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Sheep Creek Dam Nutrient TMDL

1.0 INTRODUCTION AND DESCRIPTION OF THE WATERSHED

Sheep Creek Dam is a slender, sinuous reserv@herep Creek and is located in Grant County
approximately four miles south and one-half milestvaf Elgin, North Dakota. The reservoir is alsodted
one-half mile upstream from the confluence of Shemek and the Cannonball River. Recreation and
flood control were the primary purposes behindadtwestruction of Sheep Creek Dam. This multipurpose
reservoir was constructed by damming Sheep Creiudary of the Cannonball River. Cooperating
entities and agencies included the U.S. Bureauwutdi@r Recreation (BOR), the North Dakota Game and
Fish Department (NDGF), the Natural Resource Caagien Service (formerly Soil Conservation Servjce)
and the Grant County Water Resource Board (WRRjufei 1). The contributing watershed of Sheep
Creek Dam consists of 37,827 acres. Table 1 suimmesasome of the geographical, hydrological, and
physical characteristics of Sheep Creek Dam andatsrshed.

Table 1. General Characteristics of Sheep Creek Darnd its Watershed.

Legal Name

Major Drainage Basin
Nearest Municipality
Assessment Unit ID
County Location
Physiographic Region
Latitude

Longitude

Surface Area
Watershed Area
Average Depth
Maximum Depth
Volume

Tributaries

Type of Waterbody

Dam Type

Fishery Type

Sheep Creek Dam

Lower Missouri River Basin
Elgin, North Dakota
ND-10130204-001-L_00
Grant County, North Dakota
Missouri Plateau

46.34255 N

101.84885 W

83.4 acres

37,827 acres

13.8 feet

34.4 feet

1,154.8 acre-feet

Sheep Creek

Constructed Reservoir

Constructed Earthen Dam

Rainbow and Cutthroat Trout, Large and Smallmouth Basgdil, Walleye, and Brown Trout
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1.1 Clean Water Act Section 303(d) Listing Information

As part of the Clean Water Act Section 303(d) tigtprocess, the North Dakota Department of
Health (NDDoH) has identified Sheep Creek Dam asrgraired waterbody. Based on a Trophic
State Index (TSI) score, recreational use of Sigrepk Dam is impaired due to nutrient enrichment
(Table 2). However, North Dakota’s 2006 SectioB(8 list did not provide any potential sources
of these impairments. Sheep Creek Dam is cladsifsea Class 2 cool-water fishery. Class 2 lakes
or reservoirs are “waters capable of supportingnahteproduction and growth of cool water fishes
(e.g., northern pike and walleye) and associatedtambiota” (NDDoH, 2006).

The initial fishery established in Sheep Creek D@as managed for rainbow trout. Chemical
eradication was conducted in the reservoir in 1#®7@&@move undesirable fish species. Since that
time, subsequent fish stockings have included mintvout, brown trout, cutthroat trout, bluegill,
large and smallmouth bass, walleye, and northdw prhese recent stockings, which are assessed
annually by the North Dakota Game and Fish Departnteve turned Sheep Creek Dam into a
productive fishery.

Table 2. Sheep Creek Dam Section 303(d) Listing lafmation (NDDoH, 2006).

Waterbody Name Sheep Creek Dam

Assessment Unit ID ND-10130204-001-L_00

Class 2 — Cool water fishery

Impaired Uses Recreation; fully supporting but threatened
Causes Nutrients/Eutrophication

Priority High (1A)

1.2 Topography

Sheep Creek Dam and its watershed lie within thesbliri Plateau level IV ecoregion (43a), which
is a portion of the larger Northwestern Great Rlaavel 11l ecoregion. The topography of the
ecoregion and watershed is characterized by shassgrairie, rolling plains and occasional
sandstone buttes. Glaciation has had little teffect on the topography of the area encompassing
the watershed, leaving original soils in place armmplex stream drainage pattern. Elevation
ranges from 1,800-feet (msl) near Shields, NorthdDain southeastern Grant County to 2,700-feet
(msl) at the top of Coffin Butte south of New Leipand southwest of Sheep Creek Dam in
southwestern Grant County (Edland and Lee, 19B8noff from the watershed enters Sheep Creek,
serving as an inlet to Sheep Creek Dam. Wateirlgatie dam serves as a tributary to the
Cannonball River, confluencing downstream with GeCieeek and eventually discharging into Lake
Oahe near the town of Cannonball, North Dakotaiau6County. Figure 2 shows the general
shape and size of the Sheep Creek Dam waterst@&airt County, North Dakota.
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Cannonball River

Figure 2. Sheep Creek Dam Watershed in Grant CountyNorth Dakota.
1.3Land Use/Land Cover

Land use within the Sheep Creek watershed is piyragricultural (96 percent), with
approximately 49 percent actively cultivated, 38pat in rangeland, 8 percent in hayland, and 6
percent in the Conservation Reserve Program (CRiDI¢ 3). Farmsteads, low density urban
development, roads, and wildlife and wetland maneaagg areas comprise the remaining four
percent of the watershed. One hundred perceri@é[©Creek Dam’s shoreline is under public
easement.

Hard Red spring wheat is the major agriculturapagoown in Grant County. However, other small
grains and commonly grown crop varieties includedya flax, and sunflowers. Soils within the
watershed are moderately deep to shallow, formmd fweathered loamy glacial till or soft bedrock.
Generally, the soil is moderately fertile to fezfilvell drained, and susceptible to wind and water
erosion. Solil series in the Missouri Plateau léVedcoregion (43a), encompassing the Sheep Creek
Dam waterhed, include: Vebar, Chama, Amor, WilliaRBoades, Belfield, Cabba, Flasher, Reeder,
Regent, Parshall, Golva, and Zahl. Approximatelg percent of Sheep Creek Dam’s watershed is
composed of badlands. Badlands are eroded fornsatiemposed of buttes and steeply eroded
drainages. Potential native vegetation in undigdrareas of the watershed may include blue
grama, wheatgrass/needlegrass associationsplifgstem, and prairie sandreed.
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Table 3. Land Use Within the Sheep Creek Dam Watehed.
Land Use Type Acres Percent of Total Acreage
Actively cultivated land 18,535 49
Rangeland 12,483 33
Hayland 3,026 8
Conservation Reserve Program (CRP) 2270 6
Farmsteads, development, wet/wild management 1,513 4

1.4 Climate and Precipitation

The climate of southwestern North Dakota and tlea @ancompassing Sheep Creek Dam is semiarid
to sub-humid and continental. Southwestern NodkdDa has a typical continental climate
characterized by large annual, daily, and day-tptdmperature changes, light to moderate
precipitation, and nearly continuous air movement.

Extreme seasonal variations in temperature aredl/pf the climate in this region. Mean monthly
temperature in Mott, ND, a nearby municipality teeSp Creek Dam, between 1948 and 2006 is
shown in Figure 3, while mean monthly precipitationthe same time period is shown in Figure 4
(HPRCC, 2006) January is typically the coldest month of the yeith a mean monthly temperature
of 12° F (Figure 3). July and August are the wasthmeonths of the year with mean monthly
temperatures of 70° F and 68° F, respectively (f&ig)). Mean annual precipitation is 16.03 inches.
Precipitation events tend to be brief and intemskacur mainly during the months of May through
August, with little precipitation from November dugh March. June is the wettest month of the year
with average precipitation of 3.30 inches (Figuye 4

! The High Plains Regional Climate Center, formed in 198&dognized for their expertise in using automated weather
stations. HPRCC obtains near real time data and includedealant National Weather Service surface weather data in its
archive (HPRCC, 2006).
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Figure 3. Mean Monthly Temperature From 1948-2006 athe High Plains Regional Climate
Center (HPRCC), Mott, ND Weather Station.
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Precipitation (in.)
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Figure 4. Mean Monthly Precipitation From 1948-2006at the High Plains Regional Climate
Center (HPRCC), Mott, ND Weather Station.
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1.5 Available Water Quality Data

1.5.1 Lake Water Quality Assessment Project

A Lake Water Quality Assessment (LWQA) was conddaie Sheep Creek Dam during 1992-1993.
Water quality samples were collected from the daroe during the summer of 1992 and once
during the winter of 1993. All samples were tak&m one sample site located in the deepest
portion of Sheep Creek Dam. Water column sampkye wnalyzed from depths of one meter, four
meters, and seven meters during the summer, winiermwater column samples were taken at
depths of one meter, three meters, and six meters.

LWQA data collected from Sheep Creek Dam duringlie@2-1993 LWQA Project indicated that
excessive amounts of the nutrients total phosphasu? and nitrate plus nitrite as N were present in
the reservoir. Nutrient concentrations ranged fbiv9-0.709 mg/L for total phosphorus as P and
exceeded the state’s restoration goal of 0.02 mg/kll occasions. Nitrate plus nitrite as N
concentrations ranged from 0.00-0.790 mg/L excegtlia state’s restoration goal of 0.25 mg/L at
the surface on July 8, 1992. Between July 1992Fafmtuary 1993, the ratio of nitrate plus nitrige a
N and total phosphorus as P was 1.0:0.94, indigatinogen limitation. Concentrations of total
dissolved solids (1,280 mg/L), total Kjeldahl ngem (2.42 mg/L), and ammonia (0.55 mg/L) in
Sheep Creek Dam, were all above the state’s lomg-telume-weighted mean concentrations for
all lakes measured. Volume-weighted mean condamtsaare calculated by weighing the
parameter analyzed by the percentage of water \whapresented at each depth interval sampled.

LWQA data described Sheep Creek as a hypereutrtgideéc Supporting water quality data
included total phosphorus as P concentrations letWel 79 and 0.709 mg/L and nitrate plus nitrate
as N ranging between 0.00 and 0.790 nmigflsummer surface water. In addition, chloroptayl
concentrations from 7 to 91 pg/L and Secchi DiskriBparency measurements between 1.0- and
1.4- meters were measured in the lake betweenl®9g and February 1993. Supporting ancillary
information included frequent nuisance algal blo@nd rapid oxygen depletion below the
hypolimnion during the summer and under ice cowaddions in the winter.

1.5.2 2004 Sheep Creek Dam TMDL Project

The Grant County Soil Conservation District (SCBhducted monitoring for a TMDL development
project on Sheep Creek Dam and its watershed feomaly 9, 2004 through November 3, 2004. The
SCD followed the methodology for water quality sdimgpfound in the Quality Assurance Project
Plan (QAPP) for the Sheep Creek Dam TMDL Developgmrenject (NDDoH, 2003). Sampling and
analysis variables are shown in Table 4.

Table 4. Sheep Creek Dam TMDL Development Projecténpling and Analysis Variables.

Field Measurements Chemical Variables Nutrient Variables BiologichVariables

Secchi Disk Transparency pH Total Phosphorus Chlorohyll-
Specific Conductance Dissolved Phosphorus Phytoplankton
Major Anions & Cations Total Nitrogen Fecal Coliform

Total Suspended Solids Total Kjeldahl Nitrogen
Nitrate plus Nitrite Nitrogen
Ammonia Nitroge
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Stream Monitoring

Stream sampling was conducted at one inlet andotiet site on Sheep Creek (Figure 5). The
sampling frequency for the stream sampling sites steatified to coincide with the typical
hydrograph for the region. This sampling desigulted in more frequent samples collected during
spring and early summer when stream dischargeisaly greatest. Less frequent samples were
taken during the summer and fall. Sampling effartse discontinued during periods of no flow and
during winter ice cover conditions. If the strebagan to flow again, water quality sampling was
reinitiated at the same sampling locations.

Reservoir Monitoring

Reservoir sampling was conducted monthly at #epdst site (Figure 5) except during the months of
March and October 2004, when no samples were taRening the month of August, sampling was
conducted twice to account for temporal variatibtake water quality. Reservoir monitoring was
conducted at depths of 1, 3, and 7 meters.

~arnonbal R,

Storet 380910

Sreep Crag,

Storet 3852493

Figure 5. Sheep Creek Dam Sampling Locations and Station ID’s
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In-Lake Nutrient Results

Surface water quality parameters were monitorezhatin-lake site (380910) between January 2004
and November 2004. Sample parameters and aveohgee weighted mean concentrations are
provided in Table 5. The average concentratiortetaf and dissolved phosphorus, total nitrogen,
total Kjeldahl nitrogen, and nitrate plus nitrite l[d were all greatest in the deepest part of tke la
Data collected from the in-lake site (380910) dgr2®04 in Sheep Creek Dam displayed an average
total nitrogen to total phosphorus ratio of 6. lidioighout the sampling period (Table 5). Thisorati
indicates nitrogen limitation. Under such condispnitrogen fixing organisms like species of blue-

green algae are typically favored.

Table 5. Water Quality Statistics from the Sheep Gezek Dam Deepest Area Site (380910)

in 2004.
Deepest Site #380910
Parameter Volume-
N Max Med Aw Min  weighted Mear

Total Phosphorus as P (mg/L) 20 0488 0.241 0.237 0.133 .2540
Dissolved Phosphorus as P (mg/L) 10 0.284 0/207 0.196780. 0.216
Total Nitrogen as N (mg/L) 10 1920 1.456 1.454 1.280 84d.4
Total Kjeldahl Nitrogen as N (mg/L) 10 1576 1.357 15391.256 1.421
Nitrate/Nitrite as N (mg/L) 10 0.212 0.035 0.177 0.020 068.
Chlorophylla (ug/L) 6 30.70 17.11 15.17 2.00 N/A

Secchi Disk Transparency (meters) 8 3.40 1.35 1.63 0.80 /A N

Nutrient concentrations from Sheep Creek Dam ird208re compared to data collected from Sheep
Creek Dam during 1992-1993. Volume-weighted ma#nent concentrations reported during the
1992-1993 LWQA were higher when compared to thet2ZBldeep Creek Dam Assessment. The 2004
Sheep Creek Dam Assessment showed reductionsriemtutoncentrations such as nitrate-nitrite and
total Kjeldahl nitrogen, while total phosphorus centrations were slightly higher when compared to

the 1992-1993 LWQA data (Table 6).

Table 6. Average Nutrient Concentration Comparisonst Sheep Creek Dam.

Parameter Sheep Creek Dam Sheep Creek Dam
1992-1993 2004
Nitrate/Nitrite (mg/L) 0.247 0.065
Total Kjeldahl Nitrogen (mg/L) 2.420 1.421
Total Phosphorus (mg/L) 0.231 0.254

Secchi Disk Transparency Results

Water clarity in a reservoir can be affected by ynfaetors. Algal biomass, total suspended solids,
and other debris all affect Secchi Disk Transpareneasurements in a waterbody. Secchi Disk
Transparency data were collected by the Grant @dboil Conservation District (SCD) staff between
April 23, 2004 and November 3, 2004 (Table 7). Wunth of October was the only open water
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month lacking a measurement during the samplingp@erAs shown in Table 5, the average Secchi
Disk Transparency measurement for the in-lake saggite was 1.6 meters with a resulting Trophic
Status Index (TSI) score of 54.8. The data inddhat visibility throughout the water column was
lowest during April and May, which may be attriboiato suspended sediment loading during spring
runoff as it inhibits visibility in the water colum In addition, the sharp decline in Secchi Disk
Transparency measurements between June and Jiublysdue to algal production that peaks during
this time. The greatest Secchi Disk Transparenegsurements in Sheep Creek Dam were measured

during late fall.

Table 7. Average Monthly Secchi Disk Transparency Epths in Sheep Creek Dam in 2004.

Average Secchi Disk Average Secchi Disk

Month Transparency (m) Month Transparency (m)
January N/A July 1.2
February N/A August 1.6

March N/A September 1.2

April 0.8 October N/A

May 1.0 November 34

June 2.2 December N/A

Tributary Nutrient and Total Suspended Solids Rgsu

Surface water quality parameters were monitoremhatinlet stream site (385293) between March
2004 and July 2004 and at one outlet site (385B88yeen March 2004 and November 2004. Sample
parameters and summary statistics are providealmeT8. The average concentration of total
phosphorus as P, dissolved phosphorus as P, ttstaden as N, and total Kjeldahl nitrogen as N were
all greater at the inlet tributary site. The ageraoncentration of nitrate plus nitrite as N wiaghtly
higher at the outlet tributary site. The dataexikd between the two tributary sites indicatesenit
retention in Sheep Creek Dam.

Table 8. Water Quality Statistics at the Inlet andOutlet Sites of Sheep Creek Dam in 2004.
Inlet Stream Site #385293 Outlet Stream Site #385292
Parameter N Mn Max Med Avg | N Min Max Med Avg

22 0.054 0.892 0.106 170230 0.030 0.560 0.110 0.160

Total Phosphorus as P (mg/L)

Dissolved Phosphorus as P (mg/L) 20 0.009 0.691 0.060L35| 28 0.000 0.480 0.030 0.090
Total Nitrogen as N (mg/L) 22 0928 2200 1.125 1.3330 0.540 2.260 1.130 1.200
Total Kjeldahl Nitrogenas N (mg/L) 22 0.908 2.020 (0Bl 1.226| 30 0.450 2.150 0.980 1.070

Nitrate/Nitrite as N (mg/L) 22 0.020 0.700 0.020 0.1pB0 0.020 0.600 0.045 0.123

Fifty-two tributary total suspended solid (TSS) gées were collected by the Grant County Soill
Conservation District between March 2004 and Novem2®04. TSS samples were collected from
the inlet site (385293) and outlet site (385292%béep Creek Dam (Figures 6 and 7).
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Table 9. Total Suspended Solid Concentrations at éhSheep Creek Dam Inlet and Outlet Sites,

2004,
Site ID Site Description Mean TSS (mg/L) Median TSS (mg/L)
385293 Inlet 16.4 5
385292 Outlet 10.6 5

Mean TSS concentrations at the inlet and outlessitere 16.4 and 10.6 mg/L, respectively indicating
that suspended solids are being retained withimebervoir (Table 9). The median TSS
concentrations at the inlet and outlet were batig8. which is more representative of the overall
watershed condition. Although the mean TSS comagan indicates retention of TSS in Sheep Creek
Dam, the median TSS concentration better repretlemfESS condition of the lake throughout an
entire year. The outliers in the graphs of thetiaihd outlet, characteristic of a storm eventcaie

how quickly such an event can alter TSS concentratior a short period of time in a waterbody,
similar to the July 12, 2004 sample of 135 mg/thatinlet. These data also portray how flashy the
watershed is in response to storm events. Alth@oagicentrations at the inlet may be high for ashor
period of time following a precipitation and runeffent, the median TSS concentration at the inlet
and outlet of the reservoir throughout a given ygsaery similar suggesting that overall sediment
retention is minimal.

2.0 WATER QUALITY STANDARDS

The Clean Water Act requires that Total Maximumlypabads (TMDLS) be developed for waters on a
state's Section 303(d) list. A TMDL is defined‘dse sum of the individual waste load allocations fjoint
sources and load allocations for nonpoint sourodsnatural background” such that the capacity ef th
waterbody to assimilate pollutant loading is nateeded. The purpose of a TMDL is to identify tioduysant
load reductions or other actions that should bertao that impaired waters will be able to attaater
guality standards. TMDLs are required to be dgwetbwith seasonal variations and must include aimanf
safety that addresses the uncertainty in the asalBeparate TMDLs are required to address eadbhigoat
or cause of impairment (i.e., nutrients, sediment).

2.1 Narrative Water Quality Standards

The North Dakota Department of Health has set timeravater quality standards, which apply to all
surface waters in the state. The narrative stalsdagrtaining to nutrient impairments are listelbive
(NDDoH, 2006).

- All waters of the state shall be free from subsés attributable to municipal, industrial, or
other discharges or agricultural practices in catregions or combinations which are toxic or
harmful to humans, plants, or resident aquaticabiot

- No discharge of pollutants, which alone or in G@mation with other substances shall:
1) Cause a public health hazard or injury to enviromaleresources;
2) Impair existing or reasonable beneficial uses efréteiving waters; or
3) Directly or indirectly cause concentrations of ptdints to exceed applicable standards
of the receiving waters.
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In addition to the narrative standards, the NDDa@ld ket a biological goal for all surface waterthan
state. The goal states that “the biological coonibf surface waters shall be similar to thatité#ssor
waterbodies determined by the department to bemegreference sites,” (NDDoH, 2006).

2.2 Numeric Water Quality Standards

Sheep Creek Dam is classified as a Class 2 coelriiahery. Class 2 fisheries are defined as
waterbodies “capable of supporting natural reprtidncand growth of cool water fishes (e.g.,
northern pike and walleye) and associated aquattaNDDoH, 2006). These waters are also
capable of supporting the growth and marginal sahof cold water species and associated biotd. Al
classified lakes in North Dakota are assigned agjlifd, recreation, irrigation, livestock watering

and wildlife beneficial uses. The beneficial useettened in Sheep Creek Dam is recreation. The
State Water Quality Standards state that lake$ sbalthe same numeric criteria as Class 1 streams.
This includes the state standard for dissolved eryget at no less than 5 mg/L and nitrate as NOas 1
mg/L. The State water quality standards also §pegciidelines for lake or reservoir improvement
programs as well (Table 10).

Table 10. Numeric Guidelines for Classified Lakesrad Reservoirs (NDDoH, 2006).
Parameter Guidelines Limit

Guidelines or Standards for Classified Lakes
Nitrates (dissolved) 1.0 mg/L Maximum allowed

Dissolved Oxygen 5 mg/L Not less than

Guidelines for goals in a lake improvement or maintenance garogr
NO;as N 0.25 mg/L Goal
PQ as P 0.02 mg/L Goal

1“The water quality standard for nitrates dissolved (N) isintended as an interim guideline limit. Since each stream
or lake has unique characteristics which determine the levels diese constituents that will cause excessive plant
growth (eutrophication), the department reserves the right to reiew this standard after additional study and to set
speci ¢ limitations on any waters of the state. However, in nocase shall the concentration for nitrate plus nitrite as
N exceed 10 mg/l for any waters used as municipal or drinkgnwater supply”.

3.0 TMDL TARGETS

A TMDL target is the value that is measured to pitlye success of the TMDL effort. TMDL targets trines
based on state water quality standards, but canratBide site specific values when no numericdiat are
specified in the standard. The following sectiammarizes water quality targets for Sheep Creek bDased
on it's impaired recreational beneficial use. hé tspecific target is met, it is assumed the resewill meet
the applicable water quality standards, includisglesignated beneficial uses.

3.1 Nutrient Target

A Carlson’s Trophic State Index (TSI) target oftd@bsed on total phosphorus was chosen for the
Sheep Creek Dam TMDL endpoint. North Dakota’s 20@égrated Section 305(b) and Section
303(d) Water Quality Assessment Report indicatas@arlson’s TSI is the primary indicator used to
assess beneficial uses of the state’s lakes aad/ods (NDDoH, 2006). Trophic state is the measur
of the productivity of a lake or reservoir and isedtly related to the level of nutrients (phospisr
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and nitrogen) entering the lake or reservoir fretenwatershed. Lakes tend to become eutrophic (more
productive) with higher nitrogen and phosphorusuisp Eutrophic lakes often have nuisance algal
blooms, limited water clarity, and low dissolvedygen concentrations that can result in impaired
aquatic life and recreational uses. Carlson’sdt&mpts to measure the trophic state of a lakegusi
phosphorus, chlorophyll-a, and Secchi Disk Trarspey measurements (Carlson, 1977).

TSI values were calculated for total phosphorukrophyll-a, and Secchi Disk Transparency at
Sheep Creek Dam. The highest TSI value was fal pdtosphorus at 84, while chlorophgland
Secchi Disk Transparency values were 58 and 5Beotisely (Table 11). Based on Carlson’s TSI
and water quality data collected between Januady 20d November 2004, Sheep Creek Dam was
generally assessed as a hypereutrophic lake (Taplédypereutrophic lakes are characterized by
large growths of weeds, blue-green algal bloomd,laew dissolved oxygen concentrations. These
lakes may experience periodic fish kills and aneegally characterized as having excessive rough fis
populations (carp, bullhead, and sucker) that eflaat poorly on the sport fishery. Due to frequen
algal blooms and excessive weed growth, hyperehitdpkes often become undesirable for
recreational uses such as swimming and boating.

Table 11. Carlson’s Trophic State Indices for Shee@reek Dam.

Parameter Relationshig Units | TSI Value Trophic Status
Chlorophylla TSI (Chl-a) =30.6 + 9.81[In(Chl-¢ pg/L 58 eutrophit
Total Phosphorus (TP) TSI (TP) = 4.15 + 14.42[In[TP) pg/L 84 hypereutrophic
Secchi Disk (SD) TSI (SD) = 60 - 14.41]In(SD)] metgrs 53 eutrophic
TSI < 35 - Oligotrophic (least productive) TSI 35-5@9dtrophic
TSI 50-65 Eutrophic TSI > 65 - Hypereutrophic (mastductive)

The reasons for the different estimated TSI vafaeSheep Creek Dam are varied. According to the
phosphorus TSI value, Sheep Creek Dam is a veuptive, hypereutrophic lake (Table 11).

Carlson and Simpson (1996) suggest that if the giiarsis and Secchi Disk Transparency TSI values
are relatively similar and higher than the chlongpla TSI value, then dissolved color or nonalgal
particulates dominate light attenuation. It folkothat, as is the case with Sheep Creek Dam, if the
Secchi Disk Transparency and chloroplyI-SI values are similar, then chlorophglis dominating
light attenuation. Carlson and Simpson (1996) atate that a nitrogen index value might be more
universally applicable than a phosphorus indexjtalso means that a correspondence of the nitroge
index with the chlorophylk index cannot be used to indicate nitrogen linotati

The three variables measured in Carlson’s TSI roployll pigments, Secchi depth, and total
phosphorus, independently estimate algal biomassl{gtion as a result of excess nutrients). The
three index variables are interrelated by linegression models and should produce the same index
value for a given combination of variable valués a result, any of the three variables can theeefo
theoretically be used to classify a given waterboBgr the purpose of classification, priority isen

to chlorophyll, because this variable is the masuaate of the three at predicting algal biomass
(Carlson 1980). Although transparency and phosphoray co-vary with trophic state, the changes in
transparency are caused by changes in algal bicangistal phosphorus may or may not be strongly
related to algal biomass. Therefore, neither rarency nor phosphorus is an independent estimator
of trophic state (Carlson 1996).
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A major strength of TSI is that the interrelatioipshbetween variables can be used to identify icerta
conditions in the reservoir that are related toftwors that limit algal biomass or affect the swead
variables. When more than one of the three vatalsl measured, it is possible that different index
values will be obtained. Because the relationshgig/een the variables were originally derived from
regression relationships and the correlations weteerfect, some variability between the index
values is to be expected (Carlson 1996). Thesruti@mvs of the total phosphorus or the Secchi Disk
Transparency index from the chlorophyll index caruked to identify conditions and causes relating
to the reservoir’s trophic state. Some possildierpretations of deviations of the index values are
given in Table 12 below (updated from Carlson 1983)

Table 12. Relationship Between TSI Variables and CGulitions.

Relationship Between TSI Variables Conditions
TSI(Chl) = TSI(TP) = TSI(SD) Algae dominate light attenoiat TN/TP ~ 33:1
TSI(Chl) > TSI(SD) Large particulates, suchfgshanizomenoflakes, dominate
TSI(TP) = TSI(SD) > TSI(CHL) Non-algal particulates otaradominate light attenuation
TSI(SD) = TSI(CHL) > TSI(TP) Phosphorus limits algpgdmass (TN/TP >33:1)
TSI(TP) >TSI(CHL) = TSI(SD) Alg.ae.domlnate light attenufamon but some factor su_ch agyeitro
limitation, zooplankton grazing or toxics limit algal bioraas

It is possible that the chlorophyll and transpayendices may be close together, but both will fall
below the phosphorus curve. This suggests thatlae are nitrogen-limited. Intense zooplankton
grazing, for example, may cause the chlorophyll @adchi depth indices to fall below the phosphorus
index as the zooplankton remove algal cells froentfater or Secchi Disk Transparency may fall
below chlorophyll if the grazers selectively eliraia the smaller cells (Carlson 1996).

Studies have also shown that in shallow lakesp#éneent reduction in total phosphorus was not as
great as the reduction in loading (Cooke, et18i86). This causes most total phosphorus TSI score
to be elevated above the other two TSI scoresefiie estimating a slightly higher trophic state fo
the lake than may actually be observed. Alsojtiprovement in Secchi depth of the water is not
linearly related with a reduction in total phospleconcentrations (Carlson, 1977). The degree of
improvement in Secchi depth, for an equal amoupholsphorus diverted, will become greater as a
mesotrophic state is approached (Cooke, et.al§)198

While the target TSI score resulting from the 58cpat phosphorus load reduction will not bring the
concentration of total phosphorus to the NDDoH &water Quality Standard guideline goal for in-
lake restoration (0.02 mg/L), it should be recogdithat these are just guidelines. Lakes vargatgr
deal in North Dakota. Shallow lakes are especladizd to improve without addressing the internal
phosphorus cycling, which comes at a higher cdkis reduction in phosphorus load should result in
a change of trophic status for the lake from hypeophic down to nearly mesotrophic. Given the
size of the lake (83 acres), the likely amounttudgphorus in the bottom sediments available for
internal cycling, the nearly constant wind in saugistern North Dakota causing a mixing effect, and
few cost effective ways to reduce in-lake nutrieyiling, this was determined to be the best possibl
outcome for Sheep Creek Dam, which would allow ineet the narrative standards relating to
recreation and aquatic life beneficial uses.
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4.0 SIGNIFICANT SOURCES

There are no known point sources upstream of SBeegk Dam. It is assumed that the pollutants atem
originate from non-point sources. Most of the laipdtream from Sheep Creek Dam is farmed. The
remainder is used for pasture or kept as permdrezbiceous cover. There are no urban areas wlihin
watershed or lake homes around the reservoir. Meryéhere are small farmsteads spread througheut t
watershed. The vast majority of nutrient loadstearsported with overland runoff from agricultuaakas.
Existing land use and AGNPS modeling within theexsited indicate that the majority of NPS loading is
likely coming from cropland (49 percent of land it the watershed is actively cultivated).

The United States Department of Agriculture’s Smaésual Assessment Protocol was used to assess the
riparian area of tributaries to Sheep Creek Datne dssessment indicated that of 31 sites evalubtedere
ranked as high fair, six were ranked as low faig tvere ranked as good, and twelve were poor. thitee
main categories considered during the evaluatia® Wwgdrology and streambanks, soil, and riparian
vegetation. Priority resource issues listed@saicting Sheep Creek and it's tributaries inclekeessive
grazing and encroachment of introduced cool segsasses in the riparian area, nutrient enrichmenearly
every site, and excessive erosion and sedimentation

With thirty-three percent of land in the watersheihg rangeland or pasture, it is possible thatienit
loadings from cattle consistently grazing too lamgthe riparian area of the tributaries or actuaiding in
the streambed are significantly impacting the ddvesn reservoir. As a result, best managementipeac
should also be implemented on land used for granimgder to address loading from this type of laisd.

5.0 TECHNICAL ANALYSIS

Establishing a relationship between in-stream waktity targets and pollutant source loading csitical
component of TMDL development. Identifying the setand-effect relationship between pollutant |cau$
the water quality response is necessary to evalbatading capacity and trophic response of ¢éeeiving
waterbody. The loading capacity is the amount pblutant that can be assimilated by the waterhekije
still attaining and maintaining water quality stands. This section discusses the technical asalygized to
estimate existing loads to Sheep Creek Dam, asasdhe technical analysis used to predict théntcop
response of the reservoir to reductions in nutdiesding.

5.1 Tributary Load Analysis

To facilitate the analysis and reduction of tribytaflow and outflow water quality and flow dathge
FLUX program was employed. The FLUX program, depeld by the US Corps of Engineers
Waterways Experiment Station (Walker, 1996), usesaculation techniques to estimate the average
mass discharge or loading that passes a givenaiv&ream site. FLUX estimates loadings based on
grab sample chemical concentrations and the canimdaily flow record. Load therefore, is defined
as the mass of a pollutant during a given timegokefé.g., hour, day, month, season, year). The
FLUX program allows the user, through various itierss, to select the most appropriate load
calculation technique and data stratification sahesither by flow or date, which will give a load
estimate with the smallest statistical error, ggasented by the coefficient of variation. Outfpain

the FLUX program is then provided as an inputtilealibrate the BATHTUB eutrophication
response model. In the case of Sheep Creek DankLtiX program estimated annual phosphorus
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loading for 2004 at 444.6 kg/yr. For a completsatigtion of the FLUX program the reader is
referred to Walker (1996).

5.2 BATHTUB Trophic Response Model

The BATHTUB model (Walker, 1996) was used to predind evaluate the effects of various nutrient
load reduction scenarios on Sheep Creek Dam’s icgpaatus. BATHTUB performs steady-state
water and nutrient balance calculations in a sipasagmented hydraulic network. The model
accounts for advective and diffusive transport amtient sedimentation. Eutrophication related
water quality conditions are predicted using encpirrelationships previously developed and tested
for reservoir applications.

The BATHTUB model is developed in three phasese flitst two phases involve the analysis and
reduction of the tributary and in-lake water quatiata. The third phase involves model calibration
In the data reduction phase, the in-lake and taityutnonitoring data collected as part of the pribjec
were summarized in a format which can serve asgsmouthe model.

The reservoir data were reduced in Excel usingetbmnputational functions. These include: 1) the
ability to display concentrations as a functiordepth, location, or date; 2) summary statisticg.(e.
mean, median, minimum, and maximum); and 3) anuatiain of trophic status. The output data from
the Excel program were then used to calibrate thNEHBTUB model.

When the input data from the FLUX and Excel progsare entered into the BATHTUB model, the
user has the ability to compare predicted condstignodel output) to actual conditions using general
rates and factors. The BATHTUB model is then calibd by combining tributary load estimates for
the project period with in-lake water quality esit@s. The model is termed calibrated when the
predicted estimates for the trophic response vimsadre similar to observed estimates based on the
project monitoring data. BATHTUB then has the ipiio predict total phosphorus concentration,
chlorophyll-a concentration, Secchi Disk Transparency, and $se@ated TSI scores as a means of
expressing trophic response.

As stated above, BATHTUB can compare predictedotial conditions. After calibration, the model
was run based on observed concentrations of phosphod nitrogen to derive an estimated annual
average total phosphorus load of 442.5 kg/yr amaianaverage nitrogen load of 3,658.6 kg/Yhe
model was then run to evaluate the effectivenessmfmber of nutrient reduction alternatives
including: 1) reducing externally derived nutriéseids; 2) reducing internally available nutrieratsd

3) reducing both external and internal nutrientiba

In the case of Sheep Creek Dam, BATHTUB modeledreztly derived phosphorus. Phosphorus
was used in the simulation model based on its kn@hationship to eutrophication and that it is
controllable with the implementation of watershezsBManagement Practices (BMPs). Changes in
trophic response were evaluated by reducing extgrterived phosphorus loading by 25, 50, and 75
percent. Simulated reductions were achieved byaied phosphorus concentrations in contributing
tributaries and other external delivery sourc&tow was held constant due to uncertainty in
estimating changes in hydraulic discharge withitmgementation of BMPs.



Sheep Creek Dam Nutrient TMDL Final: December 2007

Page 18 of 27
The model results indicated that if external phosph loading was reduced by 50 percent entering

into Sheep Creek Dam, the average annual totalgbloogs and chlorophyB-concentration in the

lake would decrease and Secchi Disk Transparenathdeould increase, but only phosphorus would
be measurable. The large reduction in nutrient &exlild result in an improvement to the trophic
status of Sheep Creek Dam that would be noticeaalilee average lake user by reducing the intensity
and frequency of algal blooms per year and thramgbverall improvement in the clarity. Through
these improvements it is predicted that Sheep (Besk would maintain a eutrophic trophic status.

With a 50 percent reduction in external phosphtwad, the model predicts a reduction in Carlson’s
TSI score from 57.80 to 55.71 for chlorophglland 53.23 to 44.49 for Secchi Disk Transparency,
corresponding to a trophic state ranging from hgpepphic to eutrophic. More important for the
long term health of the lake, a 50 percent redadtigphosphorus loading would reduce the total
phosphorus TSI score from 84.00 to 74.27 (Table 13)

Table 13. Observed and Predicted Values for Seledtdrophic Response Variables Assuming
25, 50, and 75 Percent Reduction in External Phosphus and Nitrogen Loading, (2004).

Predicted Value
Variable Observed Value 25% 50% 75%
Total Phosphorus (mg/L ) 0.254 0.192 0.129 0.068
Total Dissolved Phosphorus (mg/L ) 0.216 0.15 0.095 039.
Total Nitrogen (mg/L ) 1.486 1.144 0.805 0.466
Organic Nitrogen (mg/L ) 1.421 1.358 N/A N/A
Chlorophyll-a (png/L) 16.00 14.64 12.93 9.60
Secchi Disk Transparency (meters) 1.60 2.11 2.93 5.17
Carlson's TSI for Phosphorus 84.00 79.9 74.47 65.00
Carlson's TSI for Chlorophyb- 57.80 56.93 55.71 52.78
Carlson's TSI for Secchi Di 53.2¢ 59.2( 44 .4¢ 36.3¢

To acquire a noticeable change in the trophic sfahe BATHTUB model predicts that a 50 percent
reduction in total phosphorus load would achieweithlake total phosphorus concentration of 0.129
mg/L and an in-lake total nitrogen concentratio® &05 mg/Lnitrogen load.This reduction in
phosphorus and nitrogen is predicted to resultresarvoir that is eutrophic throughout a givenryea
with respect to cholorophy#; considered the algal biomass indicator (Figure 8)
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Figure 8. Predicted Trophic Response in Sheep Credkam to Phosphorus Load Reductions of
25, 50, and 75 Percent.

5.3 AGNPS Watershed Model

In order to identify significant nonpoint sourceRE) pollutant sources in the Sheep Creek Dam
watershed and to assess the relative reductiamgtiient (nitrogen and phosphorus) and sediment
loading that can be expected from the implememaifdBMPs in the watershed, an AGNPS 3.65
Model analysis was employed.

The primary objectives of the AGNPS 3.65 model gsialwere to: 1) evaluate NPS pollutant
contributions within the watershed; 2) identifytimal pollutant source areas within the waters|aet
3) evaluate potential nutrient (nitrogen, phospblptoad reductions that can be achieved through
various BMP implementation scenarios.

The AGNPS 3.65 model is a single event model thatttventy input parameters. Sixteen parameters
were used to calculate nutrient/sediment outpufase runoff, and erosion. The parameters used
include: receiving cell, aspect, SCS curve, perskige, slope shape, slope length, Manning’s
roughness coefficient, K-factor, C-factor, P-facgurface conditions constant, soil texture, fiegi
inputs, point source indicators, COD factor, andrctel indicator.

The AGNPS 3.65 model was used in conjunction witlingéensive land use survey to determine
critical areas within the Sheep Creek Dam watersl&iteria used during the land-use assessment
include percent cover on cropland and pasture/rangditions. These criteria were used to determine
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the C factor for each cell. The model was rungisimrrent conditions determined during the land use
assessment. Based on land use and watershedtehatas observed during the TMDL study,
current annual run-off and annual nutrient yieldsevestimated for the watershed using the AGNPS
model (Table 14).

Table 14. Runoff and Event Based Yield Summary fothe Sheep Creek Dam Watershed

Watershed studied Sheep Creek Da
The Area of the Watershec 37,827 acre
The Area of Each Cell 40.00 acre
The Characteristic Storm Precipitatio 3.00 inche
The Storm Enerc-intensity Value i 106.4
Values at the Watershed Outle
Outlet Cell 4
Runoff Volume 1.01 inche
Peak Runoff Ra 2,740.96 cf
Total NitrogenYield in Sedimer 0.3¢€ Ibs/acr
Total Soluble Nitroge Yield in Runoft 0.29 Ibs/acr
Soluble Nitrogen Concentration in Run 1.26 ppn
Total Phosphort Yield in Sedimer 0.18 Ibs/acr
Total Soluble Phosphor Yield in Runoff 0.04 Ibs/acr
Soluble Phosphorus Concentrin in Runofi 0.16 ppn
Total Soluble Chemical Oxygen Dem: Yield in Runoff 15.88 Ibs/act
Soluble Chemical Oxygen Demand Concentration in Ri 69.51 ppr
Total Event BaseSedimer Loac 2,115.25 tor
Mean Sediment Concentrat 487.38 ppr
Total Sedinent Yielc 0.06 tons/aci

Additional modeling comparisons were made by chag¢and use practices on selected portions of
the watershed. The watershed was divided into 8@%cre cells for evaluation. Each cell was
evaluated for soil characteristics, terrain, amditase characteristics (Table 15).

The AGNPS model predicted that based on the 2Q0dirig practices in the Sheep Creek Dam
watershed, composed of a mixture of cropland, CRPrangeland, the total nitrogen in sediment
yield would be 0.36 pounds per acre and the tdtasphorus in sediment yield would be 0.18 pounds
per acre (Table 14). However, by altering somiefland management practices in the watershed, a
sizeable reduction in total nitrogen (TN) and tqdabsphorus (TP) yield and loading can be expected.
The following changes were input into the AGNPS eiod

Land practices in cells with a land slope gredtant5 percent were converted to CRP;

No till or zero till cultivation was applied to albw crop or small grain crops;

Wheat rotations on land with less than 5 percegesivere put in a continuous wheat rotation;
Total containment of waste from all concentrateddiock feeding operations in the
watershed;

All pasture land was converted to excellent conditand
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All alfalfa in the watershed was left unchanged.

A total reduction in runoff yield of 0.15 Ibs/adfEN) in sediment and 0.07 Ibs/acre (TP) in sediment

is estimated to result from these practices (Tab)eresulting in an overall reduction of 42 percent
in sediment and 39 percent TP in sediment in thenshed, respectively. As expected, soluble

nutrient concentrations were sizably reduced byeshing the CAFOS in the watershed resulting in a

total (sediment and soluble) phosphorus and nitrggeld reduction of 45 and 37 percent,

respectively.
Table 15. Sheep Creek Dam Watershed AGNPS Summary.
Watershed Studied
Area of Watershed 37,827 acres
Area of Each Cell 40.00 acres
Characteristic Storm Precipitation 3.00 inches
Storm Energy-Intensity Value 106.4 inches
Values at the Watershed Outlet
5% and
5% and ?g%ﬁ; s+lope
2004 ?Oreéeléepr slope containment
Land Use of 100% of
Original Conditions CAFOs
Number of Cells 945 945 945
Runoff Volume 1.01 inches 1.01 inches 1.01 inches
Peak Run-off Rate 2,740.96 cfs 2,740.96 cfs 2,740.96 cfs
Total Nitrogen Yield in Sediment 0.36 Ibs/acre 0.21 Ibg/act 0.21 Ibs/acre
Total Soluble Nitrogen Yield in Runoff 0.29 Ibs/acre PlBs/acre 0.20 Ibs/acre
Soluble Nitrogen Concentration in Runoff 1.26 ppm Ippfn 0.87 ppm
Total Phosphorus Yield in Sediment 0.18 Ibs/acre 0.4/ade 0.11 Ibs/acre
Total Soluble Phosphorus Yield in Runoff 0.04 Ibs/acre | .040bs/acre 0.01 Ibs/acre
Soluble Phosphorus Concentration in Runoff 0.16 ppm 16 ppm 0.05 ppm
Total Soluble Chemical Oxygen Demand Yield in Runoff 15%8%cre 15.88 Ibs/acre  14.53 Ibs/acie
Soluble Chemical Oxygen Demand Concentration in Runoff 168 69.51 ppm 63.61 ppm

Additional land management practices or situatiblas may significantly reduce nutrient runoff
yields, although outside the scope of the landnugéel currently imployed, include exclusion of

cattle from the riparian area, intensive grazinghaggement, and the replacement or repair of possible
faulty septic systems in the watershed. The Uriiitades Department of Agriculture’s Stream Visual
Assessment Protocol noted livestock access prese2f of 31 sites evaluated, and estimated 24
farmstead sites in the watershed while conductiegstream assessment. Although not all farmsteads
had residents, they were used to store grain artiimery or for livestock feeding.
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6.0 MARGIN OF SAFETY AND SEASONALITY
6.1 Margin of Safety

Section 303(d) of the Clean Water Act and EPA’sutatipns require that “TMDLs should be
established at levels necessary to attain and anaitite applicable narrative and numerical water
guality standards with seasonal variations and igimaf safety that takes into account any lack of
knowledge concerning the relationship between efitdimitations and water quality.” The margin of
safety (MOS) can either be incorporated into coretere assumptions used to develop the TMDL
(implicit) or added as a separate component oTtBL (explicit). For the purposes of this nutrient
TMDL, a MOS of 10% of the loading capacity will beed and set aside as an explicit MOS.

Assuming the combined “normal” year tributary ldadsheep Creek Dam is 442.5 kg of total
phosphorus and the goal of a 50% reduction in tatydoad and internal cycling has been set as the
TMDL, this would result in a target loading capgaf 221.25 kg of total phosphorus per year. A 10
% explicit margin of safety for the TMDL would b&.23 kg per year.

Post-implementation monitoring and adaptive manag¢muring the implementation phase can also
be used to assure attainment of the TMDL targets.

6.2 Seasonality
Section 303(d)(1)(C) of the Clean Water Act andBER&A’s regulations require that a TMDL be
established with seasonal variations. Sheep (daek's TMDL addresses seasonality because the
BATHTUB model incorporates seasonal differencessiprediction of annual total phosphorus and
nitrogen loadings.
7.0 TMDL
Table 16 and the following summarize the nutrielDL for Sheep Creek Dam in terms of loading capacit
(LC), waste load allocations (WLA), load allocat®ofiLA), and a margin of safety (MOS). The TMDL can
be generically described by the following equation.
TMDL = LC = WLA + LA + MOS
Where:

LC = loading capacity, or the greatest loading tevedy can receive without
violating water quality standards;

WLA = waste load allocation, or the portion of fAiIDL allocated to existing or future
point sources;

LA = load allocation, or the portion of the TMDU@tated to existing or future non-
point sources; and

MOS = margin of safety, or an accounting of theaxtainty about the relationship
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between pollutant loads and receiving water qualitile margin of safety can be provided
implicitly through analytical assumptions or exglicby reserving a portion of the loading
capacity as a MOS.

7.1 Nutrient TMDL

Table 16. Summary of the Phosphorus TMDL for Sheegreek Dam.

Total
TMDL Allocation Phosphorus
(kglyr) Explanation
Existing Load 442.50 Determined through the BATHTUB elogl
50% total reduction based on BATHTUB
Loading Capacity 221.25 modeling
Waste load Allocation 0.0 No point sources
Entire loading capacity minus MOS is
Load Allocation 199.12 allocated to non-point sources
10% of the loading capacity is reserved as
MOS 22.13 an explicit margin of safety

Based on data collected in 2004, the existing toad8heep Creek Dam is estimated at 442.5 kg.
Based on the BATHTUB and AGNPS modeling resul8)% reduction in the existing total
phosphorus loading to Sheep Creek Dam will resudt predicted TMDL target total phosphorus
concentration of 0.129 mg/L, therefore the TMDLLoading Capacity is 221.25 kg. Assuming that
10% of the loading capacity (221.25 kg/yr) is egiplly assigned to the margin of safety (22.13 kg)
and there are no point sources in the watershed,a of the remaining loading capacity is assigne
to the load allocation (199.12 kg/yr).

8.0 ALLOCATION

Sheep Creek Dam’s watershed is relatively smallsangborts extensive agriculture where cropland
constitutes a majority of the land use. Sub-digdi into smaller units, based on hydrology oretyy
conservation practice implemented, would not betpral. It is assumed that this TMDL will be
implemented by producers in the watershed on anteér basis Phosphorus loads into the reservoir will be
reduced by treating the AGNPS identified criticalle. There are 631- 40 acre cells within the pHerek
Dam watershed identified as “critical” by the AGNR®del (Figure 9). Critical cells are those wilidw,
small grains, or land chiseled multiple times; &il\as all feedlots, and land with a slope gretitan five
percent. These cells represent a total area 8fR5cres or 67 percent of the watershed. Baséakeon
AGNPS model results and our best professional judgnif these critical areas in the watershed angeted
for treatment with BMPs (no till, nutrient managemegrazing systems, native/tame grass seedingeep s
slopes, etc.) and producers effectively excluddectom the riparian area of the watershed, thereb
improving riparian health and the natural buffetha# tributaries, then the specified phosphorud loa
reduction is possibleAlso, by effectively using the hypolimnetic drawvdo according to recommendations
from the NDDoH and the North Dakota Game and Fishgwith other BMP’s to reduce internal
phosphorus loading, an additional phosphorus l@adedse and possible added improvement in winter
dissolved oxygen levels can be expected.
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Figure 9. AGNPS Identification of Critical Areas for BMP Implementation.

While it is believed that instituting BMPs will nel¢ in the needed water quality improvements, tiséohy of
sediment and nutrient deposition may strongly efigernal nutrient cycling. The correct use daf th
hypolimnetic draw down may aid in improving wateratjty, as well as providing an additional margin o
safety for the phosphorus TMDL. Additionally, pigbivillingness towards accepting conservation pcast
will be necessary to facilitate the implementatdnhe additional BMPs that are needed.

The TMDL in this report is a plan to improve watgrality by implementing BMPs through a volunteer,
incentive-based approach. This TMDL plan is puthf@as a recommendation to what must be accomplishe
for Sheep Creek Dam and its watershed to meet iantelgb its beneficial uses. Water quality monitgri
should continue to assess the effects of the re@rdations made in this TMDL. Monitoring may indiea
that the loading capacity recommendations shouladpested.

9.0 PUBLIC PARTICIPATION

To satisfy the public participation requirementtus TMDL, a hard copy of the TMDL for Sheep Creek
Dam and a request for comment was mailed to ppatiicig agencies and partners. Those includeckin th
mailing of a hard copy were as follows:

Grant County Soil Conservation District;
Grant County Water Resource Board,
Natural Resource Conservation Service (State Otk Grant County Field Office);
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North Dakota Game and Fish Department (Save Oued &ogram);
U.S. Environmental Protection Agency, Region Véiid
U.S. Fish & Wildlife Service.

In addition to mailing copies of this TMDL for She€reek Dam to interested parties, the TMDL was
posted on the North Dakota Department of Healtkidn of Water Quality web site at
http://www.health.state.nd.us/wgA 30 day public notice soliciting comment andtjggation was also
published in the following newspapers:

The Grant County News, Published November 28, 2007
The Bismarck Tribune, Published November 28, 2007

The 30-day public notice was held from NovemberZ&)7 through December 28, 2007. Comments were
received from the Environmental Protection AgerRggion 8 and the North Dakota Game and Fish
Department. Formal written comments received ftbenEnvironmental Protection Agency, Region 8 are
provided in Appendix D. All informal editorial caments received from the EPA and the North Dakota
Game and Fish Department were addressed and dite imthe North Dakota Department of Health offic

in Bismarck, North Dakota.

10.0 MONITORING

To insure that BMPs implemented as part of any isael restoration plan will reduce phosphorus logsli
to levels prescribed in this TMDL, water quality nitwring will be conducted in accordance with an
approved Quality Assurance Project Plan (QAPP)ecBigally, monitoring will be conducted for all
variables that are currently causing impairmenthiéobeneficial uses of the waterbody. These irglbdt
are not limited to, nutrients (i.e., nitrogen afbgphorus). Once a watershed restoration plan &egtion
319 Project Implementation Plan) is implementednitaoing will be conducted in the reservoir begimmi
two years after implementation and extending 5yeéter the implementation project is complete.

11.0 TMDL IMPLEMENTATION STRATEGY

Implementation of TMDLSs is dependent upon the ality of Section 319 NPS funds and/or other
watershed restoration programs (e.g. USDA Environtaie€uality Incentive Program), as well as seayrin
a local project sponsor and the required matching$. Provided these three requirements are i ptac
project implementation plan (PIP) is developeddoaadance with the TMDL and submitted to the ND
Nonpoint Source Pollution Task Force and the US ERApproval. The implementation of the BMPs
contained in the NPS pollution PIP is voluntaryefiéfore, success of any TMDL implementation project
ultimately dependent on the producers in the whegtdo voluntarily implement BMPs needed to meet th
TMDL goal.

Monitoring is an important and required compondrdry PIP. As a part of the PIP, data are coltbtbe
monitor and track the effects of BMP implementati@well as to judge overall project success. Qual
Assurance Project Plans (QAPPSs) detail the stratébpw, when, and where monitoring will be conaakt
to gather the data needed to document the TMDLemphtation goal(s). As data are gathered and
analyzed, watershed restoration tasks are adapt@ddde BMPs where they will have the greatest fiteioe
water quality.
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12.0 ENDANGERED SPECIES ACT COMPLIANCE

The North Dakota Department of Health has reviethedist of Threatened and Endangered SpeciesantGr
County as provided by the US Fish and Wildlife $Ss\(Appendix C). Although there are listed spscie
present in the county they do not utilize the waaely that is targeted by this TMDL. It is therafpthe
Department’s best professional judgment that treefiCreek Dam TMDL poses “No Adverse Effect” to
those Threatened and Endangered species list&tdmt County.

As mentioned in Section 9.0, a copy of this TMDpao# was sent to the US Fish and Wildlife Servioe f
their review during the public comment period. ¢tmmments were received from the US Fish and Wadlif
Service.
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Appendix A

A Calibrated Trophic Response Model (Bathtub) for $ieep Creek Dam
As a Tool to Evaluate Various Nutrient Reduction Aternatives
Based on Data Collected by the Grant County Soil Gwervation District from
January 4, 2004 through November 3, 2004
Prepared by
Peter Wax
June 28, 2006

Introduction

In order to meet the project goals, as set fortkheyproject sponsors of improving the trophic gbod
of Sheep Creek Dam to levels capable of maintaithegeservoirs beneficial uses (e.qg., fishing,
recreation, and drinking water supply), and thesotiyes of this project, which are to: (1) devedop
nutrient and sediment budget for the reservoirjd@ntify the primary sources and causes of nusiand
sediments to the reservoir; and (3) examine ancematommendations for reservoir restoration measure
which will reduce documented nutrient and sedini@adings to the reservoir, a calibrated trophic
response model was developed for Sheep Creek Diaenmbdel enables investigations into various
nutrient reduction alternatives relative to thej@cogoal of improving Sheep Creek Dartrophic status.
The model will allow resource managers and theipublrelate changes in nutrient loadings to the
trophic condition of the reservoir and to set itadilake restoration goals that are scientifically
defensible, achievable, and socially acceptable.

Methods

For purposes of this project, the BATHTUB programmswise to predict changes in trophic status based o
changes in nutrient loading. The BATHTUB programyeloped by the US Army Corps of Engineers
Waterways Experiment Station (Walker 1996), appieempirically derived eutrophication model to
reservoirs. The model is developed in three phasesfirst two phases involve the analysis and cédo

of the tributary and in-lake water quality dataeThird phase involves model calibration. In theada
reduction phase, the in-lake and tributary moniigata collected as part of the project are sunzedr

or reduced, in a format which can serve as injute¢ model. The following is a brief explanatidrttte
computer software, methods, and procedures ussmhtplete each of these phases.

Tributary Data

To facilitate the analysis and reduction of trilbytaflow and outflow water quality and flow datiaet
FLUX program was employed. The FLUX program, alsgadoped by the US Corps of Engineers
Waterways Experiment Station (Walker 1996), use€aiculation techniques to estimate the average
mass discharge or loading that passes a givenangream site. FLUX estimates loadings basedrab g
sample chemical concentrations and continuous flailyrecord. Load is therefore defined as the nudss
a pollutant during a given time period (e.g., halay, month, season, year). The FLUX program allows
the user, through various iterations, to selecntbst appropriate load calculation technique and da
stratification scheme, either by flow or date, whwill give a load estimate with the smallest statal
error, as represented by the coefficient of varmatOutput from the FLUX program is then providedaa



input file to calibrate the BATHTUB eutrophicatioesponse model. For a complete description of the
FLUX program the reader is referred to Walker (1996

Lake Data

Sheep Creek Dam in-lake water quality data wasaedlusing Microsoft Excel. The data was reduced in
excel to provide three computational functionsjudmg: (1) the ability to display constitutes as a
function of depth, location, and/or date; (2) cdtel summary statistics (e.g., mean, median amaigtd
error in the mixed layer of the lake or reservaangd (3) track the temporal trophic status. Ahiesdase

with FLUX, output from the Excel program is usedrgsut to calibrate the BATHTUB model.

Bathtub Model Calibration

As stated previously, the BATHTUB eutrophicationdabwas selected for this project as a means
evaluating the effects of various nutrient reduttdternatives on the predicted trophic statushee®
Creek Dam. BATHTUB performs water and nutrient bakacalculations in a steady-state. The
BATHTUB model also allows the user to spatially et the reservoir. Eutrophication related water
guality variables (e.g., total phosphorus, tot&dogien, chlorophylle, Secchi depth, organic nitrogen,
orthophosphorous, and hypolimnetic oxygen deplataba) are predicted using empirical relationships
previously developed and tested for reservoir syst@NValker 1985).

Within the BATHTUB program the user can select fremnschemes based on reservoir morphometry and
the needs of the resource manager. Using BATHT@Buter can view the reservoir as a single spatially
averaged reservoir or as single segmented reseff@ruser can also model parts of the reserwaih s

as an embayment, or model a collection of resesvBior purposes of this project, Sheep Creek Das wa
modeled as a single, spatially averaged, reservoir.

Once input is provided to the model from FLUX andé&, the user can compare predicted conditions
(i.e., model output) to actual conditions. SinceTBN UB uses a set of generalized rates and factors,
predicted vs. actual conditions may differ by adaof 2 or more using the initial, un-calibratedodel.
These differences reflect a combination of measargrarrors in the inflow and outflow data, as vesl
unigue features of the reservoir being modeled.

In order to closely match an actual in-lake cowoditivith the predicted condition, BATHTUB allows the
user to modify a set of calibration factors (TabjeFor a complete description of the BATHTUB model
the reader is referred to Walker (1996).



Table 1. Selected model parameters, number and ndmodel, and where appropriate the calibration
factor used for Sheep Creek Dam Bathtub Model.

Model Option Model Selection Calibration Factor
Conservative Substance 1 Computed 1.000
Phosphorus Balance 7 Settling ®igjo 1.180
Phosphorus — Ortho P 7 0.800
Nitrogen Balance 5 Bachmarsking 1.080
Organic Nitrogen 5 2.400
Chlorophyll-a 1 P,Nght, T 1.000
Secchi Depth 1 Vs. C&laurbidity 4.000
Phosphorus Calibration 2 Concentrations NA
Nitrogen Calibration 2 Concentraso NA
Avalilability Factors 0 All Modelsxcept 2 NA
Mass-Balance Tables 0 Use Obsenmaéntrations NA

Results

The trophic response model, BATHTUB, has been catial to match Sheep Creek Dartmophic
response for the project period January 9, 20Gutir November 3, 2004. This is accomplished by
combining tributary loading estimates for the pebjeeriod with in-lake water quality estimates.bltary
flow and concentration data for the project peaoel reduced by the FLUX program and the
corresponding in-lake water quality data are reduddizing Excel. The output from these two pragsa
is then provided as input to the BATHTUB model. Thedel is calibrated through several iteratiornst fi
by selecting appropriate empirical relationshipsmmdel coefficients (e.g., nitrogen and phosphorus
sedimentation, nitrogen and phosphorus decay, oxgigpletion, and algal/chlorophyll growth), and
second by adjusting model calibration factors farse coefficients (Table 1). The model is termed
calibrated when the predicted estimates for thehiresponse variables are similar to observaohasts
made from project monitoring data.

The two most important nutrients controlling trophésponse in Sheep Creek Dam are nitrogen and
phosphorus. After calibration the observed aveegrial concentration of total nitrogen and total
phosphorus compare well with those of the BATHTUBd®l. The model predicts that the reservoir has
an annual volume weighted average total phosphammsentration of 0.253 mg'Land an annual average
volume weighted total nitrogen concentration of8B.4ng L'* compared to observed values for total
phosphorus and total nitrogen of 0.254 nigand 1.486 mg T, respectively (Table 2). The BATHTUB
model also predicts annual total phosphorus loadin12.5 kg/yr and total nitrogen loading at 3,658

kglyr.

Other measures of trophic response predicted byntiael are average annual chlorophyll-a concentrati
and average Secchi disk transparency. The calibratelel did just as good a job of predicting averag
chlorophyll-a concentration and Secchi disk transpay within the reservoir as total phosphorus and
total nitrogen (Table 2).

Once predictions of total phosphorus, chlorophyBsad Secchi disk transparency are made, the model
calculates Carlsos Trophic Status Index (TSI) (Carlson 1977) as amaef expressing predicted trophic
response (Table 2). CarlserTSI is an index that can be used to measurestagve trophic state of a



lake or reservoir. Simply stated, trophic statkas much production (i.e., algal and weed growttguss
in the waterbody. The lower the nutrient concerdrest are within the waterbody the lower the proatunct
and the lower the trophic state or level. In costirancreased nutrient concentrations in a lakeservoir
increase the production of algae and weeds whidtertiee lake or reservoir more eutrophic or of abig
trophic state. Oligotrophic is the term which déses the least productive lakes and hypereutroptite
term used to describe lakes and reservoirs witessiee nutrients and primary production.

Table 2. Observed and Predicted Values for Seleltephic Response Variables for the
CalibratedBATHTUB Model.

Value

Variable Observed Predicted
Total Phosphorus as P (mg/L) 0.254 0.253
Total Nitrogen as N (mg/L) 1.486 1.483
Organic Nitrogen as N (mg/L) 1.421 1.411
Chlorophyll-a ( g/L) 16.00 15.60
Secchi Disk Transparency (meters) 1.60 1.68
Carlsons TSI for Phosphorus 084. 83.94
Carlsons TSI for Chlorophyll-a 50.8 57.55
Carlsons TSI for Secchi Disk 53.23 52.51

Figure 1 provides a graphic summary of the TSI egfiog each trophic level compared to values foheac
of the trophic response variables. The calibratedehprovided predictions of trophic status whicé a
similar to the observed TSI values for the propeiod (Table 2). Predicted and observed TSI vdioes
phosphorus and Secchi disk suggest Sheep Creekddaypereutrophic, while the TSI value chlorophyll-
a indicated the reservoir is eutrophic. Figure & ggaphic that shows the annual temporal disiobuf
Sheep Creek Damtrophic state based on the three parametersptadaphorus as phosphorus, and
chlorophyll-a concentrations and Secchi disk déyathsparency.

Model Predictions

Once the model is calibrated to existing conditiahe model can be used to evaluate the effectsgeak
any number of nutrient reduction or lake restoratitiernatives. This evaluation is accomplished by
comparing the predicted trophic state, as reflebte@arlsors TSI, with currently observed TSI values.
Modeled nutrient reduction alternatives are presgin three basic categories: (1) reducing extgrnal
derived nutrient loads; (2) reducing internally itadale nutrients; and (3) reducing both external an
internal nutrient loads. For Sheep Creek Dam oxigraal nutrient loads were addressed. External
nutrient loads were addressed because they arenkitogause eutrophication and because they are
controllable through the implementation of watetsBest Management Practices (BMPS).



Figure 1. Graphic depiction of Carlson's Trophic Statdsxn
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Figure 2. Temporal distribution of Carlson's Trophiat&$ Index scores for Sheep Creek Dam (1-9-2003 thou§h2004)

Predicted changes in trophic response to Sheek Ora® were evaluated by reducing externally derived
phosphorus loads by 25, 50, and 75 percent. Tresetions were simulated in the model by redudireg t



phosphorus concentrations in the contributing tebpand other external delivery sources by 25ab@,
75 percent. Since there is no reliable means ohashg how much hydraulic discharge would be
reduced through the implementation of BMPs, flovswald constant.

The model results indicate that if it were posstbleeduce external phosphorus loading to SheepkCre
Dam by 75 percent, the average annual total phogplamd chlorophyll-a concentrations in the lake
would decrease and Secchi disk transparency depildvincrease measurably (Table 3, Figure 3). It is
also likely, that this large a reduction in nuttiesad would result in an improvement to the traptatus
of Sheep Creek Dam that would be noticeable t@tteeage lake as the reduction in the amount oingree
in the lake and overall clarity would increasedaonearly to the mesotrophic range.

With a 75 percent reduction in external phosphand nitrogen load, the model predicts a reduahon
Carlsons TSI score from 57.80 to 52.78 for chlorophyllral drom 53.23 to 36.33 for Secchi disk
transparency, corresponding to a trophic stateitvbphic and mesotrophic, respectively.

Table 3. Observed and Predicted Values for Saleltephic Response Variables Assuming a
25, 50, and 75 Percent Reductidaxternal Phosphorus and Nitrogen Loading.

Predicted

Variable Observed 25 % 50 % 75 %
Total Phosphorus as P (mg/L) 0.254 0.192 0.129 0.068
Total Diss. Phosphorus as P (mg/L) 0.216 0.155 0.095 0.039
Total Nitrogen as N (mg/L) 1.486 1.144 0.805 0.466
Organic Nitrogen as N (mg/L) 1.421 1.358 NA NA
Chlorophyll-a ( g/L) 16.00 14.64 12.93 9.60
Secchi Disk Transparency (meters) 1.60 2.12 2.93 5.17
Carlsons TSI for Phosphorus 84.00 79.94 74.27 65.00
Carlsons TSI for Chlorophyll-a 57.80 56.93 55.71 52.78

Carlsons TSI for Secchi Disc 53.23 59.20 44.49 36.33
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BATHTUB DATA

GROSS MASS BALANCE BASED UPON OBSERVED CONCENTRANS
COMPONENT: TOTAL P

----- LOADING ---- --- VARIA NCE --- CONC EXPORT
ID T LOCATION KG/YR %(l) KG/YR**2 %() CV MG/M3 KG/KM2
11 Inlet 4425 97.7 .512E+05 99.9 511 250.0 29
2 4 Outlet 561.6 124.0 .168E+04 3.3 .073 208.0 3.7
PRECIPITATION 10.3 2.3 .263E+02 .1 .500 .0 30.0
TRIBUTARY INFLOW 4425 97.7 .512E+05 99.9 511 250.0 2.9
**TOTAL INFLOW 452.8 100.0 .512E+05 100.0 .500 255.8 3.0
GAUGED OUTFLOW 685.8 151.5 .000E+00 .0 .000 254.0 4.5
ADVECTIVE OUTFLOW -236.2 -52.2 .505E+05 98.7 .952 254 Q**Fkrrxk
*»**TOTAL OUTFLOW 449.6 99.3 .505E+05 98.7 .500 254.0 29
*»**RETENTION 3.2 .7 .224E+04 449999 0 .0
HYDRAULIC = -------m-mme- TOTALP - e
OVERFLOW RESIDENCE  POOL RESIDENCE TURNOVER RETENTION
RATE TIME CONC TIME RATIO COEF
M/YR YRS MG/M3 YRS - -
518 .8560 254.0 .8500 1.1765 .0070

GROSS MASS BALANCE BASED UPON OBSERVED CONCENTRANS
COMPONENT: TOTAL N

----- LOADING ---- --- VARIA NCE --- CONC EXPORT
ID T LOCATION KG/YR %(l) KG/YR**2 %(l) CV MG/M3 KG/KM2
11 Inlet 3658.6 91.5 .339E+07 99.1 .503 2067.0 23.9
2 4 Outlet 4074.3 101.8 .484E+05 1.4 .054 1509.0 26.6
PRECIPITATION 342.0 8.5 .292E+05 .9 .500 .0 1000.0
TRIBUTARY INFLOW 3658.6 91.5 .339E+07 99.1 .503 2067.0 23.9
**TOTAL INFLOW 4000.6 100.0 .342E+07 100.0 .462 2260.2 26.1
GAUGED OUTFLOW 4012.2 100.3 .000E+00 .0 .000 1486.0 26.2
ADVECTIVE OUTFLOW -1382.0 -34.5 .173E+07 50.6 .952 1486.0********
**TOTAL OUTFLOW 2630.2 65.7 .173E+07 50.6 .500 1486.0 17.1
***RETENTION 1370.4 34.3 .337E+06 99 424 0 O
HYDRAULIC - TOTALN - e
OVERFLOW RESIDENCE  POOL RESIDENCE TURNOVER RETENTION
RATE TIME CONC TIME RATIO COEF

M/YR YRS MG/M3 YRS - -
5.18 .8560 1486.0 .5628 1.7770 .3425



Appendix B

Flux Data

Sheep Creek Dam Inlet 385293 Flux Load Analysis

Sheep Creek Dam'’s Inlet 385293. Data Collected by t
(Joyce Hummel) in 2004

Average Sample Interval = 6.0 Days, Date Range =
Maximum Sample Interval = 13 Days, Date Range =
Percent of Total Flow Volume Occurring In This Int

Total Flow Volume on Sampled Days = 81.7h
Total Flow Volume on All Days = 645.3 h
Percent of Total Flow Volume Sampled = 12.7%

Maximum Sampled Flow Rate = 50.11 hm3/yr
Maximum Total Flow Rate =  123.84 hm3/yr

Number of Days when Flow Exceeded Maximum Sampled

Percent of Total Flow Volume Occurring at Flow Rat
Maximum Sampled Flow Rate = 44.6%

Sheep Creek Inlet 2004 VAR=nh3-4 MET

he Grant CO SCD

20040311 to 20040722
20040610 to 20040624
erval= . 7%

m3
m3

Flow = 3 out of 363
es Exceeding the

HOD= 3 1JC

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL

1 321 14 14 5.7 114 4
2 22 5 5 6.0 1.745 1.9
3 20 3 3 884 28.520 22.0
ool 363 22 22 100.0 1.778 3.7

FLOW STATISTICS

FLOW DURATION = 363.0 DAYS = .994 YEARS
MEAN FLOW RATE = 1.778 HM3/YR

TOTAL FLOW VOLUME = 1.77 HM3

FLOW DATE RANGE =20031231 TO 20041227
SAMPLE DATE RANGE = 20040311 TO 20040722

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI
1 AV LOAD 665.8 669.9 .2447
2QWTDC 844.2 849.4  .3980

313C 889.5 895.0 .2171

4 REG-1 1249.8 1257.5  .1538
5 REG-2 1320.4 13285 .1824
6 REG-3 8663.0 8716.7  .1040

Sheep Creek Inlet 2004 VAR=no2+no3 MET

Sheep Creek Inlet 2004 VAR=no2+no3 MET

OW C/Q SLOPE SIGNIF
12 379 .433

46 449 875

73 1.553 .415

15

ANCE CONC (PPB) CV
E+06 376.84 .738
E+05 477.81 .235
E+05 503.47 .165
E+11 707.39 98.610
E+12 747.33 321.476
E+12 4903.35 37.004

HOD= 3 1JC

HOD=3 1JC

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL

1 321 14 14 5.7 114 4

2 22 5 5 6.0 1.745 1.9

3 20 3 3 884 28.520 22.0

b 363 22 22 100.0 1.778 3.7

FLOW STATISTICS

FLOW DURATION = 363.0 DAYS = .994 YEARS

OW C/Q SLOPE SIGNIF
12 153 .536

46 2.639 .212

73 1.349 .430

15



MEAN FLOW RATE = 1.778 HM3/YR

TOTAL FLOW VOLUME = 1.77 HM3

FLOW DATE RANGE =20031231 TO 20041227
SAMPLE DATE RANGE = 20040311 TO 20040722

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI
1 AV LOAD 811.1 816.1  .3418
2QWTDC 1031.2 1037.6  .3757

313C 1076.6 1083.3 .1281

4 REG-1 1445.7 1454.6  .8244
5 REG-2 1520.8 1530.2  .9270
6 REG-3 7166.4 7210.8  .4569E

Sheep Creek Inlet 2004 VAR=inorg-n MET

Sheep Creek Inlet 2004 VAR=inorg-n ME

ANCE CONC (PPB) CV
E+06 459.06 .716
E+05 583.68 .187
E+05 609.38 .104
E+10 818.26 62.420
E+11 860.78 198.965
+11 4056.24 29.642

HOD= 3 1JC

THOD=3 1JC

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL

1 321 14 14 5.7 114 A
2 22 5 5 6.0 1.745 1.9
3 20 3 3 884 28.520 22.0
ok 363 22 22 100.0 1.778 3.7

FLOW STATISTICS

FLOW DURATION =  363.0 DAYS = .994 YEARS
MEAN FLOW RATE = 1.778 HM3/YR

TOTAL FLOW VOLUME = 1.77 HM3

FLOW DATE RANGE =20031231 TO 20041227
SAMPLE DATE RANGE = 20040311 TO 20040722

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI
1 AV LOAD 1476.8 1486.0 .1165
2QWTDC 1875.4 1887.0 .1543

313C 1966.1 1978.3 .6776

4 REG-1 2685.8 2702.4  .3985

5 REG-2 2830.7 2848.2  .4580

6 REG-3 15011.8 15104.9 .2382
Sheep Creek Inlet 2004 VAR=tn MET
Sheep Creek Inlet 2004 VAR=tn ME

OW C/Q SLOPE SIGNIF
12 265 471

46 2.404 .295

73 1.429 .423

15

ANCE CONC (PPB) CV
E+07 835.90 .726
E+06 1061.49 .208
E+05 111285 .132
E+11 1520.18 73.868
E+12 1602.17 237.598
E+12 8496.83 32.314

HOD= 3 1JC

THOD=3 1JC

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL

1 321 14 14 5.7 114 A
2 22 5 5 6.0 1.745 1.9
3 20 3 3 884 28.520 22.0
bl 363 22 22 100.0 1.778 3.7

FLOW STATISTICS

FLOW DURATION =  363.0 DAYS = .994 YEARS
MEAN FLOW RATE = 1.778 HM3/YR

TOTAL FLOW VOLUME = 1.77 HM3

FLOW DATE RANGE =20031231 TO 20041227
SAMPLE DATE RANGE = 20040311 TO 20040722
METHOD MASS (KG) FLUX (KG/YR) FLUX VARIA
1 AV LOAD 3158.9 3178.5 .3122
2QWTDC 3588.1 36104  .7852

313C 3652.4 3675.0 .4384

4 REG-1 3745.9 3769.2 1754

OW C/Q SLOPE SIGNIF
12 -.082 .568

46 433 .109

73 175 374

15

NCE CONC (PPB) CV
E+07 1787.96 .556
E+05 2030.91 .078
E+05 2067.29 .057
E+07 2120.23 .351



5 REG-2
6 REG-3

Sheep Creek Inlet 2004

Sheep Creek Inlet 2004

3762.6
3745.9

3786.0
3769.2

.5884
.2594

VAR=td-p MET

VAR=td-p ME

E+07 2129.69 .641
E+07 2120.23 .427

HOD= 3 1JC

THOD=2QWTD C

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR
1
2

*kk

NQ NC NE VOL% TOTAL FLOW SAMPLED FL
335 15 15 8.7 .168 A
28 5 5913 21.035 4.5
363 20 20 100.0 1.778 1.4

FLOW STATISTICS

FLOW DURATION =
MEAN FLOW RATE =
TOTAL FLOW VOLUME =

363.0 DAYS = .994 YEARS
1.778 HM3/YR
1.77 HM3

FLOW DATE RANGE =20031231 TO 20041227
SAMPLE DATE RANGE = 20040315 TO 20040722

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI
1 AV LOAD 115.7 116.4  .1395
2QWTDC 374.9 377.3  .9968

313C 371.9 3742 .1108

4 REG-1 598.2 601.9 .1046

5 REG-2 1699.0 1709.6  .1872

6 REG-3 622.7 626.6 .5384

Sheep Creek Inlet 2004

Sheep Creek Inlet 2004

VAR=tp  MET

VAR=tp  ME

OW C/Q SLOPE SIGNIF
65 -475 412

96 517 .395

98

ANCE CONC (PPB) CV
E+04 6547 .321
E+04 21222 .265
E+05 21049 .281
E+08 338.60 5.373
E+10 961.67 25.307
E+07 352.47 3.703

HOD=2QWTD C

THOD=3 1JC

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR
1
2
3

*kk

NQ NC NE VOL% TOTAL FLOW SAMPLED FL
321 14 14 5.7 114 A
22 5 5 6.0 1.745 1.9
20 3 3 884 28.520 22.0
363 22 22 100.0 1.778 3.7

FLOW STATISTICS

FLOW DURATION =
MEAN FLOW RATE =
TOTAL FLOW VOLUME =

363.0 DAYS = .994 YEARS
1.778 HM3/YR
1.77 HM3

FLOW DATE RANGE =20031231 TO 20041227
SAMPLE DATE RANGE = 20040311 TO 20040722

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI
1 AV LOAD 408.4 4109  .3187
2QWTDC 460.4 463.2  .6545

313C 441.9 4446 2221

4 REG-1 436.2 438.9  .2480

5 REG-2 423.3 4259  .2687

6 REG-3 467.3 470.2  .2596

Sheep Creek Inlet 2004

Sheep Creek Inlet 2004

VAR=tss MET

VAR=tss ME

OW C/Q SLOPE SIGNIF
12 -394 .369

46 1.331 .355

73 -.292 426

15

ANCE CONC (PPB) CV
E+05 231.13 .434
E+04 260.57 .175
E+04 250.12 .106
E+05 246.91 .359
E+05 239.61 .385
E+05 264.49 .343

HOD= 3 1JC

THOD=3 1JC

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR
1

NQ NC NE VOL% TOTAL FLOW SAMPLED FL
321 13 13 5.7 114 A4

OW C/Q SLOPE SIGNIF
10 -.762 .003



2 22 5 5 6.0 1.745 1.9
3 20 3 3 884 28.520 22.0
ool 363 21 21100.0 1.778 3.8

FLOW STATISTICS

FLOW DURATION =  363.0 DAYS = .994 YEARS

MEAN FLOW RATE = 1.778 HM3/YR
TOTAL FLOW VOLUME = 1.77 HM3

FLOW DATE RANGE =20031231 TO 20041227
SAMPLE DATE RANGE = 20040311 TO 20040722

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI

1 AV LOAD 64709.9 65111.0 .2342
2QWTDC 79536.0 80029.0 .8429
313C 85772.2 86303.9  .8246

4 REG-1 101075.3 101701.8 .1061
5 REG-2 104664.8 105313.5 .8600
6 REG-3 123074.5 123837.4  .2834

Sheep Creek Dam Outlet 385292 Flux Load Analysis

46 1.448 .603
73 957 .294
70

ANCE CONC (PPB) CV
E+10 36626.32 .743
E+09 45017.98 .363
E+09 48547.75 .333
E+12 57209.41 3.202
E+12 59241.09 8.806
E+12 69661.14 4.299



Sheep Creek Dam'’s Outlet 385292. Data Collected by
(Joyce Hummel) in 2004

Average Sample Interval = 7.9 Days, Date Range =
Maximum Sample Interval = 27 Days, Date Range =
Percent of Total Flow Volume Occuring In This Inte

Total Flow Volume on Sampled Days = 109.3 h
Total Flow Volume on All Days = 989.6 h
Percent of Total Flow Volume Sampled = 11.0%

Maximum Sampled Flow Rate = 67.33 hm3/yr
Maximum Total Flow Rate =  166.03 hm3/yr

Number of Days when Flow Exceeded Maximum Sampled

Percent of Total Flow Volume Occurring at Flow Rat
Maximum Sampled Flow Rate = 49.1%

Sheep Creek Outlet 2004 VAR=nh3-4 MET

the Grant CO SCD

20040311 to 20041103
20040831 to 20040928
rval= .6%

m3
m3

Flow = 4 out of 367
es Exceeding the

HOD=2QWTD C

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL

1 326 22 22 3.2 .098 A
2 20 5 5 6.1 2.996 29
3 21 3 3 90.7 42.749 30.1
e 367 30 30 100.0 2.697 3.6

FLOW STATISTICS

FLOW DURATION = 367.0 DAYS = 1.005 YEARS
MEAN FLOW RATE = 2.697 HM3/YR

TOTAL FLOW VOLUME = 2.71 HM3

FLOW DATE RANGE =20031231 TO 20041231
SAMPLE DATE RANGE = 20040311 TO 20041103

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI
1 AV LOAD 723.3 719.8  .1662
2QWTDC 964.3 959.7 5788

313C 978.8 9741  .1140

4 REG-1 951.0 946.5  .1498
5 REG-2 957.1 952.6 .1743
6 REG-3 1127.0 1121.6 .2421

Sheep Creek Outlet 2004 VAR=no2+no3 MET

Sheep Creek Outlet 2004 VAR=no2+no3 MET

OW C/Q SLOPE SIGNIF
93  .622 .003

27  -.044 985

51 -.018 .946

44

ANCE CONC (PPB) CV
E+06 266.95 .566
E+04 355.89 .079
E+05 361.25 .110
E+06 351.00 .409
E+06 353.25 .438
E+06 41594 .439

HOD=2QWTD C

HOD=2QWTD C

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL

1 326 22 22 3.2 .098 A
2 20 5 5 6.1 2.996 29
3 21 3 3 90.7 42.749 30.1
el 367 30 30 100.0 2.697 3.6

FLOW STATISTICS

FLOW DURATION = 367.0 DAYS = 1.005 YEARS
MEAN FLOW RATE = 2.697 HM3/YR

TOTAL FLOW VOLUME = 2.71 HM3

FLOW DATE RANGE =20031231 TO 20041231

OW C/Q SLOPE SIGNIF
93  .187 .104

27 2570 .201

51 -.055 .738

44



SAMPLE DATE RANGE = 20040311 TO 20041103

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI
1 AV LOAD 920.2 915.8  .2857
2QWTDC 1278.7 1272.6 1347

313C 1280.6 12745 .2064

4 REG-1 1257.8 1251.8 .1461
5 REG-2 1262.1 1256.1  .1928
6 REG-3 1314.3 1308.0 .1504

Sheep Creek Outlet 2004 VAR=inorg-n MET

Sheep Creek Outlet 2004 VAR=inorg-n MET

ANCE CONC (PPB) CV
E+06 339.62 .584
E+04 471.93 .029
E+04 472.63 .036
E+06 464.21 .305
E+06 465.82 .350
E+06 485.07 .296

HOD=2QWTD C

HOD=2QWTD C

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL

1 326 22 22 3.2 .098 A
2 20 5 5 6.1 2.996 2.9
3 21 3 3 90.7 42.749 30.1
ool 367 30 30100.0 2.697 3.6

FLOW STATISTICS

FLOW DURATION = 367.0 DAYS = 1.005 YEARS
MEAN FLOW RATE = 2.697 HM3/YR

TOTAL FLOW VOLUME = 2.71 HM3

FLOW DATE RANGE =20031231 TO 20041231
SAMPLE DATE RANGE = 20040311 TO 20041103

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI
1 AV LOAD 1643.5 1635.7  .8861
2QWTDC 2243.0 2232.3  .1063

31JC 2259.4 2248.6  .2246

4 REG-1 2207.9 2197.4  .6025

5 REG-2 2217.1 2206.5 .7488

6 REG-3 2394.5 2383.1  .6507
Sheep Creek Outlet 2004 VAR=tn MET
Sheep Creek Outlet 2004 VAR=tn MET

OW C/Q SLOPE SIGNIF
93  .478 .002

27 600 .795

51  -.040 .839

44

ANCE CONC (PPB) CV
E+06 606.57 .576
E+05 827.82 .046
E+05 833.87 .067
E+06 814.88 .353
E+06 818.28 .392
E+06 883.74 .338

HOD=2QWTD C

HOD=2QWTD C

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL

1 326 22 22 3.2 .098 A
2 20 5 5 6.1 2.996 29
3 21 3 3 90.7 42.749 30.1
ool 367 30 30100.0 2.697 3.6

FLOW STATISTICS

FLOW DURATION = 367.0 DAYS = 1.005 YEARS
MEAN FLOW RATE = 2.697 HM3/YR

TOTAL FLOW VOLUME = 2.71 HM3

FLOW DATE RANGE =20031231 TO 20041231
SAMPLE DATE RANGE = 20040311 TO 20041103

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI
1 AV LOAD 3195.8 3180.5 .2236
2QWTDC 4169.2 4149.3  .1342

313C 4089.7 4070.2  .4765
4 REG-1 3939.0 3920.3  .1825
5 REG-2 3976.2 3957.3  .2145

6 REG-3 4123.8 4104.2  .1843

OW C/Q SLOPE SIGNIF
93  .238 .000

27  .099 .819

51  -167 .482

44

ANCE CONC (PPB) CV
E+07 1179.48 .470
E+06 1538.76 .088
E+05 1509.39 .054
E+07 1453.80 .345
E+07 1467.52 .370
E+07 1522.00 .331



Sheep Creek Outlet 2004 VAR=td-p MET

Sheep Creek Outlet 2004 VAR=td-p ME

HOD=2QWTD C

THOD=3 1JC

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL

1 337 25 25 5.6 .166 A4
2 30 3 3 944 31.128 26.5
o 367 28 28 100.0 2.697 3.2

FLOW STATISTICS

FLOW DURATION = 367.0 DAYS = 1.005 YEARS
MEAN FLOW RATE = 2.697 HM3/YR

TOTAL FLOW VOLUME = 2.71 HM3

FLOW DATE RANGE =20031231 TO 20041231
SAMPLE DATE RANGE = 20040311 TO 20041103

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI
1 AV LOAD 462.6 460.4 8881
2QWTDC 480.4 4781  .1625

313C 480.8 478.5  .1595

4 REG-1 472.0 469.7  .7520

5 REG-2 483.3 481.0 .2783

6 REG-3 486.4 484.1  .1367
Sheep Creek Outlet 2004 VAR=tp MET

Sheep Creek Outlet 2004 VAR=tp ME

OW C/Q SLOPE SIGNIF
43 495 001

81  .038 .702

44

ANCE CONC (PPB) CV
E+05 170.75 .647
E+03 177.29 .027
E+03 177.45 .026
E+05 174.20 .584
E+06 178.39 1.097
E+06 179.53 .764

HOD=3 1JC

THOD=3 1JC

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL

1 326 22 22 3.2 .098 A
2 20 5 5 6.1 2.996 29
3 21 3 3 90.7 42.749 30.1
ool 367 30 30100.0 2.697 3.6

FLOW STATISTICS

FLOW DURATION = 367.0 DAYS = 1.005 YEARS
MEAN FLOW RATE = 2.697 HM3/YR

TOTAL FLOW VOLUME = 2.71 HM3

FLOW DATE RANGE =20031231 TO 20041231
SAMPLE DATE RANGE = 20040311 TO 20041103

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI
1 AV LOAD 446.7 4446 4158
2QWTDC 572.1 569.3  .2356

31JC 562.3 559.6  .1655

4 REG-1 543.3 540.7  .1327

5 REG-2 550.0 547.3 .1964

6 REG-3 556.8 554.2  .1469
Sheep Creek Outlet 2004 VAR=tss MET
Sheep Creek Outlet 2004 VAR=tss ME

OW C/Q SLOPE SIGNIF
93  .341 .005

27  -.460 .594

51 -135 .392

44

ANCE CONC (PPB) CV
E+05 164.88 .459
E+04 211.13 .085
E+04 207.53 .073
E+05 200.52 .213
E+05 202.97 .256
E+05 20551 .219

HOD= 3 1JC

THOD=2QWTD C

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL

1 326 21 21 3.2 .098 A
2 20 5 5 6.1 2.996 2.9

OW C/Q SLOPE SIGNIF
99 111 135
27 1.264 .449



3 21 3 3 90.7 42.749 30.1 51 .022 .967
ok 367 29 29100.0 2.697 3.7 68

FLOW STATISTICS

FLOW DURATION =  367.0 DAYS = 1.005 YEARS
MEAN FLOW RATE = 2.697 HM3/YR

TOTAL FLOW VOLUME = 2.71 HM3

FLOW DATE RANGE =20031231 TO 20041231
SAMPLE DATE RANGE = 20040311 TO 20041103

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI ANCE CONC (PPB) CV
1 AV LOAD 43482.0 43274.7 7322 E+09 16048.09 .625
2QWTDC 59019.4 587379  .1017 E+09 2178252 .172
313C 60830.5 60540.4  .1881 E+09 22450.95 .227
4 REG-1 59490.4 59206.8  .1089 E+10 21956.38 .557
5 REG-2 59568.5 59284.4 1132 E+10 21985.18 .567

6 REG-3 66460.8 661439 .9788 E+09 24528.96 .473



Appendix C
List of Threatened and Endangered Species and Desigted Critical Habitat



Appendix D
EPA REGION VIII TMDL REVIEW FORM

Document Name: Sheep Creek Dam Nutrient TMDL
Submitted by: Mike EIl, NDDoH

Date Received: November 30, 2007

Review Date: December 23, 2007

Reviewer: Vern Berry, EPA

Formal or Informal Review? | Informal — Public Notice

This document provides a standard format for EP§iéte8 to provide comments to the North Dakota
Department of Health (NDDoH) on TMDL documents pdad to the EPA for either official formal or
informal review. All TMDL documents are measureggiast the following 12 review criteria:

Water Quality Impairment Status
Water Quality Standards

Water Quality Targets

Significant Sources

Technical Analysis

Margin of Safety and Seasonality
Total Maximum Daily Load
Allocation

. Public Participation

10. Monitoring Strategy
11.Restoration Strategy
12.Endangered Species Act Compliance

©CoNorwNE

Each of the 12 review criteria are described bdtmpwrovide the rational for the review, followed by
EPA’'s comments. This review is intended to ensorapliance with the Clean Water Act and also to
ensure that the reviewed documents are technisallpd and the conclusions are technically defemsibl



1. Water Quality Impairment Status

Criterion Description — Water Quality Impairment St atus

TMDL documents must include a description of tsted water quality impairmentsVhile the 303(d) list
identifies probable causes and sources of watelityuapairments, the information contained in the
303(d) list is generally not sufficiently detailedprovide the reader with an adequate understamaih
the impairments. TMDL documents should includeoadugh description/summary of all available watgr
quality data such that the water quality impairneeate clearly defined and linked to the impai

Satisfies Criterion

Satisfies Criterion. Questions or comments pravibelow should be considered.

Partially satisfies criterion. Questions or commseprovided below need to be addressed.
Criterion not satisfied. Questions or commentyjoied below need to be addressed.

Not a required element in this case. Commentpiestions provided for informational purposes.

I 5=

Sheep Creek Dam (reservoir) is located approximaté& miles west of the city of Elgin in Grant
County, North Dakota. It is an 83 acre man-madeoumdment in the Upper Cannonball sub-basin oMissouri
River basin of North Dakota. Sheep Creek draibs tine reservoir. Sheep Creek Dam is listed orSthage’s 2006
303(d) list as impaired for recreational use byrieats/eutrophication. Approximately 37,827 aaétand drain to
the lake from the watershed. Sheep Creek Danassified as a Class 2 cool water fishery, andisdias a high
priority (i.e., 1A) for TMDL development. The maity of the land use in this watershed is agriaatu
(approximately 96 percent). Cropland acreage fis@pmately 49%, range/pasture is approximately 28t
hayland is approximately 8%.

2. Water Quality Standards

Criterion Description — Water Quality Standards

The TMDL document must include a description oépplicable water quality standards for all affedte
jurisdictions TMDLSs result in maintaining and attaining water djiastandards. Water quality
standards are the basis from which TMDLs are esthbtl and the TMDL targets are derivaa;luding
the numeric, narrative, use classification, andidgegradation components of the standards.

Satisfies Criterion

Satisfies Criterion. Questions or comments pravidelow should be considered.

Partially satisfies criterion. Questions or comtseprovided below need to be addressed.
Criterion not satisfied. Questions or commentyjoied below need to be addressed.

Not a required element in this case. Commentpiestions provided for informational purposes.

I =<

Sheep Creek Dam is impaired for nutrients/eutrcgtion. The North Dakota Department of Health
has set narrative water quality standards thatyappll surface waters of the state. The NDDokatave
standards that apply to nutrients include:

“All waters of the state shall be free from substes attributable to municipal, industrial, or other
discharges or agricultural practices in concentrats or combinations which are toxic or harmful to
humans, animals, plants, or resident aquatic biofgee NDAC 33-16-02-08.1.a.(4))



“No discharge of pollutants, which alone or in camdtion with other substances, shall:

1. Cause a public health hazard or injury to enwimental resources;

2. Impair existing or reasonable beneficial usethefreceiving waters; or

3. Directly or indirectly cause concentrations @llptants to exceed applicable standards of theingng
waters.” (See NDAC 33-16-02-08.1.e.)

In addition to the narrative standards, the NDDH et a biological goal for all surface watershef state:
“The biological condition of surface waters sha# bimilar to that of sites or waterbodies deterrditg
the department to be regional reference sites.’®(N®AC 33-16-02-08.2.a.)
Currently, North Dakota does not have a numeriedded for nutrients, however nutrient guidelinesléd&es have
been established. The nutrient guidelines for lakesNO3 as N = 0.25 mg/L; PO4 as P = 0.02 mgid; tatal
phosphorus = 0.1 mg/L.
Other applicable water quality standards are iredluon pages 12 - 13 of the TMDL report.

3. Water Quality Targets

Criterion Description — Water Quality Targets
Quantified targets or endpoints must be provideaiddress each listed pollutant/water body
combination. Target values must represent achieméof applicable water quality standards and
support of associated beneficial uses. For paitateith numeric water quality standards, the

numeric criteria are generally used as the TMDbe#r For pollutants with narrative standards,

the narrative atandard miict he tranclated intnasmrahle valile At a minimiim nne ta ic

Satisfies Criterion
Satisfies Criterion. Questions or comments pravidelow should be considered.
Partially satisfies criterion. Questions or comtseprovided below need to be addressed.

Criterion not satisfied. Questions or commentyjoled below need to be addressed.
Not a required element in this case. Commentgiestions provided for informational purposes.

I [ [ [

The main water quality target for this TMDL is kdson interpretation of narrative provisions foumdtate water quality standards. In North
Dakota, algal blooms can limit contact and immersiecreation beneficial uses. Also algal bloonsaeplete oxygen levels which can affect aquafiéc li
uses. Several algal species are considered taibanmte aquatic species. TSI measurements casedea estimate how much algal production may ocur
lakes. Therefore, TSI is used as a measure ofafrative standard in order to determine whetleeeficial uses are being met.

The mean total phosphorus TSI for Sheep Creek Dainglthe period of the assessment was 84. Nutrien
reduction response modeling was conducted with BRUH, an Army Corps of Engineers eutrophication oese
model. The results of the modeling show that a B88tiction in phosphorus loading to the reservdiraghieve a
total phosphorus TSI of 74, which corresponds ph@sphorus concentration of 0.129 mg/L. This taigbased
on reducing the chlorophyd-TSI value for the reservoir to within the eutroptange as defined by Carlson and
decreasing the productivity of the reservoir. Ttaiget is based on best professional judgementvahfiilly
support its beneficial uses.

The water quality target used in this TMDL iisaintain a mean annual total phosphorus TSI at or blow 74.



4. Significant Sources

Criterion Description — Significant Sources

TMDLs must consider all significant sources of stressor of concern. All sources or causes of the
stressor must be identified or accounted for insonanner. The detail provided in the source assess
step drives the rigor of the allocation step. ther words, it is only possible to specificallycalate
guantifiable loads or load reductions to each sfiaint source when the relative load contributioonf
each source has been estimated. Ideally, therefloegpollutant load from each significant sourb@sld
be quantified. This can be accomplished usingsgtzific monitoring data, modeling, or applicatioh
other assessment techniques. If insufficient imesources are available to accomplish this step,
phased/adaptive management approach can be empdoyledg as the approach is clearly defined in the

Satisfies Criterion

Satisfies Criterion. Questions or comments pravibelow should be considered.

Partially satisfies criterion. Questions or comitseprovided below need to be addressed.
Criterion not satisfied. Questions or commentyjoied below need to be addressed.

Not a required element in this case. Commentpiestions provided for informational purposes.

I =

The TMDL identifies the major sources of phosplsaas coming from nonpoint source agricultural
landuses within the watershed. There are no knmimt source contributions in this watershed. adimg
analysis was done for nutrients considering varemricultural land use and land management factGrepland
and pastureland are the primary sources identifigagbroximately 49% of the landuse is cropland 3886 is
range/pasture land in the watershed.

5. Technical Analysis

Criterion Description — Technical Analysis

TMDLs must be supported by an appropriate levéedfinical analysis It applies taall of the
components of a TMDL document. It is vitally intpot that the technical basis fail conclusions be
articulated in a manner that is easily understandadnd readily apparent to the reader. Of partawul
importance, the cause and effect relationship betwhe pollutant and impairment and between the
selected targets, sources, TMDLs, and allocaticeds to be supported by an appropriate level of
technical analysis.

Satisfies Criterion

Satisfies Criterion. Questions or comments pravidelow should be considered.

Partially satisfies criterion. Questions or commseprovided below need to be addressed.
Criterion not satisfied. Questions or commentyjoied below need to be addressed.

Not a required element in this case. Commentsiestipns provided for informational purposes.

I =<

The technical analysis addresses the needed phrospteduction to achieve the desired water
quality. The TMDL recommends a 50% reduction iteexal average annual total phosphorus loads tefShe
Creek Dam. Based on the loads measured duringetfied of the assessment and the technical anathisisotal
phosphorus load (i.e., the loading capacity) shbel@21.25 kg/yr to achieve the proposed total phosis TSI
target. This reduction is based in large partenBATHTUB mathematical modeling of the reserveid éts
predicted response to nutrient load reductions.HIHgX model was used to facilitate the analysis esttliction of
tributary inflow and outflow nutrient and sediméoadings for the Sheep Creek Dam. Output fromAbe X



program is then provided as an input file to calierthe BATHTUB eutrophication response model. The
phosphorus reduction is predicted to result insemoir that is eutrophic throughout a given yeameasured by
the chlorophylla concentration.

The Agricultural Non-Point Source Model (AGNPS) rebdias used to simulate alterations in land usetioes
and the resulting nutrient reduction response. rithigent loading source analysis, that was usadewtify
necessary controls in the watershed, was basdukddéntification of critical cells. The initiab&d reductions
specified by this TMDL will be achieved through tans on the critical cells within the watershedrgprove
pasture conditions or improve tillage practices.

6. Margin of Safety and Seasonality

Criterion Description — Margin of Safety and Seasality

A margin of safety (MOS) is a required componenhefTMDL that accounts for the uncertainty about
the relationship between the pollutant loads areldhality of the receiving water body (303(d)(2)(c)
The MOS can be implicitly expressed by incorpotptirmargin of safety into conservative assumption
used to develop the TMDL. In other cases, the I&@Soe built in as a separate component of the TMDL
(in this case, quantitatively, a TMDL = WLA + LAMOS). In all cases, specific documentation
describing the rational for the MOS is required.

192}

Seasonal considerations, such as critical flow paési (high flow, low flow), also need to be considier
when establishing TMDLs , targets, and allocations.

Satisfies Criterion

Satisfies Criterion. Questions or comments pravibelow should be considered.

Partially satisfies criterion. Questions or comitseprovided below need to be addressed.
Criterion not satisfied. Questions or commentyjoied below need to be addressed.

Not a required element in this case. Commentgiestions provided for informational purposes.
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A 10% explicit margin of safety is included in th®DL. It is anticipated that the load reductions
from the BMPs applied to the critical cells in thatershed along with hypolimnetic withdrawal wileet the
phosphorus loading target.

Seasonality was adequately considered by evaludtegngumulative impacts of the various seasonsatenvguality
and by proposing BMPs that can be tailored to sedsteeds.

7. TMDL

Criterion Description — Total Maximum Daily Load

TMDLs include a quantified pollutant reduction tatg According to EPA regulations (see 40 CFR
130.2(i)). TMDLs can be expressed as mass peiitiine, toxicity, % load reduction, or other meees
TMDLs must address, either singly or in combinateach listed pollutant/water body combination.

Satisfies Criterion

Satisfies Criterion. Questions or comments pravidelow should be considered.

Partially satisfies criterion. Questions or comitseprovided below need to be addressed.
Criterion not satisfied. Questions or commentyjoied below need to be addressed.

I =



] Not a required element in this case. Commentgiestions provided for informational purposes.

The TMDL established for Sheep Creek Dam is aZ&2kg/yr total phosphorus load to the lake
(50% reduction in external annual total phosphdwad). This is the “measured load” which deriveahi the
BATHTUB model using the flow and concentration deddlected during the period of the assessmeng artmual
loading will vary from year-to-year; therefore,4liMDL is considered a long term average perceahig#on in
phosphorus loading.

8. Allocation

Criterion Description — Allocation
TMDLs apportion responsibility for taking actionsallocate the available assimilative capacity
among the various point, nonpoint, and naturalypalit sources. Allocations may be expressed
in a variety of ways such as by individual discleardpy tributary watershed, by source or land
use category, by land parcel, or other appropsedde or dividing of responsibility. A
performance based allocation approach, where datbtdrategy is articulated for the application

of BMPs, may also be appropriate for nonpoint sesircEvery effort should be made to be as

Satisfies Criterion

Satisfies Criterion. Questions or comments pravidelow should be considered.

Partially satisfies criterion. Questions or comtseprovided below need to be addressed.
Criterion not satisfied. Questions or commentyjoled below need to be addressed.

Not a required element in this case. Commentgiestions provided for informational purposes.
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This TMDL addresses the need to achieve furthduwagtons in nutrients to attain water quality goals
in Sheep Creek Dam. The allocations in the TMDdlude a “load allocation” attributed agriculturalnonpoint
sources, and an explicit margin of safety. Theeen® known point source contributions in this wsled. The
source allocations for phosphorus are assignduktoritical loading cells in the watershed. Caiticells are those
with land with a slope greater than five percerdptand not currently using no till cultivation ptaces and pasture
land in poor or fair condition. See the shadetsdrlFigure 9 of the TMDL and the BMPs mentionediection
5.3. Additional land management practices that siggificantly reduce nutrient runoff yields incligxclusion of
cattle from the riparian area, intensive grazingnaggement and the replacement or repair of posfiblty septic
systems in the watershed. There is a desire t@f@mward with controls in the areas of the badlirere there is
confidence that phosphorus reductions can be asthithwough these BMPs.

9. Public Participation

Criterion Description — Public Participation

The fundamental requirement for public participati® that all stakeholders have an opportunity

to be part of the process. Notifications or stditons for comments regarding the TMDL should




Satisfies Criterion

Satisfies Criterion. Questions or comments pravidelow should be considered.

Partially satisfies criterion. Questions or comitseprovided below need to be addressed.
Criterion not satisfied. Questions or commentyjoied below need to be addressed.

Not a required element in this case. Commentgiestions provided for informational purposes.
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The TMDL includes a summary of the public partitipn process that has occurred. It describes
the opportunities the public had to be involvedhie TMDL development process. Copies of the difDL were
mailed to stakeholders in the watershed duringipaoimment. Also, the draft TMDL was posted on NIbbs
Water Quality Division website, and a public notfoe comment was published in two newspapers.

10. Monitoring Strategy

Criterion Description — Monitoring Strategy

TMDLs may have significant uncertainty associatéti gelection of appropriate numeric targets and
estimates of source loadings and assimilative cépadn these cases, a phased TMDL approach may|be
necessary. For Phased TMDLs, it is EPA’s expemtatiat a monitoring plan will be included as a
component of the TMDL documents to articulate teams by which the TMDL will be evaluated in the
field, and to provide supplemental data in the fetio address any uncertainties that may exist vthen
document is prepared.

Satisfies Criterion

Satisfies Criterion. Questions or comments pravidelow should be considered.

Partially satisfies criterion. Questions or commseprovided below need to be addressed.
Criterion not satisfied. Questions or commentyjoled below need to be addressed.

Not a required element in this case. Commentgiestions provided for informational purposes.
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Future monitoring is recommended in Section 10 e TMDL to address margin of safety and
seasonality needs, as well as provide additional eensure that the goals of the TMDL are met.

11. Restoration Strategy

Criterion Description — Restoration Strategy

-

At a minimum, sufficient information should be pded in the TMDL document to demonstrate thatef t
TMDL were implemented, water quality standards wdé attained or maintained. Adding additional
detail regarding the proposed approach for the oestion of water quality is naturrently a regulatory
requirement, but is considered a value added compoof a TMDL document.

Satisfies Criterion

Satisfies Criterion. Questions or comments pravidelow should be considered.

Partially satisfies criterion. Questions or commseprovided below need to be addressed.
Criterion not satisfied. Questions or commentyjoied below need to be addressed.

Not a required element in this case. Commentgiestions provided for informational purposes.

(I



The North Dakota Department of Health will workilvthe local soil conservation district, local
volunteer groups and landowners to initiate resitmmgprojects in the watershed.

12. Endangered Species Act Compliance

Criterion Description — Endangered Species Act Cdrapce
EPA'’s approval of a TMDL may constitute an actiomject to the provisions of Section 7 of the
Endangered Species Act (ESA). EPA will consultaagropriate, with the US Fish and Wildlife
Service (USFWS) to determine if there is an eftectisted endangered and threatened specigs
pertaining to EPA’s approval of the TMDL. The respibility to consult with the USFWS lies

with EPA and is not a reauirement under the CleateWAct for annrovina TMDLS. States ¢

Satisfies Criterion

Satisfies Criterion. Questions or comments pravibelow should be considered.

Partially satisfies criterion. Questions or comitseprovided below need to be addressed.
Criterion not satisfied. Questions or commentyjoied below need to be addressed.

Not a required element in this case. Commentgiestions provided for informational purposes.
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NDDoH will coordinate with the USFWS on potenti@pacts of this TMDL on endangered and
threatened species.



