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1.0 INTRODUCTION AND DESCRIPTION OF THE LAKE AND WAT ERSHED

Lake Hoskins Nutrient and Dissolved Oxygen TMDLs

Lake Hoskins is located in McIntosh County, NortakDta, approximately three miles west of
Ashley, North Dakota, along North Dakota Highway(Efgure 1). Lake Hoskins is a natural
freshwater lake found in the Missouri Coteau physaphic region of North Dakota. Two small
unnamed tributaries provide the main routes fomtatershed runoff to be transported to the main
lake (Figure 2). Although Mcintosh County is in tkiessouri River drainage basin, most of the
drainage is internal. Table 1 summarizes someefdographical, hydrological, and physical
characteristics of Lake Hoskins.

Table 1. General Characteristics of Lake Hoskinsrad the Lake Hoskins Watershed.

Legal Name

ADB Assessment Unit ID #
Major Drainage Basin
Nearest Municipality
8-Digit HUC

County

Latitude

Longitude

Surface Area

Watershed Area

Average Depth

Maximum Depth

Volume

Tributaries

Outlet

Type of Waterbody

Dam Type

Fishery Type

Classified Beneficial Uses

Lake Hoskins

ND-10130106-003-L-00

Missouri River - Lake Oahe

Ashley, ND

10130106

Mclintosh County, ND

N 46° 2.416'

W 99° 27.136'

556.6 acres

38.63 square miles

9.0 feet

11.6 feet

5,025.7 acre-feet

2 small unnamed tributaries

Concrete spillway

Natural

Rolled earthen

Northern Pike, Walleye, Perch, Bullhead
Recreation, Cool-Water Fishing, Agriculture
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Figure 1. General Location of Lake Hoskins.
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Figure 2. Lake Hoskins Watershed.
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1.1 Clean Water Act Section 303(d) Listing Informaton

As part of the Clean Water Act Section 303(d) higtprocess, the North Dakota Department of
Health (NDDoH) has identified Lake Hoskins as apamed waterbody (Table 2). Fish and
other aquatic biota and recreational uses of Lakskhis are fully supporting, but threatened.
The identified cause of impairment to these deseghases are nutrient eutrophication related to
the lake. The lake is categorized as a priorityTMDL. In the Water Quality Standards for
North Dakota (NDDoH, 2001), Lake Hoskins is classifas a Class 2, cool water fishery.

These waters are capable of supporting growth amghgation of nonsalmonid fishes and
marginal growth of salmonid fishes and associatpchfic biota.

Table 2. Lake Hoskins Section 303(d) Listing Infanation (NDDoH, 2004).

Assessment Unit ID ND-10130106-003-L_00

Waterbody Name Lake Hoskins

Designated Use Fish and Other Aquatic Biota, Recreation
Use Support Fully Supporting, but Threatened

Pollutants of Concern Nutrients/eutrophication/low dissolved oxygen
TMDL Priority 1A

1.2 Topography and Elevation

Lake Hoskins is located on the Missouri PlateathéGreat Plains Province, which is a major
subdivision of the Interior Plains. It is on thet€au Slope, which is the glaciated section of the
Missouri Plateau. Numerous lakes and prairie pethate present and most of them are
intermittently wet and dry.

The elevations immediately adjacent to Lake Hoskamge from 1,985 to 2,020 feet above sea
level. The majority of the existing watershed rasmfrom 2,020 to 2,080 feet (msl). The
sharpest rises in elevation were noted in the mash portion of the watershed, where elevations
were noted above 2,230 feet (msl) and the majaaitged from 2,150 to 2,190 feet (msl) (Figure
3).
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Figure 3. Elevation of the Lake Hoskins Watershed.
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1.3 Land Use/Land Cover

Land use in the Lake Hoskins watershed is primanbpland. Fifty-four percent of the
watershed’s land cover was classified as cropl&igli(e 4, Table 3). Permanent herbaceous
cover was noted on 36 percent of the land, whicluded rangeland, trees, and farmsteads.
Conservation Reserve Program (CRP) acres accofonté@ percent of the land use in the
watershed. CRP lands are classified by the Unitate$ Department of Agriculture (USDA) as
cropland, and described as a 10-15 year cover fpemajority of the non-cropland and CRP
area were noted in the south and east portiortsedfdke Hoskins watershed. The major
cropped areas, based on the 2003 crop year, waatetbapproximately two miles northwest of
the lake, near the major tributary.

Table 3. Land Use in the Lake Hoskins Watershed.

Land Use Acres Percent
CRP 2,472 10%
Rangeland, Trees, Farmsteads 8,899 36%
Cropland 13,349 54%
Total Watershed Acres 24,720 100%

Figure 4 also compares the CRP and non-croplartidaver type with land slope. Twenty-five
percent of the cells (40-acre tracts within theangtied) evaluated in the Lake Hoskins
watershed with CRP or cropland had slopes rangom 6 to 15 percent, while twenty-one
percent of the cells with CRP or cropland had sagreater than 15 percent.

The variety of land-uses decreases with the inergakand slope. Seventy-nine percent of the
cells with slopes of 15 percent or greater were GRpasture/hayland with the remaining areas
covered with wheat or soybeans. Fifty-nine percérells with slopes ranging from 9 to 15
percent slope cells were covered with CRP or paghat was in good condition. The remaining
cells were primarily covered with wheat, sunflowarsl soybeans. Cells with 5 to 9 percent
slopes were again primarily covered with pastur€RP (58 percent). Twenty-one percent of
the cells with slopes of 5-9 percent were in roapst The remaining areas were covered with
wheat and flax.
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Figure 4. Land Use in the Lake Hoskins Watershed.
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1.4 Climate and Precipitation

Climate data is based on the National Oceanic @ntbgpheric Administration (NOAA) records
for Wishek, North Dakota, located approximatelyr@iles northwest of Lake Hoskins. The
climate of Mclntosh County is semiarid. Recordswglthat average annual precipitation is
17.96 inches. Most of the precipitation (75 topgdcent) occurs from April through September
(Figure 5). Much of the summer precipitation isigled from local thunderstorms,
consequently, the amount of precipitation receiveashe year varies considerably throughout
the county. During 2003, the area received apprately 11.70 inches of annual precipitation
which was approximately 65 percent of normal (Feg6).

Based on NOAA records for Wishek, North Dakota, maanual temperature is 40.5°F. June,
July, and August are the warmest months with meapérature ranges from 66°F to 68.9°F
(Figure 7). January is the coldest month with nteamperatures of 8.2°F at Wishek (Figure 7).
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1.5 Water Quality Data

Water quality data were collected by members ol#ies Hoskins Improvement Association
(LHIA) under the supervision of High Plains Congaamt, Inc. between February 2003 and
February 2004. Water quality samples were coltettéce per month. In addition, event-based
precipitation samples were collected from the islets when a 0.02 foot increase was noted in
the stream gauges. Sampling parameters are sioVable 4.

Additional data, such as meteorological data, aratigj vegetation survey, and a shoreline
reconnaissance, were collected in addition toriHake and tributary chemical data that were
collected.

Table 4. Water Quality Sampling Parameters

Physical Parameters Chemical Parameters
Stage pH
Flow, Velocity Major Anions & Cations
Temperature Phosphorus (Total and Dissolved)
Conductivity Total Nitrogen

Total Kjeldahl Nitrogen

Nitrogen

Nitrate - nitrite

Ammonia

At the same time the water samples were collected the lake, secchi disk transparency
measurements and temperature/dissolved oxygenga@fere completed. Chlorophyll-a
samples were collected during the warmer open vpatdion of the sampling year.

A detailed description of the water quality monitgrplan for the Lake Hoskins TMDL study is
provided in the “QAPP for the Lake Hoskins TMDL ¢epment Project” (NDDoH 2002).

1.5.1 Inlet Tributary Data

Three tributary inlet sites were established omtiagor inflow portions of the watershed
to optimize collection of data and to ensure agsentative cross-section of water
flowing into Lake Hoskins. A summary of the sieeations is included in Table 5 and
Figure 8.

Sampling occurred from February 2003 and contirthemligh February 2004. Eleven
samples were collected from each of the two imibtitaries. Samples were analyzed for
total phosphorous, total nitrogen, total suspersibdids, and selected cations and anions.
While selected cations and anions were monitorededbults are not presented in this
document because the reported results do not afffisctMDL nor result in any new
TMDL requirements. Each sampling event also inaflaieasurements for stream stage,
flow, temperature, pH, specific conductance andah®&d oxygen. Average
concentrations for the nutrient variables and tstslpended solids for the three inlet sites
sampled during the 2003-2004 sampling year are showables 6, 7 and 8.
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Table 5. Summary of the Lake Hoskins Monitoring Sdtions.

Northwest Inlet 385276 11 15,580 acres 68%
Southwest Inlet 385277 2 1,920 acres 8%
Southeast Inlet 385278 5 5,440 acres 24%
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Table 6. Summary of Nutrient Concentrations at the Mrthwest Inlet Monitoring Station
(385276).
Total Dissolved Total Nitrate/ Ammonia Total
Phosphorus  Phosphorus Kjeldahl Nitrite (mg/L) Suspended
(mg/L) (mg/L) Nitrogen (mg/L) Solids
(mg/L) (mg/L)
n 11 11 11 11 11 11
Min 0.157 0.117 1.760 0.010 0.010 5.000
Max 1.260 0.991 2.710 1.130 0.291 12.000
Media 0.419 0.368 2.215 0.020 0.795 5.000
Mean 0.555 0.480 2.190 0.241 0.114 6.500
Table 7.  Summary of Nutrient Concentrations at the Suthwest Inlet Monitoring Station
(385277).
Total Dissolved Total Nitrate/ Ammonia Total
Phosphorus  Phosphorus Kjeldahl Nitrite (mg/L) Suspended
(mg/L) (mg/L) Nitrogen (mg/L) Solids
(mg/L) (mg/L)
n 2 2 2 2 2 2
Min 0.317 0.224 1.940 2.410 0.028 5.000
Max 0.385 0.260 2.020 3.540 0.059 15.000
Mean 0.352 0.242 1.980 2.975 0.044 10.000
Table 8. Summary of Nutrient Concentrations at the Sutheast Inlet Monitoring Station
(385278).
Total Dissolved Total Nitrate/ Ammonia Total
Phosphorus Phosphorus Kjeldahl Nitrite (mg/L) Suspended
(mg/L) (mg/L) Nitrogen (mg/L) Solids
(mg/L) (mg/L)
n 5 5 5 5 5 5
Min 0.268 0.198 1.930 0.030 0.046 5.000
Max 1.170 0.923 3.440 0.650 0.506 15.000
Media 0.712 0.658 2.820 0.160 0.192 5.000
Mean 0.677 0.550 2.704 0.290 0.243 7.200
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1.5.2 Lake Data

Lake Hoskins was sampled at two locations durin@@328nhd 2004 as part of the Lake
Hoskins TMDL development project (Figure 8). Samgplncluded Secchi Disk
transparency, chlorophyll-a, and water chemistamf@les were collected from a littoral
zone site located near the east shoreline, andtfierdeepest portion of the lake. The

deepest site location corresponded approximatdlygmorth edge of the winter aeration
opening in the ice.

Water Quality Data

Average values for selected water chemistry vaembbllected from 2003 to 2004 for
Lake Hoskins (Tables 9 - 10) were compared to dallacted by NDDoH in 1992 as part
of the Lake Water Quality Assessment Project (Edlle 1993) (Table 11). Total
dissolved solids concentrations reported for Lakskihs during 2003-04 increased
when compared to 1992 data. Recently, the Lake iHsskatershed has experienced a
period of drought with evaporation exceeding infiowhus a lowering of the lake surface
level and concentrating dissolved materials. Tpkalsphorus concentrations reported
for 2003-04 have shown dramatic decreases whena@upo 1992 data. In-lake Total
Kjeldahl Nitrogen (TKN) concentrations were alswér in 2003-04 than in 1992.

Table 9. Summary of 2003-2004 TDS and Nutrient Conogrations for the Deepest In-
lake Site (380760).
Total Total Dissolved Total Total Nitrate/  Ammonia
Dissolved Phosphorus Phosphorus Nitrogen  Kjeldahl Nitrite (mg/L)
Solids (mg/L) (mg/L) mg/L Nitrogen  (mg/L)
(mg/L) (mg/L)
Min 1060.000 0.515 0.464 1.013 0.942 0.020 0.010
Max 1650.000 1531 1.476 2.118 1.640 0.785 0.763
Media 1160.000 0.784 0.715 1.178 1.120 0.020 0.037
Mean 1243.333 0.790 0.733 1.238 1.169 0.063 0..082

Table 10. Summary of 2003-2004 TDS and Nutrient Coeatrations for the Littoral In-

lake Site (380761).

Total Total Dissolved Total Total Nitrate/  Ammonia
Dissolved Phosphorus Phosphorus Nitrogen  Kjeldahl Nitrite (mg/L)

Solids (mg/L) (mg/L) (mg/L) Nitrogen  (mg/L)

(mg/L) (mg/L)
Min 1070.000 0.506 0.453 1.010 1.930 0.010 0.005
Max 1710.000 1.260 1.200 1.480 3.440 0.040 0.149
Media 1140.000 0.675 0.627 1.120 2.820 0.010 0.005
Mean 1225.294 0.732 0.678 1.178 2.704 0.016 0.044
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Table 11. Volume-Weighted Mean Concentrations for Sected Water Quality
Variables - July 1991-February 1992 (Ell et al., 198).

Water Quality Variable Volume Weighted Mean Concentiation
Total Dissolved Solids 961 mg/L
Conductivity 1438 umhos/cm
Hardness as Calcium 416 mg/L
Sulfates 310 mg/L
Chloride 42.08 mg/L
Total Phosphate as P 1.66 mg/L
Nitrate + Nitrite as N 0.008 mg/L
Total Alkalinity 443 mg/L
Ammonia 0.041 mg/L
Total Kjeldahl Nitrogen 2.26 mg/L
Bicarbonate 448 mg/L

Secchi Disk Transparency

Secchi disk transparency was measured at botlkenskations (380760 and 380761) by
the LHIA. These readings are provided in Table TBe deepest portion of Lake
Hoskins had Secchi Disk readings ranging from ®075.0-meters. The water clarity
peaked during late May to early June (Table 12).diita were collected during early
winter because of ice conditions limiting accesisthg littoral sampling station the most
turbid conditions occurred during sampling in Maestd September. The March levels
would be affected by inflows, while the Septemtedings could be attributed to the
build up of large amounts of aquatic vegetatioraddition, sediment, total dissolved
solids, and debris can affect secchi depths.
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Table 12. In-Lake Secchi Disk Transparency Result@neters)
Date Deepest Site (380760) Littoral Site (380761)
2/27/03 0.98 0 .26
3/7/03 2.3 0.63
4/21/03 0.75 0.60
4/30/03 1.3 1.3
5/4/03 2 1.33
5/8/03 - --
5/12/03 2.5 1.8
5/15/03 2.5 2
5/19/03 - --
6/8/03 3 2
6/22/03 2.5 1.7
7/6/03 15 1.6
7127103 1.25 1.5
8/11/03 15 15
9/11/03 0.9 14
9/14/03 - --
10/5/03 2.0 1.25
1/11/04 2.13 1.33

Average 1.81 1.35
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Figure 9. Average Seasonal Secchi Disk Transparentyr the Lake Hoskins
Deepest Site (380760).

Dissolved Oxygen and Temperature

Dissolved oxygen and temperature data for the deejite on Lake Hoskins and littoral site
along the east shoreline are presented in Figresd 11 Significant temperature
increases were noted during July - August 2003adufition, the dissolved oxygen levels
increased during the early part of the summer awdegsed during the latter portion.
Increases in dissolved oxygen levels were notexlitiirout the winter months, which was
attributed to the operation of an in-lake aeratigstem. Open water areas, resulting from
the aeration process, were noted throughout theewmonths near the deepest portion of
Lake Hoskins.

The dissolved oxygen and temperature data for¢le@ dnd littoral sites were comparable.
The littoral portion of Lake Hoskins that was saetptiemonstrated a more rapid response to
the aeration system being operated with the dissobxygen levels rising from 8.0 mg/L to
15.0 mg/L. The dissolved oxygen levels ranged filor8 mg/L in August, to 16.06 mg/L in
February. The temperatures of Lake Hoskins rafigen 1.2° C in February to 246C in
August.
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Figure 10. Dissolved Oxygen and Temperature Dataf the Deepest In-Lake
Site (380760).

Littoral Lake Site

D.O-mg/l.  Temperature-degrees C

Msy Juse July August Scptember October November December January February March April
Sampling Period

Figure 11. Dissolved Oxygen and Temperature Dataf the Littoral
In-Lake Site (380761).
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2.0 WATER QUALITY STANDARDS

The Clean Water Act requires that Total Maximuml{paoads (TMDLS) be developed for all

waters on a state’s Section 303(d) list. A TMDld&fined as “the sum of the individual wasteload
allocations for point sources and load allocatifmmsionpoint sources and natural background” such
that the capacity of the waterbody to assimilatéupant loadings is not exceeded. The purpose of a
TMDL is to identify the pollutant load reductions @her actions that should be taken so that
impaired waters will be able to attain or maintaiter quality standards. TMDLs are required to be
developed with seasonal variations and must inciud®rgin of safety that addresses the
uncertainty in the analysis.

2.1 Narrative Water Quality Standards

The NDDoH has set narrative water quality stand#rdsapply to all surface waters in the state
(NDDoH, 2001). The narrative standards pertainangutrient impairments include:

» All waters of the state shall be free from subsésnattributable to municipal, industrial, or
other discharges or agricultural practices in catre¢éions or combinations that are toxic or
harmful to humans, animals, plants, or residenatigiiota.

* No discharge of pollutant, which alone or in conation with other substances, shall:
a. Cause a public health hazardous injury to enmental resources;
b. Impair existing or reasonable beneficial useeoéiving waters; or
c. Directly or indirectly cause concentrations ofig@ants to exceed applicable
standards of the receiving waters.

In addition to the narrative standards, the NDDH $et a biological goal for all surface waters
in the state. The goal states that “The biologicaidition of surface waters shall be similar to
that of sites or water bodies determined by thedapent to be regional reference sites”
(NDDH, 2001).

2.2 Numeric Water Quality Standards

Lake Hoskins has been classified as a Class 2watelr fishery. Class 2 lakes are “waters
capable of supporting growth and propagation ofsatmonid fishes and marginal growth of
salmonid fishes and associated aquatic biota” (NDEPO1). All classified lakes in North

Dakota are assigned aquatic life, recreation,atramy, livestock watering, and wildlife beneficial
uses. State Water Quality Standards (NDDoH, 28@ites that lakes shall use the same numeric
criteria as Class 1 streams. However, differembgen and phosphorus guidelines have been
established for lakes (Table 13).
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Table 13. North Dakota Nutrient Guidelines for Classified Lakes.
Parameter Criteria/Guideline ___Limit
NO;as N 0.25 mg/L Maximum Allowable Limit
PO, as P 0.02 mg/L Maximum Allowable Limit
Nutrients

Lake use attainment determinations are often mantg arlson’s Trophic State Index (TSI),
which is further discussed in Section 3.0 (Carld®@Y,7). The average nitrate/nitrite
concentration in Lake Hoskins (0.018 mg/L) was gigantly lower than the North Dakota lake
nitrate guidelines of 0.25 mg/L. Most of the ngem in Lake Hoskins was organic in nature
(TKN). High TKN concentrations generally indicagellution resulting from septic systems,
human wastes, animal wastes, and agricultural funof

The ratio of dissolved phosphorus to total phospfieras determined to be very high at most
monitoring sites. Phosphorus loadings may be ateibto agricultural sources and aquatic
vegetation decay. Lake Hoskins phosphorous leatdlse Deepest Site (380760) ranged from
0.515 mg/L to 1.531 mg/L which exceeds the Nortlkda nutrient guideline for phosphorous
of 0.02 mg/L. This can partially be attributedéaluced runoff and increased residence time of
the water in the lake during the 2003-2004 season.

Dissolved Oxygen
The numeric limit for surface waters is a dissoleagigen level of not less than 5mg/L.
3.0 TMDL TARGETS

A TMDL target is the value that is measured to pitloge success of the TMDL effort. TMDL targets
must be based on state water quality standardgautlso include site-specific values when no
numeric criteria are specified in the standardsdgiaon public informational meetings, lake users
want to use Lake Hoskins for swimming and boatwlgile at the same time maintaining a viable
fishery. The lake must also be aesthetically phgasThe following sections summarize the water
quality targets applicable to Lake Hoskins basethese desired beneficial uses.

3.1 Trophic State Index

North Dakota’s 2004 Integrated 305(b) and 303(d)dRestates, “one of the most useful
measures of lake water quality is trophic conditigNDDoH, 2004). Trophic status is a
measure of the productivity of a lake or reseramid is directly related to the level of nutrients
(phosphorus and nitrogen) within the lake or resierviakes tend to become eutrophic (more
productive) with higher nitrogen and phosphorusitep Eutrophic lakes often have nuisance
aguatic vegetation, limited clarity, and low dissa oxygen concentrations that can result in
impaired aquatic life (e.g., winter and summersiilnd recreational uses. Carlson’s Trophic
State Index (TSI) attempts to measure the tropghte ®f a lake using three indicators:
phosphorus, chlorophyll-a and Secchi Disk trangpareneasurements (Carlson, 1977).

Data from the deepest sampling point in Lake Hoskiere averaged to develop the TSI Indexes
for each indicator (Table 10 and Figure 18). Latatata was not used due to its highly variable
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nature. According to Carlson’s TSI and water gyaléta collected between February 2003 and
January 2004, Lake Hoskins would be consideredpareytrophic lake (Table 14).
Hypereutrophic lakes (most productive) are charased by excessive growths of vegetation,
blue green algal blooms, and low dissolved oxyg®rcentrations. These lakes experience
frequent fish kills and are generally characteriasdhaving excessive rough fish populations
(carp, bullhead, sucker) and poor sport fisherscause of frequent algal blooms and
excessive vegetation growth, these lakes are aldesirable for recreational uses such as
swimming and boating.

Table 14. Carlson’s Trophic State Indexes and Lakeéloskins’ TSI Values.

Parameter Measured TSI Relationship TSI Value?
Valuet

Chlorophyll-a 7.6 ug/L TSI C =30.60 + In (7.6) (9)81 50.50

Total Phosphorus 789.6 ug/L TSI P =4.15 + In (78918)42) 100.35

Secchi Depth (SD) 1.7m TSIS=60-1In(1.7) (14.41) 2.35

1 Values for each indicator were averaged from thanitaring site located in the deepest area

of Lake Hoskins (380760).
2 TSI < 40 = Oligotrophic (least productive) TSI > 6Mypertrophic

3.2 Nutrient Target

The following TMDL target for nitrogen and phosptsthas been established for Lake Hoskins
to restore and maintain its designated beneficgakdor aquatic life (i.e. fish) and recreation.
This target was chosen based on the desire ofdke Hoskins Improvement Association to
maintain the recreational use of the lake and tmtaia a viable fishery . According to the
BATHTUB model, a reduction in the external phosptsoand nitrogen loading of fifty percent
will decrease the chlorophyll-a concentrations stdease the Secchi disk transparency depth.

It is likely that this improvement would resultanoticeable change in trophic state to the
average lake user. However, a TSI target of 45.4tirophyll and 51.6 for Secchi depth are
chosen based on the predicted response with arb@mieeduction in phosphorus loading (Table
15). While this will not bring concentrations otal phosphorus to the NDDoH State Water
Quality Standard guideline for lakes (0.02 mg/L}should result in a change of trophic status for
the lake from hypereutrophic down to eutrophicveaithe size of the lake, the probable amount
of phosphorus in bottom sediments, nearly constard in North Dakota causing a mixing

effect, and few cost efficient ways to reduce ikelautrient cycling, this was determined to be
the best possible outcome for the reservoir.
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Figure 12. Temporal Distribution of Carlson’s Trophic Status Index Scores for Lake
Hoskins.

Table 15. Observed and Predicted TSI Scores Assumirggb0 Percent Reduction in
External Phosphorus and Nitrogen Loading.

Parameter Observed Predicted response with
TSI Value 50% Reduction
Carlson’s TSI for Chlorophyll-a 50.46 45.41
Carlson’s TSI for Total Phosphorus 100.36 90.74
Carlson’s TSI for Secchi Depth 52.27 51.56

3.3 Dissolved Oxygen Target

Lake Hoskins is listed as fully supporting but ttened, fish and aquatic biota uses because of
dissolved oxygen levels observed below the Nortkdbmwater quality standard. The North
Dakota water quality standard for dissolved oxygeimot less than 5.0 mg/ L”. For Lake
Hoskins, low dissolved oxygen levels appear todb@ted to excessive nutrient loadings.
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4.0 SIGNIFICANT SOURCES

There are no point sources of pollution locatethenLake Hoskins watershed. The pollutants of
concern originate from non-point sources. Durimgwatershed study four Animal Feeding
Operations (AFOs) were noted. The Agricultural Newint Source Pollution (AgNPS) model
analysis of the four feedlots indicated ratingggrag from 37 to 58, with an average rating of 49.
rating of zero indicates that there is a zero oilggi of pollution and 100 indicates the worst
possible pollution scenario. The average masso$phorus introduced annually from these areas
was calculated at 72.84 pounds per feedlot. Thazgislare due in part to operations that allow
livestock direct access to the lake and assoctatadaries. Also, the high observed TKN and
dissolved phosphorus concentrations are suppoytéloebfact that the majority of the cabins around
Lake Hoskins have septic systems. Nutrient loaxlmgy be originating through runoff from the
watershed and/or groundwater flow from failing syss.

Since there was little outflow from the lake, motthe nutrient load from the 2003-2004 season can
be presumed to be stored in the lake.

5.0 MODELING ANALYSIS

Establishing the relationship between in-streamiaddke water quality targets and source loading
is a critical component of TMDL development. ld&nihg the cause-and-effect relationship
between pollutant loads and the water quality respas necessary to evaluate the loading capacity
of the receiving water body. The loading capastihe amount of pollutant that can be assimilated
by the waterbody while still attaining and maintagqwater quality standards. This section
discusses the estimation of the loading capacidyexisting loading in Lake Hoskins and the inlet
tributaries to the lake. It should be noted thmtlischarge was noted at the spillway from Lake
Hoskins during the 2003-2004 sampling season.

5.1 Tributary Load Analysis

To facilitate the analysis and reduction of tribytanflow and outflow water quality and flow

data the FLUX program was employed. The FLUX pragralso developed by the US Corps of
Engineers Waterways Experiment Station (Walker6)99ses six calculation techniques to
estimate the average mass discharge or loadingdlsaes a given river or stream site. FLUX
estimates loadings based on grab sample chemiocaéntrations and the continuous daily flow
record. Load is therefore defined as the masspollatant during a given time period (e.g.,

hour, day, month, season, year). The FLUX progrémava the user, through various iterations,
to select the most appropriate load calculatiohriepie and data stratification scheme, either by
flow or date, which will give a load estimate witie smallest statistical error, as represented by
the coefficient of variation. Output from the FLUpXogram is then provided as an input file to
calibrate the BATHTUB eutrophication response moBel a complete description of the

FLUX program the reader is referred to Walker (1996

Tributary flow data for the project period were wedd by HPC and the corresponding tributary
and in-lake water quality data were reduced ufiizMicrosoft Excel. Nutrient loads were
calculated from the data collected during 2003-2f@@4he Lake Hoskins’ project. These data
indicate that 2,223 kg of total phosphorus entémdde Hoskins between March 2003 and
February 2004 (Table 16) with 183 kg retained mldke. An estimated 9,721 kg of nitrogen
entered Lake Hoskins during the study period wjit96 kg retained in the lake. The residence
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time for TN was 1.29 years.

Table 16. Total Annual Loading of Total Nitrogen ard Phosphorus to Lake Hoskins
for the Period February 2003 - February 2004.

Load Sources Total P Total N

Surface Runoff 2,155 kg 7,481 kg
Precipitation 67 kg 2,240 kg
Amount Retained 183 kg 6,195 kg

5.2 BATHTUB Model

For purposes of this project, the BATHTUB programswsed to predict changes in trophic
status based on changes in nutrient loading. THEHBAJB program, developed by the US

Army Corps of Engineers Waterways Experiment Stafifalker 1996), applies an empirically
derived eutrophication model to reservoirs. The ehagldeveloped in three phases. The first two
phases involve the analysis and reduction of ibatary and in-lake water quality data. The

third phase involves model calibration. In the dat@uction phase, the in-lake and tributary
monitoring data collected as part of the projeetarmmarized, or reduced, in a format that can
serve as inputs to the model. The following isiaflexplanation of the computer software,
methods, and procedures used to complete eacks# ffhases. A more complete discussion
may be found in Appendix A of this document.

The trophic response model, BATHTUB, has been catidal to match Lake Hoskins’ trophic
response for the project period between Febru®§3 2and February, 2004 (Table 17). This is
accomplished by combining tributary loading estesdor the hydrologic year February 2003
through February 2004 (see Section 5.1) with irehafater quality. Tributary flow data for the
project period were reduced by HPC and the corredipg tributary and in-lake water quality
data were reduced utilizing Microsoft Excel. Thepuis from these two sources were then
provided as input to the BATHTUB model. The modetalibrated through several iterations,
first by selecting appropriate empirical relatioipshfor model coefficients (e.g., nitrogen and
phosphorus sedimentation, nitrogen and phospha&tesyd oxygen depletion, and
algal/chlorophyll growth), and second by adjustingdel calibration factors for those
coefficients. The model is termed calibrated whenpredicted estimates for the trophic
response variables are similar to observed estsmasele from project monitoring data.

The two most important nutrients controlling trophesponse in Lake Hoskins are nitrogen and
phosphorus. After calibration the observed aveeagrial concentration of total nitrogen and
total phosphorus compare well with those of the BAUB model. Other measures of trophic
response predicted by the model are average aohlaabphyll-a concentration and average
Secchi disk transparency. The calibrated modelegasilly efficient at predicting average
chlorophyll-a concentration and Secchi disk transpey within the reservoir as total
phosphorus and total nitrogen (Table 17).

Predicted changes in trophic response to Lake Heskere evaluated by reducing externally
derived phosphorus loads by 25, 50, 75, and 9Gepefd@able 18). These reductions were
simulated in the model by reducing the phosphoameentrations in the contributing tributary
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and other external delivery sources by 25, 50ai8,90 percent. Since there is no reliable
means of estimating how much hydraulic dischargelevbe reduced through the
implementation of BMPs, flow was held constant.

The model results indicate that if it were possibleeduce external phosphorus loading to Lake
Hoskins the average annual total phosphorus amdagtiyll-a concentrations in the lake would
decrease as well and secchi disk transparency deptld increase. However it is unlikely that
the change would be noticeable until a 50 or priyb@db percent reduction in external
phosphorus and nitrogen load is achieved. The néeélicts a reduction in Carlsons TSI score
from for chlorophyll-a, and secchi disk transpageocrresponding to trophic state of
mesotrophic and eutrophic, respectively with a &@ent reduction and mesotrophic for both
with a 75 percent reduction.

Table 17. Observed and Predicted Average Annual \fiaes for Trophic Response
Variables and TSI Scores for Lake Hoskins (2003-2@0 Based on the Calibrated
BATHTUB Model.

Variable Units Observed Value Predicted Value

Total Phosphorus as P mg/L 0.790 0.790
Total Dissolved Phosphorus mg/L 0.057 0.057
Total Nitrogen as N mg/L 1.238 1.238
Organic Nitrogen as N mg/L 1.093 1.092
Chlorophyll-a ug/L 7.57 7.43
Secchi Disk Transparency meters 1.71 1.69
Carlson TSI-P 100.36 100.37
Carlson TSI-Chl-a 50.46 50.27
Carlson TSI-Secchi 52.27 52.47

5.3 AGNPS Watershed Model

In order to identify significant NPS pollutant soas in the Lake Hoskins watershed and to
assess the relative reductions in nutrient (nitncged phosphorus) and sediment loading that
can be expected from the implementation of BMR&iénwatershed, an AGNPS Version 3.65
model analysis was employed. The AGNPS Versioh B6del was used to analyze data
collected by USDA-NRCS.

The primary objectives for using the AGNPS 3.65 mladere to: 1) evaluate NPS contributions
within the watershed(s); 2) identify critical pdbunt source areas within the watershed; and 3)
evaluate potential pollutant (nitrogen, phosphoamsl sediment) reduction estimates that can be
achieved through the implementation of various Biplementation scenarios.

The AGNPS 3.65 model is a single event model thatttventy input parameters. Sixteen
parameters were used to calculate nutrient/sediméptt, surface runoff and erosion. The
parameters used were receiving cell, aspect, S6&,qoercent slope, slope shape, slope length,
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Manning's roughness coefficient, K-factor, C-factfactor, surface conditions constant, soll
texture, fertilizer inputs, point source indicato2OD factor and channel indicator.
Annual run-off and annual nutrient yields were oédted for the watershed using the AQNPS
model (Table 19). The initial Lake Hoskins watedlsummary data is listed in Table 20.
Additional modeling comparisons were made by chaggrop rotations on selected portions of
the watershed. The watershed was divided intod®t8cre cells for evaluation. Each cell was
evaluated based on soil characteristics, slopdattiuse characteristics.

Table 18. Observed and Predicted Values for Selectdrophic Response Variables,
Assuming a 25, 50, 75 and 90 Percent Reduction ixtérnal Annual Total
Phosphorus and Nitrogen Loading to Lake Hoskins

Predicted
Variable Observed 25% 50% 75% 90%

Total Phosphorus as P 0.790 0.598 0.405 0.212 0.097
Total Dissolved Phosphorus 0.057 0.053 0.047 0.042 0.038
Total Nitrogen as N 1.238 0.993 0.750 0.508 0.361
Chlorophyll-a 7.57 6.06 4.53 2.67 1.46
Secchi Disk Transparency 1.71 1.74 1.80 1.87 1.93
Carlson TSI-P 100.36 96.35 90.74 81.45 70.09
Carlson TSI-Chl-a 50.46 48.27 45.41 40.25 34.33

Carlson TSI-Secchi 52.27 52.04 51.56 50.94 50.53
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Table 19. AGNPS Watershed Model Input Parametersrad Results for the Lake Hoskins

Watershed
Input Parameters Values
Watershed Area 24,723 acres
Cell Area 40.00 acres
Number of Cells 618
Characteristic Storm Precipitation 4.00 inches
Storm Energy Intensity Value 98.49
Runoff Values at the Watershed Outlet
Runoff Volume (Precipitation Equivilent) 1.64 inches
Peak Runoff Rate 4187.01 cfs
Total Particulate Nitrogen Yield 0.58 Ibs/acre
Total Soluble Nitrogen Yieldf 1.04 Ibs/acre
Soluble Nitrogen Concentration 2.80 mg/L
Total Particulate Phosphorus Yield 0.29 Ibs/acre
Total Soluble Phosphorus Yield 0.19 Ibs/acre
Total Soluble Chemical Oxygen Demand Yield 33.79 Ibs/acre
Soluble Chemical Oxygen Demand Concentration 90.77 mg/L
Total Sediment Load 1958.45 tons
Mean Total Sediment Concentration 425.62 mg/L
Area Weighted Erosion Rate 2.05 Ibs/acre

Table 20. AGNPS Predicted Total Phosphous and Nitigen Yield Estimates Based
on Land Use Changes to Cells with Greater Than 8 lPeent Slopes in
the Lake Hoskins Watershed.

cells with Cells with Cells
CieglEmt e Cropland and  Currently in
2003-04 >8% Slopes
Runoff Values at the Watershed Outlet : ; >8% Slopes CRP to
Estimated Yield Converted to
. Convertedto  Converted to
Minimum
. Grass Soybeans
Tillage
Total Particulate Nitrogen 0.48 Ibs/acre 0.45 0.41 0.58
Total Particulate Phosphorus 0.24 Ibs/acre 0.23 0.2 0.029
Total Soluble Phosphorus in Runoff 0.19 Ibs/acre 0.2

The AGNPS model predicted that based on the egi&®03-04 farming practices that were
implemented in the Lake Hoskins watershed (i.ejxdure of cropland, CRP and rangeland),
the total particulate nitrogen (i.e., nitrogen @dsnent) yield resulting from a 4.00 inch rainfall
event was 0.48 pounds per acre and the total pkatecphosphorus (i.e., total phosphorus in
sediment) yield was 0.24 pounds per acre (Tabl@nt©920). Cover-management factors (C-
Factors) were determined for each cell within tlake Hoskins watershed. The C-factor is used
to reflect the cropping and management practicesrosion rates. This factor indicates how the
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cropping management practices will affect the ahsaéloss and how that soil-loss potential
will be distributed. By changing the land managenmactices in only those cells with slopes of
greater than 8 % to a cropland C-factor equivalemiat for minimum tillage, the AGNPS
model predicts that the total nitrogen and totalggorus in sediment yields would be reduced
to 0.45 and 0.23 Ibs/acre, respectively. If theédactors were converted to numbers for grass-
like vegetation in the AGNPS model, a reduction wated of 15% for total nitrogen and 16%
for total phosphorus. The potential effects ofwvating lands currently in CRP to cropland was
also evaluated with the AGNPS model. Cells invilagershed currently in CRP were converted
to cropland planted to soybeans. The AGNPS madwhated that total nitrogen and total
phosphorus yield would increase approximately 128mMb 121 %, respectively.

6.0 MARGIN OF SAFETY AND SEASONALITY
6.1 Margin of Safety

Section 303(d) of the Clean Water Act and EPA’sutations require that TMDLs shall be
established at levels necessary to attain and aiaiapplicable narrative and numerical water
guality standards with seasonal variations and mimaf safety which takes into account any
lack of knowledge concerning the relationship betweffluent limitations and water quality.
The margin of safety can be either incorporated auinservative assumptions used to develop
the TMDL or added as a separate component of thBIIM

In order to meet the TMDL target of 0.405 mg/L algthosphorus (TSI Score = 90.74), the
BATHTUB model estimates that a 50% reduction iakphosphorus loading is necessary.
Based on data collected for this assessment, tihenttannual total phosphorus load is 2,223
kgl/yr. Assuming BMPs are implemented on the @altareas within the watershed, then total
phosphorus loading from the watershed should becestiby 50% or 1,111.5 kg. Assuming a
10% explicit margin of safety, then 111.15 kg v set aside as a margin of safety resulting in
the remaining 1000.35 kg allocated to the loadcalion and waste load allocations in the
TMDL.

Through conservative assumptions in the AQNPS aktHBrUB modeling procedures an
implicit MOS is being provided. The most conservatof the assumptions is that all external
nutrients were kept in the lake because of the ¢dutflow. Through the implementation of
best management practices on the four AFOs aniaadaitmargin of safety should be achieved
in accordance with the TMDL.

Post-implementation monitoring related to the aff@ness of the BMPs can also be used to
assure attainment of the TMDL targets, throughuige of adaptive management during the
implementation phase.

6.2 Seasonality

Section 303(d) (1) of the Clean Water Act and th&LUEnvironmental Protection Agency (US
EPA) regulations require that a TMDL be establishétti seasonal variations. The Lake
Hoskins TMDLs address seasonality because the BAIBIVlodel incorporates seasonal
differences in its prediction of annual averagaltphosphorus concentrations by evaluating
existing and allowable loads over a full rangeloWwt that in turn reflect seasonal differences.
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7.0 TMDL
The TMDL can be generally described by the follayveguation:
TMDL = LC = WLA + LA + MOS
where

LC loading capacity, or the greatest loading a watylman receive without violating water
quality standards;

WLA wasteload allocation, or the portion of the TMDloahted to existing or future point
sources;

LA load allocation, or the portion of the TMDL alloedtto existing or future nonpoint sources;

MOS margin of safety, or an accounting of uncertairiigid the relationship between pollutant
loads and receiving water quality. The marginadét/ can be provided implicitly through
analytical assumptions or explicitly by reservingreority loading capacity

7.1 Nutrient TMDL

Table 23 summarizes the nutrient TMDL for Lake Hoskn terms of loading capacity, waste
load allocations, load allocations, and a margieajéty.

Table 21. Summary of the Nutrient TMDL for Lake Hoskins.
Total Phosphorus

Category (kglyr) Explanation
Existing Loading 2,223 From Observed Data
Loading Capacity 1,111.50 50% Reduction

Based on BATHTUB Modeling
Waste Load Allocation 0 There are no point sources in the watershed.
Load Allocation 1,000.35 Allocation to nonpoint sources minus MOS
MOS 111.15 Explicit ten percent (10%) MOS set aside, in

addition an implicit MOS is provided
through conservative modeling assumptions.
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Based on data collected in 2003 and 2004, theiegikiad to Lake Hoskins is estimated at
2,223.0 kg. Assuming a 50 percent reduction basddATHTUB and AGNPS modeling
results in Lake Hoskins reaching a TMDL targetltpteosphorus concentration of 0.405 mg
L-1, then the TMDL or Loading Capacity is 1,111¢h Rssuming 10 percent of the loading
capacity (111.15 kg/yr) is assigned to the MOS thwede are no point sources in the watershed
all of the remaining loading capacity (1000.35 kyig assigned to the load allocation.

7.2 Dissolved Oxygen TMDL

AGNPS and BATHTUB models indicate that excessiveient loading is responsible for the
low dissolved oxygen levels in Lake Hoskins. WE{2883) summarized, "The loading of
organic matter to the hypolimnion and sedimentgrotiuctive eutrophic lakes increases the
consumption of dissolved oxygen. As a result,akygen content of the hypolimnion is reduced
progressively during the period of summer stradiiien."

Carpenter et al. (1998), has shown that nonpountces of phosphorous has lead to eutrophic
conditions for many lake/reservoirs across the UWD&e consequence of eutrophication is
oxygen depletions caused by decomposition of adgaeaquatic plants. They also document
that a reduction in nutrients will eventually le@adhe reversal of eutrophication and attainment
of designated beneficial uses. However, the rm@itescovery are variable among
lakes/reservoirs. This supports the Departmehteaiith's viewpoint that decreased nutrient
loads at the watershed level will result in imprdwxygen levels, the concern is that this
process takes a significant amount of time (5-1&s)e

In Lake Erie, heavy loadings of phosphorous hayearted the lake severely. Monitoring and
research from the 1960's has shown that depregpedihnetic dissolved oxygen levels were
responsible for large fish kills and large matsle€aying algae. Binational programs to reduce
nutrients into the lake have resulted in a downwiedd of the oxygen depletion rate since
monitoring began in the 1970's. The trend of oxydepletion has lagged behind that of
phosphorous reduction, but this was expected (See:
http://www.epa.gov/glinpo/lakeerie/dostory.html).

Nurnberg (1995, 1995a, 1997, 1998), developed eefrtbdt quantified duration (days) and
extent of lake oxygen depletion, referred to aamoxic factor (AF). This model showed that
AF is positively correlated with average annuaat@hosphorous (TP) concentrations. The AF
may also be used to quantify response to watengstdration measures which makes it very
useful for TMDL development. Nirnberg (1996), deped several regression models that
show nutrients control all trophic state indicataated to oxygen and phytoplankton in
lakes/reservoirs. These models were developed ratar quality characteristics using a suite of
North American lakes. NDDoH has calculated thephometric parameters such as surface
area (Ao = 553.5 acres; 2.24 km2), mean depth§D$eet; 2.44 meters), and the ratio of mean
depth to the surface area (zPRe 0.43x10) for Lake Hoskins, which show that these
parameters are within the range of lakes used bpidiig. Based on this information, NDDoH
is confident that Nurnberg's empirical nutrient-gey relationship holds true for North Dakota
lakes and reservoirs. NDDoH is also confident grascribed BMPs will reduce external
loading of nutrients to the Dam which will redudgage blooms and therefore increase oxygen
levels over time.
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Best professional judgment concludes that as lefgiosphorus are reduced by the
implementation of best management practices, disdabxygen levels will improve. This is
supported by the research of Thornton, et al (19B@gy state that, "... as organic deposits were
exhausted, oxygen conditions improved.” To ingbet the implementation of BMPs will
reduce phosphorus levels and result in a correspgiitcrease in dissolved oxygen, water
guality monitoring will be conducted in accordamgéh an approved Quality Assurance Project
Plan.

8.0 ALLOCATION

This TMDL will be implemented by several partiesarolunteer basis. Phosphorus loads into the
reservoir will be reduced by 50 % by treating ad &/WGNPS identified “high nutrient runoff’ areas
(Figure 13). High nutrient runoff areas were detesd using the AQNPS model which identified
those 40 acre cells with a sediment nitrogen faatgreater than 3.0 Ibs per acre, a sediment
phosphorus factor of greater than 1.5lbs per arré a soluble phosphorus factor of greater than 0.4
Ibs per acre.

There are 159 cells within the Lake Hoskins watedsidentified as "high nutrient runoff areas" by
AGNPS modeling. These cells represent a total @iréz860 acres of cropland acres, or 26% of the
watershed. If 100% of the critical watershed aczasbe treated with appropriate BMPs and
Livestock Waste Management systems installed aetbf the four AFOs, then the specified
reduction is possible.

Cover-management factors (C-Factors) were detethforecach cell within the Lake Hoskins
watershed. The C-factor is used to reflect thpmirgy and management practices on erosion rates.
This factor indicates how the cropping managemeauttices will affect the annual soil loss and

how that soil-loss potential will be distributedy Bhanging the land management practices in cells
with slopes of greater than 8% and a cropland @fathe total nitrogen (TN) and total phosphorus
(TP) in sediment levels would be reduced for théevshed. If these C-factors were converted to
numbers for grass-like vegetation in the AQNPS rmad@urther reduction was noted of 15% for TN
and 16% for TP.

Further reductions in total phosphorus loads welkbighieved through drafting of ordinances relating
to future developments and existing developmermsrat Lake Hoskins that will further reduce
phosphorus loading.

The Lake Hoskins Improvement Association, in coapen with the North Dakota State Game and
Fish Department’s Save Our Lakes Program, localState NRCS Offices and local volunteer
groups (Boy Scouts) have implemented several ingrant ideas within the Lake Hoskins
watershed. Areas of shoreline have been stabitzeeduce erosion and sediment loads.
Numerous trees have been planted along shoreliftes.groups also worked with local landowners
to address the feedlot operations and the impadtake Hoskins. Two sedimentation dams, one in
the northwest portion of the watershed and onkersbuthern portion of the watershed, were
installed in an attempt to further reduce loadidgsng periods of heavy run-off within those
portions of the watershed. In addition, areas wettenced and alternative water sources were
added to restrict direct access to the shorelrésbstock.
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Lake Hoskins

High Nutrient Level Runoff Areas
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Figure 13. High Nutrient Run-off Areas in the LakeHoskins Watershed.
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9.0 PUBLIC PARTICIPATION

To satisfy the public participation requirementiis TMDL, a hard copy of the TMDL for Lake
Hoskins and a request for public comment was madeqghrticipating agencies, partners, and to
those who request a copy. Those included in thengaf a hard copy are as follows:

US EPA - Region VIl

USDA-NRCS State Office

US Fish & Wildlife Service

North Dakota State Game and Fish Department
Mclintosh County Soil Conservation District
Mclntosh County Water Resource Board

Lake Hoskins Improvement Association

In addition to the mailed hard copies, the TMDL lf@ke Hoskins was posted on the North Dakota
Department of Health, Division of Water Quality wsibe athttp://www.health.state.nd.us/wd\
30-day public notice soliciting comment and papi&tion was also published in the Ashley Tribune
and the Bismarck Tribune.

The 30-day comment period was held from May 25620@ough June 23, 2006. Comments were
received from the North Dakota Game and Fish Depart and the U.S. EPA. A summary of the
comments received and the North Dakota Departnfddealth’s response to those comments are
provided in Appendix D.

Significant public involvement also occurred durthg development of the Lake Hoskins TMDL.
Table 24 summarizes the efforts taken to gain pudducation, review, and comment during the
development of the TMDL.

Table 22. Summary of Public Involvement During theLake Hoskins TMDL
Development Project.

Public Meetings/Contacts Articles/Reports Comments

Monthly LHIA meetings Ashley Tribune—shoreline and tree  Public concern for lake and recreation
planting potential

Data Review by NRCS/HPC Ashley Tribune— sedimentation damPublic concern for water quality
project improvement

Meetings with NDGF/Save Our  Ashley Tribune— water sampling Public involvement in project

Lakes Program implementation

Cooperative efforts on projects  Ashley Tribune— June 2004 Public Public attendance at open discussion

with Boy Scout troop Meeting meeting

Cooperative efforts with Bismarck Tribune—June 2004 Public Public follow-up with ideas for

watershed landowners/sediment Meeting planned improvements
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10.0

11.0

12.0

MONITORING STRATEGY

In the fall of 2004 the McIntosh County Soil Consaron District applied for, and received, FY
2004 Section 319 NPS watershed restoration fundifgese funds will be used to work with
producers in the Lake Hoskins watershed to impléB&Ps that will result in achieving the
TMDL targets set forth in this report. To ensurege TMDL targets are met and the goals of
the Section 319 project are achieved, water qualdwpitoring will be conducted in accordance
with an approved Quality Assurance Project Plan PA

Specifically, monitoring will be conducted for athriables that are currently causing
impairments to the beneficial uses of the waterbdtigse include, but are not limited to
nutrients (i.e., nitrogen and phosphorus) and tlissooxygen. Monitoring will be conducted in
the lake beginning two years after implementatiot extending 5 years after the
implementation project is complete.

TMDL IMPLEMENTATION STRATEGY

As stated in the previous section, the McIintoshr@®p&CD has received Section 319 NPS
watershed restoration funding to implement BMPsssary to achieve the TMDL targets set
forth in this report. It should be remembered, beer, that the implementation of the best
management practices contained in the NPS pollutianagement project implementation plan
(PIP) is voluntary. Therefore, the success of pinigect is ultimately dependent on the ability of
the local project sponsor to find cooperating pasia.

Monitoring is also an important and required congaarof any PIP. As a part of the PIP, data
are collected to monitor and track the effects BfFBimplementation as well as to judge overall
project success. The Quality Assurance ProjectsRi@APPs) for the Lake Hoskins Section 319
PIP details the strategy of how, when and whereitmang will be conducted to gather the data
needed to document the TMDL implementation goaKs)data are gathered and analyzed,
watershed restoration tasks will be adapted, iessary, to place BMPs where they will have the
greatest benefit to water quality.

ENDANGERED SPECIES

States are encouraged to participate with the ElsB. and Wildlife Service and EPA in the
Endangered Species Act consultation process tongeaty adversely or beneficially, the
potential effects of the TMDL on threatened or erglaed species. To assist with this process,
the U.S. Fish and Wildlife Service’s Ecological Bees Division in Bismarck, North Dakota
was contacted (Ellsworth 2006, personnel commuisicategarding potential endangered or
threatened species in the Lake Hoskins waterslead arhe U.S. Fish and Wildlife Service
identified two federally listed species as endaedethe Whooping Cran&(us americana) and
the Gray wolf Canislupis), and two federally listed threatened speciesBild eagle
(Haliaeetus leucocephalus) and the Piping ploveGharadrius melodus), as potentially found in
the area. There were no critical habitats iderdity the U.S. Fish and Wildlife Service in the
watershed area.
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As a Tool to Evaluate Various Nutrient Reduction Aternatives
Based on Data Collected by the Lake Hoskins Lake Iprovement Association from
February 2003 through February, 2004
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Introduction

In order to meet the project goals, as set fortkthyproject sponsors of identifying possible opsi¢o
improve the trophic condition of Lake Hoskins tudés capable of maintaining the reservoirs beredfici
uses (e.g., fishing, recreation, and drinking watgply), and the objectives of this project, whach

to: (1) develop a nutrient and sediment budgettferreservoir; (2) identify the primary sources and
causes of nutrients and sediments to the reseavair(3) examine and make recommendations for
reservoir restoration measures which will reduceudeented nutrient and sediment loadings to the
reservoir, a calibrated trophic response modeldealoped for Lake Hoskins. The model enables
investigations into various nutrient reduction aitgives relative to the project goal of improvicake
Hoskins'’s trophic status. The model will allow rasee managers and the public to relate changes in
nutrient loadings to the trophic condition of tleservoir and to set realistic lake restoration gjtizht
are scientifically defensible, achievable and dbcecceptable.

Methods

For purposes of this project, the BATHTUB programswised to predict changes in trophic status based
on changes in nutrient loading. The BATHTUB prograeveloped by the US Army Corps of

Engineers Waterways Experiment Station (Walker6})98pplies an empirically derived eutrophication
model to reservoirs. The model is developed inglmeases. The first two phases involve the analysis
and reduction of the tributary and in-lake watealgy data. The third phase involves model caliorat

In the data reduction phase, the in-lake and tafyuinonitoring data collected as part of the priogee
summarized, or reduced, in a format which can sasvaputs to the model. The following is a brief
explanation of the computer software, methods,@odedures used to complete each of these phases.

Tributary Data

To facilitate the analysis and reduction of tribytenflow and outflow water quality the program
Microsoft Excel was employed. Water volume was walied by the environmental consulting firm

High Plains Consortium (HPC). The total inflow watelume calculated was then divided between
each sub-watershed based on the percentage ddileacach occupied within the total watershed area.
Water quality concentrations used in the final gsialwere the mean concentrations for each
sub-watershed as collected by the Lake Hoskins Lakeovement Association. The average
concentrations and calculated flow volumes were a@seinputs to calibrate the BATHTUB
eutrophication response model.



Lake Data

Lake Hoskins's in-lake water quality data was redugsing Microsoft Excel. The data was reduced in
excel to provide three computational functions|udng: (1) the ability to display constitute
concentrations as a function of depth, locationl/@ndate; (2) calculate summary statistics (engan,
median and standard error in the mixed layer ofdke or reservoir); and (3) track the temporaplic
status. As is the case with tributary data, outfmrh the Excel program is used as input to caléthe
BATHTUB model.

BATHTUB Model Calibration

As stated previously, the BATHTUB eutrophicationdabwas selected for this project as a means of
evaluating the effects of various nutrient reductidternatives on the predicted trophic statusaie.
Hoskins. BATHTUB performs water and nutrient bakucalculations in a steady-state. The BATHTUB
model also allows the user to spatially segmentekervoir. Eutrophication related water quality
variables (e.qg., total phosphorus, total nitroggrmorophyll-a, Secchi Disk transparency, organic
nitrogen, orthophosphorous, and hypolimnetic oxydepletion rate) are predicted using empirical
relationships previously developed and testeddsenvoir systems (Walker, 1985).

Within the BATHTUB program the user can select fremnschemes based on reservoir morphometry
and the needs of the resource manager. Using BABH{RE user can view the reservoir as a single
spatially averaged reservoir or as a single segedamiservoir. The user can also model parts of the
reservoir, such as an embayment, or model a cigteof reservoirs. For purposes of this projeckd.a
Hoskins was modeled as a single, spatially averagsdrvoir.

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

In order to closely match an actual in-lake cowditwith 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 nanof model, and where appropriate the
calibration factor used for Lake Hoskins BATHTUB Model.

Model Option Model Selection Calibration Factor
Conservative Substance 1 Computed 1.00
Phosphorus Balance 7 Settling Velocity 0.547
Phosphorus - Ortho P 7 1.730
Nitrogen Balance 6 First Order Settling Velocity 0.830
Organic Nitrogen 6 1.760
Chlorophyll-a 1 P, N, Light, T 025
Secchi Depth 1 Vs. Chla & Turbidity (0:000]
Phosphorus Calibration 1 Decay Rate NA
Nitrogen Calibration 1 Decay Rate NA
Availability Factors 2 All Models Except 2 NA

Mass-Balance Tables 0 Use Observed Concentrations NA




Results

The trophic response model, BATHTUB, has been catial to match Lake Hoskins'’s trophic response
for the project period between February, 2003 agtardrary, 2004. This is accomplished by combining
tributary loading estimates for the hydrologic yEabruary, 2003 and February, 2004 with in-lake
water quality. Tributary flow data for the projgxriod are reduced by HPC and the corresponding
tributary and in-lake water quality data are reduagtlizing Microsoft Excel. The outputs from these
two sources are then provided as input to the BAUB™odel. The model is calibrated through several
iterations, first by selecting appropriate empiriedationships for model coefficients (e.g., ngem and
phosphorus sedimentation, nitrogen and phosphatayd oxygen depletion, and algal/chlorophyll
growth), and second by adjusting model calibratamtors for those coefficients (Table 1). The madel
termed calibrated when the predicted estimateth#trophic response variables are similar to oleser
estimates made from project monitoring data.

The two most important nutrients controlling trophésponse in Lake Hoskins are nitrogen and
phosphorus. After calibration the observed aveeagaial 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 phosphlmmmsentration of 0.79 mg/ L and an annual average
volume weighted total nitrogen concentration of35.2ng/L compared to observed values for total
phosphorus and total nitrogen of 0.79 mg/ L an@3.1/ag/L, respectively (Table 2).

Other measures of trophic response predicted bgntuel are average annual chlorophyll-a
concentration and average secchi disk transpardimeycalibrated model was equally effective at
predicting average chlorophyll-a concentration sadchi disk transparency within the reservoir & to
phosphorus and total nitrogen (Table 2).

Table 2. Observed and Predicted Values for Selectddophic Response Variables for the
Calibrated BATHTUB Model.

Variable Observed Predicted
Total Phosphorus as P (mg/L) 0.790 0.790
Total Dissolved Phosphorus (mg/L) 0.057 0.057
Total Nitrogen as N (mg/L) 1.238 1.238
Organic Nitrogen as N (mg/L) 1.093 1.092
Chlorophyll-a {«g/L) 7.57 7.43
Secchi Disk Transparency (meters) 1.71 1.69
Carlson’s TSI for Phosphorus 100.36 100.37
Carlson’s TSI for Chlorophyll-a 50.46 50.27
Carlson’s TSI for Secchi Disk 52.27 52.47

Once predictions of total phosphorus, chlorophybyad secchi disk transparency are made, the model
calculates Carlson’s Trophic Status Index (TShr{€2a, 1977) as a means of expressing predicted
trophic response (Table 2). Carlson’s TSI is arxthat can be used to measure the relative trophic
state of a lake or reservoir. Simply stated, troghiate is how much production (i.e., algal anddvee
growth) occurs in the waterbody. The lower the ieatrconcentrations are within the waterbody the
lower the production and the lower the trophicestatlevel. In contrast, increased nutrient
concentrations in a lake or reservoir increasetbeduction of algae and weeds which make the lake o
reservoir more eutrophic or of a higher trophidest®ligotrophic is the term which describes thaste
productive lakes and hypereutrophic is the ternd usalescribe lakes and reservoirs with excessive
nutrients and primary production.



Figure 1 provides a graphic summary of the TSI eafiog each trophic level compared to values for
each of the trophic response variables. The caéiirmodel provided predictions of trophic status
which are similar to the observed TSI values fer phoject period (Table 2). Overall, the prediched
observed TSI values for phosphorus, chlorophyih@ secchi disk suggest Lake Hoskins is eutrophic.
Figure 2 is a graphic that shows the annual tenhplsstaibution of Lake Hoskins’s trophic state bdse
on the three parameters - total phosphorus as patespchlorophyll-a and secchi disk depth
transparency.
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Figure 1. Graphic depiction of Carlson's Trophic Satus Index

Model Predictions

Once the model is calibrated to existing conditjiathe model can be used to evaluate the effectsgene
of any number of nutrient reduction or lake regioraalternatives. This evaluation is accomplished
comparing predicted trophic state, as reflecte@€asison’s TSI, with currently observed TSI values.
Modeled nutrient reduction alternatives are preszbiti three basic categories: (1) reducing extgrnal
derived nutrient loads; (2) reducing internally itadale nutrients; and (3) reducing both external an
internal nutrient loads. For Lake Hoskins only ex& nutrient loads were addressed. External mutrie
loads were addressed because they are known te eatrsphication and because they are controllable
through the implementation of watershed Best Mamaye Practices (BMPS).

Predicted changes in trophic response to Lake iHeskere evaluated by reducing externally derived
phosphorus loads by 25, 50, 75, and 90 percenseTtesluctions were simulated in the model by
reducing the phosphorus concentrations in the itaning tributary and other external delivery sasc
by 25, 50, 75, and 90 percent. Since there is limbie means of estimating how much hydraulic
discharge would be reduced through the implememtati BMPs, flow was held constant.

The model results indicate that if it were possibleeduce external phosphorus loading to Lake
Hoskins the average annual total phosphorus amdagtlyll-a concentrations in the lake would
decrease as well and secchi disk transparency deptld increase (Table 3, Figure 3). However it is
unlikely that the change would be noticeable w0 or even 75 percent reduction in external
phosphorus and nitrogen load is achieved. The naeélicts a reduction in Carlson’s TSI score from
for chlorophyll-a, and secchi disk transparencyegponding to trophic state of mesotrophic and
eutrophic, respectively with a 50 percent reducdaod mesotrophic for both with a 75 percent
reduction.
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Figure 2. Temporal distribution of Carlson's Trophic Status Index scores for

Lake Hoskins (February 2003 to February 2004).

Table 3. Observed and Predicted Values for Selectdrophic Response Variables Assuming a
25, 50, 75 and 90 Percent ReductionExternal Phosphorus and Nitrogen Loading.

Variable

Total Phosphorus as P (mg/L)
Total Dissolved Phosphorus (mg/L)
Total Nitrogen as N (mg/L)
Chlorophyll-a {:g/L)

Secchi Disk Transparency (meters)
Carlson’s TSI for Phosphorus
Carlson’s TSI for Chlorophyll-a
Carlson’s TSI for Secchi Disk

Predicted
Observed 25% 50 % 75 % 90 %
0.790 0.598 0.4050.212 0.097
0.057 0.053 0.047 0.042 0.038
1.238 0.993 0.750 0.508 0.361
7.57 6.06 453 2.67 1.46
1.71 1.74 1.80 1.87 1.93
100.36 96.35 90.74 81.45 70.09
50.46 48.27 4541 40.25 34.33
52.27 52.04 51.56 50.94 50.5
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Appendix B

Public Comments on the Draft Lake Hoskins Dissolve@®xygen and Nutrient TMDL Report
and the North Dakota Department of Health’s Resporsto Comments



During the 30-day public notice soliciting commentthe draft report entitled “Nutrient and Dissave
Oxygen TMDLs for Lake Hoskins in Mcintosh Countypith Dakota”, the NDDoH only received
comments from Scott Elstad with the North Dakotan@and Fish Department and from Vern Berry
with the US EPA Region 8. Mr. Elstad’s commentsersubmitted as hand written comments
submitted in the margins of the draft report. Blerry’s comments were submitted to the NDDoH via
email dated June 30, 2006. The following are tbeimments and the NDDoH'’s reponse to those
comments.

NDGF Comment: In Section 1.5.2 Water Quality Data, page 12sdbe term “significant increase”
mean “statistically significant increase”?

NDDoH ResponseNo, the term “significant” was removed from tha&tnce.

NDGF Comment: In Section 1.5.2 Secchi Disk Transparency, pajehke paragraph states “The
water clarity peaked during late May to early Juaet references Figure 15. In Figure 9 it looks li
Secchi Disk transparency was highest in Novembeualy at the deepest site. Is this simply the
difference between “peak” and “average”?

NDDoH ResponseTable 12 provides a summary of daily Secchi Diakgparency measurements,
while Figure 9 presents seasonal means. The sEniteithis section was changed to reference Table
12.

NDGF Comment: In Section 3.1 Trophic State Index, page 19, Blistad suggested changing
“weeds” to “vegetation” and “large” to “excessive”.

NDDoH ResponseSuggested changes made.

NDGF Comment: In Section 8.0, page 29, the report states thdirffsentation dams were installed in
the NW Portion of the (Lake Hoskins) watershedivolsediment dams were installed in the Lake
Hoskins watershed through funding provided by ti¥3%’s Save Our Lakes Program, one in the NW
portion of the watershed and one in the southertiguoof the watershed. Alternate livestock watgri
sources were also installed in the watershed tirélg SOL program.

NDDoH ResponseThis section of the report was re-written to reffiénis information.

EPA Region 8 Comment:In Section 3.2, Nutrient Target, page 19, the sayfs that the TMDL

nutrient target(s) are TSI of 50 for chlorophylida®ecchi depth, whereas the values shown in Tdble 1
(with a 50% reduction in external nutrient loadifgy) Chl-a and SD are 45.4 and 51.6 respectiveélg
recommend that the Nutrient TMDL target be staledrty in the fist or second paragraph of this
section, and it be consistent with predictions\datifrom the modeling performed for the watershed.
We assume that the nutrient targets are TSI Ch#ta.4 and TSI SD = 51.6. We recommend that this
section be revised accordingly.

NDDoH ResponseThe text in Section 3.2, Nutrient Target, was ¢jeghto reflect EPA’'s comment.
The Trophic Status Index TMDL targets for chlorolpayand Secchi disk transparency were change to
45.4 and 51.6, respectively.



EPA Region 8 Comment:In Section 7.1, Nutrient TMDL, page 27, the explgon for the MOS in
Table 21 says the TMDL includes a 10% "implicit"ngia of safety, whereas Section 6.1 explains how
an "explicit” MOS is included. We recommend tha MOS explanation in Table 21 be revised similar

to:
"10% explicit MOS is being set aside, in additian,implicit MOS is provided through conservative

modeling assumptions."

NDDoH ResponseThe explaination provided for the Margin of Safé@f§OS) in Table 21 was re-
worded as suggested. It reads an “Explicit texgr@r(10%) MOS set aside, in addition an implicit
MOS is provided through conservative modeling agstions”.



