of the watershed@gbles 3 and &igure 4).
There are no confined animal feeding operations (CAFOs) within the contributing
drainageThere arel4 animal feeding operations (AFOs), of which two havesugahe
the State permitting proces®vhile all CAFOs must obtain a permit, only those AFOs
that have the potential to impact water quality are required to obtain a.peomihore
details on operations requiring a permit, please refer to North Dakd¢aCtatury Code,
Chapter 3316-03.1-05.
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Table 3.Major Land Use Categoresin the Wintering River Watershed (based on

2006 NDASS data)

Major Category Acres Percent of Watershed
Agriculture/Cultivated 241,682.5 43.50
Pasture/Range/Hay 228,311.6 41.10
Urban/Barren 23,397.1 4.21
Water 46,507.2 8.37
Woods 9,683.5 1.74
No Data 5,938.1 1.07

Table 4. Land Use Typesin the Wintering River Watershed (based on 2006 NDASS

data).
Percent of

Land Use Type Acres Watershed

Winter Wheat 804.62 0.15
Durum/SringWheat 130,451.86 23.48
Rye/Oats/Other Small Grains 5,636.78 1.01
Beans/Peas/Lentils 62,195.D 11.20
Sunflowers 10,730.78 1.93
Corn 16,373.51 2.95
Potatoes 410.06 0.07
Mustard Seed 110.93 0.02
Flax 3,879.63 0.69
Canola/Safflower 11,149.2 2.01
Idle/CRP/Hayland 118,107.74 21.26
Pasture/Range 48,333.08 8.7
Alfalfa 61,870.83 11.14
Water 46,507.24 8.37
Woods 9,683.45 1.74
Urban 22,078.44 3.97
Barren 1,318.0 0.24
No Data 5,938.05 1.07
TOTAL 555,520 100
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Figure 4. Land Use Mapfor the Wintering River Watershed (NDASS, 2006)

1.4 Climate and Precipitation

North Dakotads climate is characterized by
scales, light to moderate irregular precipitation, plentiful sunshine, low humiddy, a

nearly continuous 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 agemasiginating in

the far north and warm humid air masses originating in the tropical regions regularly
overflow the state. Movement of these air masses and their associated fronts causes near
continuous wind and often results in large day to day temperfitictuations 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 SeptemBanti®5". However freezing
temperatures have occurred as late asJuite and as d& as midAugust. About 75

percent of the annual precipitation falls during the period of April to September, with 50

to 60 percent occurringetweerApril andJuly. Most of the summer rainfall is produced
during thunderstorms, which occur on an averdgdbdo 35 days per year. On the
averagerainsoccuronceevery three or four days during the summer. Winter snowpack,
although persistent from December through March, only averages around 15 inches (Enz,
2003).Historical average monthly precipitatioiata from the High Plains Regional

Climate Center (HPRCC) can be seen for the Towner, ND station (about ten miles
northeast of the watershed) in Figbre
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Figure 5. Average Total Monthly Precipitation Data for the HPRCC Station at
Towner, North Dakota (328792, 18961 2008.

Average annual air temperatures at the Karlsruhe, ND North Dakota Agricultural
Weather Network (NDAWN) station, located within the Wintering River watershece

44 F in 2006 and 4%F in 2007, with an average annual wind speedid? inph. Total

annual precipitation was 10.27 inches in 2006 and 9.58 inches in 200re(§.

November through February averages about 0.50 inches of precipitation per month,
occurring mostly as snow. Measurable precipitation (0.01 inch or moresaatur

average of 65 to 100 days during the year with over 50 percent of these events producing
less than 0.10 inch (NDAWN, 2008).

Daily Total Rainfall
(2006-01-01 - 2007-12-31)
North Dakota Agricultural Weather Network (NDAWN)

2.00+

1.75+

inch

-=- [arlsruhe
Figure 6. Rainfall Amounts at the Karlsruhe, ND NDAWN Weather Station, 20®-
2007.
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1.5 Available Data

TheWintering Riverhasno major tributaries and very ephemeral flows. This is
especially noticeable in the upstream reacivbgch oftenhave no flowby June.The
river has three distinct regiofigpstream, midiver, and downstrean The upstream
third of the river is vey ephemeral antas flowsonly during spring runoff and large
rainfall events. The middle third is functionally a large wetland with almost no flow,
except for very large rain events. Td@wvnstreansection functions as a typical stream
andhas springsvhich usually provide flow for portions of this section throughout the
entireyear.

For this project,dur siteq385388, 384106, 385388nd384107)were sampledor

water quality and flovirom April 2006 throughAugust 2007 Figure 7. By September

of both years, the flow at all sitegszerq with the springs contributing no noticeable
flow to the downstream portiorin 2007, monitoring was moved from site 385388 to site
384106. These sites are similar enough and spatially close enough to berednside
comparable, so effectively data for this TMDLnees from three locations with sites
384388 and 384106eing combined into oreporting unit The downstrearnmost site,
384107, is cdocated with a USGS gauging station (05120500hited DO data from

1997 is also available for site 384107.

Wintering River Sites
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Figure 7. Sampling Site Locations orthe Wintering River
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1.5.1Dissolved Oxygeata

In 2006, extreme low flow conditions in the riyaevented any intensivsampling.
Three intensive sampling events in 200 #eveonducted to characterize dissolved
oxygen(DO) concentrationat the three stations. These included -4&0r

sampling period between Mayl® with five samples collected, a five hour period
on May 23 with a range of three to five samples collecédtaggered time
intervals, and a four hour period on Juffenith four to seven samples collected at
staggered time interval&n additional sample was taken on JuReafier a 24hour
gap Appendix A). Minimum dailyDO concentrations are summarized able 5
(Houston Engineering, 2007).

Table 5. Minimum Daily Dissolved Oxygen Concentrationdmg/L) During
Intensive Sampling 2007

Station May 9-10 May 23 June 56
384106 (upstream) 4.90 5.60 2.62
385386 (midi river) 1.98 7.28 3.51
384107 (downstream 5.58 9.42 6.65

*No flow in Wintering Riverduring these monthsNo samples wereollected

Outside of the intensive sampling events, DO data collected from April until
there was no flow, usually between the end of June and beginning of August.
Figures8, 9, and D depictDO concentration data for 1997, 2006, and 2007
respectively.Biochemical oxygen demarf@OD) and chemical oxygen demand
data(COD) werealso collected for use in modelifgummary tables for each
samplingsite can be found in Agendix A.

STORET 384107- 1997

=
(6]

Dissolved Oxygen mg/L

Date

Figure 8. Dissolved Oxygen Concentrations for Site 38410 1997.
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Figure 10. Dissolved Oxygen Concentrations for All Sites1 2007.
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1.5.2 Hydraulic Discharges

Forall sites except 384107, discharge data were estimate using stream velocity and
stream stage measurements. Due to lack of flow readings, no rating curve could be
developed for station 384104 rating curve was developed for station 385388

based on limitedata collected in 2006. This rating curve appears to have been
influenced by a confounding factor, as data were noticeably variable. A rating curve
was developed for station 385386 as paired discharge and stage data demonstrate a
reasonable relationsh{gppendix B) Site 384107 was elmcated with a USGS

gauging station (05120500), which provided continuoesn dailydischarge data.

1.5.3 Other Data

Macroinvertebrate sampling was conducted at four sites aloWititering River

(Figure 7. In order b interpret these biological data and to develop a biological
assessment methodol ogy, t-met NDODOHiIi hdex ad
approach to assess biological integrity or agd&@aise support for rivers and

streams. The muhinetric index approacassumes that various measures of the

biological community (e.g., species richness, species compaosition, trophic structure,
andindividual health) respond to humarduced stressors (e.g., pollutant loadings

or habitatalterations). Each measure of thelbgical community, termed a

Ametric, 0 i s eval uat3eHHoir scdle (fslt) ororeadscaen e i t
of 0-100 (macroinvertebrates). The higher the score, the better will be the

biological condition and, presumably, the lower the pollutaritabitat impact.

Currently the multimetric IBI for 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 scores faMingering Rver
watershedDraft IBI scores with associated threshold condition and aquatic life
beneficial use support are listed in Table 6.

As indicatedn Table 7 scores have declined significantly since 186ibss all
habitat types, with the greatest declinescores associated with riffle/run habitat
types. This is also an indication of riparian erosion and livestock directly in the
river increasing erosion and deposition of sediment on the river bed, as well as a
correspondingncrease irorganic matter rd nutrients causing oxygen depletion.
Macroinvertebrate species in the riffle/run habitat type are less tolerant to low
DO/high temperature/high total suspended sediment conditions than are those
species common to the glide pool habitat.

Table 6. Draft IBI Threshold Condition Values for the Northern Glaciated
Plains Ecoregion (46).

Good1 Fully Supporting | Fair T Fully Supporting | Poor - Not Supporting
But Threatened

25" Percentile o 70 IBI | <69 IBl and>59 IBI | 10" Percentile ok 58 IBI
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Table 7. IBI Scores for Wintering River, 1997 and200y.

Station 1997 2007 Aquatic Life
ID Type | IBI Score | Condition |IBI Score |Condition |Designated Use
552004 | RR* 33 Poor 10 Poor Not Supporting
552005 | GP? 49 Poor 42 Poor Not Supporting
552006 | RR* 36 Poor 16 Poor Not Supporting
552007 | GP? 64 Fair 56 Poor Not Supporting

'RR = Rifle/Run Habitat
2GP = Glide/Pool Habitat

A riparianassessment was conducted with the help of the Natural Resources
ConservatiorService usingheRiparian Health Assessmdptotocol (AppendixXC).
Twenty-three(23) sites were chosen based on a random sampling method provided
by the US EPAEach site was scored based on numerous ranking questions
including those on stream bank vegeve cover and livestock caused bare ground/
hummocking This tool is useful in determining where livestock may be
contributing to therganicload (which increaseBOD and therefore decreases the
concentration oDO in the river) Total points possiblare 57. A summary of the
assessment is providedTable8. Of the 23 sites samplé€Bigure 7, 17 scored in
the Healthy rangdive scored in the range of Healthy with Problems, aniy ore
scored in the Unhealthy rang€&€hesites closer to the mheathy rangewere mostly
located in the downstream portion of the watershed.

Table 8. Riparian Health AssessmenSummary for the Wintering River.

Points | Percent of Totall Conditions Status Number of Sites
57/57 100 3
52/57 91 Healthy 7
46/57 80 7
40/57 70 2
37/57 65 Healthy with Problems 3
34/57 60 0
32/57 56 1
29/57 51 Unhealthy 0
23/57 40 0
17/57 30 0

A Rapid Geomorphic AssessmdéAppendixD) was also conducted to determine
stream channel stability and stage of channel evolution. Adeasfied in this
assessment as having high stream bank erosion and imgtatglgood indicators

of areas contributing to the orgate@ad. The seven sitegssessedorresponded to

the three water quality sites and four macroinvertebrate sampksg Stcores of-0

15 were ranked as stable, and3Ibwere ranked as unstable. Only one site (S
552007) ranked as unstable at 23.5 points. This site is located furthest downstream
in the watershedT@ble9).
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Table 9. Rapid Geomorphic Assessment Summarfpr the Wintering River

Site Score Condition Status Upstream

552004 14 Stable

384106 8 Stable

552005 7 Stable

385386 8 Stable

552006 7.5 Stable

384107 8 Stable v

552007 [ 23.5 Unstable Downstream

2.0 WATER QUALITY STANDARDS

The CleanWater Act requires that Total Maximum Daily Loads (TMDLSs) be developed for
waters on a state's Section 303(d) 1ist. A T
wasteload allocations for point sources and load allocations for nonpoint sources aald natur
backgroundod such that the capacity of the wat
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 attder quality standards.

TMDLs 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 caaf impairment (i.efecal coliform bacterip

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 gizaddgrsls are
listed below (NDDoH, 2006).

e 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 humanspats, plants, or resident
aguatic biota.

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 thevmecgwaters; or

3. Directly or indirectly cause concentrations of pollutants to exceed
applicable standards of the receiving waters.

In addition to the narrative standards, the NDDoH has set a biological goal for all surface
waters in the State. Thegsat at es t hat #fAthe biological col
be similar to that of sites or waterbodies determined by the department to be regional
reference siteso (NDDoH, 2006) .
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2.2 Numeric Water Quality Standards
Wintering Riveris a Class Il strearwhich carries the following definition:

Class Il - The quality of the waters in this class shall be suitable for agricultural and
industrial uses. Streams in this class generally have low average flows with prolonged
periods of no flow. During periods ab flow, they are of limited value for recreation and

fish and aquatic biota. The quality of these waters must be maintained to protect
secondary contact recreation uses (e.g., wading), fish and aquatic biota, and wildlife uses.

Numeric criteria have beedeveloped for Clads$l streams foDO (Table

10).
Table 10. North Dakota Dissolved OxygerStandards for Classlll Streams
Water Quality Standard
Parameter S
(minimum value)
Dissolved Oxygen 5.0 mg/L*

1 . . . . .
Up to 10% of representative samples collecteduding any 3yr period may be less than this value provided
lethal conditions are avoided.

3.0 TMDL TARGET

A TMDL target is the value that is measured to judge the success of the TMDL effort. TMDL
targets must be based on state watrlity standards, but can also include site specific values
when no numeric criteria are specified in the standard. The following TMDL targéefor
Wintering Riveris based on the North Dakota water quality standar®rlf the target is met,
theaquatic life beneficial use will be fully supported.

3.1 Dissolved Oxygen Target

The North Dakota State Water Quality StandardXori s 5. 0 mg/ L as a de
(up to 10 percent of representative samples collected during any three year period may be

less than this value provided that lethal conditions are avpided a nd WO | | be th
target for the Wintering River.

4.0 SIGNIFICANT SOURCES
4.1 Point Sources
Within theWintering Riverwatershed there are point sources permitted through the
North Dakota Pollutant Discharge Elimination System (NDPDES) Progfamns
located within the watershed utilize septic waste systems.
There are no confined animal feeding operat{@»®AFOS)in the Wintering River

watershed.There ar@awo permitted AFOs in thevatershed, however, they are zero
discharge facilities and are not deemed a significant source for this report.
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4.2 Nonpoint Sources

Land use data from the North Dakota Agricultural Statistics Servib&A@§, 2006

indicates that the watershed is prithyeagricultural (84.6 percent), consisting of crop
production and livestock grazing. Foxpe (41) percent of the watershed is
pasture/range/hayland8ased on the 2006IASS data, an even larger percentage of
theland areawithin an estimated 250 netriparian buffer adjacent to thNeintering

Riveris pasture/rangeland and grassland. With agriculture being the predominant land
use, farms and ranches are located throughout the watershed. Livestock production is
also exemplified as th@ominant agrialtural practice irMcHenry and McLearCounties

with an estimated livestock productionidf3,000 cattlén the tvo counties combined
(NASS, 2008).

While there araolarge (>100Cattle CAFOs within the contributing drainagenere are
14 small (<300cattle)animal feeding operations (AFOs), of which two have undergone
the State permitting process (Figure $here may be other AFOs in the TMDL sub
watershedshowever their location and size are unknown.

These data indicate thdaet primary nonpoinsources creating an oxygen demand and
lowering theDO concentrationgn theWintering Riverwatershed are as follows:

Nutrient unoff of from cropland and pasture;

Runoff of manure fronunpermittecanimal feeding areas
Direct deposit of manure inMVintering Riverby livestock and
Background levels associated with wildlife

Failing septic systems or direct discharge sewage systems which contributedot

loads and lowebO concentrationsnay also be located within the watershed. While

their spedic location and potential fanutrient and organic matteyading are unknown,

these systems may be associated with isolated siagi¢y dwellings and farmsteads

located throughout the watershed or within small towns located within the watershed that
donot have a centralized sewer system (&agtlsruhe and Balfogr

5.0 TECHNICAL ANALYSIS

In TMDL development, the goal is to define the linkage between the water quality
target and the identified sourcesmurces of the pollutamd determine the load
reduction needed to meet the target. determine the causadeffect relationship
between the water quality target and the identified spttoaston Engineering was
contracted to develop a spreadsheet modeptiealictsbiochemcal oxygen demand
(BOD) loads throughouhe Wintering River. The model then relategryingBOD
loads topredictedDO concentrations to determine the BOD load thatecessary to
meetthe DO State water quality standard of 5.0 mghtee loading capacitgr

TMDL is the amount of pollutant a waterbody can receive and still meet and
maintain water quality standards and beneficial uses. The follonwghgital
analysis addresses tlmsv DO impairmentthrough a BOOoad allocation and the
BOD load allocatiorreductions necessary to achieve the water quality standards
target 0f5.0 mgL DO minimum,plus a margin of safety.
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5.1 Definition of Water Quality Terms

One of the most important parameters in aquatic ecosystems is dissolved oxygen (DO).
Fish and maainvertebrates 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 naturally low in
DO. Aquatic plant fie serves as both a source (photosynthetic oxygen production) and a
sink (respiration and decomposition). However, the measurement of oxygen
concentrations does not directly measure the pollutants contributing to the impairment.
Some analysis into interagns with other chemical processes as well as determining the
relationship between them is requiré&dgire 1).

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

Carbonaceous biochemical oxygen demand (CBOD) is the amount of oxygeedey
bacteria to oxidize organic carbon material to carbon dioxide (its lowest energy ktate).
rural areas, sources of oxygdamanding substances may include diffuse runoff of
agricultural fertilizer and animal wastes (from manure applicatiomazirgg animals),

soil erosion, and runoff from concentrated animal operations (Vellidis, 2806)ent
levels from runoff can sometimes cause enough eutrophication to generate CBOD loads
from decaying algae. These may not occur locally, but insteadsti@am where
velocities are slow and the algae populations collect (MPCA,)2008s is part of the
process in this impaired reach of WenteringRiver as thevetland complex in the

middle of the watershed slows the flow and allows nutrient buildpere the water
velocities drop, excess algae growth is noted.

Nitrogenous biochemical oxygen demand (NBOD) is the amount of oxygen required by
bacteria to oxidize ammonia to nitrite, then nitrite to nitathobanoglous, 1985).

Sediment oxygen demar{8OD) is defined as the combination of several processes,
primarily the aerobic decay of organic material that has settled twttem of the
streambedExamples of organic materials that can act as source®biinclude leaf
litter, particulate BOD imwastewater discharge, and algae or plant biomass.
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Figure 11 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 physic
chemical, and biological sources and sinks of oxygen within the reach. Sources of oxygen
include reaeration, transport from upstream (flow), ground water, and photosynthetic
production by algae and aquatic plants. Sinks for oxygen loss includetieiical

oxidation of suspended and dissolved organic material, oxygen demands from settled
organic and inorganic materials, respiration of aquatic plants, and the conversion of
nitrogen through nitrification (MPCA, 2008). When oxygeconsumed faste¢han it

can be replenished, ti¥O levels decline.

The photosynthetic oxygen production (a source) and respiration (a sink) associated with
aguatic plant life are important factors in the DO balance of natural waters. Of special
concern are situations Witan overabundance of free floating algae, attached algae, or
larger submerged or emergent aquatic plants (MPCA, 2008). The middle section of the
Wintering River system is dominated by cattails and other emergents, as well as many
shallow pools where alggeoduction is extensive. The greater the availability of light

and nutrients, the greater the growth of aquatic plants and the more impact they have on
oxygen resources. Photosynthetic rates respond to variations in sunlight intensity and
water turbidity which can decrease the light transmittance through the water column.

The quality of water downstream reflects the pollutant loads from upstream sources and
tributaries in the watershed. Affected by natural and anthropogenic factors, this upstream
waterquality may exert a large influence on the DO balance of the downstream river
segment (MPCA, 2008). Natural characteristics like lakes or wetlands, such as the one in
the middle of this impaired river, affect downstream water quality much differenthathan
riffle -poolrun river would.

Direct discharge of pollutants from point and nonpoint sources into a river segment adds
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to its CBOD and NBOD, creating an oxygen demand that may depress DO below
acceptable concentrations. High nutrient (nitrogen andgblooss) levelsanalsocause
theeutrophicatiorprocesgo generate CBOD loads from decaying algae (Vellidis, 2006).
This may occur further downstream than where the pollutant enters the waterbody, such
as pools where water velocities are low and theegiggoulation can become extensive.

During the summer montha high density oaquatic plants cacause oxygen levels to

vary widely (Mulholland et al., 2005). Slow movement of water, high water temperature,
high levels of nutriets, and strong solar ration, suchasthatwhichoccusin the

summer, increasghotosynthesis and plant growiuring the night, plants undergo
respiration an oxygen dependant reaction, which createsxggen demandHighly

eutrophic conditions can occur, especially dgidiow flow conditions when increased
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 dieanddecomposewhich uses up axygen resourcef/ellidis, 2006).

5.3 Correlating the Dissolved Oxygen Target withthe TMDL Load Reduction
Parameter.

To look specifically at the Wintering River, several conditiaresrelatedto the DO
impairment First of all there is nutrient loady occurring from nonpoint sources
throughout the reach. This nutrient loading is leading to excessive algal growth during
the summer monthandlarge diurnal swings DO (Figure 12.

The largest variation in DO levetecurredat the downstreanmostsite (384107), which
is downstream from the large wetlasite (385386)in the middle of thesystem While
idealizeddiurnalvariation includes a @ngeof only about 3 mg/L from high to low
(Figure 13, the diurnal variation for site 384107 for tinéensive samping period in

May, 2007was greater than®@g/L. Thealgae then gthrough beam and bust cycles that
create an oxygen deficit in the sumnf@rganic matter is also a result of manure runoff
from livestockin the riparian are@red area Figure4).
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Figure 12 Diurnal Oxygen Swings in Wintering River (Houston Engineering 2007).
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Figure 13 Idealized Diurnal Dissolved Oxygen Response to Photosynthetic
Cycles.(MPCA, 2008).
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When the pollutant load of oxygen demanding organics is large etowoglerwhelm the
oxygen resources of a water body, it creates an imbalance that destabilizes the stream
environment and leads to aquatic life impairments (MPCA, 20B8tause these events
occurred mostly in the summer months, indicating that photosiafirecesses were the
primarycause BOD was chosen as the loading parameter for the TMDdpreadsheet

to model BOD loading wadeveloped by Houston Engineering and wssd to

determine the TMDL load that woulik predicted toesult in meeting the 5/@g/L DO

water quality standard.

5.4 Discharge Data

Dissolved oxygermoncentrationgacross the yearsere pooled and plotted against river
discharge values. The most complete record for discharge is at monitoring station
384107, which is ctocated wih USGS gauging station 05120500. Discharge and DO
measurements are shown in Figurbsdd ¥ for 2006 and 200, respectively.

Discharge data @realso compiled for station 385386 and plotted against DO
concentration values-{gures ¥ and B). Dischargaecords were not calculated for sites
385388 and 384106 due to lack of flow data.
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Figure 14. Discharge and Dissolved Oxygen for Site 384107 2006.
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Figure 15. Discharge and Dissolved Oxygen for Site 3841@v 2007.
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Figure 16. Discharge and Disolved Oxygen for Site 38538 2006.
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2007 Station 385386
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Figure 17. Discharge and Dissolved Oxygen for Site 3853862007.

These figures generally support the critical time of year forD@as being July and

early August while there is still flow. The critical flolgime of less than 0.5 cfs does

not appear to drive low DO conditions as anticipated. This may be a function of the time
of day during which the sampling occurred (i.estream photosynthesis during

daytime). Since the criticaflow for low DO occursduring July,amedian flow value

for each reach was calculated. Bae 384101 reach 1), median flow wdsased on data

from 12 years(19952007)of USGSJulyflow records and was determined to be 14 cfs.
For site 385386 (reach,uly flow data from theampling period of 2006 2007 was

used, and the median flow was determine to be 11 cfs.

These median flow values for July were used for the calculation of BOD load based on
three factors. Firstpw flow did not show a correlation tow DO concentrabn.

Second, July was determined to be the critical month for DO impairment. Third, the
BOD model requires a single flow value as input for each reach.

5.5 BOD Spreadsheet Model Analysis

A spreadsheet model was constructed by Houston Engineeringrtisfgjecarrent BOD

loads within the river system, and related BOD loads to expected DO concentration
conditions. The model framework allows a user to evaluate multiple scenarios using a
range of potential values for input boundary conditionstargsesdte impact

downstream. The user is then able to apply the calculated BOD load as a total maximum
daily load (TMDL) for the critical conditions identified. The TMDL represents an
aggregate value of all potential sources and sinks within the watershedersly/stem
(Houston Engineering 2007).

5.5.1 Overview

Water quality data was obtained at three different stations throughout the
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Wintering River. The spreadsheet model was created tool to evaluat@O
response to varyinBOD loads througltwo of the threereaches of river. Reach 1
is the further downstream reach and is located between sites 384107 and 385386.
Reach 2 is the furtlséupstream reach and is located between water quality
stations 385386 and 384106. The model separates the two readngsits and
outputs are foeachspecific reaclonly. The middle reach was not modeled as
this reach is more characteristic of a lake or reservoir than as a river.

The model is based on two fundamental equations. A BOD equation, represented
as a first oder loss reaction, is utilized to estimate BOD loss. A DO mass balance
eqguation, which incorporated several terms, is also used. The DO mass balance
equation incorporated the oxygen consumed during BOD loss as well as accounts
for other losses and gainstian the modeled reach. The DO mass balance

predicts the minimum DO concentration in the modeled reach.

Conceptually, a Lagrangian model approach was used to assess minimum DO
conditions in the model. This apgroach
as it moves downstream in the river system. A Lagrangian model uses a moving
frame of reference as the plug moves fitbiupstream boundary condition
downstreamto the end of the reach

The model has four inputs for each reach, which are the updb@amdary
conditions. The inputs are temperature, DO[B@nd flow. All four of these

inputs can be modified and the outputs updated. The three outputs of the model
are BOD load, resultant minimum DO based on the inputs, and the distance
downstream whertihe minimum DO occurs. The BOD load is in pounds per day
and is calculated from the inpuisflow multiplied by the BOD concentration

The resultant minimum DO output is the lowest DO concentration found at any
point downstream, given the upstream condgithat were provided. The

minimum DO occurrence is related to the travel time for the plug of water
(Houston Engineering, 20Q7)

5.5.2 Model Calibration

The model was calibrated to data collected on Magrad 18", 2007, where

paired temperature, DGhd BOD concentrations were collected at the three
sampling stations. Fanodelcalibration andpredictivemodeling, BOD always
refers to ultimate BOD rather tharday BOD.Using the upstream and
downstreammeasured BOD concentrations, the BOD decaya@bstant was
calibrated in the BOD equation. The calibration was done by using measured
upstream BODthen varying BOD decay rate in the model uthtd predicted
downstream BOD concentration until matched the measured downstream BOD
concentration. The tarationwas accomplished using an iterative process to
determine the corrected decay rate constant. The calibrated reaction rate constant,
k, is 0.50d" at 20 degrees Celsius.

A DO mass balance equation was used to predict a minimistneam DO
concerration. A onehour time step was used in the decay and mass balance
equations. The DO mass balance equation was calibrated iteratively similar to the
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BOD first order loss reaction equation. The measured upstream DO concentration
wasused asnputto the nodel and used tpredicta downstream DO
concentration until it matched the measured downstream value. The reaeration
rate constant was the value that was iteratively varied in order for the downstream
DO concentration to equal the measured value.

The tems that are in the equation are BOD loss, SOD loss, and reaeration
loss/gain. A summary of these terms and the calibrated values batyed on
monitoring data are presented in Table The calibration was performed based
on sitespecific minimum temperate, DO, and flow conditions.

Table 11. Summary of Calibration Terms for the Wintering River BOD

Model.
Calibration Terms (at 2cfs and adjusted to 20 degrees C.
Reach ID BOD Decay Rate | Reaeration Rate SOD
Reach 1 0.5 /day 12.43 /day 1 g/ nf /day
Reat 2 0.5 /day 5.22 /day 1 g/ nf /day

The equations and calibrations of the DO nizdanceareas follows:

BOD: The measured upstream BOD concentration was input along with a
calibrated decay rate constdrtb determine the BOD losses. The
difference n BOD concentrations between time steps was multiplied by
the control volume.

BOD = BODriginai* € "
(BOD:-BOD t+1)* Control Volume = BOD Loss (grams of BOD)

SOD: A fixed SOD decay rate of 1 dfiday was used to determine the

SOD losses. This dag rate was multiplied by an exposed water surface
area during the time step. The exposed water surface area was found using
results from a HEERAS model created from the survey data. A key
assumption is that exposed water surface area is equivalentetbettiere

bottom surface area which contributes to SOD.

SOD Decay Rate*Area*Time Step = SOD Loss

Reaeration: The reaeration term, like BOD, follows a first order reaction.
The rate constant for reaeration was calibrated using the upstream and
downstremn measured DO levels. The amount of reaeration is based on
the difference between the actual DO concentration and the saturation
concentration.

(I-e ™" Y*(DOsaturated DOactua)*Control Volume = Reaeration Loss.
The calibrated model used input valtiest were solved explicitly. The user model

provides the ability to enter any range of flows and DO, and BOD condifibns,
the user model relies argression equations to provide flexibility. Therefore, the
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regression equation outputs in the user ehadll always vary slightly from the
actual calibrated model (Houston Engineering, 2007).

5.5.3 Reach 2 Calibration

Additional calibration was required for reach 2 asupstream BOD concentration

is lower than the downstream concentration. Therdasga wetland located in the
middle of the reach which likely contributes most or all of the B&daling to the
system. To account for this, another BOD mass input source was added to the DO
mass balance equation. This added mass is a generic inpunard@et inputs

from the wetland as well as any other nonpoint source contribution. In the
spreadsheet, this source is added to the mass balance at a time equal tdigeventy
(75) percent of the total travel time between the water quality stationgssndes a
steady state input.

The amount of mass added to the system was calibrated using the BOD equation,
which was found to be 9,650 g/hr. During the calibration, the same decay rate was
assumed for both reaches. The wetland is approximately 280rasree Using this
size, the BOD added to the systenestimated to b8.17 g/nf/day (Houston
Engineering, 2007).

5.5.4 Determination of TMDL Loads for Each Reach

Because the large wetland in the center of the Wintering River system disjoins the
river as a whole, and causes it to act as two separate systems, TMDL loads were
calculated for each readocatedupstream and downstream of the wetland
independently.

Given a median moniy flow for the critical month ofuly of 14 cfs, the current

BOD loadfor reach 1 (downstream) is 1,812 Ib/day. Gigemedian monthly flow

for thecritical monthof Julyof 11 cfs forreach 2, the current BOD load is 867
Ib/day and the allowable load is 517 Ib/day, requirite® gercent reduction in BOD
load. Input valug and output summaries are located in Appendix C. The allowable
BOD load values ensure tB¥O minimum in the river is 5.0 mg/L.

5.6 Loading Sources

The load reductions can be generally allotted to nonpoint sources. Based on the data
available, the genal focus of BMPs and load reductions for the listed segment should be
onunpermittedanimal feeding areasange/pastureland indicated in red in Figure 4,

runoff from cropland near riparian areas with no butfed riparian areas that drghly
disturbedas described in the two riparian survégection 1.5.3 Higher priority should

be given to the animal feeding areas rated highkrcatedin close proximity tadhe

Wintering River

Animals grazingn the riparian area contribubeganic matter, nutent loading, and
increased turbidity which can increase water temperdiyreroding streanbanks and
depositing manure where it has an immediate impact on water quality. Due to the close
proximity of manure to the stream or by direct deposition intiie@as, riparian grazing
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impacts wateduring all times of year when the livestock are presé&mclusion of

livestock from the ripariaarea eliminates the potential of direct manure deposit and
therefore is considered to be of high importance at allslowowever, intensive grazing

in the upland creates the potential for manure accumulation and availability for runoff at
high flows and a high potential farutrient and organic matteontamination.

Since there are no point sources in the watersdezbection 4.1),dading sources

indicate nonpoint source pollution.

6.0 MARGIN OF SAFETY AND SEASONALITY

6.1 Margin of Safety

Section 303(d) of the Clean Water Act and
(EPA) regulationsui re that ATMDLs shall be establ.i
and maintain the applicable narrative and numerical water quality standards with seasonal
variations and a margin of safety which takes into account any lack of knowledge
concerningtheel ati onship between effluent | imitat
of safety (MOS) can be either incorporated into conservative assumptions used to

develop the TMDL (implicit) or added as a separate component of the TMDL (explicit).

To account forhie uncertainty associated with known sources anB8 @ie
load reductions necessary to reach theDIMDO target of 5.0 mg/L, a ten
percent explicit margin of safety was used for this TMDL. The MOS was
calculated agenpercent of the TMDL. In other wordsnpercent 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 seasonaahtions. Th&Vintering
River TMDL addresses seasonality becathsereduction of BOD is related
to the period of the season when the greatest defibiOabccurs.

7.0 TMDL

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 water quality standards;

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

LA = load allocationpr the portion of the TMDL allocated existing or future

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

Table12 provides an outline of the critical elements of Wimtering Riverfecal DO TMDL.

The TMDLs are presented in TablE8 and X. Thesetables provide an estimate of the existing

daily load and an estimate of the average daily loads necessary to meet the water quality target
(i.e. TMDL load)for each reachEachTMDL load includes a load allocation from known

nonpoint sources and a tparcent margin of safetit should 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 implementafidve actual reduction needed to meet the

applcable water quality standards may be higher or lower depending oedhits of future

monitoring The reduction in BOD load is modeled so that if the reduction is reach&the
concentration will meet water quality standards.

Table 12. TMDL Summary for the Wintering River .

Category Description Explanation

Beneficial Use Impaired Aquatic Life Fish and other aquatic life impairments
Low Dissolved Oxygen

Pollutant/Impairment See Sectio.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 Contribution[ Loads are a result of nonpoint sources (i.¢

unpermitted AFOs,angeandpastire land
grazing riparian grazing, failing septic
systems, runoff fronsropland

Margin of Safety (MOS)| Explicit 10 percent

Table 13. Dissolved OxygenTMDL Using BOD Loadsfor the Wintering River (ND-
09010003003 S 00)Reach 2 (headwaters to site 38588

Reach 2: Site 384106 to 385386, headwaters to mnider wetland

Existing Load 867Ib/day BOD
TMDL 517Ib/day BOD
WLA None

LA 465.3 Ib/day BOD
MOS 51.7Ib/day BOD
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Table 14. Dissolved OxygenTMDL Using BOD Loadsfor the Wintering River (ND-

09010003003-S 00) Reach 1 (site 385386 to downstream end of reach).

Reach 1: Site 385386 to 384107, mider wetland to downstream end of reach
Existing Load 1,812 Ib/day BOD
TMDL 1,057 Ib/day BOD
WLA None
LA 951.3 Ib/day BOD
MOS 105.7 Ib/day BOD

8.0 ALLOCATION

There areno knownpoint sources that could fmtially impact the watershedh@&reforeall
BOD loadsfor this TMDL areallocated to nonpoint sources in the watershed.

The entirenorpoint source loafbr each redtis allocated as a single load because there is not
enough detailed source data to allocate the load to individual uses (e.g., animal ézedlagd

runoff, riparian grazing, upland grazing). To achieve the TMDL taidentified in the report,

it will require the wide spread support and voluntary participation of landowners and residents in
the immediate watershed as well as those living upstream. The $NH3Lribed in this report

area plan to improve water quality by implementing best managepnactices through nen

regul atory approaches. fABest management pract

practices that are determined to be a reasonable and cost effective means for a land owner to

meet nonpoint source polOOL.tThioTMDLlcptamis putddrthase ed s ,

a recommendation for what needs to be accomplishedf/ifttering River its tributaries and
associated watershed to restore and maintaaguatic lifeuses. Water quality monitoring
should continue to assess thesef§ of the recommendations made in this TMBlonitoring

may indicate that BMP implementation andtoe toading capacity recommendations should be
adjusted.

Controlling nonpoint sources is a difficult undertaking requiring exterfsnancial and

technical supportProvided that technical and financial assistance is available to stakeholders,
these BMPs have the potential to significantly redurganic andhutrientloading to the

Wintering River The following describe in detalhose BMPs that will redugarganic and

nutrient badingin theWintering River thus allowing an increase in dissolved oxygen so that
beneficial uses can be met

8.1 Livestock Management Recommendations

Livestock management BMPseadesigned to promote healthy water quality and riparian
areas through management of livestock and associated grazingJegahicmatter and
nutrientsfrom livestock and erosion from poorly managed grazing land and riparian areas
can be a significardource of loading to surface water. Precipitation, plant cover, number
of animals, and soils are factors that affect the amofuafpollutantdelivered to a

waterbody as a result of livestock. These specific BMPs are known to reduce NPS
pollution from livestock.
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Livestock exclusion from riparian areaghis practice is established to remove livestock
from grazing riparian areas and watering in the stream. Livestock exclusion is
accomplished through fencing. A reduction in stream bank erosion axpéeted by
minimizing or eliminating hoof trampling. A stable stream bank will support vegetation
that will hold banks in place and serve a secondary function as a filter from nonpoint
source runoff. Added vegetation will create aquatic habitat andnsgjizad
macroinvertebrates and fish. Direct deposit of fecal mattet therefore nutrients and
organic matter,nto the stream and stream banks will be eliminated as a result of
livestock exclusion by fencing.

Water well and tank developmerfencng animals from stream access requires an
alternative water source, installing water wells and tanks satisfies this need. Installing
water tanks provides a quality water source and keeps animals from wading and
defecating in streams. his will reduce theransfer of nutrients and organic matter to the
stream.

Prescribed grazinfy This practice provides increased ground cover and ground stability

by rotating livestock throughout multiple fields. Grazing with a specified rotation
minimizes overgrazing anesulting erosion. The Natural Resources Conservation

Service (NRCS) recommends grazing systems to improve and maintain water quality and
guantity. Duration, intensity, frequency, and season of grazing can be managed to
enhance vegetation cover andeliftresulting in reduced runoff, improved infiltration,
increased quantity of soil water for plant growth, and better manure distribution and
increased rate of decomposition, (NRCS, 1998).

Waste management systemaste management systems can be efe 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 afeedihg 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 and application procedures are also integral to thiee weanagement system.

The application of manure is designed to be adaptive to environmental, soil, and plant
conditions to minimize the probability atitrientcontamination of surface water.

8.2 Other Recommendations

Vegetative Filter Strip Vegetatd filter strips are used to reduce the amount of
sediment, particulate organics, shtved contaminants, and nutrietdsstreams. The
effectiveness of filter strips and other BMPs in removiagientsis quite successful.
Results from a study by Penhgnia State University (1992) as presented by USEPA
(1993), suggest that vegetative filter strips are capable of removingB&percent of
phosphoru$oading to rivers and streams (Tab®.1The ability of the filter strip to
remove contaminants igdendent on field slope, filter strip slope, erosion rate, amount
and patrticulate size distribution of sediment delivered to the filter strip, density and
height of vegetation, and runoff volume associated with erosion producing events
(NRCS, 2001).
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Septc Systeni Septic systems provide an economically feasible way of disposing of
household wastes where other means of waste treatment are unavailable (e.g., public or
private treatment facilities). The basis for most septic systems involves the treatthent a
distribution of household wastes through a series of steps involving the following:

1. A sewer line connecting 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 theueffit to a leach field
4. A leaching system that allows the effluent to enter the soill

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 nmiay pond
the leach field and ultimately run off directly into nearby streams or percolate into
groundwater. Untreated septic system waste is a potential source of nutrients (nitrogen
and phosphorus), organic matter, suspended solids, and fecal coliform bdciada
application of septic system sludge, although unlikely, may also be a source of
contamination.

Failure of septic systems can occur for several reasons, although the most common
reason is improper maintenance (e.g. age and inadequate pumpingy) re@sons for

failure include improper installation, location, and choice of system. Harmful household
chemicals can also cause failure by killing the bacteria that digest the waste. While the
number of systems that are not functioning properly is unknd is estimated that 28
percent of the systems in North Dakota are failing (USEPA, 2002).

Table 15. Relative Gross Effectivenessf Confined Livestock Control Measures
(Pennsylvania State University, 1992).

. Total Total . Fecal Coliform
Practic8 Runoff ) Sediment ;
Phosphorus | Nitrogen Bacteria
Category Volume Percent
Percent Percent Percent
Animal Waste Systenf - 90 80 60 85
Diversion Systen - 70 45 NA NA
Filter Strips® - 85 NA 60 55
Terrace System - 85 55 80 NA
Containment
Structures” i 60 65 /0 90

NA = Not Available

aActual effectiveness depends on sigpecific conditions. Values are not cumulative between practice categories.

b Each category includes several specific types of practices.

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

d Total phosphorus includes total and dissolved phosphorus; total nitrogen includes orgaAlt, ammoniaN, and nitrate-N
elIncludes methods for collecting, storing, and disposing of runoff and proceggenerated wastewater.

f Specific practicesinclude diversion of uncontaminated water from confinement facilities.

g Includes all practices that reduce contaminant losses using vegetative control measures.

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

9.0 PUBLIC PARTICIPATION

To satisfy the public participation requirement of this TMDL, a hard copy of the TMDL for
Wintering Riverand request for comment&aamailed to participating agencies, partners, and to
thosewhorequestda copy. Those included in the hard copy mailvege
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South McHenry Count$oil Conservation District
South McLean County Soil Conservation District;
McHenry County Water Resource Board,;
McLean County Water Resource Board;

US EPA- Region VIII; and
USDA-NRCS(StateOffice).

In addition to the mailed copies, the TMDL Mfintering Riverwasposted on the North Dakota

Department of Health, Division of Water Quality web site at

http://www.ndhealth.gov/ WQ/SW/Z2_TMDL/TMDLs_Under_PublicComment/B_Under_Public
Comment.htm.

A 30 day public notice soliciting comment and participati@s alsgublished in the following
newspapers:

e MouseRiver Journgland
e McLean County Independent

As part of its normal review, a public notice review was received from the US EPA Region VIl
(Appendix F). No comments were received from any other agency, organization or individual.
The Depar tneetondoronsents recsiyeadfraheUS EPA Region VIII are provided in
Appendix G.

10.0 MONITORING

As stated previously, ghould be noted that the TMDL loads, load allocations, and the MOS are
estimated based on available data andoresse assumptions and are to be used as a guide for
implementation.The actual reduction needed to meet the applicable water quality standards may
be higher or lower depending oretresults of future monitoring.

To ensure that the implementation of BMR8| reduceBOD loading and therefore incred3©®
concentration$o the necessary levelwater quality monitoring will be conducted in accordance
with an approved Quality Assurance Project Plan (QAPP)

Specifically, monitoring will be conducted for athrrables that are currently causing
impairments to the beneficial uses of the waterbody. These include, but are not libi@d to
and nutrientsOnce a watershed restoration plan (e.g. Section 319 Nonpoint Source Project
Implementation Plan [PIP]) is impieented, monitoring will be conducted in tvatershed
beginning two years after implementation and extending five years after the implementation
project is complete

11.0TMDL IMPLEMENTATION STRATEGY

Implementation of TMDLs is dependent upon the avditglof Section 319 NPS funds or other
watershed restoration programs (e.g. USD#&iEbonmental Quality Incentive Prograynas well

as securing a local project sponsor and required matching funds. Provided these three
requirements are in place, a projeuplementation plan (PIP) is developed in accordance with
the TMDL and submitted to the ND Nonpoint Source Pollution Task Force and US EPA for


http://www.ndhealth.gov/WQ/SW/Z2_TMDL/TMDLs_Under_PublicComment/B_Under_Public_Comment.htm
http://www.ndhealth.gov/WQ/SW/Z2_TMDL/TMDLs_Under_PublicComment/B_Under_Public_Comment.htm
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approval. The implementation of tB&Pscontained in the NPS PIP is voluntary. Therefore,
success of any TMDL imiementation project is ultimately dependant on the ability of the local
project sponsor to find cooperating producers.

Monitoring is an important and required component of any PIP. As a part of the PIP, data are
collected to monitor and track the effeofBMP implementation as well as to judge overall

project success. Quality Assurance Project Plans (QAPPSs) detail the strategy of how, when, and
where monitoring will be conducted to gather the data needed to document the TMDL
implementation goal(s). As taare gathered and analyzed, watershed restoration tasks are
adapted to place BMPs where they will have the greatest benefit to water quality.

Also, as part ohnyimplementation plan for this TMDL, it is recommended that the permitted

point sources (i.e CAFOs, AFOSs) in the watershed be inspected to ensure that they are being
operated in compliance with their permit cond
nutrient and organic matteources. Currentlyt is the policy of the NDDoH thadl permitted

CAFOs (greater than or equal to 1000 animal ubisihspected annually. Permitted AFOs

(<1000 animal units) in the/intering Riverwatershed are inspected on an as needed basis.
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Wintering River Water Quality Data



Intensive Sampling Results, 2007
Houston Engineering Report (Dec. 2007)

Figure 2
Dissolved Oxygen Results for

Synoptic Sampling on May 3-10, 2007
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Figure 4
Dissolved Oxygen Results for

Synoptic Sampling on June 3-6, 2007
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Dissolved Oxygen Data for Sites 384106 & 385388pstream)
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BOD and COD data for Site 385106 (none collected at 3853

Table 1. Corrected BOD(384106)

Date Time Parameter Value (mg/L)
09-May-07 07:45 Corrected BOD Day 11 4.04
09-May-07 12:41 Corrected BOD Day 11 3.39
10-May-07 13:13 Corrected BOD Day 11 4.08
09-May-07 07:45 Corrected BOD Day 14 4.04
09-May-07 12:41 Corrected BOD Day 14 3.49
10-May-07 13:13 Corrected BOD Day 14 4.21
09-May-07 07:45 Corrected BOD Day 18 4.46
09-May-07 12:41 Corrected BOD Day 18 4.15
10-May-07 13:13 Corrected BOD Day 18 5.03
09-May-07 07:45 Corrected BOD Day 21 5.01
09-May-07 12:41 Corrected BOD Day 21 4.69
10-May-07 13:13 Corrected BOD Day 21 5.55
09-May-07 07:45 Corrected BOD Day 25 5.57
09-May-07 12:41 Corrected BOD Day 25 5.16
10-May-07 13:13 Corrected BOD Day 25 5.94
09-May-07 07:45 Corrected BOD Day 28 5.72
09-May-07 12:41 Corrected BOD Day 28 5.47
10-May-07 13:13 Corrected BOD Day 28 6.25
09-May-07 07:45 Corrected BOD Day 3 1.78
09-May-07 12:41 Corrected BOD Day 3 0.25
10-May-07 13:13 Corrected BOD Day 3 1.81
09-May-07 07:45 Corrected BOD Day 32 5.93
09-May-07 12:41 Corrected BOD Day 32 6.10
10-May-07 13:13 Corrected BOD Day 32 6.88
09-May-07 07:45 Corrected BOD Day 39 6.71
09-May-07 12:41 Corrected BOD Day 39 6.46
10-May-07 13:13 Corrected BOD Day 39 7.37
09-May-07 07:45 Corrected BOD Day 46 7.52
09-May-07 12:41 Corrected BOD Day 46 7.17
10-May-07 13:13 Corrected BOD Day 46 8.16
09-May-07 07:45 Corrected BOD Day 5 2.56
09-May-07 12:41 Corrected BOD Day 5 2.14
10-May-07 13:13 Corrected BOD Day 5 2.62
09-May-07 07:45 Corrected BOD Day 53 7.95
09-May-07 12:41 Corrected BOD Day 53 7.45
10-May-07 13:13 Corrected BOD Day 53 8.48
09-May-07 07:45 Corrected BOD Day 60 8.67
09-May-07 12:41 Corrected BOD Day 60 7.93
10-May-07 13:13 Corrected BOD Day 60 9.10




Table 1. (Cont.) Corrected BOD(384106)

09-May-07 07:45 Corrected BOD Day 67 8.75
09-May-07 12:41 Corrected BOD Day 67 8.04
10-May-07 13:13 Corrected BOD Day 67 9.25
09-May-07 07:45 Corrected BOD Day 7 2.90
09-May-07 12:41 Corrected BOD Day 7 2.42
10-May-07 13:13 Corrected BOD Day 7 2.96
09-May-07 07:45 Corrected BOD Day 74 9.00
09-May-07 12:41 Corrected BOD Day 74 8.30
10-May-07 13:13 Corrected BOD Day 74 9.59
09-May-07 07:45 Corrected BOD Day 81 10.2
09-May-07 12:41 Corrected BOD Day 81 8.53
10-May-07 13:13 Corrected BOD Day 81 9.74
09-May-07 07:45 Corrected BOD Day 88 9.40
09-May-07 12:41 Corrected BOD Day 88 8.77
10-May-07 13:13 Corrected BOD Day 88 9.90
09-May-07 07:45 Corrected BOD Day 95 9.50
09-May-07 12:41 Corrected BOD Day 95 8.86
10-May-07 13:13 Corrected BOD Day 95 10.1
Table 2. Ultimate BOD (384106)
Date Time Parameter Value (mg/L)
09-May-07 07:45 Ultimate BOD 11th Day 4.14
09-May-07 12:41 Ultimate BOD 11th Day 3.45
10-May-07 13:13 Ultimate BOD 11th Day 4.15
09-May-07 07:45 Ultimate BOD 14th Day 4.56
09-May-07 12:41 Ultimate BOD 14th Day 3.82
10-May-07 13:13 Ultimate BOD 14th Day 4.56
09-May-07 07:45 Ultimate BOD 18th Day 5.61
09-May-07 12:41 Ultimate BOD 18th Day 5.01
10-May-07 13:13 Ultimate BOD 18th Day 5.99
09-May-07 07:45 Ultimate BOD 21st Day 6.21
09-May-07 12:41 Ultimate BOD 21st Day 5.66
10-May-07 13:13 Ultimate BOD 21st Day 6.61
09-May-07 07:45 Ultimate BOD 25th Day 6.85
09-May-07 12:41 Ultimate BOD 25th Day 6.22
10-May-07 13:13 Ultimate BOD 25th Day 7.09
09-May-07 07:45 Ultimate BOD 28th Day 7.04
09-May-07 12:41 Ultimate BOD 28th Day 6.59
10-May-07 13:13 Ultimate BOD 28th Day 7.44
09-May-07 07:45 Ultimate BOD 32nd Day 7.76
09-May-07 12:41 Ultimate BOD 32nd Day 7.30
10-May-07 13:13 Ultimate BOD 32nd Day 8.17




Table 2. (Cont.) Ultimate BOD(384106)

09-May-07 07:45 Ultimate BOD 39th Day 8.28
09-May-07 12:41 Ultimate BOD 39th Day 7.82
10-May-07 13:13 Ultimate BOD 39th Day 8.81
09-May-07 07:45 Ultimate BOD 3rd Day 1.83
09-May-07 12:41 Ultimate BOD 3rd Day 1.53
10-May-07 13:13 Ultimate BOD 3rd Day 1.91
09-May-07 07:45 Ultimate BOD 46th Day 9.22
09-May-07 12:41 Ultimate BOD 46th Day 8.63
10-May-07 13:13 Ultimate BOD 46th Day 9.74
09-May-07 07:45 Ultimate BOD 53rd Day 9.83
09-May-07 12:41 Ultimate BOD 53rd Day 9.08
10-May-07 13:13 Ultimate BOD 3rd Day 10.3
09-May-07 07:45 Ultimate BOD 5th Day 2.57
09-May-07 12:41 Ultimate BOD 5th Day 2.17
10-May-07 13:13 Ultimate BOD 5th Day 2.66
09-May-07 07:45 Ultimate BOD 60th Day 10.6
09-May-07 12:41 Ultimate BOD 60th Day 9.63
10-May-07 13:13 Ultimate BOD 60th Day 11.0
09-May-07 07:45 Ultimate BOD 67th Day 10.8
09-May-07 12:41 Ultimate BOD 67th Day 9.83
10-May-07 13:13 Ultimate BOD 67th Day 11.2
09-May-07 07:45 Ultimate BOD 74th Day 11.1
09-May-07 12:41 Ultimate BOD 74th Day 10.2
10-May-07 13:13 Ultimate BOD 74th Day 11.6
09-May-07 07:45 Ultimate BOD 7th Day 3.00
09-May-07 12:41 Ultimate BOD 7th Day 2.53
10-May-07 13:13 Ultimate BOD 7th Day 3.09
09-May-07 07:45 Ultimate BOD 81st Day 11.3
09-May-07 12:41 Ultimate BOD 81st Day 10.5
10-May-07 13:13 Ultimate BOD 81st Day 11.8
09-May-07 07:45 Ultimate BOD 88th Day 11.6
09-May-07 12:41 Ultimate BOD 88th Day 10.8
10-May-07 13:13 Ultimate BOD 88th Day 12.0
09-May-07 07:45 Ultimate BOD 95th Day 11.8
09-May-07 12:41 Ultimate BOD 95th Day 11.0
10-May-07 13:13 Ultimate BOD 95th Day 12.3




Table 3. Chemical Oxygen Demand Sité884106)

Date Time Parameter Value (mg/L)
09-May-07 07:45 Chemical Oxygen Demand 22,
09-May-07 12:41 Chemical Oxygen Demand 23.
10-May-07 13:13 Chemical Oxygen Demand 25,
10-May-07 06:06 Chemical Oxygen Demand 24,
10-May-07 01:04 Chemical Oxygen Demand 24,
23-May-07 15:59 Chemical Oxygen Demand 46.
06-Jun07 12:44 Chemical Oxygen Demand 130.
11-Jut07 15:30 Chemical Oxygen Demand 138.
18-Julo7 15:30 Chemical Oxygebemand 100.
25-Julo7 15:00 Chemical Oxygen Demand 80.
08-Aug07 07:30 Chemical Oxygen Demand 100.




Dissolved Oxygen Data for Site 38538@/id -River)
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BOD and COD Data for Site 385386

Table 1. Corrected BOD(385386)

Date Time Parameter Value (mg/L)
09-May-07 06:45 Corrected BOD Day 11 7.32
09-May-07 13:06 Corrected BOD Day 11 6.91
10-May-07 12:41 Corrected BOD Day 11 8.40
09-May-07 06:45 Qorrected BOD Day 14 8.24
09-May-07 13:06 Corrected BOD Day 14 7.66
10-May-07 12:41 Corrected BOD Day 14 8.70
09-May-07 06:45 Corrected BOD Day 18 10.1
09-May-07 13:06 Corrected BOD Day 18 9.45
10-May-07 12:41 Corrected BOD Day 18 10.5
09-May-07 06:45 Corrected BOD Day 21 114
09-May-07 13:06 Corrected BOD Day 21 10.8
10-May-07 12:41 Corrected BOD Day 21 12.0
09-May-07 06:45 Corrected BOD Day 25 12.9
09-May-07 13:06 Corrected BOD Day 25 12.3
10-May-07 12:41 Corrected BOD Day 25 13.7
09-May-07 0645 Corrected BOD Day 28 13.9
09-May-07 13:06 Corrected BOD Day 28 13.3
10-May-07 12:41 Corrected BOD Day 28 17.1
09-May-07 06:45 Corrected BOD Day 3 1.85
09-May-07 13:06 Corrected BOD Day 3 2.45
10-May-07 12:41 Corrected BOD Day 3 3.26
09-May-07 06:45 Corrected BOD Day 32 15.3
09-May-07 13:06 Corrected BOD Day 32 14.9
10-May-07 12:41 Corrected BOD Day 32 16.5
09-May-07 06:45 Corrected BOD Day 39 17.6
09-May-07 13:06 Corrected BOD Day 39 16.9
10-May-07 12:41 Corrected BOD Day 39 18.5
09-May-07 06:45 Corrected BOD Day 46 20.0
09-May-07 13:06 Corrected BOD Day 46 19.4
10-May-07 12:41 Corrected BOD Day 46 20.4
09-May-07 06:45 Corrected BOD Day 5 4.06
09-May-07 13:06 Corrected BOD Day 5 3.83
10-May-07 12:41 Corrected BOD Day 5 4.73
09-May-07 06:45 Corrected BOD Day 53 21.6
09-May-07 13:06 Corrected BOD Day 53 21.2
10-May-07 12:41 Corrected BOD Day 53 21.6
09-May-07 06:45 Corrected BOD Day 60 23.7
09-May-07 13:06 Corrected BOD Day 60 23.0
10-May-07 12:41 Corrected BOD Day 60 23.5




Table 1. Cont.) Corrected BOD (385386)

Date Time Parameter Value (mg/L)
09-May-07 06:45 Corrected BOD Day 67 24.9
09-May-07 13:06 Corrected BOD Day 67 244
10-May-07 12:41 Corrected BOD Day 67 24.7
09-May-07 06:45 Corrected BOD Day 7 4.95
09-May-07 13:06 Corected BOD Day 7 4.74
10-May-07 12:41 Corrected BOD Day 7 5.71
09-May-07 06:45 Corrected BOD Day 74 26.2
09-May-07 13:06 Corrected BOD Day 74 25.9
10-May-07 12:41 Corrected BOD Day 74 25.9
09-May-07 06:45 Corrected BOD Day 81 27.1
09-May-07 13:06 Corected BOD Day 81 27.1
10-May-07 12:41 Corrected BOD Day 81 27.2
09-May-07 06:45 Corrected BOD Day 88 28.0
09-May-07 13:06 Corrected BOD Day 88 28.5
10-May-07 12:41 Corrected BOD Day 88 28.3
09-May-07 06:45 Corrected BOD Day 95 28.8
09-May-07 13:06 Qorrected BOD Day 95 29.4
10-May-07 12:41 Corrected BOD Day 95 29.1

Table 2. Ultimate BOD (385386)

Date Time Parameter Value (mg/L)
09-May-07 06:45 Ultimate BOD 11th Day 7.87
09-May-07 13:06 Ultimate BOD 11th Day 7.30
10-May-07 12:41 Ultimate BOD 11tay 8.54
09-May-07 06:45 Ultimate BOD 14th Day 9.58
09-May-07 13:06 Ultimate BOD 14th Day 8.79
10-May-07 12:41 Ultimate BOD 14th Day 10.2
09-May-07 06:45 Ultimate BOD 18th Day 11.8
09-May-07 13:06 Ultimate BOD 18th Day 11.0
10-May-07 12:41 Ultimate BOD 18th Day 12.3
09-May-07 06:45 Ultimate BOD 21st Day 13.2
09-May-07 13:06 Ultimate BOD 21st Day 12.5
10-May-07 12:41 Ultimate BOD 21st Day 14.0
09-May-07 06:45 Ultimate BOD 25th Day 14.9
09-May-07 13:06 Ultimate BOD 25th Day 14.2
10-May-07 12:41 Ultimate BOD 25th Day 15.9
09-May-07 06:45 Ultimate BOD 28th Day 16.0
09-May-07 13:06 Ultimate BOD 28th Day 15.3
10-May-07 12:41 Ultimate BOD 28th Day 17.2
09-May-07 06:45 Ultimate BOD 32nd Day 17.6
09-May-07 13:06 Ultimate BOD 32nd Day 17.1




Table 2.(cont.) Ultimate BOD (385386)

Date Time Parameter Value (mg/L)
10-may-07 12:41 Ultimate BOD 32nd Day 19.0
09-May-07 06:45 Ultimate BOD 39th Day 20.1
09-May-07 13:06 Ultimate BOD 39th Day 19.4
10-May-07 12:41 Ultimate BOD 39th Day 21.4
09-May-07 06:45 Ultimate BOD 3rd Day 2.86
09-May-07 13:06 Ultimate BOD 3rd Day 2.52
10-May-07 12:41 Ultimate BOD 3rd Day 3.36
09-May-07 06:45 Ultimate BOD 46th Day 22.8
09-May-07 13:06 Ultimate BOD 46th Day 22.2
10-May-07 12:41 Ultimate BOD 46th Day 23.6
09-May-07 06:45 Ultimate BOD 53rd Day 24.8
09-May-07 13:06 Ultimate BOD 53rd Day 24.5
10-May-07 12:41 Ultimate BOD 53rd Day 25.2
09-May-07 06:45 Ultimate BOD 5th Day 4.13
09-May-07 13:06 Ultimate BOD 5th Day 3.86
10-May-07 12:41 Ultimate BOD 5th Day 4.79
09-May-07 06:45 Ultimate BOD 60th Day 27.0
09-May-07 13:06 Ultimate BOD 60th Day 26.5
10-May-07 12:41 Ultimate BOD 60th Day 27.2
09-May-07 06:45 Ultimate BOD 67th Day 28.5
09-May-07 13:06 Ultimate BOD 67th Day 28.0
10-May-07 12:41 Ultimate BOD 67th Day 28.6
09-May-07 06:45 Ultimate BOD 74th Day 30.0
09-May-07 13:06 Ultimate BOD 74th Day 29.6
10-May-07 12:41 Ultimate BOD 74th Day 29.9
09-May-07 06:45 Ultimate BOD 7th Day 5.11
09-May-07 13:06 Ultimate BOD 7th Day 4.86
10-May-07 12:41 Ultimate BOD 7th 8y 5.87
09-May-07 06:45 Ultimate BOD 81st Day 31.1
09-May-07 13:06 Ultimate BOD 81st Day 30.9
10-May-07 12:41 Ultimate BOD 81st Day 31.3
09-May-07 06:45 Ultimate BOD 88th Day 32.1
09-May-07 13:06 Ultimate BOD 88th Day 32.5
10-May-07 12:41 Ultimate B 88th Day 32.6
09-May-07 06:45 Ultimate BOD 95th Day 33.2
09-May-07 13:06 Ultimate BOD 95th Day 33.8
10-May-07 12:41 Ultimate BOD 95th Day 33.7




Table 3. Chemical Oxygen Deman@385386

Date Time Parameter Value (mg/L)
09-May-07 06:45 Chemical Oxyen Demand 116.
09-May-07 13:06 Chemical Oxygen Demand 108.
10-May-07 12:41 Chemical Oxygen Demand 118.
10-May-07 06:42 Chemical Oxygen Demand 108.
10-May-07 00:32 Chemical Oxygen Demand 116.
23-May-07 14:52 Chemical Oxygen Demand 122.
06-Jun07 11:35 Chemical Oxygen Demand 130.
11-Jut07 16:30 Chemical Oxygen Demand 128.
18-Julo7 16:15 Chemical Oxygen Demand 110.
25-Julo7 16:00 Chemical Oxygen Demand 105.
08-Aug07 08:30 Chemical Oxygen Demand 168.




Dissolved Oxgen Data for Site 384107Downstream)
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Date Dissolved Oxygen (mg/L)
04/23/1997 8.3
05/07/1997 57
05/22/1997 6.9
06/05/1997 6.71
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BOD and COD Datafor Site 384107

Table 1. Corrected BOD(384107)

Date Time Parameter Value (mg/L)
09-May-07 06:10 Corrected BOD Day 11 5.54
10-May-07 12:10 Corrected BOD Day 11 5.80
10-May-07 13:36 Corrected BOD Day 11 6.27
09-May-07 06:10 Corrected BOD Day 14 5.64
10-May-07 12:10 Corrected BOD Day 14 6.11
10-May-07 13:36 Corrected BOD Day 14 6.58
09-May-07 06:10 Corrected BOD Day 18 6.74
10-May-07 12:10 Corrected BOD Day 18 6.79
10-May-07 13:36 Corrected BOD Day 18 7.37
09-May-07 06:10 Corrected BOD Day 21 7.24
10-May-07 12:10 Corrected BOD Day 21 7.20
10-May-07 13:36 Corrected BOD Day 21 7.92
09-May-07 06:10 Corrected BOD Day 25 7.59
10-May-07 12:10 Corrected BOD Day 25 7.53
10-May-07 13:36 Corrected BOD Day 25 8.29
09-May-07 06:10 Corrected BOD Day 28 6.43
10-May-07 12:10 Corrected BOD Day 28 7.88
10-May-07 13:36 Corrected BOD Day 28 8.54
09-May-07 06:10 Corrected BOD Day 3 2.66
10-May-07 12:10 Corrected BOD Day 3 2.48
10-May-07 13:36 Corrected BOD Day 3 3.02
09-May-07 06:10 Corrected BOD Day 32 8.41
10-May-07 12:10 Corrected BOD Day 32 8.60
10-May-07 13:36 Corrected BOD Day 32 9.15
09-May-07 06:10 Corrected BOD Day 39 8.93
10-May-07 12:10 Corrected BOD Day 39 9.02
10-May-07 13:36 Corrected BOD Day 39 9.68
09-May-07 06:10 Corrected BOD Day 46 9.70
10-May-07 12:10 Corrected BOD Day 46 9.71
10-May-07 13:36 Corrected BOD Day 46 10.5
09-May-07 06:10 Corrected BOD Day 5 3.75
10-May-07 12:10 Corrected BOD Day 5 3.72
10-May-07 13:36 Corrected BOD Day 5 4.23
09-May-07 06:10 Corrected BOD Day 53 10.2
10-May-07 12:10 Corrected BOD Day 53 10.1
10-May-07 13:36 Corrected BOD Day 53 10.9
09-May-07 06:10 Corrected BOD Day 60 10.8
10-May-07 12:10 Corrected BOD Day 60 10.7




Table 1. (cont.) Corrected BOD (384107)

Date Time Parameter
10-May-07 13:36 Corrected BOD Day 60 11.4
09-May-07 06:10 Corrected BOD Day 67 10.9
10-May-07 12:10 Corrected BODay 67 10.7
10-May-07 13:36 Corrected BOD Day 67 115
09-May-07 06:10 Corrected BOD Day 7 4.35
10-May-07 12:10 Corrected BOD Day 7 4.39
10-May-07 13:36 Corrected BOD Day 7 4.85
09-May-07 06:10 Corrected BOD Day 74 11.2
10-May-07 12:10 Corrected BODay 74 10.9
10-May-07 13:36 Corrected BOD Day 74 11.8
09-May-07 06:10 Corrected BOD Day 81 11.3
10-May-07 12:10 Corrected BOD Day 81 11.1
10-May-07 13:36 Corrected BOD Day 81 12.0
09-May-07 06:10 Corrected BOD Day 88 11.6
10-May-07 12:10 Corrected BO Day 88 11.3
10-May-07 13:36 Corrected BOD Day 88 12.1
09-May-07 06:10 Corrected BOD Day 95 11.7
10-May-07 12:10 Corrected BOD Day 95 11.4
10-May-07 13:36 Corrected BOD Day 95 12.3
Table 2. Ultimate BOD (384107)

Date Time Parameter Value (mg/L)
09-May-07 06:10 Ultimate BOD 11th Day 5.86
10-May-07 12:10 Ultimate BOD 11th Day 5.81
10-May-07 13:36 Ultimate BOD 11th Day 6.43
09-May-07 06:10 Ultimate BOD 14th Day 6.49
10-May-07 12:10 Ultimate BOD 14th Day 6.23
10-May-07 13:36 Ultimate BOD 14th Day 6.94
09-May-07 06:10 Ultimate BOD 18th Day 7.76
10-May-07 12:10 Ultimate BOD 18th Day 7.08
10-May-07 13:36 Ultimate BOD 18th Day 8.57
09-May-07 06:10 Ultimate BOD 21st Day 8.33
10-May-07 12:10 Ultimate BOD 21st Day 8.00
10-May-07 13:36 Ultimate BOD 24t Day 9.29
09-May-07 06:10 Ultimate BOD 25th Day 8.81
10-May-07 12:10 Ultimate BOD 25th Day 8.54
10-May-07 13:36 Ultimate BOD 25th Day 9.77
09-May-07 06:10 Ultimate BOD 28th Day 9.15
10-May-07 12:10 Ultimate BOD 28th Day 8.93
10-May-07 13:36 Ultimate BOD 28th Day 10.1
09-May-07 06:10 Ultimate BOD 32nd Day 9.93




Table 2. (cont.) Ultimate BOD (384107)

Date Time Parameter Value (mg/L)
10-May-07 12:10 Ultimate BOD 32nd Day 9.75
10-May-07 13:36 Ultimate BOD 32nd Day 10.8
09-May-07 06:10 Ultimate BOCB9th Day 10.6
10-May-07 12:10 Ultimate BOD 39th Day 10.3
10-May-07 13:36 Ultimate BOD 39th Day 11.5
09-May-07 06:10 Ultimate BOD 3rd Day 2.74
10-May-07 12:10 Ultimate BOD 3rd Day 2.52
10-May-07 13:36 Ultimate BOD 3rd Day 3.19
09-May-07 06:10 Ultimate BOD 46th Day 115
10-May-07 12:10 Ultimate BOD 46th Day 11.1
10-May-07 13:36 Ultimate BOD 46th Day 12.4
09-May-07 06:10 Ultimate BOD 53rd Day 12.2
10-May-07 12:10 Ultimate BOD 53rd Day 11.7
10-May-07 13:36 Ultimate BOD 53rd Day 13.0
09-May-07 06:10 Ultimate BOD 5th Day 3.80
10-May-07 12:10 Ultimate BOD 5th Day 3.72
10-May-07 13:36 Ultimate BOD 5th Day 4.34
09-May-07 06:10 Ultimate BOD 60th Day 12.8
10-May-07 12:10 Ultimate BOD 60th Day 12.4
10-May-07 13:36 Ultimate BOD 60th Day 13.6
09-May-07 06:10 Ultimate BOD 67th Day 13.0
10-May-07 12:10 Ultimate BOD 67th Day 12.5
10-May-07 13:36 Ultimate BOD 67th Day 13.8
09-May-07 06:10 Ultimate BOD 74th Day 13.3
10-May-07 12:10 Ultimate BOD 74th Day 12.8
10-May-07 13:36 Ultimate BOD 74th Day 14.2
09-May-07 06:10 Ultimate BOD 7th Day 4.51
10-May-07 12:10 Ultimate BOD 7th Day 4.44
10-May-07 13:36 Ultimate BOD 7th Day 5.06
09-May-07 06:10 Ultimate BOD 81st Day 135
10-May-07 12:10 Ultimate BOD 81st Day 13.0
10-May-07 13:36 Ultimate BOD 81st Day 144
09-May-07 06:10 Ultimate BOD 88th Day 13.8
10-May-07 12:10 Ultimate BOD 88th Day 13.3
10-May-07 13:36 Ultimate BOD 88th Day 14.6
09-May-07 06:10 Ultimate BOD 95th Day 14.0
10-May-07 12:10 Ultimate BOD 95th Day 135
10-May-07 13:36 Ultimate BOD 95tibay 14.9




Table 3. Chemical Oxygen Demand Site

Date Time Parameter Value (mg/L)
09-May-07 06:10 Chemical Oxygen Demand 27.
09-May-07 13:36 Chemical Oxygen Demand 28.
10-May-07 12:10 Chemical Oxygen Demand 30.
10-May-07 13:36 Chemical Oygen Demand 31.
10-May-07 07:31 Chemical Oxygen Demand 28.
23-May-07 13:34 Chemical Oxygen Demand 26.
06-Jun07 10:18 Chemical Oxygen Demand 70.
11-Jul07 17:15 Chemical Oxygen Demand 108.
18-Jul07 17:00 Chemical Oxygen Demand 75.
25-Jul07 17:00 Chemical Oxygen Demand 70.
08-Aug07 09:30 Chemical Oxygen Demand 86.




Appendix B
Wintering River Hydraulic Discharge Data
And Surveyed CrossSections



Rating Curve for Site 385388, 2006
Houston Engineering (2007)

Figure 3
Station 3853388 Rating Curve
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Rating Curve for Site 385386, 200@007

Houston Engineering (2007)

Figure &
Station 385386 Rating Curve
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Houston Engineering
Discharge vs. Dissolved Oxygen
TMDL Report 2007

Discharge (cfs)

Figure 11
2006 Station 384107
Discharge and Dissolved Oxygen Chart
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2007 Station 384107
Discharge and Dissolved Oxygen Chart
. 25
30
20
25 _
o 2 a
5
e _
g
10 a

S E S S GRS\ ey S
D

B e

[-=—2007Q & 2007D.0]




Discharge (cfs)

Flow (cfs)

ﬁb&o

s
Ny

Figure 13
2006 Station 385386
Discharge and Dissolved Oxygen Chart
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Figure 14
2007 Station 385386
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SurveyedCross Sections
Houston Engineering (2007)

Figure 7
Houson Engineering Surveyed Cross-sections
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Appendix C
BOD Spreadsheet Model Output



Reachl Current BOD Load

Reach 1
From Water Quality Station 385386 to 384107

Inputs:

Temperature: 19.4 degrees Celcius
Upstream DO: 4.2 mg/L
Upstream BOD: 24 mgl/L
Flow: 14 cfs
Outputs:

Minimum DO: 4.12 mgl/L
Distance

Downstream: 2.72 miles
BOD Load: 1,812 Ib/d
Notes:

1.Documentation for this spreadsheet is in report "Wintering River TMDL Dissolved Oxygen Modeling”
by Houston Engineering Inc., dated 12/31/07

2.Assumptions and computations for this spreadsheet are located below.

3. BOD concentration and load reflects ULTIMATE BOD.

Reach1l Allowable BOD Load
Reach 1
From Water Quality Station 385386 to 384107

Inputs:

Temperature: 19.4 degrees Celcius
Upstream DO: 5 mg/L

Upstream BOD: 14 mg/L

Flow: 14 cfs

Outputs:

Minimum DO: 5.00 mg/L

Distance

Downstream: 0.68 miles

BOD Load: 1,057 Ib/d




Reach 2 Current BOD Load

Reach 2

From Water Quality Station 384106 to 385386

Inputs:
Temperature:
Upstream DO:
Upstream BOD:
Flow:

Outputs:
Minimum DO:
Distance
Downstream:
Total BOD Load:
Upstream BOD
Load:

Wetland BOD Load:

15

11

4.20

32.99
867

356
511

degrees Celcius
mg/L

mg/L

cfs

mg/L

miles
Ib/d

Ib/d
Ib/d

Reach 2 Allowable BOD Load

Reach 2

From Water Quality Station 384106 to 385386

Inputs:
Temperature:
Upstream DO:
Upstream BOD:
Flow:

Outputs:
Minimum DO:
Distance
Downstream:
Total BOD Load:
Upstream BOD
Load:

Wetland BOD Load:

15

11

5.00

32.99
517

511

degrees Celcius
mg/L

mg/L

cfs

mg/L

miles
Ib/d

Ib/d
Ib/d




Appendix D
Riparian Health Assessment



The following is an excerpt from the Riparian Health Assessment for Streams and Small Rivers.
The full document can be foundletp://www.cowsndfish.org/pdfs/StreamsField\Wkbk2005. pdf
(5.14MB):

Riparian Health Assessment for Streams and SmaRivers
FOREWORD

This workbook describing riparian health assessment hasiéten for those people who can

most effectively influenceparian area with their managementandowners, livestockroducers,
farmers, agency staff and others who use and thése green zoneRiparian health assessment
blends many fields of science amddergoes periodic additions and modifications. In additio,
language describing the method of assessing ripaealth undergoes continuavision, to clarify,
expand andhcrease understanding. This printing of the Field Workbook

incorporates the feedback from dozens of training worksimyeé$s/ing hundreds of pécipants.
Riparian health assessment forms part of a larger packageaoéness about riparian areas, leading
to choices on managirigese vital landscapes. When used as part of the Cows and

Fish program, it provides a starting point for future plartsraanagement decisions.

Why Develop Riparian Health Assessment?
Some History and Uses

Riparian areas are the focus of attention because ofatr@tultural benefits, the biodiversity

values they represeand for concerns about water quality. Someriggaareahave declined in

their ability to perform the ecologichlnctions that relate directly to these benefits and values.

Often, the health of these valuable landscapes has changelr t i me, even though
readily apparentWe needo understand the current status of riparian asedakat we can improve

or maintain their health. The firstep is to determine the condition or health of the site. @ece

know the health of a site, we have a mechanism taiakagement actions to imgving or

maintaining ecologicdlunction.

In response to many concerns in the United Stateg)rnhersity of Montana, through its Riparian
and WetlandResearch Program, devised a system to survey and m#asonerall health or
condition of a riparia site. Manyscientific disciplines participated to determine whatkibg
ecological functions of riparian areas were and ttmege could be measured with a relatively quick
and easyssessment technique. This method was initially usedaioiate riparia health on
approximately 8,000 km of riveend streams in Montana, ldaho, Wyoming, North Dakoth

South Dakota. The testing and refinement of the metlasdexpanded to include Alberta, British
Columbia andsaskatchewan. With this experience, the mi:thas evolvedhto the present riparian
health assessment. It has badapted to include riparian situations that will be encountared
Alberta and may be useful for other jurisdictions.


http://www.cowsandfish.org/pdfs/StreamsFieldWkbk2005.pdf

RIPARIAN HEALTH ASSESSMENT QUESTIONS (1-11)

1. How much ofthe riparian area is covered by
vegetation?

Vegetation cover of the floodplain and streambanks
Vegetation reduces the erosive forces of raindmggacts and the velocity of water moving over the
floodplain or along the streambanks. Vegetation calss:

A traps sediment and stabilizes banks;
A absorbs and recycles nutrients;

A reduces the rate of evaporation; and
A provides shelter and forage values

Vegetation cover is visually estimated using the camower method. Use the illustrations to help
you estimatecanopy cover on the reach.

A Sedi ment deposited oqr dhredd efach tilsi T oqse siteir @

Scoring:

6 = More than 95% of the reach soil surfaceasered by plant growth (less than 5% bare soil).
4 = 85% to 95% of the reach sailirface is coverebly plant growth (515% bare soil).

2 =75% to 85% of the reach soil surface is covéneglant growth (185% bare soil).

0 = Less than 75% of the reach soil surfaceosered by plant growth (greater than 25%

bare soil).

Scoring Tip Soil not covered by plants, litter, moss,

downed wood, or rocks larger than 6 cm (2.5 in) is considered
bare ground. Count standing rooted, dead or living

plants as vegetative cover.

5. Is Woody Vegetation Being Used?
Utilization of preferred trees anghrubs

Because woody species have such an important rplayan riparian health, measurements of the
level of usehelps us understand whether they will persist inrélaeh. Livestock will often browse
woody plants, especialin late summer and falVildlife, including beaver, make use of woody
plants yearound. Woodyplants can sustain low levels of use but heavier browsing

can:

A deplete root reserves:;

A inhibit establishment and regeneration;
A lead to replacement by |l ess desirable wo
A cause the loss of preferred woody specie
A lead to invasion by disturbance or weed

Not all woody species are palatable or used by anitf8alse species do not contribute
significantly to ripariarcondition and stability although someliztation mayoccur. Other species
may persist under high use but acg good indicators to evaluate the effect of utilizatiimese
species are excluded from this evaluation of utilizat®ee the table on the next page for a list of
thesespeciesTo establish the amount of utilization:

ody
s; a
spec



A first, randomly pick 2woodgspéiesfdursdmm tise readh; e a c h
A for each plant, sel e otaccassitlet@abnowdinganimals; woul d
A count t he dderd(tigs)anthendnehy of | e

A now count only t he arddlder thdt meedeen dippdddfiby year ¢
browsing;

A determine the per cen thammmberofleadetsbrbwsedavithithe totalb y ¢
numberof leaders availale on the branch; and

A do not count cur r en tmidseason dbes nat aceurately refleckactaah e s t
use,because browsing can continue ysaund.

o O



Riparian Health Assessment Field Sheet

Landowner/Lessee: Date: Reach No.:
Stream/River: Scores or N/A
Site Description: Actual | Possible

1. Vegetative Cover of Flooglain and Streambanks

6 4 2 0

2. Invasive Plant Species
3 2 1 0 (cover)
3 2 1 0 (density)

3. Disturbance-Increaser Undesirable Herbaceous Species

3 2 1 0

4. Preferred Tree and Shrub Establishment and Regeneration

6 4 2 0

5. Utilization of Preferred Trees and Shrubs

3 2 1 0

6. Standing Decadent and Dead Woody Material

3 2 1 0

7. Streambank Root Mass Protection

6 4 2 0

8. Human-Caused Bare Ground

6 4 2 0

9. Streambank Structurally Altered by Human Activity

6 4 2 0

10. Pugging, Hummocking and/or Rutting

3 2 1 0

11. Stream Channel Incisement (vertical stability)

9 6 3 0

TOTAL




Appendix E
Rapid Geomorphic Assessment



Rapi d Geomorphic Assessment s: RGAOG s

To evaluate channatability conditions and stage of channel evolutiof a particular reach, a

Rapid Geomorphic Assessment (RGA) will be carried out using the Chataiglity Ranking

Scheme. RGAs utilize diagnostic criteria of channel form to infer dominant channel processes and
the magnitude of channel instabilitidggdugh a series of nine questions. Granted, evaluations of

this sort do not include an evaluation of watershed or upland conditions; however, stream channels
act as conduits for energy, flow and materials as they move through the watershed and will reflec
bal ance or i mbal ance in the delivery of sedi
stability conditions.

The RGA procedure consists of four steps to be completed on site:

1. Determine the O6reacho. The Onnet@weting 0 s d e s
channel widths, thus is scale dependent and covers at least twiifffmekequences.

2. Take photographs looking upstream, downstream and across the reach; for quality assurance
and quality control purposes. Photographs are used with R@WAs to review the field
evaluation

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

4. Sample bed material.

Channel-Stability Index

A field form containing nine criteria (Figure J.1) will hesed to record observations of field
conditions during RGAs. Each criterion was ranked from zero to four and all values summed to
provide an index of relative channel stability. The higher the number the greater the instability:
sites with values greatéhan 20 exhibit considerable instability; stable sites generally rank 10 or
less. Intermediate values denote reaches of moderate instability. However, rankings are not
weighted, thus a site ranked 20 is not twice as unstable as a site ranked 10oc&ks @f filling

out the form enables the final decision of 06St



CHANNEL-STABILITY RANKING SCHEME

River Site Identifier
Date Time Crew Samples Taken
Pictures (circle) U/SD/S X-section Slope Pattern:  Meandering
Straight
1. Primary bd material Braided
Bedrock  Boulder/Cobble Gravel Sand Silt Clay
0 1 2 3 4
2. Bed/bank protection
Yes No (with) 1 bank 2 banks
protected
0 1 2 3
3. Degree of incision (Relative elevation"abrmal” low water; floodplain/terrace @ 100%)
0-10% 11-25% 2650% 51-75% 76-100%
4 3 2 1 0
4. Degree of constriction (Relative decrease inttapk width from up to downstream)
0-10% 11-25% 26-50% 51-75% 76-100%
0 1 2 3 4
5. Stream bank erosion (Each bank)
None Fluvial  Mass wasting (failures)
Left O 1 2
Right 0 1 2
6. Stream bank instability (Percent of each bank failing)
0-10% 11-25% 26-50% 51-75% 76-100%
Left O 0.5 1 15 2
Right 0 0.5 1 15 2
7. Established riparian woodsegetative cover (Each bank)
0-10% 11-25% 2650% 51-75% 76-100%
Left 2 15 1 0.5 0
Right 2 15 1 0.5 0
8. Occurrence of bank accretion (Percent of each bank with fluvial deposition)
0-10% 11-25% 26-50% 51-75% 76-100%
Left 2 15 1 0.5 0
Right 2 15 1 0.5 0
9. Stage of channel evolution
| Il 1 v \% VI
0 1 2 4 3 1.5

Figure L.1 - Channel stability ranking scheme used to conduatapid geomorphic

assessments (RGAGs) . The channel stabi

nine criteria.

ity



Characterizing Channel Geomorphology

1. Primary bed material
Bedrock The parent material that underlies all other materialoines
cases this becomes exposed at the surface. Bedrock can be
recognized by appearing as large slabs of rock, parts of whicl
may be covered by other surficial material.
Boulder/Cobble All rocks greater than 64 mm median diameter.

Gravel All particles with a median diameter between 64.2.00 mm
Sand All Particles with a median diameter between 2.@63 mm
Silt Clay All fine particles with a median diameter of less than 0.63 mmr

2. Bed/bank protection

Yes Mark if the channel bed is artificiallyrptected, such as with rip
rap or concrete.
No Mark if the channel bed is not artificially protected and is

composed of natural material.

1 bank protected Mark if one bank is artificially protected, such as with rip rap ¢
concrete.

2 banks Mark if two banks are artificially protected.

3. Degree of incision (Relative elevation Of "normal” low water; floodplain/terrace
@ 100%)
Calculated by measuring water depth at deepest point across channel, divided
height from bank top to bank base (whelape breaks to become channel bed). Ti
ratio is given as a percentage and the appropriate category marked.

4. Degree of constriction (Relative decrease in tepank width from up to
downstream)
Often only found where obstructions or artificial prokee are present within the
channel. Taking the reach length into consideration, channel width at the upstre
and downstream parts of the reach are measured and the relative difference
calculated.

5. Stream bank erosion (Each bank)
The dominant form obank erosion is marked separately for each bank, left and 1
facing in a downstream direction.
I f the reach is a meandering reach,
as opposed to oOLeft, R 8y Imgidé lank, &ging theo p
inner bank of the meander, if the stream bends to the left as you face downstrei
would be the left bank. Outside bank, being the outer bank, on your right as yot
downstream in a stream meandering left.

None No erosion
Fluvial Fluvial processes, such as undercutting of the bank toe, caus
erosion.

Mass Wasting  Mass movement of large amounts of material from the bank i
method of bank erosion. Often characterized by high, steep b



with shear bank faces. Debris at the ban&kappears to have
fallen from higher up in the bank face. Includes, rotational slig
failures and block failures.

6. Stream bank instability (Percent of each bank failing)
If the bank exhibits mass wasting, mark percentage of bank with failureshever t
length of the reach. If more than 50% failures are marked, the dominant proces:
mass wasting (see question 5).

7. Established riparian woodyvegetative cover (Each bank)
Riparian woodyvegetative cover is the more permanent vegetation that gnowse
stream banks, distinguished by its woody stem, this includes trees and bushes
does not include grasses. Grasses grow and die annually with the summer and
not provide any form of bank protection during winter months whilst permanent
vegesation does.

8. Occurrence of bank accretion (Percent of each bank with fluvial deposition)
The percentage of the reach length with fluvial deposition of material (often san
also includes fines and gravels) is marked.

9. Stage of channel evolution
Stage of channel evolution are given by Simon and Hupp, 1986 (see diagram b
All of the above questions help lead to an answer to this question. Refer bank t
previously answered questions for guidance. See Table 2 for guidelines of what
features areften found with each stage of channel evolution.

Total Score Total up the responses to the 9 questions.

Stages of Channel Evolution

The channel evolution framework set out by Simon and Hupp (1986) is used to assess the
stability of a channel readFigure L.2; Table L.1). With stages of channel evolution tied to
discrete channel processes and not strictly to specific channel shapes, they have been
successfully used to describe systematic chaaielstment processes over time and space in
diverseenvironments, subject to various disturbances such as stream response to: channelization
in the Southeast US Coastal Plain (Simon, 1994); volcanic eruptions in the Cascade Mountains
(Simon, 1999); and dams in Tuscany, Italy (Rinaldi and Simon, 1998auBethe stages of

channel evolution represent shifts in dominant channel processes, they are systematically related
to suspendedediment and benhaterial discharge (Simon, 1989a; Kuhnle and Simon, 2000),
fish-community structure, rates of channel widenf8imon and Hupp, 1992), and the density

and distribution of woodyiparian vegetation (Hupp, 1992).



Stage I. Sinuous, Premodified

Stage IV. Degradation and
Stage Il. Constructed Stage Ill. Degradation Wideninag
h<hc h<hc h>hc

h
floodplain terrace
z ! |
b h h
- 4\ AN
slumped material

Stage V. Aggradation and Widening Stage VI. Quasi Equilibrium

he = critical bank height h>he h<he
= direction of bank or rrace
bed movement T I
bank
h
3 ™ Azh.anktuhA
—_ slumped

A

material

aggraded material aggraded material

Figure L.2 - Six stages of channel evolution from Simon and Hupp (1986) and Simon
(1989b) identifyinmrdelteanged Icoammdd tVionass ffom gi v

Table L.37 Summary of conditions to be expected at each stage of channel evolution.

Stage Descriptive Summary

I Pre-modified i Stable bank conditions, no mass wasting, small, low angtk Iséopes.
Established woody vegetation, convex upper bank, and concave lower bank.

1] Constructedi Artificial reshaping of existing banks. Vegetation often removed, bz
steepened, heightened and made linear.

i Degradationi Lowering of channel bednd consequent increase of bank heights. Inci:
without widening. Bank toe material removed causing an increase in bank angle.

v Thresholdi Degradation and basal erosion. Incision and active channel widening.
wasting from banks and excessive undéting. Leaning and fallen vegetation. Vertical fe
may be present.

\% Aggradationi Deposition of material on bed, often sand. Widening of channel through
retreat; no incision. Concave bank profile. Filed materiaboeked and deposited. May s¢
floodplain terraces. Channel follows a meandering course.

VI Restabilizatiori Reduction in bank heights, aggradation of the channel bed. Deposition
upper bank therefore visibly buried vegetation. Convex shape. May see floodplain terrac

An advantage of a procebased channadvolution scheme is that Stages | and VI represent true
Areferenced conditions. I n some cases, such
clearing activities near the turn of thé"Dentury caused massive cges in rainfalrunoff

relations and land use, channels are unlikely to recover to Stagemppried conditions.

Stage VI, a restabilized condition, is a much more likely target under present regional land use

and altered hydrologic regimes (Simond Ri nal di, 2000) and can be
condition. Stage VI str eawidnacdamnhel dhawahetr er
previous floodplain surface is less frequently inundated and can be described as a terrace. This
morphology igypical of recovering and fstabilized stream systems following incision. In

pristine areas, where disturbances have not occurred or where they are far less severe, Stage |
conditions can be appropriate as a reference.

Unfortunately it is not uncomnmothat suspendesediment sampling was carried out over twenty
years ago. It may also be the case that the stage of channel evolution relevant to a given site



