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McGregor Dam Nutrient and Dissolved Oxygen TMDLs

1.0 INTRODUCTION AND DESCRIPTION OF THE WATERSHED

McGregor Dam is located in the northeast cornédliams County, one mile south of McGregor, ND
(Figures 1 and 2). Completed in 1969 for the puepmfgecreation and wildlife enhancement, the raser
covers 57.5 acres with a maximum depth of 34.1 féae shoreline of McGregor Dam is publically
owned, surrounded by a State Wildlife Manageme®eBArlt is a popular recreational area and receives
heavy use from the surrounding communities. Therdmuting watershed of McGregor Dam is 5,492
acres. Approximately a quarter mile upstream frbereservoir, the two major unnamed tributaries
converge into one before entering the reservoibldd summarizes some of the geographical,
hydrological, and physical characteristics of MogineDam and its watershed.

Table 1. General Characteristics of McGregor Dam ad its Watershed.

Legal Name McGregor Dam

Major Drainage Basin | Missouri River

Nearest Municipality Williston, ND
Assessment Unit ID ND-10110101-019-L_00
County Location Williams County, ND

Physiographic Region | Glaciated Dark Brown Prairie

Latitude 48°25'47"
Longitude -103°43'58"
Surface Area 57.5 acres
Watershed Area 5,492 acres
Average Depth 13.5 feet
Maximum Depth 34.1 feet

Volume

Tributaries

Type of Waterbody
Fishery Type

785.1 acre-feet
Unnamed Tributaries

Constructed Reservoir

Walleye, Rainbow Trout, BrownTrout
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Figure 1. Location of McGregor Dam in North Dakota.
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Figure 2. Location of McGregor Dam.
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1.1 Clean Water Act Section 303(d) Listing Informaibn

Based on the 2008 Section 303(d) list of impairatens needing TMDLSs, the North Dakota
Department of Health (NDDoH) has identified McGre@am as fully supporting but threatened
for recreation beneficial use due to nutrient dnment/eutrophication and biological indicators,
and fully supporting but threatened for aquatie beneficial uses due to sediment, nutrient
enrichment/eutrophication and biological indicat@rable 2). Fish and other aquatic biota
inhabiting the reservoir are threatened becaussgerated eutrophication as a result of nutrient
enrichment from the contributing watershed. Inifdid, sedimentation is threatening aquatic life
and the longevity of the reservoir. The recreatiarses of the reservoir are being threatened by
eutrophication from nutrient enrichment. While naginally listed as impaired for dissolved
oxygen, the assessment conducted showed thatwidsamkygen levels fell consistently below the
State standard, so a TMDL was developed for thpaimment as well.

Table 2. McGregor Dam Section 303(d) Listing Infornation (NDDoH, 2008).

Waterbody Name McGregor Dam
Assessment Unit ID | ND-10110101-019-L_00
Class Class 1, Capable of Supporting a Cold Water Fishery

Recreation, Fish and Other Aquatic Biota (fully
supporting but threatened)

Causes Nutrients, Sedimentation/Siltation, Biological Indtors

Impaired Uses

Priority High

1.2 Topography

McGregor Dam and its watershed lie within the Giganil Dark Brown Prairie level IV ecoregion
(42i). This ecoregion has a well defined drainggetem and fewer wetlands compared to the
Missouri Coteau Slope which lies to the east of Meger Dam and the Dark Brown Prairie
ecoregion. The Northwestern Glaciated Plains l&8Vekoregion, in which McGregor Dam

resides, marks the western most extent of con@hegfaciation. Much of the land in the area is
transitional between the dry land farming that dwates the land to the east (ecoregion 46i), and
prevalent cattle ranching practices to the wesirggion 43). As a result, ecoregion 42i represents
a mosaic of cropland and rangeland. The establidrenage pattern present in the ecoregion
consists of gently rolling plains sloping toware tklissouri River. Elevation of the area ranges
between 1,950-3,000-feet (MSL), with McGregor Dataaed at approximately 2,077-feet (MSL).
Local relief is between 50 and 200 feet. Figushdws the general location, shape, and size of the
McGregor Dam watershed in Williams County, NorthkDi.
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Figure 4. General Location of McGregor Dam Waterskd.
1.3 Land Use/Land Cover

Land use in the watershed is primarily agricult{€.4 percent), with 77 percent of the
agricultural land actively farmed. The land itetl mainly for durum, spring wheat, and other
small grains (Table 3, Figure 5). The remainingéhpercent of land consists of farmsteads, hay
land, and pastureland. There is one animal feealr@gation in the watershed. The United States
Department of Agriculture’s Stream Visual Assessiiotocol was used to assess the riparian
area of tributaries to McGregor Dam (Appendix @Jthough 20 sites were selected for the
assessment, only 11 were evaluated due to ladkeains flow. Of the 11, eight were ranked as
poor and three were ranked as fair. Priority res®issues listed as impacting the riparian area
include nutrient management and riparian health.
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The geology of the ecoregion is comprised of gladlaover tertiary sandstone and shale. Soil
series include Williams, Zahl, and Bowbells. Pdaedmative vegetation in the watershed may
include blue grama, needle-and-thread, western tgteess, green needlegrass, and little bluestem.

Table 3. Description of Land Use (NASS 2004).

Description Acres Percent of Total
Canola 274 4.99
Sunflowers 76 1.39
Lentels/Peas 3783 6.79
Grains 3,508 63.87
CRP/Pasture 956 17.41
Water 249 4,53
Urban/Roads/Farmsteads 56 1.02
Total 5492 100

—— Streams
|:| Watershed Boundary
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Figure 5. Land Use in the McGregor Dam Watershed.
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1.4 Climate and Precipitation

The climate of northwestern North Dakota and tleaancompassing McGregor Dam is semiarid
to sub-humid and continental. Precipitation evangssporadic occurring primarily as rainfall in
May through July where monthly rainfall is greatean two inches (Figure 6). The average
snowfall is 37 inches and average rainfall is I¢hes annually. Sunshine occurs 62 percent of the
time annually (Soil Survey of Williams County, USC3oil Conservation Service, 2000).
Summers are warm with frequent bouts of hot weahdrsporadic cool days. On average there
are between 110-130 frost free days per year ietbesgion. Winters are cold, especially when
arctic air from Canada surges over the area. ©oh@al temperature in January is 9°F while the
normal temperature in July is 70°F (NDAWN, 2005ig(Fe 7). Since North Dakota Agricultural
Weather Network (NDAWN) period of record data was short to accurately calculate normal air
temperatures alone, NDAWN normal air temperaturesewealculated through interpolation of
monthly normal air temperature measurements froantryeNational Weather Service (NWS)
Cooperative Stations data (1971-2000).

2.5

15

Precipitation (inches)

0.5+

Jan Feb March April May June July Aug Sept Oct Nov Dec
Month

Figure 6. Normal Monthly Precipitation from 1971-200 at the North Dakota Agriculture
Weather Network (NDAWN), Williston, ND Weather Station.



McGregor Dam Nutrient and Dissolved Oxygen TMDLs

Final: June 2009

Page: 8f 32

80

70

60

a
o

Temperature (F)
S
o

w
o
|

20

10

Jan

Feb

March June

Month

April May July Aug

Sept

Oct Nov

Dec

Figure 7. Normal Monthly Temperature from 1971-2000at NDAWN, Williston, ND Weather

Station.

1.5 Water Quality Data

Recognizing the need to improve water quality cbods in McGregor Dam, a TMDL
development project was initiated with sponsordtyiphe Williams County Soil Conservation
District. Data for the TMDL development projectsweollected between June 2003 and October

2004. Water quality samples were collected atttvboitary sites, one in-lake site, and one site at

the outlet of the reservoir (Table 4, Figure 8).

Table 4. General Description of Monitoring Sites.

Station ID Station Description SEMIES Latitude Longitude
Collected

385243 Southwest Tributary

2 miles S. & 1 mile W. of McGregor 28 48.42741 | -103.74836
385242 Inlet

2 miles S. & ¥ mile W. of McGregor 29 48.43866 | -103.7517
380820 Near Dam at deepest point 25 48.42984  7363.
3g544 | Outlet 17 48.42989 | -103.7306

1 mile S. of McGregor
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Figure 8. Monitoring Site Locations for McGregor Dam and Its Tributaries.

Stream Monitoring

Sampling frequency for the stream sampling sites stiaatified to coincide with the typical
hydrograph for the region. This sampling desigults in more frequent samples during spring
and early summer when stream discharge was typigedatest. Less frequent samples were taken
during late summer and fall. Sampling efforts waiszontinued during winter ice cover

conditions, and terminated when the stream stofipedhg. If the stream began flowing again,
water quality sampling was reinitiated.

Reservoir Monitoring

In order to accurately account for temporal vaoiain lake water quality, the lake was sampled
twice per month during the spring and early sumseason and monthly during fall and ice cover
conditions. Reservoir monitoring was conductedegiths of 0.5 meters below the surface, mid-
depth, and 0.5 meters from the reservoir bottom.

Nutrient Data

Water quality parameters were monitored in the Mxg®r Dam watershed at three sampling
stations between June 2003 and October 20@dter quality data were collected on two tributsrie
upstream of McGregor Dam (385242 and 385243) atitealam’s outlet (385244). A suite of
nutrients and total suspended solids (TSS) weteatet for analysis. Tables 5, 6, and 7 highlight
general water quality statistics for the strearmssitin addition to water quality, stream stage and
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discharge were measured, and used in the loadiaglatons (Appendix B). An automated stage
recorder and staff gauge were installed at eaehasidl discharge was measured during each water

McGregor Dam Nutrient and Dissolved Oxygen TMDLs

quality sampling trip.

Table 5. Summary Statistics for Water Quality Variables Sampled at Tributary Monitoring

Station 385242 (Inlet).

Variable Ng;nrgsg Maximum | Minimum | Mean | Median
Collected (mg/L) (mg/L) (mg/L) | (mg/L)
Total Phosphorus 12 0.423 0.181 0.336 0.36¢
Total Nitrogen 12 5.18 1.31 2.211 1.89(
Total Kjeldahl Nitrogen 12 2.18 1.08 1.490 1.35(Q
Nitrate + Nitrite 12 3.40 0.01 0.720 0.375
Ammonia 12 0.376 0.005 0.119 0.061

Table 6. Summary Statistics for Water Quality Variables Sampled at Tributary Monitoring
Station 385243 (SW Tributary Inlet).

Variable Nggnrr?p?lrezf Maximum | Minimum | Mean | Median
Collected (mg/L) (mg/L) (mg/L) | (mg/L)
Total Phosphorus 10 0.460 0.209 0.369 0.398
Total Nitrogen 10 5.02 1.32 2.444 2.095
Total Kjeldahl Nitrogen 10 2.11 1.02 1.370 1.31Q
Nitrate + Nitrite 10 351 0.01 1.073 0.795
Ammonia 10 0.338 0.005 0.145 0.127

Table 7. Summary Statistics for Water Quality Variables Sampled in Tributary Monitoring

Station 385244 (Outlet).

Variable Ng;nn?sg Maximum | Minimum | Mean | Median
Collected (mg/L) (mg/L) (mg/L) | (mg/L)
Total Phosphorus 12 131 0.09 0.612 0.447
Total Nitrogen 12 6.94 151 3.745 3.275
Total Kjeldahl Nitrogen 12 6.92 1.39 3.703 3.255
Nitrate + Nitrite 12 0.14 0.01 0.383 0.020
Ammonia 12 4.64 0.005 1.91 1.51

Reservoir water quality samples were collectechatrmonitoring site (380820) located at the
deepest point near the dam itself (Figure 8). Tiysmo samples were collected between June

2003 and September 2004 during the open water s@asbunder ice cover. Parameters sampled
and measured include: chlorophyll a, total nitrqgetal Kjeldahl nitrogen, nitrate-nitrite,
ammonia, total phosphorus, and Secchi disk traegpgir A summary of the water quality data is
provided in Table 8. These data indicate that éisenvoir is phosphorus limited with an average
total nitrogen (TN) to total phosphorus (TP) raifdl7:1. For both reservoir and stream samples,
where results were below detection limits, one Hatection limit was used in calculations.
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Table 8. Summary Statistics for Water Quality Variables Sampled in McGregor Dam,
Deepest Site (380820).

Variable Units Maximum Minimum Mean Median
Total Phosphorus mg/L 1.35 0.025 0.163 0.136
Total Nitrogen mg/L 7.93 1.02 2.769 2.105
Total Kjeldahl mg/L 6.55 0.90 2.235 2.045
Nitrogen
Nitrate+Nitrite as N mg/L 2.80 0.01 0.108 0.020
Ammonia as N mg/L 4.69 0.005 0.689 0.340
Chlorophyll-a pa/L 70.8 0.75 23.0 17.0
Secchi Disk Meters 6.3 1.1 1.6 2.3
Transparency

Dissolved Oxygen and Temperature

Dissolved oxygen and temperature were monitoreédeatieepest site of McGregor Dam from June
2003 through October 2004. Measurements were taikémeter depth intervals during ice cover
and open water periods each time a water qualitypkawas collected. Figures 9 through 12
illustrate the results of the temperature and diesboxygen data for the in-lake monitoring site fo
each year.During the sampling of 2003, McGregor Dam was thalyrstratified June through
September. Dissolved oxygen concentrations wdmanibe State water quality standard of 5.0
mg/L in a portion of the water column for every sdentaken except for October. Samples were
only taken once during the months of August and&eper 2003 due to equipment malfunctions.
Stratification also occurred in 2004 from May thgbuSeptember. Severe dissolved oxygen deficits
occurred throughout 2004 with the exception of feampling events in April (2), May, and
October. The bottom depths were primarily affe¢tedughout the year, but at times the entire
water column was less than 2.0 mg/L.
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Figure 9. Summary of Temperature Data for the McGrgor Dam Deepest Area Site (380820)
in 2003.
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Figure 10. Summary of Dissolved Oxygen Concentratis for the McGregor Dam Deepest
Area Site (380820) in 2003.
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Secchi Disk Transparency and In-Lake Total Suspe8blids

Throughout the course of the sampling effort, Mgg&reDam yielded an average Secchi disk
transparency of 1.6 meters. Of the 17 Secchimlisksurements, 6.3 meters was the maximum
depth and 1.1 meters was the minimum depth recorded

Water clarity in a reservoir can be affected by ynfactors. Algal biomass, total suspended solids,
and other debris can all affect Secchi disk trarespzy. Monthly total suspended solid (TSS) data
indicate that algal biomass is the main factortimgi water clarity in McGregor Dam. Data shows
that during the time of year when sediment loadsnypically greatest (spring and early summer),
Secchi disk transparency was also the greatesinguonid to late summer, when algal biomass and
plant matter are typically at a maximum, Secchk diansparency was lowest. It can therefore be
assumed that water clarity, as represented by Sdsthtransparency, is due primarily to algal
blooms. Due to this fact, a reduction in nutrileratding into the reservoir should decrease algal
biomass and increase water clarity.

Tributary Total Suspended Solids

Total suspended solids (TSS) samples were colldstede Williams County Soil Conservation
District between June 2003 and October 2004. E®%kes were collected from two inlet sites
(385242) and (385243) and one outlet site (3852fi8)cGregor Dam.Average TSS
concentrations at the inlet sites were 19.75 and a®/L, respectively. The average concentration
at the outlet site was 3.75 mg/L (Table 9). Thide@ indicate that suspended solids are being
retained within the reservoir when comparing themeoncentration of the two inlet sites to the
outlet site.

Table 9. Average Total Suspended Solid Concentratis for McGregor Dam Inlet and Outlet
Sites (2003-2004).

Site ID | Site Description | Max TSS (mg/L) | Min TSS (mg/L)" | Average TSS (mg/L)
385243 Southwest Inlet 4 2.5 16.7

385242 Composite Inlet 126 2.5 19.75
385244 Outlet 14 2.5 3.75

1 Below detection limits. One half of detection limied.

2.0 WATER QUALITY STANDARDS

The Clean Water Act requires that Total Maximuml{paoads (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 f
point sources and load allocations for nonpointeesiand natural background” such that the capatity
the waterbody to assimilate pollutant loadingsdsexceeded. The purpose of a TMDL is to iderttiy
pollutant load reductions or other actions thatsdthde taken so that impaired waters will be ablattain
water quality standards. TMDLs are required taléeeloped with seasonal variations and must incdude
margin of safety that addresses the uncertaintlyaranalysis. Separate TMDLs are required to addre
each pollutant or cause of impairment (i.e., natsgedissolved oxygen).

2.1 Narrative Water Quality Standards

The North Dakota Department of Health has set haeravater quality standards that apply to all
surface waters in the state. The narrative staisdagrtaining to nutrient and sediment impairments
are listed below (NDDoH, 2006).
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» All waters of the state shall be free from substsrattributable to municipal, industrial, or
other discharges or agricultural practices in cotregions or combinations that are toxic or
harmful to humans, animals, plants, or residenafgbiota.

« No discharge of pollutants, which alone or in comaltion with other substances, shall:
- Cause a public health hazard or injury to environtaleresources;
- Impair existing or reasonable beneficial uses efréteiving water; or
- Directly or indirectly cause concentrations of ptdints to exceed applicable
standards of the receiving waters.

In addition to the narrative standards, the NDD@id Bet a biological goal for all surface waters in
the state. The goal states that “the biologicaldaion of surface waters shall be similar to tbiat
sites or waterbodies determined by the departnocing regional reference sites” (NDDoH, 2006).

2.2 Numeric Water Quality Standards

McGregor Dam is classified as a Class 1 cold wisgbery. Class 1 fisheries are “waters capable
of supporting growth of cold water fish specieg(esalmonids) and associated aquatic biota”
(NDDoH, 2006). Some cool water species may alsprbgent. All classified North Dakota lakes
are assigned recreation, aquatic life, irrigatl@stock watering, and wildlife beneficial uses.
Those beneficial uses threatened in McGregor Datnde recreation and fish and other aquatic
biota. McGregor Dam’s beneficial uses have besass®d as fully supporting, but threatened as a
result of nutrient enrichment, low dissolved oxygand sedimentation. Based on dissolved oxygen
profile data collected in 2003 and 2004 as a platie@ TMDL development project, dissolved
oxygen has also been identified as a cause of iadi@impairment. The State Water Quality
Standards state that lakes shall use the same tungegria as Class 1 streams. This includes the
State standard for dissolved oxygen of 5.0 mg/a daily minimum (with up to 10% of
representative samples collected during any theee geriod less than this value provided that
lethal conditions are avoided). State standardikes and reservoirs also specify guidelines for
nitrogen 1.0 mg/L as nitrate (up to 10% of samphey exceed) (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 allowted

Dissolved Oxygen 5.0 mg/L Daily Minimum
Guidelines for goals in a lake improvement or mamaince program:

NOzas N 0.25 mg/L Goal

PO,as P 0.02 mg/L Goal

“Up to 10% of samples may exceed”
2“Up to 10% of representative samples collectedrapgny three year period may be less than thissyalavided that lethal
conditions are avoided.”
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3.0 TMDL TARGETS

A TMDL target is the value that is measured to pitlie success of the TMDL effort. TMDL targets mus
be based on state water quality standards, butlsarinclude site specific values when no numeiteria
are specified in the standard. The following seisummarize water quality targets for McGregamDa
based on its beneficial uses. If the specificaaigmet, it is assumed the reservoir will meet th
applicable water quality standards, including gsignated beneficial uses.

3.1 Nutrient Target

North Dakota’s 2008 Integrated Section 305(b) W&teality Assessment Report indicates that
Carlson’s Trophic State Index (TSI) is the primargicator used to assess beneficial uses of the
State’s lakes and reservoirs (NDDoH, 2008). Troptate is the measure of productivity of a lake
or reservoir and is directly related to the leviehotrients (phosphorus and nitrogen) entering the
lake or reservoir from its watershed. Lakes tenddecome eutrophic (more productive) with
higher nitrogen and phosphorus inputs. Eutropkes often have nuisance algal blooms, limited
water clarity, and low dissolved oxygen concentradithat can result in impaired aquatic life and
recreational uses. Carlson’s TSI attempts to nreabe trophic state of a lake using nitrogen,
phosphorus, chlorophyll-a, and Secchi disk depthsneements (Carlson, 1977).

Based on Carlson’s TSI and water quality data ctdt between June 2003 and October 2004,
McGregor Dam was generally assessed as a eutrtiphypereutrophic lake (Table 11).
Hypereutrophic lakes are characterized by largethr® of weeds, bluegreen algal blooms, and low
dissolved oxygen concentrations. These lakes expar frequent fish kills and are generally
characterized as having excessive rough fish papoka(carp, bullhead, sucker) and poor sport
fisheries. Because of the frequent algal bloontsextessive weed growth, these lakes are also
undesirable for recreational uses such as swimanaigooating.

Table 11. Carlson’s Trophic State Indices for McGrgor Dam.

: , TSI
TSI Parameter Relationship Valuel
Secchi Disk (SD) TSI (SD) = 60 — 14.41[In(SD)] 53.2

Chlorophylla (CHL) TSI (CHL) = 30.6 + 9.81[In(CHL)] 61.36

Total Phosphorus (TP)| TSI (TP) = 4.15 + 14.42[InTP 77.60

TSI < 25 - Oligotrophic (least productive) TSI 88-Mesotrophic
TSI 50-75 Eutrophic TSI > 75 - Hypereutrophico@hproductive)

The reasons for the different TSI values estimédedlcGregor Dam are varied. According to the
phosphorus TSI value, McGregor Dam is an extrempedguctive lake (eutrophic to
hypereutrophic) (Table 11, Figure 13). Carlson &mdpson (1996) suggest that if the phosphorus
and Secchi depth TSI values are relatively sinaladt higher than the chloroph@dSI value, then
dissolved color or nonalgal particulates dominagktlattenuation. It follows that, if the Secchi
depth and chlorophyl TSI values are similar (as is the case for McGré&pm), then

chlorophyll-a is dominating light attenuation (Table 12). Canlsnd Simpson (1996) also state
that a nitrogen index value might be more univéyssgplicable than a phosphorus index, but it
also means that a correspondence of the nitroglx iwith the chlorophylk index cannot be used
to indicate nitrogen limitation.
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Table 12. Relationships Between TSI Variables an@onditions.
Relationship Between TSI
Variables Conditions
TSI(ChI) = TSI(TP) = TSI(SD) Algae dominate lightenuation; TN/TP ~ 33:1
TSI(Chl) > TSI(SD) Large particulates, suchfgshanizomenofiakes, dominate
TSI(TP) = TSI(SD) > TSI(CHL) Non-algal particulatescolor dominate light attenuation
TSI(SD) = TSI(CHL) > TSI(TP) Phosphorus limits dliggomass (TN/TP >33:1)
Algae dominate light attenuation but some factahsas
TSI(TP) >TSI(CHL) = TSI(SD) nitrogen limitation, zooplankton grazing or toxlgsit algal
biomass.
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Figure 13. Temporal Distribution of Calrson’s Trophic Status Index Scores for McGregor Dam.

A Carlson’s TSI target of 68.36 based on total phosus was chosen for the McGregor Dam
TMDL endpoint. This relates to a phosphorus loathiotion of 50 percent (see Section 5.0 for
technical analysis). While this TSI value will ramirrespond to the concentration of total
phosphorus in the State Water Quality Standardejjuiel for in-lake improvement (0.02 mg/L), it
should result in a change of trophic status forlaike from hypereutrophic to eutrophic during all
times of the year. Based on the BATHTUB modwt, 50 percent reduction in phosphorus is also
predicted to reduce chlorophyll-a and Secchi diSkvalues down to 54.99 and 46.08 respectively,
almost to a mesotrophic range. Given the size efake, the probable amount of phosphorus in
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bottom sediments, nearly constant wind in North@alcausing a mixing effect, and few cost
effective ways to reduce in-lake nutrient cyclittgs was determined to be the best possible
outcome for the reservoir. If the specified TMDBEITtarget of 68.35 based on total P is met, the
reservoir can be expected to meet the applicablerwaality standards for aquatic life and
recreational beneficial uses.

3.2 Dissolved Oxygen Target

The North Dakota State Water Quality Standard fesalved oxygen is “5.0 mg/L as a daily
minimum (up to 10% of the representative sampléeced during any 3-year period may be less
than this value provided that lethal conditionsareided)” and will be the dissolved oxygen target
for McGregor Dam.

4.0 SIGNIFICANT SOURCES

There are no known point sources in the McGregaon Ratershed. Nutrients impairing the reservoir’s
beneficial uses are from non-point sources. Tieome animal feeding operation in the watersheithvh
is considered part of the nonpoint source load.

5.0 TECHNICAL ANALYSIS

Establishing a relationship between in-stream waitity targets and pollutant source loading csitical
component of TMDL development. Identifying the satand-effect relationship between pollutant loads
and the water quality response is necessary ta&eathe loading capacity of the receiving wateybod
The loading capacity is the amount of a pollut&iat tan be assimilated by the waterbody while still
attaining and maintaining water quality standardkis section discusses the technical analysis itsed
estimate existing loads to McGregor Dam and thdipted trophic response of the reservoir to redunsti

in loading capacity.

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 prograenyealoped by the US Corps of Engineers
Waterways Experiment Station (Walker, 1996), usesalculation techniques to estimate the
average mass discharge or loading that passegia gwer or stream site. FLUX estimates
loadings based on grab sample chemical concemsasind the continuous daily flow record. Load
is therefore defined as the mass of a pollutanhdwa given time period (e.g., hour, day, month,
season, year). The FLUX program allows the ubeouigh various iterations, to select the most
appropriate load calculation technique and datdiBtation scheme, either by flow or date, which
will give a load estimate with the smallest statadterror, as represented by the coefficient of
variation. Output from the FLUX program (AppendXis then provided as an input file to
calibrate the BATHTUB eutrophication response moder a complete description 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 McGregor D&ATHTUB performs steady-state water and
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nutrient balance calculations in a spatially segieihydraulic network. The model accounts for
advective and diffusive transport and nutrient seslitation. Eutrophication related water quality
conditions are predicted using empirical relatiopsipreviously developed and tested for reservoir
applications.

The BATHTUB model is developed in three phasese flist 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, theakeland tributary monitoring data collected as part
of the project were summarized in a format which sarve as inputs to the model.

The tributary data were analyzed and reduced b¥LteX program. FLUX uses tributary inflow
and outflow water quality and flow data to estimthie average mass discharge or loading that
passes a river or stream site using six calculagonhniques. Load is therefore defined as the mass
of pollutant during a given unit of time. The FLUXodel then allows the user to pick the most
appropriate load calculation technique with the lleatstatistical error. Output from the FLUX
program is then used to calibrate the BATHTUB model

The reservoir data were reduced in Excel usingetbmnputational functions. These include: 1)
the ability to display concentrations as a funcwodepth, location, or date; 2) summary statistics
(mean, median, etc.); and 3) evaluation of trogkatus. The output data from the Excel program
were then used to calibrate the BATHTUB 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 entbalibrated by combining tributary load
estimates for the project period with in-lake wajeality estimates. The model is termed
calibrated when the predicted estimates for theghtiresponse variables are similar to observed
estimates from the project monitoring data. BATHBIthen has the ability to predict total
phosphorus concentration, chlorophyll-a concemtratand Secchi disk transparency and the
associated TSI scores as a means of expressirgdm@sponse.

As stated above, BATHTUB can compare predictecotial conditions. After calibration, the
model was run based on observed concentrationsasiphorus and nitrogen to derive an estimated
annual average total phosphorus load of 119.4 kg.riodel was then run to evaluate the
effectiveness of a number of nutrient reductioaralhtives including: 1) reducing externally
derived nutrient loads; 2) reducing internally dasfalie nutrients; and 3) reducing both external and
internal nutrient loads. (See Appendix A for mosetal).

In the case of McGregor Dam, BATHTUB modeled exdfiynderived 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 reducingeally derived phosphorus loading by 25, 50,
and 75 percent. Simulated reductions were achibyadducing phosphorus concentrations in
contributing tributaries and other externally defied sources. Flow was held constant due to
uncertainty in estimating changes in hydraulic késge with the implementation of BMPs.

With a 50 percent reduction in external phosphdwad, the model also predicts a reduction in
Carlson’s TSI score from 61.53 to 54.99 for chldrgpa, and 53.23 to 46.08 for Secchi disk
transparency, corresponding to a trophic stateeafly mesotrophic. More important for the long
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term health of the lake, is the predicted reduciintine total phosphorus TSI score of 77.60 to
68.36 which is a change from hypertrophic to a neaditrophic TSI score (Table 13, Figure 14).

Table 13. Observed and Predicted Values for Select@rophic Response Variables,
Metalimnetic Oxygen Demand, and Hypolimnetic Oxygerbemand Assuming a 25, 50, and 75
Percent Reduction in External Phosphorus and Nitrogn Loading.

_ Observed Predicted Value
Variable Value 25% 50% 75%
Reduction | Reduction | Reduction
Total Phosphorus (mg/L) 0.163 0.124 0.086 0.047
Chlorophyll-a (ug/L) 23.0( 17.35 12.02 8.26
Secchi Disk Transparency (meters) 1.6 1.95 2.63 2.44
Carlson’s TSI for Phosphorus 77.60 73.65 68.36 59.71
Carlson’s TSI for Chlorophyll-a 61.53 58.59 54.99 49.31
Carlson’s TSI for Secchi Disk 53.23 50.40 46.08 40.16
Metalimnetic Oxygen Demand 11970 104.57 87.04 64.68
Hypolemnetic Oxygen Demand 13192  114.90 95.64 71.07

! Based on the calibrated BATHTUB model predicted.ra
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Figure 14. Predicted Trophic Response in McGregor 8m to a 25, 50, and 75 Percent

Phosphorus Load Reduction.
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5.3 AGNPS Watershed Model

In order to identify significant NPS pollutant soes in the McGregor Dam watershed and to assess
the relative reductions in nutrient (nitrogen amdgphorus) and sediment loading that can be
expected from the implementation of BMPs in theasgtied, an AGNPS 3.65 model analysis was
employed.

The primary objectives for using the AGNPS 3.65 pladere to: 1) evaluate NPS contributions
within the watershed; 2) identify critical pollutasource areas within the watershed; and 3)
evaluate potential pollutant (nitrogen, phosphoams] sediment) reduction estimates that can be
achieved through various BMP implementation scesari

The AGNPS 3.65 model is a single event model thatttventy input parameters. Sixteen
parameters were used to calculate nutrient/sediméptit, surface runoff, and erosion. The
parameters used where receiving cell, aspect, 368 aumber, percent slope, slope shape, slope
length, Manning’s roughness coefficient, K-factGrfactor, P-factor, surface conditions constant,
soil texture, fertilizer inputs, point source ingfiors, COD factor and channel indicator.

The AGNPS 3.65 model was used in conjunction witlngéensive land use survey to determine
critical areas within the McGregor Dam watershe€diteria used during the land-use assessment
include percent cover on cropland and pasture/rangditions. These criteria were used to
determine the C factor for each cell. The moded wa using current conditions determined
during the land-use assessment. Other than thddémsity urban development around McGregor
Dam, the land use survey required for AGNPS datatifiles identified that 100 percent of the
watershed is in agricultural production or in supd agricultural production such as farmsteads
and farm-to-market roads.

Based on land use and watershed characteristiocgydhie TMDL study (2003-2004), current
event-based runoff and nutrient yields were catedldor the watershed using the AGNPS model
(Table 14).

Additional modeling comparisons were made by chag¢and-use practices on selected portions
of the watershed. The watershed was divided i8th4D-acre cells for evaluation. Each cell was
evaluated for soil characteristics, terrain, amdlfase characteristics.

The AGNPS model predicted that with the 2003-0#fag practices being utilized in the
McGregor Dam watershed, composed of a mixtureablend, CRP and rangeland, the total
phosphorus in sediment yield would be 0.29 poursisapre (Table 15). However, by altering
some of the land management practices in the wetdys reduction in total phosphorus (TP) can
be expected. The following changes were input intkbAGNPS model. Land practices in cells
with a land slope greater than 5% were convert€giR®, no or zero till cultivation was applied to
all row crop or small grain crops, and total comtaént of waste from the one concentrated
livestock feeding operations in the watershed wpsti into the model as well. All alfalfa and
pasture land in the watershed was left unchandeckduction in runoff yield of 0.17 lbs/acre (TP)
is estimated to result from these practices (Tab)e
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Table 14. Event-Based Yield Summary for the McGregoDam Watershed
Watershed studied McGrego Darr
The Area of the Watershec 5,360.00 acre
The Area of Each Cell 40.00 acre
The Characteristic Storm Precipitatio 4.00 nche:
The Storm Enerc-intensity Value i 98.4¢
Values at the Watershed Outle

Runoff Volume 1.9 Inche:
Peak Runoff Ra 2,647 cfs
Total Nitrogen in Sedime 0.E7 Ibs/acri
Total Soluble Nitrogen in Runc 0.3¢ Ibs/acri
Soluble Nitrogen Concentrati in Runofi 0.92 ppr
Total Phosphorus in Sedim: 0.2¢ Ibs/acri
Soluble Phosphorus Concentration in Ru 0.06 ppn
Total Soluble Chemical Oxygen Demand in Rul 1694.: Ibs/acr
Soluble Chemical Oxygen Demand Concentration ind®t 1125.( ppr

Table 15. McGregor Dam Watershed AGNPS Summary.
Watershed Studied

Area of Watershed 5,360 acres
Area of Each Cell 40 acres
Characteristic Storm Precipitation 4 inches
Storm Energy-Intensity Value 98.49 inches

Values at the Watershed Outlet

2003-2004 No till/ total >5%slope to
Original Conditions containment | CRP
Number of Cells 134
Runoff Volume 1.9 inches
Peak Run-off Rate 2,647 cfs
Total Phosphorus in Sediment Yield 0.29 Ibs/acre 25(bs/acre | 0.12 Ibs/acre

5.4 Dissolved Oxygen

McGregor Dam is considered impaired due to dissbtweygen levels observed below the North
Dakota water quality standard of 5.0 mg/L as aydainimum. This assessment is based on the
dissolved oxygen profile data collected in the 20884 TMDL assessment. For McGregor Dam,
low dissolved oxygen levels appear to be relateskt@ssive nutrient loading.

The cycling of nutrients in aquatic ecosystemsiigely determined by oxidation-reduction (redox)
potential and the distribution of dissolved oxygem oxygen-demanding particles (Dodds, 2002).
Dissolved oxygen gas has a strong affinity for etets, and thus influences biogeochemical
cycling and the biological availability of nutriento primary producers such as algae. High levels
of nutrients can lead to eutrophication, whiche$ined as the undesirable growth of algae and
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other aquatic plants. In turn, eutrophication lesd to increased biological oxygen demand and
oxygen depletion due to the respiration of micraibes decompose the dead algae and other
organic material.

AGNPS and BATHTUB models indicated that excesswgient loading is responsible for the low
dissolved oxygen levels in McGregor Dam. Wetz8B3) summarized, “The loading of organic
matter to the hypolimnion and sediments of prodecéiutrophic lakes increases the consumption
of dissolved oxygen. As a result, the oxygen aandé the hypolimnion is reduced progressively
during the period of summer stratification.”

Carpenter et al. (1998), has shown that nonpoimices of phosphorous has lead to eutrophic
conditions for many lakes/reservoirs across the W8e consequence of eutrophication is oxygen
depletion caused by decomposition of algae andtequiants. They also document that a
reduction in nutrients will eventually lead to tteversal of eutrophication and attainment of
designated beneficial uses. However, the ratesoolvery are variable among lakes/reservoirs.
This supports the NDDoH’s viewpoint that decreasettient loads at the watershed level will
result in improved oxygen levels, the concern & this process may take a significant amount of
time (5-15 years).

In Lake Erie, heavy loadings of phosphorous haygaicted the lake severely. Monitoring and
research from the 1960’s has shown that depresgaadiimnetic dissolved oxygen levels were
responsible for large fish kills and large matsletaying algae. Bi-national programs to reduce
nutrients into the lake have resulted in a downweedd 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/glnpo/lakeerie/dostory.himl

Nurnberg (1995, 1995a, 1996, 1997), developed eefrtbdt quantified duration (days) and extent
of lake oxygen depletion, referred to as an antagtor (AF). This model showed that the AF is
positively correlated with average annual totalggtwrous (TP) concentrations. The AF may also
be used to quantify response to watershed restarateasures which makes it very useful for
TMDL development. Nurnberg (1996) developed sdveigression models that show nutrients
control all trophic state indicators related to gey and phytoplankton in lakes and reservoirs.
These models were developed from water qualityazttaristics using a suite of North American
lakes. NDDoH has obtained from the North Dakotan&and Fish Department the morphometric
parameters such as surface areaA47 acres).59km?), mean depth (z = 16.0 feet; 4.88
meters), and the ratio of mean depth to the sudee (z/A’> = 8.59) for McGregor Dam which
show that these parameters are within the rantgke$ used by Nirnberg. Based on this
information, the NDDoH is confident that Nurnbergispirical nutrient-oxygen relationship holds
true for North Dakota lakes and reservoirs. Thedw¥H is also confident that prescribed BMPs
will reduce external loading of nutrients to McGoed@am which will reduce algae blooms,
thereby reducing hypolimnetic oxygen depletionsatssulting in increased oxygen levels over
time.

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 (1L98bgre they state that, “... as organic deposits
were exhausted, oxygen conditions improved.”
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This conclusion is also supported by BATHTUB mogiedictions of both metalimnetic and
hypolimnetic oxygen demand. The calibrated modetligts that metalimnetic and hypolimnetic
oxygen demand in McGregor Dam is currently 1194@ #31.72 mg/mday, respectively (Table
13). With a 50% reduction in total phosphorus lngdthe metalimnetic and hypolimnetic oxygen
demand rate is predicted to decrease by 27.3 pex@&.04 and 95.64 mgfay, respectively
(Table 13).

5.5 Sediment

A sediment balance was calculated for McGregor DBable 16). The time period over which this
amount of sediment transport occurred was 0.99i&yédeerefore, sediment accumulated within the
reservoir at a rate of 5,111.5 kg/yr.

Table 16. Sediment Balance for McGregor Dam (2003024).
Inflow (kg) Outflow (kg) Storage (kg)
Total Suspended Solids 6,470.4 1376.4 5094.0

Mulholland and Elwood (1982) state that the acdaptaverage accumulation rate of sediment
within reservoirs is 2 cm/yr. Based on a convergiom mass of sediment storage to depth of
sediment storage, it can be assumed that McGregor iB accumulating sediment at a current rate
that is considered acceptable for reservoirs.

In order to perform the conversion from mass taldegme particle density of soil is needed. In
most mineral soils the average density of partides the range of 2.6 to 2.7 g/cm3. This narrow
range reflects the predominance of quartz androlagrals in the soil matrix. An average particle
density of 2.65 g/cm3 (the density of quartz),fiel applied to soils comprised principally of
silicate materials. Since soils in the McGregor Daatershed are mineral soils, the particle density
of silicate minerals can be used to calculate @hdefpsediment accumulation within the reservoir.
However, for the sake of providing an implicit miawrgf safety, the low end of the range (2.6

g/cnt) will be used to calculate the equivalent depth,afl1.5 kg of sediment transported in one
year into McGregor Dam.

Based on a sediment loading rate of 5,111,500taMes a sediment density of 2.60 gfctime
sediment volume deposited in McGregor Dam is 1@&5cnt each year.

(5,111,500 g/yr) / (2.60 g/cms3) = 1,965,962 cm3/yr

Based on a surface area of 57.5-acres (2,326,243, the annual sedimentation rate is
0.000845 cmlyear.

(1,965,962 crilyr) / (2,326,942,443 cfi= 0.000845 cm/yr

This estimated annual sediment accumulation rateslsbelow the average sedimentation rate of
typical reservoirs.

Further support for the removal of TSS as a patiutd concern can also be found in literature.
Waters (1995) states that suspended sediment doatens less than 25 mg/L are not harmful to
fisheries; between 25 and 80 mg/L reduces fistdyigétween 80 and 400 mg/L is unlikely to
display a good fishery; and suspended sedimentecdration greater than 400 mg/L will exhibit a
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poor fishery. Therefore, research by Waters (188pports the view that the mean TSS
concentration entering McGregor Dam of 19.75 mg/hat considered harmful to fisheries. Two
samples out of twenty-four exceeded the 25 mg/lcentration stated by Waters (1995) as capable
of reducing fish yield, only one sample exceededd@h mg/L deemed unlikely to display a good
fishery. Therefore, it is the recommendation of thMDL report, that in the next North Dakota
Section 303(d) list cycle, McGregor Dam should bdisted for sediment impairments.

Justification for delisting is also based on theuxa Resource Conservation Service (NRCS)
Sedimentation Rate Standard for reservoirs. Ttaisdard is set at 1/8 inch of sediment eroded
from the watershed drainage area delivered andneettén the sediment pool over the 50-year
expected life of the project. Therefore:

Assuming Watershed Area = 5,492 acres = 2.3§#31

and,

NRCS Sedimentation Rate Standard equals 1/8 irki25 inch = 0.01041667 ft over 50 years
then,

NRCS Sediment Standard Volume =

2.39231 x 16 ft? * 0.01041667 ft = 2,491,996t
where: 2,491,996%t 7.0565468 x 16°cm®

Compare this to the calculated annual sedimentasitanfrom observed data entering McGregor
Dam over 50 years:

Calculated sediment volume from data = 1,965,96%yerh 50 years = 9.8298100 x 1@n’.

Using the NRCS Sedimentation Rate Standard ofit8 over 50 years, McGregor Dam’s
predicted sedimentation accumulation rate would.p865468 x 18° cm®. When compared with
the current sedimentation rate over 50 years eféhie reservoir, 9.8298100 x 16n? appears to
be well under the predicted sedimentation ratedstah

6.0 MARGIN OF SAFETY AND SEASONALITY
6.1 Margin of Safety

Section 303(d) of the Clean Water Act and EPA’sufaigons require that “TMDLs should be
established at levels necessary to attain and anaitite applicable narrative and numerical water
quality standards with seasonal variations and r@imaf safety that takes into account any lack of
knowledge concerning the relationship between effluimitations and water quality.” The margin
of safety (MOS) can either be incorporated intosammative assumptions used to develop the
TMDL (implicit) or added as a separate componerthefTMDL (explicit). For the purposes of
this nutrient TMDL, a MOS of 10 percent of the loagicapacity will be used as an explicit MOS.

Assuming the combined “normal” year load to McGreBam is 119.4 kg of total phosphorus and
the TMDL reduction goal is a 50 percent reductiomotal phosphorus loading, then this would
result in a TMDL target total phosphorus loadingaty of 59.7 kg of total phosphorus per year.
Based on a 10 percent explicit margin of safety, MIOS for the McGregor Dam TMDL would be
5.97 kg of phosphorus per year
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Monitoring and adaptive management during the impletation phase, along with post-
implementation monitoring related to the effectiges of the TMDL controls, will be used to
ensure the attainment of the targets.

6.2 Seasonality

Section 303(d)(1)(C) of the Clean Water Act andERA’s regulations require that a TMDL be
established with seasonal variations. McGregor BaDL addresses seasonality because the
FLUX analysis and BATHTUB model incorporates seasalifferences in its prediction of annual
total phosphorus and nitrogen loadings.

7.0 TMDL

Table 17 summarizes the nutrient TMDL for McGreBam in terms of loading capacity (LC), wasteload
allocations (WLA), load allocations (LA), and a myer 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 ewrody can receive without
violating water quality standards;

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

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

MOS = margin of safety, or an accounting of theastainty about the relationship between pollutaatls
and receiving water quality. The margin of safedy be provided implicitly through analytical
assumptions or explicitly by reserving a portiortled loading capacity as a MOS.

7.1 Nutrient TMDL

Based on data collected in 2003 and 2004, theiegikiad to McGregor Dam is estimated at 119.4
kg/yr. Based on the BATHTUB and AGNPS modelinguitss a 50 percent reduction in the
existing total phosphorus loading to McGregor Daithnesult in a predicted TMDL target total
phosphorus concentration of 0.086 mg/L, therefoeetMDL or Loading Capacity is 59.7 kglyr
Assuming that 10 percent of the loading capacigxiglicitly assigned to the MOS (5.97 kg) and
there are no point sources in the watershed, thef the remaining loading capacity is then
assigned to the load allocation (53.76 kg/yr).

In November of 2006, EPA issued a memorandum “Hstabg TMDL ‘Daily’ Loads in Light of
the Decision by the U.S. Court of Appeals for th€ DCircuit in Friends of the Earth, Inc. v. EPA
et. Al., No. 05-5015 (April 25, 2006) and Implicatis for NPDES Permits,” which recommends
that all TMDLs and associated load allocations wadteload allocations include a daily time
increment in conjunction with other appropriate pemal expressions that may be necessary to
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implement the relevant water quality standard. &/t Department believes that the appropriate
temporal expression for phosphorus loading to lakekreservoirs is as an annual load, the
phosphorus TMDL has also been expressed as aldadlyIn order to express this phosphorus
TMDL as a daily load the annual loading capacitp®f7 kg/yr was divided by 365 days. Based
on this analysis, the phosphorus TMDL, expressexhas/erage daily load, is 0.1636 kg/day with
the load allocation equal to 0.1472 kg/day andMIi@S equal to 0.0164 kg/day.

Table 17. Summary of the Phosphorus TMDL for McGrgor Dam.

Total
Category Phosphorus Explanation
(kalyr) |
Existing Load 119.4 Determined through the BATHTUB model
50 percent total reduction based on BATHTUB
Loading Capacity 59.7 | modeling
Wasteload Allocation 0.0 No point sources
Entire loading capacity minus MOS is allocated e
Load Allocation 53.73 | point sources
0 : . .
MOS 597 10% of_the Ioadl_ng capacity (59.7 kglyr) is resdras
an explicit margin of safety

7.2 Dissolved Oxygen TMDL

While not originally listed on the state’s Sect®@®3(d) list of impaired waters needing TMDLSs,
monitoring data collected to develop this TMDL stealrdissolved oxygen concentrations in the
reservoir consistently below the state’s water itpuatandard of 5 mg/L in the hypolimnion, during
summer stratification, and throughout the wateuwewol, during winter under ice cover conditions
(Figures 10 and 12). It is expected that by attgithe phosphorus load reduction target
established for McGregor Dam, the dissolved oxyiggrairment will be addressed. A reduction in
total phosphorus loading to McGregor Dam is expktddower algal biomass levels in the water
column, thereby reducing both metalimnetic and hygpoetic oxygen demand exerted by the
decomposition of these primary producers (see &@eéti for additional justification). The
predicted reduction in metalimnetic and hypolimoetkygen demand is therefore assumed to
result in attainment of the dissolved oxygen stathda

7.3 Sediment TMDL

No reduction necessary. This report provides jigstiion for de-listing for sediment (see Section
5.5).

8.0 ALLOCATION

A 50 percent phosphorus load reduction target wtbéshed for the McGregor Dam watershed. This
reduction was set based on the BATHTUB model, whigdicted that under similar hydraulic conditions,
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an external phosphorus load reduction of 50 penventd lower Carlson’s phosphorus TSI from 77.60 to

68.36 (Figure 14).

McGregor Dam’s watershed is small and supportsnsite agriculture where cropland constitutes a
majority of the land use. Sub-dividing it into dleaunits, based on hydrology or type of conseorat
practice implemented, would not be practical. TH4DL will be implemented by several parties on a
volunteer basisPhosphorus loads into the reservoir will be redunetteating the AGNPS identified
critical cells(Figure 15). There are sixty-nine 40-acre cellhinithe McGregor Dam watershed
identified as “critical” by the AGNPS model. Caél cells are those with fallow, small grains, amd
chiseled multiple times; as well as feedlots (atentified in the watershed), and all land with@ps!
greater than five percent. These cells represtotabarea of 2,746 acres or 50 percent of themshed.
If these critical areas in the watershed are tacg&ir treatment with BMPs (e.g., no till, nutrient
management, grazing systems, native/tame grassgemusteep slopes), then the specified phosphorus
load reduction of 65.67 kg (LC + MOS) is possible.

McGregor Dam

memmthmm
.mmmnunnlw LbMAsie
memmna!mm
.mwuﬂmaulaw

Figure 15. AGNPS Identification of Critical Areas for BMP Implementation.

The TMDLs in this report are a plan to improve wafeality by implementing BMPs through a volunteer,
incentive-based approach. This TMDL plan is puttf@as a recommendation of what must be
accomplished for McGregor Dam and its watershaddet and protect its beneficial uses. Water gualit



McGregor Dam Nutrient and Dissolved Oxygen TMDLs Final: June 2009
Page: 2®f 32

monitoring should continue to assess the effecttfecommendations made in this TMDL. Monitoring
may indicate that the loading capacity recommendatshould be adjusted.

9.0 PUBLIC PARTICIPATION

To satisfy the public participation requirementtug TMDL, a hard copy of the TMDL for McGregor
Dam and request for comment was mailed to particigagencies, partners, and to those requesting a
copy. Those included in the hard copy mailing were:

* Williams County Soil Conservation District;
* Williams County Water Resource Board;
* Williams County Park Board;
» Natural Resources Conservation Service (State atidivis County Field Offices);
* North Dakota Game and Fish Department — Willistastiizt and
Save Our Lakes Program; and
* U.S. Environmental Protection Agency, Region VIIlI.

In addition to the mailed copies, the TMDL for M&gor Dam was posted on the North Dakota
Department of Health, Division of Water Quality weibe at
http://www.health.state.nd.us/\WQ/sw/Z2_TMDL/TMDLsndker_PublicComment/B_Under_Public_Com
ment.htm. A 30 day public notice, ending Jurf& 2009, soliciting comment and participation wasoall
published in the following newspapers:

* Williston Daily Herald; and
e The Bismarck Tribune.

No comments were received from the public. Reviemments were received from EPA Region 8
(Appendix D). The NDDoH'’s response to EPA’s comisare provided in Appendix E.

10.0 MONITORING

To insure that BMPs implemented as part of any sghtl restoration plan will reduce phosphorus tevel
and result in a corresponding increase in dissobvgmgen, water quality monitoring will be conduciaed
accordance with an approved Quality Assurance Eréjan (QAPP).

Specifically, monitoring will be conducted for a&triables that are currently causing impairmentiéo
beneficial uses of the waterbody. These includeabainot limited to, nutrients (i.e., nitrogen and
phosphorus) and dissolved oxygen. Once a watergséaration plan (e.g. Section 319 Project
Implementation Plan) is implemented, monitoringl Wwé conducted in the reservoir beginning two years
after implementation and extending five years afterimplementation project is complete.

11.0 TMDL IMPLEMENTATION STRATEGY
Implementation of TMDLSs is dependent upon the amiity of Section 319 NPS funds or other watershed

restoration programs (e.g. USDA EQIP), as wellexsisng a local project sponsor and the required
matching funds. Provided these three requiremaeten place, a project implementation plan (P$P) i
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developed in accordance with the TMDL and submittethe ND Nonpoint Source Pollution Task Force
and the US EPA for approval. The implementatiothefbest management practices contained in the NPS
pollution management project implementation plaiP{#s voluntary. Therefore, success of any TMDL
implementation project is ultimately dependent lom d@bility of the local project sponsor to find

cooperating producers.

Monitoring is an important and required compondrdry PIP. As a part of the PIP, data are coltttbe
monitor and track the effects of BMP implementatsnwell as to judge overall project success. iQual
Assurance Project Plans (QAPPSs) detail the stratégpw, when, and where monitoring will be
conducted to gather the data needed to documeiiMipd. implementation goal(s). As data are gathered
and analyzed, watershed restoration tasks areedlapplace BMPs where they will have the greatest
benefit to water quality.

12.0 REFERENCES
Carlson, R.C. 197'A Trophic State Index for Lakdsmnology and Oceanography. 22:361-369.

Carlson, R.C. and J. Simpson. 1988Coordinators Guide to Volunteer Lake Monitoringtiods North
American Lake Management Society.

Carpenter, S.R., Caraco, N.F., Correll, D.L., HaWwaR.W., Sharpley, A.N., Smith, V.H., 1998. Nonpbi
Pollution of Surface Waters with Phosphorous andolyen.Ecological Applications8: 559-568.

Chapra, S. 1998urface Water-Quality Monitoring he McGraw Hill Companies, Inc.

Dodds, W. K. 2002. Freshwater Ecology: ConceptseEamdronmental Applications. Academic Press, San
Diego, California.

Forester, Deborah L., 200ater Quality in the Credit River: 1964 to 1998.A. Department of
Geographyl/Institute for Environmental Studies, énsity of Toronto.

Garn, H.S., Olson, D.L., Seidel, T.L., and RoseJW.996, Hydrology and water quality of Lauderdale
Lakes, Wal worth County, Wisconsin, 1993-94: U.8olBgical Survey Water-Resources Investigations
Report 96-4235, 29 p.

Hutchinson, G.E. 197Eutrophication. The Scientific Background of a Gonporary Practical Problem.
American Science. 61:269-279.

MacDonald, L.H., A. Smart, and R.C. Wissmar. 199bnitoring guidelines to evaluate effects of fongst
activities on streams in the Pacific Northwest @&talska EPA Publication EPA/910/9-91-001. U.S.
Environmental Protection Agency Region 10, Seatla..

Middlebrooks, E.J. Falkenborg, D.H. Maloney, TIB97. Modeling the Eutrophication ProcessAnn
Arbor Science Publishers Inc. Ann Arbor, MI.

Mulholland, P.J. and Elwood, J.W. 198ahe role of lake and reservoir sediments as sinkbe perturbed
global carbon cycleTellus, v. 34, pp. 490-499.



McGregor Dam Nutrient and Dissolved Oxygen TMDLs Final: June 2009
Page: 31of 32

NCDC. 2004 US Monthly Precipitation for Cooperative and Na@biWeather Service Sit¢®nline].
National Climatic Data Center. Available at httvf/ncdc.noaa.gov/oa/climate/
online/coop-precip.html.

NDDoH. 1991 .Standards of Water Quality for the State of Norttk@ta Bismarck, North Dakota. 29 pp.

NDDoH. 1993 North Dakota Lake Assessment Atlidsrth Dakota Department of Health, Division of
Water Quality. Bismarck, North Dakota.

NDDoH. 2001 (amended October 2008)andards of Quality for Waters of the St&bapter 33-16-02 of
the North Dakota Century Coddorth Dakota Department of Health, Division of Wauality.
Bismarck, North Dakota.

NDDoH. 2008.North Dakota 2008 Integrated Section 305(b) Wateally Assessment Report and
Section 303(d) List of Waters Needing Total Maxinaity Loads.North Dakota Department of Health,
Division of Water Quality. Bismarck, North Dakota.

Nurnberg, Gertrud K., 1995. Quantifying Anoxia iaHes.Limnology and Oceanograpt0: 1100-1111.

Nurnberg, Gertrud, K., 1995. The Anoxic Factor, sa@Qtitative Measure of Anoxia and Fish Species
Richness in Central Ontario Lakefransactions of the American Fisheries Soci&ty: 677-686.

Nurnberg, Gertrud, K., 1997. Coping with Water QuyaProblems due to Hypolimnetic Anoxia in Central
Ontario LakesWater Qual. Res. J. Cana@®2: 391-405.

Nurnberg, Gertrud, K., 1998. Trophic State of Claad Colored, Soft and Hardwater Lakes with Special
Consideration of Nutrients, Anoxia, Phytoplankter &ish.Journal of Lake and Reservoir Management
12: 432-447.

Panuska, J.C., and Kreider, J.C., 2002, Wiscoma&i@ inodeling suite program documentation and user’s
manual, Ver sion 3.3 for Windows: Wisconsin Depanitnof Natural Resources PUBL-WR-363-94, 32

p. [Available online through the Wisconsin LakestRarship: accessed December 19, 2002 at URL http:
[lwww.dnr.state.wi.us/org/water/fhp/lakes/laketbt].

Reckhow, K.H., Beaulac, M.N., and Simpson, J.T8Q Modeling phosphorus loading in lake response
underuncertainty —A manual and compilation of expoefficients: U.S. Environmental Protection
Agency, EPA-440/5-80-011.

Thorton, Kent W, Kimmel, Bruce , Payne, Forresii#90,Resevoir Limnology: Ecological Perspectives
Wiley-Interscience Publication. New York.

Tunney, H. Carton O.T. 199 Rhosphorus Loss from Soil to WatéZab International. New York, NY.
Vollenweider, R.A. 1968Scientific Fundamentals of the Eutrophication okésand lowing Waters, with
Particular Reference to Nitrogen and Phosphoru&astors in EutrophicationTechnical Report
DAS/CSI/68.27, Organization for Economic Coopemagmd Development, Paris.

Walker, W.W. 1996Simplified Procedures for Eutrophication Assessnaeuit Prediction: User Manual
Instruction Report W-96-2. U.S. Army Corps of Erggn Waterways Experiment Station, Vicksburg, MS.



McGregor Dam Nutrient and Dissolved Oxygen TMDLs Final: June 2009
Page: 32f 32

Waters, T.F. 19955ediment in streams--Sources, biological effectd,antrol American Fisheries
Society, Monograph 7. Bethesda, Maryland.

Wetzel, R.G. 1983,imnology 2" ed. Saunders College Publishing. Fort Worth, TX.



Appendix A
A Calibrated Trophic Response Model (BATHTUB) for McGregor Dam
and Model Output



A Calibrated Trophic Response Model (Bathtub) for McGregor Dam
As a Tool to Evaluate Various Nutrient Reduction Aternatives
Based on Data Collected by the Williams County Soffonservation District from
June 20, 2003 through October 31, 2004 Prepared by
Peter Wax
November 6, 2004
June 23, 2006

Introduction

In order to meet the project goals, as set fortkheyproject sponsors of identifying possible
improvements to the trophic condition of McGreg@mto levels capable of maintaining the reservoirs
beneficial uses (e.g., fishing, recreation, andldnig water supply), and the objectives of thigigct
which are to: (1) develop a nutrient and sedimewlget for the reservoir; (2) identify the primaousces
and causes of nutrients and sediments to the @seand (3) examine and make recommendations for
reservoir restoration measures which will reduceudeented nutrient and sediment loadings to the
reservoir, a calibrated trophic response modeldeagloped for McGregor Dam. The model enables
investigations into various nutrient reduction aitgives relative to the project goal of improving
McGregor Dar's trophic status. The model will allow resource agars and the public to relate changes
in nutrient loadings to the trophic condition oétreservoir and to set realistic lake restoratioalgthat
are scientifically defensible, achievable and dbcacceptable.

Methods

For purposes of this project, the BATHTUB prograiswise to predict changes in trophic status based
on changes in nutrient loading. The BATHTUB progra®veloped by the US Army Corps of Engineers
Waterways Experiment Station (Walker 1996), apmieempirically derived eutrophication model to
reservoirs. The model is developed in three phadesfirst two phases involve the analysis and
reduction of the tributary and in-lake water quatiata. The third phase involves model calibratlarthe
data reduction phase, the in-lake and tributaryitodng data collected as part of the project are
summarized, or reduced, in a format which can sasvieputs to the model. The following is a brief
explanation of the computer software, methods,m@ndedures used to complete each of these phases.

Tributary Data

To facilitate the analysis and reduction of tribytaflow and outflow water quality and flow dataet
FLUX program was employed. The FLUX program, alsgaedoped 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 givenaiaream site. FLUX estimates loadings basedrab g
sample chemical concentrations and continuous flailyrecord. Load is therefore defined as the mass
of a pollutant during a given time period (e.g.uhalay, month, season, year). The FLUX program
allows the user, through various iterations, tectethe most appropriate load calculation technajok
data stratification scheme, either by flow or datkich will give a load estimate with the smallest
statistical error, as represented by the coeffiaéwariation. Output from the FLUX program is the
provided as an input file to calibrate the BATHTBtrophication response model. For a complete
description of the FLUX program the reader is nefdito Walker (1996).



Lake Data

McGregor Dam'’s in-lake water quality data was rextliasing Microsoft Excel. The data was reduced in
excel to provide three computational functionsjudmg: (1) the ability to display constitute
concentrations as a function of depth, locatiodl/@ndate; (2) calculate summary statistics (engan,
median and standard error in the mixed layer ofake or reservoir); and (3) track the temporabhic
status. As is the case with FLUX, output from thed program is used as input to calibrate the
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 reduttdternatives on the predicted trophic status of
McGregor Dam. BATHTUB performs water and nutrieatamce calculations in a steady-state. The
BATHTUB model also allows the user to spatially eemt the reservoir. Eutrophication related water
guality variables (e.g., total phosphorus, tot&lagien, chlorophyll, secchi depth, organic nitrogen,
orthophosphorous, and hypolimnetic oxygen depletiaba) are predicted using empirical relationships
previously developed and tested for reservoir syst@NValker 1985).

Within the BATHTUB program the user can select freimschemes based on reservoir morphometry
and the needs of the resource manager. Using BATBH{hE user can view the reservoir as a single
spatially averaged reservoir or as single segmeet@etvoir. The user can also model parts of the
reservoir, such as an embayment, or model a cigteof reservoirs. For purposes of this project,
McGregor Dam was modeled as a single, spatiallya@esl, reservoir.

Once input is provided to the model from FLUX ancté@ the user can compare predicted conditions
(i.e., model output) to actual conditions. SinceTBAUB uses a set of generalized rates and factors,
predicted vs. actual conditions may differ by adaof 2 or more using the initial, un-calibratedpdel.
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 ndmodel, and where appropriate the calibration
factor used for McGregor Dam Bathtub Model.

Model Option Model Selection Calibration Facto
Conservative Substance 1 Computed 1.00
Phosphorus Balance 5 Vollenweider 1.15
Phosphorus — Ortho P 5 Vollenweider 1.30
Nitrogen Balance 7 Settling Velocity 1.01
Organic Nitrogen 7 Settling Velocity 3.25
Chlorophyll-a 4 P, Linear 0.50
Secchi Depth 1 Vs. Chl& érbidity 1.00
Phosphorus Calibration 1 Concentrations NA
Nitrogen Calibration 1 Concentrations NA
Avalilability Factors 0 Ignore NA

Mass-Balance Tables 0 Use Observed ConcentsationNA




Results

The trophic response model, BATHTUB, has been ratidal to match McGregor Dasntrophic response
for the project period between June 20, 2003 thrangtober 31, 2004. This is accomplished by
combining tributary loading estimates for the hydgic year October 31, 2003 through October 314200
with in-lake water quality. Tributary flow and catration data for the project period are reducethb
FLUX program and the corresponding in-lake wateligyidata are reduced utilizing Excel. The output
from these two programs is then provided as inptihé BATHTUB model. The model is calibrated
through several iterations, first by selecting ajppiate empirical relationships for model coeffia®
(e.g., nitrogen and phosphorus sedimentation,gettand phosphorus decay, oxygen depletion, and
algal/chlorophyll growth), and second by adjustingdel calibration factors for those coefficientglfle
1). The model is termed calibrated when the prediesstimates for the trophic response variables are
similar to observed estimates made from projectitnong data.

The two most important nutrients controlling trophesponse in McGregor Dam are nitrogen and
phosphorus. After calibration the observed aveeagrial 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 phosptmmusentration of 0.1624 mg*iand an annual
average volume weighted total nitrogen concentatio?.768 mg [* compared to observed values for
total phosphorus and total nitrogen of 0.163 rmgahd 2.769 mg &, respectively (Table 2).

Other measures of trophic response predicted byntidel are average annual chlorophyll-a
concentration and average secchi disk transparédimeycalibrated model did just as good a job of
predicting average chlorophyll-a concentration aedchi disk transparency within the reservoir & to
phosphorus and total nitrogen (Table 2).

Once predictions of total phosphorus, chlorophylyad secchi disk transparency are made, the model
calculates Carlsds Trophic Status Index (TSI) (Carlson 1977) as amaef expressing predicted trophic
response (Table 2). CarlserT Sl is an index that can be used to measuresthtve trophic state of a
lake or reservoir. Simply stated, trophic statkass much production (i.e., algal and weed growttguos

in the waterbody. The lower the nutrient concerdret are within the waterbody the lower the prootunct
and the lower the trophic state or level. In castirancreased nutrient concentrations in a lakeservoir
increase the production of algae and weeds whidtertiee lake or reservoir more eutrophic or of &g
trophic state. Oligotrophic is the term which déses the least productive lakes and hypereutrogttice
term used to describe lakes and reservoirs witkssiee nutrients and primary production.

Table 2. Observed and Predicted Values for Selelatephic Response Variables for the
CalibratetBATHTUB” Model.

Value
Variable Observed Predicted
Total Phosphorus as P (mg/L) 0.163 16D
Total Dissolved Phosphorus (mg/L) 0.051 0.050
Total Nitrogen as N (mg/L) 2.769 2.768
Organic Nitrogen as N (mg/L) 2.235 212
Chlorophyll-a {.g/L) 23.00 22.73
Secchi Disk Transparency (meters) 1.60 1.54
Carlsons TSI for Phosphorus 77.60 7.5%
Carlsons TSI for Chlorophyll-a 61.36 61.24
Carlsons TSI for Secchi Disk 53.23 53.75




Figure 1 provides a graphic summary of the TSI ediiog 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 propetiod (Table 2). Over all the predicted and obsérv
TSI values for phosphorus, chlorophyll and secatk duggest McGregor Dam is eutrophic. Figure 2 is
graphic that shows the annual temporal distributibMcGregor Darts trophic state based on the three
parameters total phosphorus as phosphate, andphidi-a concentrations and secchi disk depth
transparency.

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 restorafitiernatives. This evaluation is accomplished
comparing predicted trophic state, as reflecte@asisons TSI, with currently observed TSI values.
Modeled nutrient reduction alternatives are preseirt three basic categories: (1) reducing extgrnal
derived nutrient loads; (2) reducing internally itsdale nutrients; and (3) reducing both external an
internal nutrient loads. For McGregor Dam only ené& nutrient loads were addressed. External mitrie
loads were addressed because they are known te eatrsphication and because they are controllable
through the implementation of watershed Best Mamege: Practices (BMPs).

OLIGOTROPHIC MESOTROPHIC EUTROPHIC HYPEREUTROPHIC
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Figure 1. Graphic depiction of Carlson's TrophiatS$ Index
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Figure 2. Temporal distribution of Carlosn's TrapBitatus Index scores for McGregor Dam (12-17-200Rgh 10-19-2003)

Predicted changes in trophic response to McGregon @ere evaluated by reducing externally derived
phosphorus loads by 25, 50, and 75 percent. Tregetions were simulated in the model by reducing
the phosphorus concentrations in the contributitbgitary and other external delivery sources bysfh,
and 75 percent. Since there is no reliable meapstofhating how much hydraulic discharge would be
reduced through the implementation of BMPs, flowswald constant.

The model results indicate that if it were posstbleeduce external phosphorus loading to McGregor
Dam by 50 percent the average annual total phospterd chlorophyll-a concentrations in the lake
would decrease as well and secchi disk transpamegath would increase significantly (Table 3, Feyur
3). With a 50 percent reduction in external phospe@nd nitrogen load, the model predicts a reduoict
in Carlsors TSI score from 61 to 55 for chlorophyll-a andhiré3 to 46 for secchi disk transparency,
corresponding to a trophic state of eutrophic aegatrophic, respectively.



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

40

Predicted
Variable Observed 25 % 50 % 75 %
Total Phosphorus as P (mg/L) 0.163 0.124 0.086 0.047
Total Dissolved Phosphorus (mg/L) 0.112 0.087 0.061 0.024
Total Nitrogen as N (mg/L) 2.769 2.188 1.606 0.994
Organic Nitrogen as N (mg/L) 2.235 1.815 1.421 NA
Chlorophyll-a {«g/L) 23.00 17.35 12.02 8.26
Secchi Disk Transparency (meters) 1.60 1.95 2.63 2.44
Carlsons TSI for Phosphorus 77.60 73.65 68.36 59.71
Carlsons TSI for Chlorophyll-a 61.53 58.59 54.99 51.31
Carlsons TSI for Secchi Disk 53.23 50.40 0%%. 47.16
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Figure 3. Predicted trophic response to phosphoagreductions to McGregor Dam of 25, 50, and &&ent



CASE: McGregor Calibrated
GROSS WATER BALANCE:

DRAINAGE AREA - FLOW
ID T LOCATION KM2 MEAN
1 1Inlet 21.480 .280
2 4 Qutlet 21.700 .244
TRIBUTARY INFLOW 21.480 .280
**TOTAL INFLOW 21.700 .280
GAUGED OUTFLOW 21.700 244
ADVECTIVE OUTFLOW .000 .036
**TOTAL OUTFLOW 21.700 .280

(HM3/YR) ----  RUNOFF
VARIANCE CV  M/YR

.000E+00 .000 .013
.000E+00 .000 .011

.000E+00 .000 .013
.000E+00 .000 .013
.000E+00 .000 .011
.000E+00 .000 -29462.430
.000E+00 .000 .013

GROSS MASS BALANCE BASED UPON OBSERVED CONCENTRANS

COMPONENT: CONSERV

----- LOADING ---- --- VARIA
ID T LOCATION KG/IYR %(l) KG/YR**2
11 Inlet .0 .0 .000E+00
2 4 Outlet .0 .0 .000E+00
HYDRAULIC = -----mmeemmeee CONSERV ---

OVERFLOW RESIDENCE  POOL RESIDENCE TURNOVER

RATE TIME CONC TIME RATIO
M/YR YRS MG/M3 YRS -
1.27 4.0857 .0 .0000 .0000

NCE --- CONC EXPORT
%(l) CV MG/M3 KG/KM2

.0.000 0 0
.0.000 0 0

RETENTION
COEF

.0000



GROSS MASS BALANCE BASED UPON OBSERVED CONCENTRANSO

COMPONENT: TOTAL P

----- VARIA
KGIYR %(l) KG/YR**2

----- LOADING
ID T LOCATION
11 Inlet 112.8 94.5 .000E+00
2 4 Qutlet 99.1 82.9 .000E+00

PRECIPITATION
TRIBUTARY INFLOW
**TOTAL INFLOW
GAUGED OUTFLOW
ADVECTIVE OUTFLOW
**TOTAL OUTFLOW
***RETENTION

6.6 5.5 .109E+02
112.8 94.5 .000E+00

119.4 100.0 .109E+02
39.8 33.3 .000E+00

59 4.9 .000E+00

45.6 38.2 .000E+00
73.8 61.8 .109E+02

HYDRAULIC
OVERFLOW RESIDENCE
RATE TIME CONC
M/YR YRS MG/M3
1.27 4.0857

163.0 1.5612

- TOTALP -

POOL RESIDENCE TURNOVER
TIME RATIO

YRS -
.6405

NCE --- CONC EXPORT
%(l) CV MG/M3 KG/KM2

.0 .000 403.0 5.3
.0 .000 406.0 4.6

100.0 .500 .0 30.0
.0 .000 403.0 5.3
100.0 .028 426.6 55
.0 .000 163.0 1.8
.0 .000 163.0**rrrxxx
.0 .000 163.0 21
100.0 .045 0 0

RETENTION
COEF

.6179

GROSS MASS BALANCE BASED UPON OBSERVED CONCENTRANS

COMPONENT: TOTAL N

----- VARIA
KG/IYR %(l) KG/YR**2

----- LOADING
ID T LOCATION
11 Inlet 1150.5 83.9 .000E+00
2 4 Qutlet 633.7 46.2 .000E+00

PRECIPITATION
TRIBUTARY INFLOW
**TOTAL INFLOW
GAUGED OUTFLOW
ADVECTIVE OUTFLOW
*»**TOTAL OUTFLOW
**RETENTION

220.0 16.1 .121E+05
1150.5 83.9 .000E+00

1370.5 100.0 .121E+05
675.6 49.3 .000E+00

99.7 7.3 .000E+00

775.3 56.6 .000E+00
595.2 43.4 .121E+05

HYDRAULIC
OVERFLOW RESIDENCE

RATE TIME CONC

M/YR YRS MG/M3

1.27 4.0857 2769.0 2.3113

- TOTALN -

POOL RESIDENCE TURNOVER
TIME RATIO

YRS -
4326

NCE --- CONC EXPORT
%() CV MG/M3 KG/KM2

.0 .000 4109.0 53.6
.0 .000 2597.0 29.2

100.0 .500 .0 1000.0
.0 .000 4109.0 53.6
100.0 .080 4894.7 63.2
.0 .000 2769.0 31.1
.0 .000 2769.0****rxxx
.0 .000 2769.0 35.7

1000 .185 0 .0

RETENTION
COEF

4343



OBSERVED AND PREDICTED DIAGNOSTIC VARIABLES
RANKED AGAINST CE MODEL DEVELOPMENT DATA SET

SEGMENT: 1 McGregor Dam

----- VALUES ---- --- RANKS (% ) -
VARIABLE OBSERVED ESTIMATED OBSERVED EST IMATED
TOTALP MG/M3 163.00 162.37 91.3 91.3
TOTALN MG/M3 2769.00 2768.45 94.4 94.4
C.NUTRIENT MG/M3 130.60 130.26 94.8 94.7
CHL-A MG/M3 23.00 22.73 87.8 87.5
SECCHI M 160 154 69.8 68.1
ORGANIC N MG/M3 2235.00 2214.21  99.9 99.9
TP-ORTHO-P MG/M3 51.00 49.73  71.2 70.3
HOD-V MG/M3-DAY .00 13152 .0 76.4
MOD-V MG/M3-DAY .00 119.70 .0 78.7
ANTILOG PC-1  1240.58 1247.99 89.2 89.3
ANTILOG PC-2 1531 14.80 95.0 94.4
(N-150)/P  16.07 16.13 46.7 46.9
INORGANICN/P 477 492 33 3.5
TURBIDITY 1/M .08 .08 1.1 1.1
ZMIX * TURBIDITY .17 .17 .0 0
ZMIX / SECCHI 131 136 13 1.6
CHL-A*SECCHI  36.80 35.06 96.5 95.9
CHL-A/TOTALP .14 .14 30.3 29.8

FREQ(CHL-a>10) % 84.93 84.48 0
FREQ(CHL-a>20) % 46.62 45.87 0
FREQ(CHL-a>30) % 23.01 22.43 0
FREQ(CHL-a>40) % 11.45 11.09 0
FREQ(CHL-a>50) % 591 569 .0 0
0
0
0
0

coocoo

FREQ(CHL-a>60) % 3.17 3.04 .0
CARLSON TSI-P 77.60 77.55 .0
CARLSON TSI-CHLA 61.36 61.24 .0
CARLSON TSI-SEC  53.23 53.75 .0




CASE: McGregor Calibrated — 25% Load
GROSS WATER BALANCE:

DRAINAGE AREA - FLOW
ID T LOCATION KM2 MEAN
1 1Inlet 21.480 .280
2 4 Qutlet 21.700 .244
TRIBUTARY INFLOW 21.480 .280
**TOTAL INFLOW 21.700 .280
GAUGED OUTFLOW 21.700 244
ADVECTIVE OUTFLOW .000 .036
**TOTAL OUTFLOW 21.700 .280

(HM3/YR) ----  RUNOFF
VARIANCE CV  M/YR

.000E+00 .000 .013
.000E+00 .000 .011

.000E+00 .000 .013
.000E+00 .000 .013
.000E+00 .000 .011
.000E+00 .000 -29462.430
.000E+00 .000 .013

GROSS MASS BALANCE BASED UPON OBSERVED CONCENTRANS

COMPONENT: CONSERV

----- LOADING ---- --- VARIA
ID T LOCATION KG/IYR %(l) KG/YR**2
11 Inlet .0 .0 .000E+00
2 4 Outlet .0 .0 .000E+00
HYDRAULIC = -----mmeemmeee CONSERV ---

OVERFLOW RESIDENCE  POOL RESIDENCE TURNOVER

RATE TIME CONC TIME RATIO
M/YR YRS MG/M3 YRS -
1.27 4.0857 .0 .0000 .0000

NCE --- CONC EXPORT
%(l) CV MG/M3 KG/KM2

.0.000 0 0
.0.000 0 0

RETENTION
COEF

.0000



GROSS MASS BALANCE BASED UPON OBSERVED CONCENTRANS
COMPONENT: TOTAL P

----- LOADING ---- --- VARIA NCE --- CONC EXPORT
ID T LOCATION KG/IYR %(l) KG/YR**2 %() CV MG/M3 KG/KM2
11 Inlet 84.6 92.8 .000E+00 .0 .000 302.0 3.9
2 4 Outlet 99.1 108.7 .000E+00 .0 .000 406.0 4.6
PRECIPITATION 6.6 7.2 .109E+02 100.0 .500 .0 30.0
TRIBUTARY INFLOW 84.6 92.8 .000E+00 .0 .000 302.0 3.9
**TOTAL INFLOW 91.2 100.0 .109E+02 100.0 .036 325.6 4.2
GAUGED OUTFLOW 39.8 43.6 .000E+00 .0 .000 163.0 1.8
ADVECTIVE OUTFLOW 59 6.4 .000E+00 .0 .000 163.0**rrrxxx
*»**TOTAL OUTFLOW 45.6 50.1 .000E+00 .0 .000 163.0 21
***RETENTION 455 49.9 .109E+02 100.0 .072 0 .0
HYDRAULIC = -------m-mm-- TOTALP — e
OVERFLOW RESIDENCE  POOL RESIDENCE TURNOVER RETENTION
RATE TIME CONC TIME RATIO COEF
M/YR YRS MG/M3 YRS - -
1.27 4.0857 163.0 2.0455 .4889 4993

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 863.2 79.7 .000E+00 .0 .000 3083.0 40.2
2 4 Qutlet 633.7 58.5 .000E+00 .0 .000 2597.0 29.2
PRECIPITATION 220.0 20.3 .121E+05 100.0 .500 .0 1000.0
TRIBUTARY INFLOW 863.2 79.7 .000E+00 .0 .000 3083.0 40.2
**TOTAL INFLOW 1083.2 100.0 .121E+05 100.0 .102 3868.7 49.9
GAUGED OUTFLOW 675.6 62.4 .000E+00 .0 .000 2769.0 31.1
ADVECTIVE OUTFLOW 99.7 9.2 .000E+00 .0 .000 2769.0****rxxx
**TOTAL OUTFLOW 775.3 71.6 .000E+00 .0 .000 2769.0 35.7
**RETENTION 307.9 28.4 .121E+05 1000 357 0 .0
HYDRAULIC = -------m-m---- TOTALN - ememememees
OVERFLOW RESIDENCE  POOL RESIDENCE TURNOVER RETENTION
RATE TIME CONC TIME RATIO COEF

M/YR YRS MG/M3 YRS - -
1.27 4.0857 2769.0 2.9243 .3420 .2843



CASE: McGregor Calibrated — 25%

OBSERVED AND PREDICTED DIAGNOSTIC VARIABLES
RANKED AGAINST CE MODEL DEVELOPMENT DATA SET

SEGMENT: 1 McGregor Dam

----- VALUES - --- RANKS (% ) -e-
VARIABLE OBSERVED ESTIMATED OBSERVED EST IMATED
TOTALP MG/M3 163.00 123.92 91.3 85.5
TOTALN MG/M3 2769.00 2188.14 94.4 88.9
C.NUTRIENT MG/M3 130.60 100.11 94.8 90.1
CHL-A MG/M3 23.00 17.35 87.8 78.7
SECCHI M 160 195 69.8 78.1
ORGANIC N MG/M3 2235.00 1815.39  99.9 99.6
TP-ORTHO-P MG/M3 51.00 37.28 71.2 59.0
HOD-V MG/M3-DAY .00 114.90 .0 70.4
MOD-V MG/M3-DAY .00 10457 .0 72.8
ANTILOG PC-1  1240.58 768.58 89.2 80.9
ANTILOG PC-2 15.31 14.70  95.0 94.2
(N-150)/P  16.07 16.45 46.7 48.1
INORGANICN/P 477 430 3.3 2.6
TURBIDITY /M .08 .08 11 1.1
ZMIX * TURBIDITY .17 .17 .0 0
ZMIX / SECCHI 131 108 1.3 5
CHL-A* SECCHI  36.80 33.77 96.5 95.5
CHL-A/TOTALP .14 .14 303 29.8

FREQ(CHL-a>10) % 84.93 7186 .0
FREQ(CHL-a>20) % 46.62 29.48 .0
FREQ(CHL-a>30) % 23.01 1163 .0
FREQ(CHL-a>40) % 11.45 487 .0
FREQ(CHL-a>50) % 591 218 .0
FREQ(CHL-a>60) % 3.17 1.04 .0
CARLSONTSI-P  77.60 73.65 .0
CARLSON TSI-CHLA 61.36 5859 .0
CARLSON TSI-SEC  53.23 5040 .0




CASE: McGregor Calibrated — 50%
GROSS WATER BALANCE:

DRAINAGE AREA - FLOW
ID T LOCATION KM2 MEAN
1 1Inlet 21.480 .280
2 4 Qutlet 21.700 .244
TRIBUTARY INFLOW 21.480 .280
**TOTAL INFLOW 21.700 .280
GAUGED OUTFLOW 21.700 244
ADVECTIVE OUTFLOW .000 .036
**TOTAL OUTFLOW 21.700 .280

(HM3/YR) ----  RUNOFF
VARIANCE CV  M/YR

.000E+00 .000 .013
.000E+00 .000 .011

.000E+00 .000 .013
.000E+00 .000 .013
.000E+00 .000 .011
.000E+00 .000 -29462.430
.000E+00 .000 .013

GROSS MASS BALANCE BASED UPON OBSERVED CONCENTRANS

COMPONENT: CONSERV

----- LOADING ---- --- VARIA
ID T LOCATION KG/IYR %(l) KG/YR**2
11 Inlet .0 .0 .000E+00
2 4 Outlet .0 .0 .000E+00
HYDRAULIC = -----mmeemmeee CONSERV ---

OVERFLOW RESIDENCE  POOL RESIDENCE TURNOVER

RATE TIME CONC TIME RATIO
M/YR YRS MG/M3 YRS -
1.27 4.0857 .0 .0000 .0000

NCE --- CONC EXPORT
%(l) CV MG/M3 KG/KM2

.0.000 0 0
.0.000 0 0

RETENTION
COEF

.0000



GROSS MASS BALANCE BASED UPON OBSERVED CONCENTRANS

COMPONENT: TOTAL P

----- VARIA
KGIYR %(l) KG/YR**2

----- LOADING
ID T LOCATION
11 Inlet 56.6 89.6 .000E+00
2 4 Qutlet 99.1 156.8 .000E+00

PRECIPITATION
TRIBUTARY INFLOW
**TOTAL INFLOW
GAUGED OUTFLOW
ADVECTIVE OUTFLOW
**TOTAL OUTFLOW
***RETENTION

6.6 10.4 .109E+02
56.6 89.6 .000E+00

63.2 100.0 .109E+02
39.8 63.0 .000E+00

59 9.3 .000E+00

45.6 72.3 .000E+00
17.5 27.7 .109E+02

HYDRAULIC
OVERFLOW RESIDENCE
RATE TIME CONC
M/YR YRS MG/M3
1.27 4.0857

163.0 2.9524

- TOTALP -

POOL RESIDENCE TURNOVER
TIME RATIO

YRS -
.3387

NCE --- CONC EXPORT
%(l) CV MG/M3 KG/KM2

.0 .000 202.0 2.6
.0 .000 406.0 4.6

100.0 .500 .0 30.0
.0 .000 202.0 2.6
100.0 .052 225.6 2.9
.0 .000 163.0 1.8
.0 .000 163.0**r¥rrxxx
.0 .000 163.0 21
100.0 .188 0 .0

RETENTION
COEF

2774

GROSS MASS BALANCE BASED UPON OBSERVED CONCENTRANS

COMPONENT: TOTAL N

----- VARIA
KG/IYR %(l) KG/YR**2

----- LOADING
ID T LOCATION
11 Inlet 575.4 72.3 .000E+00
2 4 Qutlet 633.7 79.7 .000E+00

PRECIPITATION
TRIBUTARY INFLOW
**TOTAL INFLOW
GAUGED OUTFLOW
ADVECTIVE OUTFLOW
*»**TOTAL OUTFLOW
**RETENTION

220.0 27.7 .121E+05
575.4 72.3 .000E+00

795.4 100.0 .121E+05
675.6 84.9 .000E+00

99.7 12.5 .000E+00

775.3 97.5 .000E+00
20.1 2.5 .121E+05

HYDRAULIC
OVERFLOW RESIDENCE

RATE TIME CONC

M/YR YRS MG/M3

1.27 4.0857 2769.0 3.9826

- TOTALN -

POOL RESIDENCE TURNOVER
TIME RATIO

YRS -
2511

NCE --- CONC EXPORT
%() CV MG/M3 KG/KM2

.0 .000 2055.0 26.8
.0 .000 2597.0 29.2

100.0 .500 .0 1000.0
.0 .000 2055.0 26.8
100.0 .138 2840.7 36.7
.0 .000 2769.0 31.1
.0 .000 2769.0****rxxx
.0 .000 2769.0 35.7

100.05478 0 .0

RETENTION
COEF

.0252



CASE: McGregor Calibrated — 50%

OBSERVED AND PREDICTED DIAGNOSTIC VARIABLES
RANKED AGAINST CE MODEL DEVELOPMENT DATA SET

SEGMENT: 1 McGregor Dam

----- VALUES - --- RANKS (% ) -e-
VARIABLE OBSERVED ESTIMATED OBSERVED EST IMATED
TOTALP MG/M3 163.00 85.86 91.3 74.2
TOTALN MG/M3 2769.00 1606.71  94.4 77.0
C.NUTRIENT MG/M3 130.60 70.10 94.8 80.1
CHL-A MG/M3 23.00 1202 87.8 62.6
SECCHI M 160 263 69.8 87.9
ORGANIC N MG/M3 2235.00 1420.53  99.9 98.4
TP-ORTHO-P MG/M3 51.00 24.95 71.2 42.3
HOD-V MG/M3-DAY .00 9564 .0 61.5
MOD-V MG/M3-DAY .00 87.04 .0 63.6
ANTILOG PC-1  1240.58 404.71 89.2 64.9
ANTILOG PC-2 15.31 14.46 95.0 93.8
(N-150)/P  16.07 16.97 46.7 49.9
INORGANICN/P 477 3.06 3.3 1.1
TURBIDITY /M .08 .08 11 1.1
ZMIX * TURBIDITY .17 .17 .0 0
ZMIX / SECCHI 131 .80 1.3 1
CHL-A* SECCHI  36.80 31.59 96.5 94.5
CHL-A/TOTALP .14 .14 303 29.8

FREQ(CHL-a>10) % 84.93 4946 .0 0
FREQ(CHL-a>20) % 46.62 1290 .0 0
FREQ(CHL-a>30) % 2301 371 .0 0
FREQ(CHL-a>40) % 11.45 1.23 .0 0
FREQ(CHL-a>50)% 591 .45 .0 0
FREQ(CHL-a>60) % 3.17 .19 .0 0
CARLSONTSI-P  77.60 68.36 .0 0
CARLSON TSI-CHLA 61.36 5499 .0 0
CARLSON TSI-SEC  53.23 46.08 .0 0




CASE: McGregor Calibrated — 75%
GROSS WATER BALANCE:

DRAINAGE AREA - FLOW
ID T LOCATION KM2 MEAN
1 1Inlet 21.480 .280
2 4 Qutlet 21.700 .244
TRIBUTARY INFLOW 21.480 .280
**TOTAL INFLOW 21.700 .280
GAUGED OUTFLOW 21.700 244
ADVECTIVE OUTFLOW .000 .036
**TOTAL OUTFLOW 21.700 .280

(HM3/YR) ----  RUNOFF
VARIANCE CV  MI/YR

.000E+00 .000 .013
.000E+00 .000 .011

.000E+00 .000 .013
.000E+00 .000 .013
.000E+00 .000 .011
.000E+00 .000 -29462.430
.000E+00 .000 .013

GROSS MASS BALANCE BASED UPON OBSERVED CONCENTRANS

COMPONENT: CONSERV

----- LOADING ---- --- VARIA
ID T LOCATION KG/IYR %(l) KG/YR**2
11 Inlet .0 .0 .000E+00
2 4 Outlet .0 .0 .000E+00
HYDRAULIC = -----mmeemmeee CONSERV ---

OVERFLOW RESIDENCE  POOL RESIDENCE TURNOVER

RATE TIME CONC TIME RATIO
M/YR YRS MG/M3 YRS -
1.27 4.0857 .0 .0000 .0000

NCE --- CONC EXPORT
%(l) CV MG/M3 KG/KM2

.0.000 0 0
.0.000 0 0

RETENTION
COEF

.0000



GROSS MASS BALANCE BASED UPON OBSERVED CONCENTRANS
COMPONENT: TOTAL P

----- LOADING ---- --- VARIA NCE --- CONC EXPORT
ID T LOCATION KG/IYR %(l) KG/YR**2 %() CV MG/M3 KG/KM2
11 Inlet 28.3 81.1 .000E+00 .0 .000 101.0 13
2 4 Outlet 99.1 284.0 .000E+00 .0 .000 406.0 4.6
PRECIPITATION 6.6 18.9 .109E+02 100.0 .500 .0 30.0
TRIBUTARY INFLOW 28.3 81.1 .000E+00 .0 .000 101.0 13
**TOTAL INFLOW 34.9 100.0 .109E+02 100.0 .095 1246 1.6
GAUGED OUTFLOW 39.8 114.0 .000E+00 .0 .000 163.0 1.8
ADVECTIVE OUTFLOW 5.9 16.8 .000E+00 .0 .000 163.0**rrrxxx
*»**TOTAL OUTFLOW 45.6 130.8 .000E+00 .0 .000 163.0 21
***RETENTION -10.8 -30.8 .109E+02 100.0 .307 0 .0
HYDRAULIC = -------m-mm-- TOTALP — e
OVERFLOW RESIDENCE  POOL RESIDENCE TURNOVER RETENTION
RATE TIME CONC TIME RATIO COEF
M/YR YRS MG/M3 YRS - -
1.27 4.0857 163.0 5.3461 .1871 -.3085

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 287.8 56.7 .000E+00 .0 .000 1028.0 13.4
2 4 Qutlet 633.7 124.8 .000E+00 .0 .000 2597.0 29.2
PRECIPITATION 220.0 43.3 .121E+05 100.0 .500 .0 1000.0
TRIBUTARY INFLOW 287.8 56.7 .000E+00 .0 .000 1028.0 13.4
**TOTAL INFLOW 507.8 100.0 .121E+05 100.0 .217 1813.7 23.4
GAUGED OUTFLOW 675.6 133.0 .000E+00 .0 .000 2769.0 31.1
ADVECTIVE OUTFLOW 99.7 19.6 .000E+00 .0 .000 2769.0****rxxx
**TOTAL OUTFLOW 775.3 152.7 .000E+00 .0 .000 2769.0 35.7
**RETENTION -267.5 -52.7 .121E+05 1000 412 0 0
HYDRAULIC = -------m-m---- TOTALN - ememememees
OVERFLOW RESIDENCE  POOL RESIDENCE TURNOVER RETENTION
RATE TIME CONC TIME RATIO COEF

M/YR YRS MG/M3 YRS - -
1.27 4.0857 2769.0 6.2377 .1603 -.5267



CASE: McGregor Calibrated — 75%

OBSERVED AND PREDICTED DIAGNOSTIC VARIABLES
RANKED AGAINST CE MODEL DEVELOPMENT DATA SET

SEGMENT: 1 McGregor Dam

----- VALUES - --- RANKS (% ) -e-
VARIABLE OBSERVED ESTIMATED OBSERVED EST IMATED
TOTALP MG/M3 163.00 47.42 91.3 49.5
TOTALN MG/M3 2769.00 1025.84 94.4 51.5
C.NUTRIENT MG/M3 130.60 39.76 94.8 55.4
CHL-A MG/M3 2300 6.64 87.8 32.6
SECCHI M 160 407 69.8 95.9
ORGANIC N MG/M3 2235.00 1021.72  99.9 93.4
TP-ORTHO-P MG/M3 51.00 1250 71.2 17.8
HOD-V MG/M3-DAY .00 71.07 .0 45.7
MOD-V MG/M3-DAY .00 64.68 .0 47.2
ANTILOG PC-1 124058 151.19 89.2 35.6
ANTILOG PC-2 15.31 13.73 95.0 92.5
(N-150)/P  16.07 18.47 46.7 54.9
INORGANICN/P 477 .12 33 0
TURBIDITY /M .08 .08 11 1.1
ZMIX * TURBIDITY .17 .17 .0 0
ZMIX / SECCHI 131 52 13 0
CHL-A* SECCHI  36.80 26.99 96.5 91.5
CHL-A/TOTALP .14 .14 303 29.8

FREQ(CHL-a>10) % 84.93 1658 .0
FREQ(CHL-a>20) % 46.62 1.84 .0
FREQ(CHL-a>30)% 2301 .31 .0
FREQ(CHL-a>40) % 11.45 .07 .0
FREQ(CHL-a>50)% 591 .02 .0
FREQ(CHL-a>60)% 3.17 .01 .0
CARLSONTSI-P  77.60 59.80 .0
CARLSON TSI-CHLA 61.36 49.17 .0
CARLSON TSI-SEC 5323 3979 .0




Appendix B
Flux Data and Analysis



McG egor Inlet STORET # 385242 (conposite)

McGregor Inlet 385242 VAR=NH3-4 MET HOD= 6 REG-3
TABULATION OF MISSING DAILY FLOWS:

Flow File =385242_ Q.wk1l , Sta tion =Flow
Daily Flows from 20031030 to 2004102

Summary:
Reported Flows = 364

Missing Flows = 0
Zero Flows = 231
Positive Flows = 133

McGregor Inlet 385242 VAR=NH3-4 ME THOD= 6 REG-3
COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL OW C/Q SLOPE SIGNIF
1 364 11 11100.0 .281 3.7 57 1.001 .007

rx 364 11 11100.0 .281 3.7 57

FLOW STATISTICS

FLOW DURATION = 364.0 DAYS = .997 YEARS
MEAN FLOW RATE =  .281 HM3/YR

TOTAL FLOW VOLUME = .28 HM3

FLOW DATE RANGE = 20031030 TO 20041027
SAMPLE DATE RANGE = 20040331 TO 20040613

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI ANCE CONC (PPB) CV
1 AV LOAD 1091.0 1094.8  .8015 E+06 3890.46 .818
2QWTDC 81.7 82.0 .1658 E+04 291.43 .497
31JC 89.1 89.4 2111 E+04 317.61 .514

4 REG-1 6.1 6.1 .8449 E+01 2179 .474

5 REG-2 34.9 350 .3747 E+04 124.45 1.748

6 REG-3 1151 1155 4158 E+05 410.30 1.766



McGregor Inlet 385242 VAR=NO2+NO3 ME
TABULATION OF MISSING DAILY FLOWS:

Flow File =385242_ Q.wk1 , Sta
Daily Flows from 20031030 to 2004102

Summary:

Reported Flows = 364
Missing Flows = 0
Zero Flows = 231
Positive Flows = 133

McGregor Inlet 385242 VAR=NO2+NO3 ME

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL

1 364 11 11100.0 .281 3.7
kx 364 11 11 100.0 .281 3.7

FLOW STATISTICS

FLOW DURATION = 364.0 DAYS = .997 YEARS
MEAN FLOW RATE =  .281 HM3/YR

TOTAL FLOW VOLUME = .28 HM3

FLOW DATE RANGE = 20031030 TO 20041027
SAMPLE DATE RANGE = 20040331 TO 20040613

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI
1 AV LOAD 9259.6 92914 6611

2QWTDC 693.6 696.0 .1989
313C 773.2 7758 .2614

4 REG-1 40.9 41.0 .6011

5 REG-2 238.1 239.0 .5688
6 REG-3 1021.3 1024.8  .5244

THOD= 6 REG-3

tion =Flow

THOD= 6 REG-3
COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS
OW C/Q SLOPE SIGNIF

57
57

1.093 .003

ANCE CONC (PPB) CV

E+08
E+06
E+06
E+03
E+05
E+07

33018.23 .875
2473.32 .641
2757.02 .659

14571 .598
849.18 .998
3641.74 2.235



McGregor Inlet 385242 VAR=INORG-N ME
TABULATION OF MISSING DAILY FLOWS:

Flow File =385242_ Q.wk1 , Sta
Daily Flows from 20031030 to 2004102

Summary:

Reported Flows = 364
Missing Flows = 0
Zero Flows = 231
Positive Flows = 133

McGregor Inlet 385242 VAR=INORG-N ME

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL

1 364 11 11100.0 .281 3.7
kx 364 11 11 100.0 .281 3.7

FLOW STATISTICS

FLOW DURATION = 364.0 DAYS = .997 YEARS
MEAN FLOW RATE =  .281 HM3/YR

TOTAL FLOW VOLUME = .28 HM3

FLOW DATE RANGE = 20031030 TO 20041027
SAMPLE DATE RANGE = 20040331 TO 20040613

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI
1 AV LOAD 10350.7 10386.2  .8143

2QWTDC 775.3 778.0 .2367
313C 862.2 865.2 .3104

4 REG-1 47.8 479 7725

5 REG-2 277.5 278.4  .8030
6 REG-3 1104.9 1108.7 .6428

THOD= 6 REG-3

tion =Flow

THOD= 6 REG-3
COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS
OW C/Q SLOPE SIGNIF

57
57

1.075 .002

ANCE CONC (PPB) CV

E+08
E+06
E+06
E+03
E+05
E+07

36908.70 .869

2764.75 .625
3074.64 .644
170.39 .580
989.46 1.018

3939.78 2.287



McGregor Inlet 385242 VAR=T-N ME THOD= 6 REG-3
TABULATION OF MISSING DAILY FLOWS:

Flow File =385242_ Q.wk1 , Sta tion =Flow
Daily Flows from 20031030 to 2004102

Summary:

Reported Flows = 364
Missing Flows = 0
Zero Flows = 231
Positive Flows = 133

McGregor Inlet 385242 VAR=T-N ME THOD= 6 REG-3
COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL OW C/Q SLOPE SIGNIF
1 364 11 11100.0 .281 3.7 57 .283 .002

ok 364 11 11100.0 .281 3.7 57

FLOW STATISTICS

FLOW DURATION = 364.0 DAYS = .997 YEARS
MEAN FLOW RATE =  .281 HM3/YR

TOTAL FLOW VOLUME = .28 HM3

FLOW DATE RANGE = 20031030 TO 20041027
SAMPLE DATE RANGE = 20040331 TO 20040613

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI ANCE CONC (PPB) CV
1 AV LOAD 15384.5 15437.3  .1505 E+09 54858.41 .795
2QWTDC 1152.4 1156.4  .2661 E+06 4109.32 .446
313C 1244.0 1248.3  .3529 E+06 4435.85 .476
4 REG-1 553.1 555.0 .1845 E+05 1972.09 .245
5 REG-2 1943.2 1949.9 1151 E+05 6929.06 .055

6 REG-3 786.3 789.0 .1023 E+05 2803.79 .128



McGregor Inlet 385242 VAR=TD-P ME THOD= 6 REG-3
TABULATION OF MISSING DAILY FLOWS:

Flow File =385242_ Q.wk1 , Sta tion =Flow
Daily Flows from 20031030 to 2004102

Summary:

Reported Flows = 364
Missing Flows = 0
Zero Flows = 231
Positive Flows = 133

McGregor Inlet 385242 VAR=TD-P ME THOD= 6 REG-3
COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL OW C/Q SLOPE SIGNIF
1 364 11 11100.0 .281 3.7 57 .324 .008

ok 364 11 11100.0 .281 3.7 57

FLOW STATISTICS

FLOW DURATION = 364.0 DAYS = .997 YEARS
MEAN FLOW RATE =  .281 HM3/YR

TOTAL FLOW VOLUME = .28 HM3

FLOW DATE RANGE = 20031030 TO 20041027
SAMPLE DATE RANGE = 20040331 TO 20040613

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI ANCE CONC (PPB) CV
1 AV LOAD 1295.1 1299.5 .7500 E+06 4618.04 .666
2QWTDC 97.0 97.3 .1481 E+03 34593 .125
313C 99.3 99.6 .1704 E+03 353.94 .131
4 REG-1 41.8 42.0 .1809 E+03 149.23 .320
5 REG-2 157.2 157.7 .3361 E+05 560.39 1.163

6 REG-3 97.2 975 .3280 E+04 346.61 .587



McGregor Inlet 385242 VAR=T-P ME THOD= 6 REG-3

TABULATION OF MISSING DAILY FLOWS:

Flow File =385242_ Q.wk1l , Sta tion =Flow
Daily Flows from 20031030 to 2004102

Summary:

Reported Flows = 364
Missing Flows = 0
Zero Flows = 231
Positive Flows = 133

McGregor Inlet 385242 VAR=T-P ME THOD= 6 REG-3
COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL OW C/Q SLOPE SIGNIF
1 364 11 11100.0 .281 3.7 57 .130 .080

kx 364 11 11 100.0 .281 3.7 57

FLOW STATISTICS

FLOW DURATION = 364.0 DAYS = .997 YEARS
MEAN FLOW RATE =  .281 HM3/YR

TOTAL FLOW VOLUME = .28 HM3

FLOW DATE RANGE = 20031030 TO 20041027

SAMPLE DATE RANGE = 20040331 TO 20040613

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI ANCE CONC (PPB) CV
1 AV LOAD 1510.0 1515.1  .9529 E+06 5384.23 .644
2QWTDC 113.1 1135  .6620 E+02 403.32 .072
31JC 114.6 115.0 .7359 E+02 408.70 .075
4 REG-1 80.8 81.0 .1042 E+03 287.98 .126
5 REG-2 191.0 191.7  .1242 E+05 681.19 .582

6 REG-3 107.3 107.7  .1670 E+03 382.65 .120



McGregor Inlet 385242 VAR=TSS ME
TABULATION OF MISSING DAILY FLOWS:

Flow File =385242_ Q.wk1 , Sta
Daily Flows from 20031030 to 2004102

Summary:

Reported Flows = 364
Missing Flows = 0
Zero Flows = 231
Positive Flows = 133

McGregor Inlet 385242 VAR=TSS ME

THOD= 6 REG-3

tion =Flow

THOD= 6 REG-3

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS
OW C/Q SLOPE SIGNIF

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL

1 364 11 11100.0 .281 3.7
kx 364 11 11 100.0 .281 3.7

FLOW STATISTICS

FLOW DURATION = 364.0 DAYS = .997 YEARS
MEAN FLOW RATE =  .281 HM3/YR

TOTAL FLOW VOLUME = .28 HM3

FLOW DATE RANGE = 20031030 TO 20041027
SAMPLE DATE RANGE = 20040331 TO 20040613

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI
1 AV LOAD 179850.7 180468.4  .2831
2QWTDC 13472.2 13518.5 .1124

313C 15332.1 15384.7  .1526

4 REG-1 9548.4 9581.2  .4769
5 REG-2 22830.3 22908.7  .1252
6 REG-3 6470.4 6492.6  .2275

57
57

.133 .689

ANCE CONC (PPB) CV

E+11
E+09
E+09
E+08
E+10
E+08

641317.20

48039.61
54671.61
34048.01
81409.04
23072.19

.932
.784
.803
721

1.545
735



McGregor Outlet STORET #385244

McGregor Outlet 385244 VAR=NH3+4 MET HOD=2QWTDC
TABULATION OF MISSING DAILY FLOWS:

Flow File =385244 Q.wk1l , Sta tion =Flow
Daily Flows from 20031030 to 2004102

Summary:
Reported Flows = 364

Missing Flows = 0
Zero Flows = 285
Positive Flows = 79

McGregor Outlet 385244 VAR=NH3+4 ME THOD=2QWTD C
COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL OW C/Q SLOPE SIGNIF
1 364 11 11100.0 244 9 78 -.760 .127

bl 364 11 11100.0 244 9 78

FLOW STATISTICS

FLOW DURATION = 364.0 DAYS = .997 YEARS
MEAN FLOW RATE =  .244 HM3/YR

TOTAL FLOW VOLUME = .24 HM3

FLOW DATE RANGE = 20031030 TO 20041027
SAMPLE DATE RANGE = 20040303 TO 20040828

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI ANCE CONC (PPB) CV
1 AV LOAD 896.8 899.8 .7911 E+05 3688.06 .313
2QWTDC 223.6 224.4 3575 E+05 910.65 .843
31JC 187.0 187.6  .4978 E+05 768.92 1.189
4 REG-1 642.6 644.8 6747 E+06 2642.72 1.274
5 REG-2 143.5 144.0 .7105 E+07 590.21 18.511

6 REG-3 620.4 622.6  .1851 E+06 2551.56 .691



McGregor Outlet 385244 VAR=NO2+NO3 ME THOD=2QWTD C
TABULATION OF MISSING DAILY FLOWS:

Flow File =385244 Q.wk1l , Sta tion =Flow
Daily Flows from 20031030 to 2004102

Summary:

Reported Flows = 364
Missing Flows = 0
Zero Flows = 285
Positive Flows = 79

McGregor Outlet 385244 VAR=NO2+NO3 ME THOD=2Q WTD C
COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL OW C/Q SLOPE SIGNIF
1 364 11 11100.0 244 9 78 .189 .288

kx 364 11 11 100.0 244 9 78

FLOW STATISTICS

FLOW DURATION = 364.0 DAYS = .997 YEARS
MEAN FLOW RATE =  .244 HM3/YR

TOTAL FLOW VOLUME = .24 HM3

FLOW DATE RANGE = 20031030 TO 20041027
SAMPLE DATE RANGE = 20040303 TO 20040828

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI ANCE CONC (PPB) CV
1 AV LOAD 72.4 72.6  .2744 E+04 297.62 .721
2QWTDC 18.0 181  .8673 E+02 74.22 514
313C 19.9 20.0 .1237 E+03 81.78 .557
4 REG-1 13.9 13.9 .2994 E+02 57.10 .393
5 REG-2 22.9 23.0 .1729 E+03 94.32 571

6 REG-3 131 131 .3088 E+02 53.85 .423



McGregor Outlet 385244 VAR=INORG-N ME THOD=2QWTD C
TABULATION OF MISSING DAILY FLOWS:

Flow File =385244 Q.wk1l , Sta tion =Flow
Daily Flows from 20031030 to 2004102

Summary:

Reported Flows = 364
Missing Flows = 0
Zero Flows = 285
Positive Flows = 79

McGregor Outlet 385244 VAR=INORG-N ME THOD=2Q WTD C
COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL OW C/Q SLOPE SIGNIF
1 364 11 11100.0 244 9 78 -437 .092

kx 364 11 11 100.0 244 9 78

FLOW STATISTICS

FLOW DURATION = 364.0 DAYS = .997 YEARS
MEAN FLOW RATE =  .244 HM3/YR

TOTAL FLOW VOLUME = .24 HM3

FLOW DATE RANGE = 20031030 TO 20041027
SAMPLE DATE RANGE = 20040303 TO 20040828

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI ANCE CONC (PPB) CV
1 AV LOAD 969.1 9725 .7237 E+05 3985.68 .277
2QWTDC 241.7 2425 3241 E+05 993.86 .742
313C 206.9 207.6  .4500 E+05 850.70 1.022
4 REG-1 443.3 4448  .3821 E+05 1823.08 .439

6 REG-3 302.6 303.6  .1532 E+05 1244.34 .408



McGregor Outlet 385244 VAR=T-N ME THOD=2QWTD C
TABULATION OF MISSING DAILY FLOWS:

Flow File =385244 Q.wk1l , Sta tion =Flow
Daily Flows from 20031030 to 2004102

Summary:

Reported Flows = 364
Missing Flows = 0
Zero Flows = 285
Positive Flows = 79

McGregor Outlet 385244 VAR=T-N ME THOD= 6 REG-3
COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL OW C/Q SLOPE SIGNIF
1 364 11 11100.0 244 .9 78 -.166 .063

ok 364 11 11100.0 244 .9 78

FLOW STATISTICS

FLOW DURATION = 364.0 DAYS = .997 YEARS
MEAN FLOW RATE =  .244 HM3/YR

TOTAL FLOW VOLUME = .24 HM3

FLOW DATE RANGE = 20031030 TO 20041027
SAMPLE DATE RANGE = 20040303 TO 20040828

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI ANCE CONC (PPB) CV
1 AV LOAD 2532.8 25415  .3959 E+06 10416.53 .248
2QWTDC 631.6 633.7  .4968 E+05 259745 .352
313C 587.7 589.7 .7004 E+05 2416.89 .449
4 REG-1 795.6 798.3  .2416 E+05 3271.82 .195
5 REG-2 348.6 349.8 .6246 E+05 1433.50 .715

6 REG-3 694.5 696.9 .1299 E+05 2856.36 .164



McGregor Outlet 385244 VAR=TD-P ME THOD= 6 REG-3
TABULATION OF MISSING DAILY FLOWS:

Flow File =385244 Q.wk1l , Sta tion =Flow
Daily Flows from 20031030 to 2004102

Summary:

Reported Flows = 364
Missing Flows = 0
Zero Flows = 285
Positive Flows = 79

McGregor Outlet 385244 VAR=TD-P ME THOD= 6 REG-3
COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL OW C/Q SLOPE SIGNIF
1 364 11 11100.0 244 9 78 -.284 .087

kx 364 11 11 100.0 244 9 78

FLOW STATISTICS

FLOW DURATION = 364.0 DAYS = .997 YEARS
MEAN FLOW RATE =  .244 HM3/YR

TOTAL FLOW VOLUME = .24 HM3

FLOW DATE RANGE = 20031030 TO 20041027
SAMPLE DATE RANGE = 20040303 TO 20040828

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI ANCE CONC (PPB) CV
1 AV LOAD 307.1 308.2 .6151 E+04 1262.98 .255
2QWTDC 76.6 76.8 .2360 E+04 314.93 .632
313C 67.3 675 .3273 E+04 276.65 .848
4 REG-1 113.6 114.0 .1479 E+04 467.40 .337
5 REG-2 12.7 12.8  .4504 E+04  52.42 5.247

6 REG-3 88.0 88.3 .9121 E+03 362.10 .342



McGregor Outlet 385244 VAR=T-P ME THOD= 6 REG-3
TABULATION OF MISSING DAILY FLOWS:

Flow File =385244 Q.wk1l , Sta tion =Flow
Daily Flows from 20031030 to 2004102

Summary:

Reported Flows = 364
Missing Flows = 0
Zero Flows = 285
Positive Flows = 79

McGregor Outlet 385244 VAR=T-P ME THOD= 6 REG-3
COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL OW C/Q SLOPE SIGNIF
1 364 11 11100.0 244 9 78 -.287 .076

ok 364 11 11100.0 244 .9 78

FLOW STATISTICS

FLOW DURATION = 364.0 DAYS = .997 YEARS
MEAN FLOW RATE =  .244 HM3/YR

TOTAL FLOW VOLUME = .24 HM3

FLOW DATE RANGE = 20031030 TO 20041027
SAMPLE DATE RANGE = 20040303 TO 20040828

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI ANCE CONC (PPB) CV
1 AV LOAD 342.4 343.6  .6699 E+04 1408.13 .238
2QWTDC 85.4 85.7  .2936 E+04 351.13 .632
313C 74.9 75.1  .4096 E+04 307.86 .852
4 REG-1 127.1 127.6  .1984 E+04 522.86 .349
5 REG-2 13.5 13.6  .6305 E+04  55.72 5.841

6 REG-3 98.8 99.2 1114 E+04 406.42 .337



McGregor Outlet 385244 VAR=TSS ME THOD= 6 REG-3
TABULATION OF MISSING DAILY FLOWS:

Flow File =385244 Q.wk1l , Sta tion =Flow
Daily Flows from 20031030 to 2004102

Summary:

Reported Flows = 364
Missing Flows = 0
Zero Flows = 285
Positive Flows = 79

McGregor Outlet 385244 VAR=TSS ME THOD=3 1JC
COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL OW C/Q SLOPE SIGNIF
1 364 11 11100.0 244 9 78 -.038 .623

ok 364 11 11100.0 244 .9 78

FLOW STATISTICS

FLOW DURATION = 364.0 DAYS = .997 YEARS
MEAN FLOW RATE =  .244 HM3/YR

TOTAL FLOW VOLUME = .24 HM3

FLOW DATE RANGE = 20031030 TO 20041027
SAMPLE DATE RANGE = 20040303 TO 20040828

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI ANCE CONC (PPB) CV
1 AV LOAD 5461.3 5480.0 .5997 E+07 22460.05 .447
2QWTDC 1361.8 1366.5 .7933 E+04 5600.61 .065
313C 1376.4 1381.1  .1105 E+05 5660.54 .076
4 REG-1 1435.8 1440.8 .1178 E+06 5905.01 .238
5 REG-2 1243.8 1248.1  .3079 E+06 5115.24 .445

6 REG-3 1369.0 1373.7 .2723 E+05 5630.17 .120



Appendix C
Stream Visual Assessment Results



BLACKTAIL DAM AND MCGREGOR DAM WATERSHED

STREAM ASSESSMENT
JUNE 2004

INTRODUCTION

The Williams County Soil Conservation District (SC@nducted a riparian stream assessment as part of
a comprehensive resource inventory of the natesaurces in the Blacktail and McGregor Dam
Watersheds (see Appendix A, map A-1). The Distequested the Natural Resources Conservation
Service (NRCS) to assist with a riparian streanesssent.

This assessment was done in conjunction with théhN@akota Department of Health (NDDH) water
guality monitoring program and the local soil cawsgion district’s land use assessment. Thesethre
inventories and evaluations will be the basis fetedmining the need to pursue additional techraoal
financial assistance for a land treatment waterghegtct.

The Natural Resources Planning Staff (NRPS) servadeadership role in the selection of the ineent
sites along the East and West branches of McGiegor Watershed and the north and south branches of
Blacktail Dam Watershed (see Appendix A - watersimegbs). The NRPS along with NDDH selected the
assessment method of inventorying and evaluatieggttream systems. The method chosen was the
NRCS Stream Visual Assessment Protocol — Techhiotd 99-1 (see Appendix B).

The Natural Resources Planning Staff (NRPS), aleitty NRCS and SCD personnel from the Williston
Field Office, as well as an environmental scierft@in the NDDH provided assistance (see Appendix C
Participant List). The field data, with the exdeptof the south branch of Blacktail Dam watersheds
collected May 10 and 11, 2003 prior to spring pglasnseason.

McGregor Dam

The McGregor Dam watershed is 5,168 acres in see ihap A-2) and is comprised of two primary
branches. Both branches are ephemeral streamd$lovith only occurring during spring runoff and
significant rainfall events.

The east branch has four small wildlife dams. €radems were installed in 2003. These dams have
changed the flow of this branch. The west brarashdn older wildlife/livestock dam and one live&toc
pond located along the reach surveyed. These ingyoants may have some impact on the residence
time of the main pool of McGregor Dam reservoiruring drier periods, as were observed during this
assessment, there appeared to be little to noceufitav into McGregor Dam reservoir.

A total of 20 sites were selected for evaluatiblowever, due to lack of stream flow only elevemain
sites were evaluated (see map A-3). One site@mtin stem, two sites on the east branch, and eigh
sites on the west branch were evaluated. Thesaases$ teams started at the main stem site and
proceeded upstream until there was no stream flesemnt.



Blacktail Dam

The Blacktail Dam watershed is 17,139 acres in @ee map A-4) and is also comprised of two primary
branches. The north branch had two defined chanmélich were further identified as the north and
south tributaries of the north branch. The prim@arynain north and south branches are classified as
first order streams (see figure 1).
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Figure 1- Strahler Stream Order 1952

Both the north and south branches are well definegmittent streams with well defined floodplains.
Moderate to heavy grazing pressure were noted tindvanches. There is a livestock dam on the south
branch which appears to be impacting stream moogjyol

A total of 23 sites were selected for evaluatiblowever, only twenty-one sites were evaluated (sap
A-5). Two sites on the north tributary of the iobranch were not evaluated due to lack of strdam f
Table 1 below displays the evaluation site location

Table 1:
Branch/Tributary No. of sites
South Branch 6
North Branch 15
Main Stem 4
North Tributary 7
South Tributary 4




Evaluation Process

Stream Visual Assessment Protocol

The "Stream Visual Assessment Protocol” (see AppeBdprovided a way to assess the current health
and overall ecological condition of the stream|udag the riparian zone. This protocol is thatfievel

in a hierarchy of ecological assessments. Itig faasic in nature and is to be used by local lasets.
This protocol also allows the evaluation of thedition of the aquatic ecosystems associated wéh th
stream. The protocol addresses water quality agdigal habitat resource concerns.

The assessment was useful in identifying spec#icses for the sites current condition.

The evaluation considered three main categories:

(1) hydrology and stream banks,

(2) sail,

(3) riparian vegetation.

This assessment can be used for the inventoryraadgisés steps of developing individual conservation
plans assist local watershed sponsors in prioeitirey, and doing pre- and post-assessments taateal
the implementation of conservation practices ot bemagement practices (BMP).

The rating of each category on each of the selesited enables landowners/land users to define anea
which management action could enhance natural resmonditions. The management of natural
resources includes soil, water, air, plants, anchals, as well as human considerations pertairong t
social and economic values.

See Appendix B for the instructions in completihg Btream Visual Assessment Protocol, and a copy of
the assessment itself.

STUDY RESULTS

McGregor Dam Watershed

The specific data and ranking for the eleven sitesntoried are shown on page D-1.

Using the SVAP tool, the assessment teams ranletiliisites as follows:

Rank Number of Sites
Poor 8
Fair 3

Preliminary analysis of the assessment resultsateli4 of the 7 sites were ranked as poor dueeto th
impacts of small wildlife dam structures. Two bétl1 sites were braided.



Blacktail Dam Watershed

The specific data and ranking for the twenty elesiées inventoried are shown on page D-2.

Using the SVAP tool, the assessment teams ranlke®lisites as follows:

Rank Number of Sites
Poor 7

Fair 13

Good 1

Analysis of the assessment results indicate tles siinked as poor were impacted to some degrdeby t
watersheds road system and its impact on fish memenirhe geographical position of the watershed
above these first order streams has also impaeerhhking scores for instream fish cover, poaid, a
invertebrate habitat. Stream bank and channelitonsl were generally in good condition. There was
not significant encroachment from farming operagion

PRELIMINARY TREND ANALYSIS OF SVAP DATA

There does not appear to be any significant chantiee streams functioning condition or in its tlen
Based on a subjective analysis the following obatons were made.

Hydrologically the streams appear to be incisedshatile. Channel stability doesn’t appear to be
changing significantly. The trend of the riparieones was not apparent. These zones have noveadhie
their potential extent, but it appears their filhgrfunction is still in place. Encroachment ain&a
introduced species, especially brome grass couttpoomise the health of the riparian zone.

Vegetatively upland watershed management appedes static with a slight trend towards more
cropping rotation diversity. Riparian plant comrii@gs have moderate diversity and vigor, but cdugd
enhanced through management practices. Cattailsraviding good filtering of sediments and nuttgen
but the growth appears to be excessive in the ugaehes of the watershed.

Geologically the stream system does not appeaae bxcessive lateral movement. The streams point
bars are stable with the exception of sites heassbd season long grazing systems. It appeahng ipast
that sediment volumes exceeded the streams abiitiransport it. Presently sediment transpastrita
apparent trend.

PRIORITY RESOURCE ISSUES

The watershed sponsors, landowners, and land wierneed to decide on what they want as the "feitur
desired condition” of the McGregor Dam and Bladkbeam Watersheds. There are several natural
resource considerations and needs that can besaddrby a locally led conservation effort.



Some issues, which may be addressed in this loleallprocess, are:

McGregor Dam Watershed

1. Nutrient management
2. Riparian health

Blacktail Dam Watershed

1. Excessive erosion and sedimentation

2. Excessive grazing (stocking rates, duration,ssason of use)
3. Nutrient management

4. Riparian health

CONCLUSIONS

The assessment does point out a continued negadseribed grazing on rangeland and pasture l#nd.
also points out those native plant communities jgi@guperior protection in the riparian zone, as
opposed to tame or introduced plants.

Land use management, which enhances native plamnhoaities through proper utilization and season of
use, will significantly improve the watershed’sar@an health. On the ground, technical assisténoce a
watershed conservationist would benefit those lesets who want to implement resource management
systems on their land.

The stream and riparian assessment can be usegefoding a long-range watershed plan. This stream
assessment data needs to be evaluated along @iNDBH water quality monitoring data, and the local
soil conservation district land use assessmentdorately identify priority areas within both weatbeds.

Watershed priority areas should be selected bas@@toiral resource needs, social acceptance of the
watersheds producers and landowners, and soundreeoprinciples.

A strong information and education program willdreintegral part of implementing a land treatment
watershed. The success of any voluntary waterghgect is dependent on this aspect of the watdrshe
plan.

Financial assistance through an EPA-319 land treattnvatershed project and USDA conservation
programs should be requested to facilitate instafiaof conservation practices.



Appendix D
Review Comments Provided by US EPA Region 8



EPA REGION VIII TMDL REVIEW

TMDL Document Info:

Document Name: Nutrient and Dissolved Oxygen TMDL$or McGregor
Dam in Williams County, North Dakota

Submitted by: Mike Ell, North Dakota Department of Health

Date Received: May 4, 2009

Review Date: June 3, 2009

Reviewer: Vern Berry, EPA

Rough Draft / Public Notice / | Public Notice Draft

Final Draft?

Notes:

Reviewers Final Recommendation(s) to EPA Administréused for final review oniy

[ ] Approve

[ ] Partial Approval

[ ] Disapprove

[ ] Insufficient Information
Approval Notes to Administrator:

This document provides a standard format for EPgi&te8 to provide comments to state TMDL programs o
TMDL documents submitted to EPA for either formairformal review. All TMDL documents are evaludte
against the minimum submission requirements and LMEments identified in the following 8 sections:
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Under Section 303(d) of the Clean Water Act, waidibs that are not attaining one or more waterityustndard
(WQS) are considered “impaired.” When the caush®impairment is determined to be a pollutarftiVDL
analysis is required to assess the appropriatermemiallowable pollutant loading rate. A TMDL doceint
consists of a technical analysis conducted toagsgss the maximum pollutant loading rate thattarivady is able
to assimilate while maintaining water quality start$; and (2) allocate that assimilative capagcitprag the

known sources of that pollutanf well written TMDL document will describe a pdibrward that may be used by
those who implement the TMDL recommendations taimtind maintain WQS.



Each of the following eight sections describesfintors that EPA Region 8 staff considers wheneneing TMDL
documents. Also included in each section is afi€PA’s minimum submission requirements relativéhat
section, a brief summary of the EPA reviewer's fings, and the reviewer’'s comments and/or suggestitise of
the verb “must” in the minimum submission requiremsedenotes information that is required to be stibch
because it relates to elements of the TMDL requinethe CWA and by regulation. Use of the term ‘gdd
below denotes information that is generally neagsfes EPA to determine if a submitted TMDL is appable.

This review template is intended to ensure compbanith the Clean Water Act and that the reviewecldhents
are technically sound and the conclusions are tealyndefensible.

1. Problem Description

A TMDL document needs to provide a clear explamatibthe problem it is intended to address.
Included in that description should be a definifpgatrayal of the physical boundaries to which the
TMDL applies, as well as a clear description ofithpairments that the TMDL intends to address ded t
associated pollutant(s) causing those impairmenikile the existence of one or more impairment and
stressor may be known, it is important that a cahensive evaluation of the water quality be conehlict
prior to development of the TMDL to ensure thatvediter quality problems and associated stressers ar
identified. Typically, this step is conducted prio the 303(d) listing of a waterbody through the
monitoring and assessment program. The desiguogesiand water quality criteria for the waterbody
should be examined against available data to pecardevaluation of the water quality relative fo al
applicable water quality standards. If, as pathaf exercise, additional WQS problems are dismxve
and additional stressor pollutants are identifeahsideration should be given to concurrently eatahg
TMDLs for those additional pollutants. If it istéemined that insufficient data is available to makich
an evaluation, this should be noted in the TMDLuwioent.

1.1 TMDL Document Submittal Letter

When a TMDL document is submitted to EPA requestimghal comments or a final review and approvag, th
submittal package should include a letter identdythe document being submitted and the purpoteeof
submission.

Minimum Submission Requirements.
X A TMDL submittal letter should be included with &aEMDL document submitted to EPA requesting a fdrragiew.

XI The submittal letter should specify whether the TiMibcument is being submitted for initial reviewdacomments,
public review and comments, or final review andrapgl.

[ Each TMDL document submitted to EPA for final reviand approval should be accompanied by a subrfettal that
explicitly states that the submittal is a final TMBubmitted under Section 303(d) of the Clean WAtrfor EPA review
and approval. This clearly establishes the Stat@s's intent to submit, and EPA's duty to revigve TMDL under the
statute The submittal letter should contain such identifyinformation as the name and location of the vimtdy and the
pollutant(s) of concern, which matches similar iifgimg information in the TMDL document for whicd review is being
requested.

Recommendation:
X1 Approve [] Partial Approval[] Disapprove[] Insufficient Information

SUMMARY : A public notice draft version of the McGregor DamDL document was submitted to EPA for
review and comment via email from Mike Ell, NDDolH May 4, 2009. The email also included a copyhef t
public notice request for comments.

COMMENTS: None.



1.2 Identification of the Waterbody, Impairments, and Study Boundaries

The TMDL document should provide an unambiguousgriletson of the waterbody to which the TMDL is
intended to apply and the impairments the TMDIntended to address. The document should alsdyclear
delineate the physical boundaries of the waterlaoatythe geographical extent of the watershed &weged. Any
additional information needed to tie the TMDL do@mhback to a current 303(d) listing should alsdnickuded.

Minimum Submission Requirements:

X The TMDL document should clearly identify the peéint and waterbody segment(s) for which the TMDbegg
established. If the TMDL document is submitteduiéill a TMDL development requirement for a watedy on the
state’s current EPA approved 303(d) list, the TMilicument submittal should clearly identify the whosly and
associated impairment(s) as they appear on the'Stibe's current EPA approved 303(d) list, idahg a full waterbody
description, assessment unit/waterbody 1D, angthogity ranking of the waterbody. This informatiés necessary to
ensure that the administrative record and the natibMDL tracking database properly link the TMDbaliment to the
303(d) listed waterbody and impairment(s).

XI One or more maps should be included in the TMDLudeent showing the general location of the waterksmty, to the
maximum extent practical, any other features necgsand/or relevant to the understanding of the TMDalysis,
including but not limited to: watershed boundarlesations of major pollutant sources, major trévigs included in the
analysis, location of sampling points, locatiord@ftharge gauges, land use patterns, and thedoaatinearby
waterbodies used to provide surrogate informatioreference conditions. Clear and concise desoriptof all key
features and their relationship to the waterbody\aater quality data should be provided for all keyl/or relevant
features not represented on the map

X If information is available, the waterbody segmiemivhich the TMDL applies should be identified/gederenced using
the National Hydrography Dataset (NHD). If the hdaries of the TMDL do not correspond to the WaidgblD(s)
(WBID), Entity_ID information or reach code (RCH_&&) information should be provided. If NHD dataat available
for the waterbody, an alternative geographicalreafeing system that unambiguously identifies thgsptal boundaries to
which the TMDL applies may be substituted.

Recommendation:
[0 Approve [X Partial Approval[] Disapprove[] Insufficient Information

SUMMARY : McGregor Dam (reservoir) is located approximatedyn@iles northeast of the city of Williston in
Williams County, North Dakota. It is an 57.5 aoran-made impoundment in the Lake Sakakawea suh-bési
the Missouri River basin of North Dakota (HUC 101@@). It was created by damming an unnamed tnijpaad
was completed in 1969. McGregor Dam is listedrenState’s 2008 303(d) ligtip-10110101-019-L_0as
impaired for aquatic life use by nutrients/eutragattion/biological indicators and sedimentationdsittn, and
recreational use by nutrients/eutrophication. Diashwas collected during the assessment shoveedigsolved
oxygen levels fell consistently below the Statexdsad to the TMDL was written to address this inmpant as
well. The sedimentation/siltation impairent caissproposed for delisting in 2010 based on datarin&tion
presented in the TMDL document. Approximately 2,4@res of land drain to the reservoir from theenstted. It
is classified as a Class 1 cold water fishery,iaridted as a high priority (i.e., 1A) for TMDL delopment. The
majority of the land use in this watershed is agtigal (approximately 97 percent).

COMMENTS: The landuse percentages in the text of Sectiodd 13t match those in Table 3. The text on page 5
says that 97 percent of the landuse is agriculamdl3 percent is other landuses (e.g., farmstbags pasture). It
also mentions that 82 percent of the watersheddsvely farmed” — we assume that actively farmezhns farmed
for crops (e.g., cropland as opposed to pastumaylands). If 97% is agricultural and 82% is ceoyl, then 15%

is other agricultural uses. These percentageg dwtth those in Table 3. In Table 3 the percétdraluse for
canola, sunflowers, lentils/peas, and grains @repland) is approximately 77%. Water, roads fanchsteads is
about 5.5%, and CRP/pasture is about 17.5 peredst, it would be helpful to separate CRP landusm
pastureland, because typically pastureland is baitigely used for livestock grazing whereas CRfel$aare in
reserve and not being used.



1.3  Water Quality Standards

TMDL documents should provide a complete descniptibthe water quality standards for the waterbedie
addressed, including a listing of the designatex$ asid an indication of whether the uses are beeignot being
met, or not assessed. If a designated use wassessed as part of the TMDL analysis (or not wtkerrecently
assessed), the documents should provide a reastireflack of assessment (e.qg., sufficient dataresasivailable
at this time to assess whether or not this destginase was being met).

Water quality criteria (WQC) are established asmamonent of water quality standard at levels carsid
necessary to protect the designated uses assigtieat tvaterbody. WQC identify quantifiable tasyahd/or
qualitative water quality goals which, if attainead maintained, are intended to ensure that thgrdgsed uses for
the waterbody are protected. TMDLSs result in maining and attaining water quality standards bgdeining the
appropriate maximum pollutant loading rate to nveatier quality criteria, either directly, or throughsurrogate
measurable target. The TMDL document should ireladiescription of all applicable water qualitytenia for the
impaired designated uses and address whether @renotiteria are being attained, not attainediatrevaluated as
part of the analysis. If the criteria were notlea#ed as part of the analysis, a reason shoutitde (e.g.
insufficient data were available to determine i§ tiwater quality criterion is being attained).

Minimum Submission Requirements:

XI The TMDL must include a description of the applieaBtate/Tribal water quality standard, includihg tlesignated
use(s) of the waterbody, the applicable numericasrative water quality criterion, and the anti-datation policy. (40
C.F.R. 8130.7(c)(2)).

XI The purpose of a TMDL analysis is to determineas&imilative capacity of the waterbody that coroes}s to the
existing water quality standards for that waterhahd to allocate that assimilative capacity betwtbe significant
sources. Therefore, all TMDL documents must bétewito meet the existing water quality standdoddhat waterbody
(CWA 8303(d)(1)(C)).

Note: In some circumstances, the load reductionerdened to be necessary by the TMDL analysis mayepto be
infeasible and may possibly indicate that the @gstvater quality standards and/or assessment niketlogies may be
erroneous. However, the TMDL must still be deteadibased on existing water quality standards.ugtdjents to water
quality standards and/or assessment methodologégsha evaluated separately, from the TMDL.

XI The TMDL document should describe the relationftgfween the pollutant of concern and the wateriyustandard the
pollutant load is intended to meet. This informatis necessary for EPA to evaluate whether oattainment of the
prescribed pollutant loadings will result in attai@nt of the water quality standard in question.

[ If a standard includes multiple criteria for thdlp@nt of concern, the document should demonsttatethe TMDL value
will result in attainment of all related criteriarfthe pollutant. For example, both acute andmibrealues (if present in
the WQS) should be addressed in the document,dimgiconsideration of magnitude, frequency and tihuma
requirements.

Recommendation:
X1 Approve [] Partial Approval[] Disapprove[] Insufficient Information

SUMMARY : McGregor Dam is impaired for nutrients/eutrophicatbiological indicators and dissolved oxygen.
The North Dakota Department of Health has set tiaeravater quality standards that apply to all acef waters of
the state. The NDDoH narrative standards thatyapphutrients include:

“All waters of the state shall be free from subses attributable to municipal, industrial, or other
discharges or agricultural practices in concentaats or combinations which are toxic or harmful to
humans, animals, plants, or resident aquatic bfo{&ee 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 @fllptants to exceed applicable standards of theirgng
waters.” (See NDAC 33-16-02-08.1.e.)

In addition to the narrative standards, the NDDH $et a biological goal for all surface watersnef state:
“The biological condition of surface waters sha#l bimilar to that of sites or waterbodies deterrdibg
the department to be regional reference sites.&(8®AC 33-16-02-08.2.a.)

Currently, North Dakota does not have a numeriedsied for nutrients, however nutrient guidelineslé&kes 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.

The numeric standard for dissolved oxygen &0-mg/L (single sample minimum).

Other applicable water quality standards are irefuoin pages 14 - 15 of the TMDL report.

COMMENTS: None.

2. Water Quality Targets

TMDL analyses establish numeric targets that aeel s determine whether water quality standard$eirgy
achieved. Quantified water quality targets or enalis should be provided to evaluate each listéldifamt/water
body combination addressed by the TMDL, and shoepdesent achievement of applicable water quatiydards
and support of associated beneficial uses. Fdutpats with numeric water quality standards, thearic criteria
are generally used as the water quality target.pBllutants with narrative standards, the nareatitandard should
be translated into a measurable value. At a mimpane target is required for each pollutant/whtaty
combination. It is generally desirable, howevernclude several targets that represent achieveai¢he
standard and support of beneficial uses (e.ga f@diment impairment issue it may be appropratedude a
variety of targets representing water column sedireach as TSS, embeddeness, stream morpholo@ojoge-
conditions and a measure of biota).

Minimum Submission Requirements:

XI The TMDL should identify a numeric water qualitydat(s) for each waterbody pollutant combinatidie TMDL target
is a quantitative value used to measure whethaobthe applicable water quality standard is agtein

Generally, the pollutant of concern and the numerater quality target are, respectively, the chexhzausing the
impairment and the numeric criteria for that chealie.g., chromium) contained in the water quaditgndard.
Occasionally, the pollutant of concern is differénoim the parameter that is the subject of the mioneater quality
target (e.g., when the pollutant of concern is itmsus and the numeric water quality target is @gsed as a numerical
dissolved oxygen criterion). In such cases, th®TMhould explain the linkage between the pollygntf concern, and
express the quantitative relationship between tM®T target and pollutant of concern. In all cas&$/DL targets must
represent the attainment of current water qualtgnslards.

I When a numeric TMDL target is established to ensgeattainment of a narrative water quality ciiey the numeric
target, the methodology used to determine the nigrteget, and the link between the pollutant aiacern and the
narrative water quality criterion should all be diéised in the TMDL document. Any additional infoation supporting
the numeric target and linkage should also be deduin the document.

Recommendation:
X1 Approve [] Partial Approval[] Disapprove[] Insufficient Information

SUMMARY : The main water quality target for this TMDL is bdsmn interpretation of narrative provisions found i
State water quality standards. In North Dakotgaldblooms can limit contact and immersion recoeabeneficial
uses. Also algal blooms can deplete oxygen levblsh can affect aquatic life uses. Several adgelcies are
considered to be nuisance aquatic species. TSlurgaents can be used to estimate how much algdligion



may occur in lakes. Therefore, TSI is used agasure of the narrative standard in order to determhether
beneficial uses are being met.

The mean total phosphorus TSI for McGregor Damrdgytihe period of the assessment was 77.60. Nutrien
reduction response modeling was conducted with BRUH, an Army Corps of Engineers eutrophication
response model. The results of the modeling shaivat 50% reduction in phosphorus loading to teerxeir will
achieve a total phosphorus TSI of 68.36, whichesponds to a phosphorus concentration of 0.086.mGie
50% phosphorus reduction is also predicted to r@sehlorophyll-a TSI of 54.99 and the Secchi disk of
46.08. This should result in a change of troptatus for the reservoir from hypereutrophic to epitic during all
times of the year. This target is based on bedegsional judgement and will fully support the blicial uses of
the reservaoir.

The TMDL does not contain a target for sedimentbege the assessment concludes that the resermoir is
impaired for sediment. The report recommends remgoMcGregor Dam sediment as a cause of impairrnent
the next Section 303(d) list.

The water quality targets used in this TMDL ar&intain a mean annual total phosphorus TSI at or Blow
68.36 (TP concentration <0.086 mg/L); and maintain a dissolved oxygen levef greater than or equal to 5
mg/L.

COMMENTS: None.

3. Pollutant Source Analysis

A TMDL analysis is conducted when a pollutant léeénown or suspected to be exceeding the loadipgaity of
the waterbody. Logically then, a TMDL analysis slaoconsider all sources of the pollutant of condarsome
manner. The detail provided in the source assegsstep drives the rigor of the pollutant load &ditton. In other
words, it is only possible to specifically allocageantifiable loads or load reductions to eachiaant source (or
source category) when the relative load contrilsufiom each source has been estimated. Theréf@r@ollutant
load from each significant source (or source catggghould be identified and quantified to the nmaxm practical
extent. This may be accomplished using site-speatibnitoring data, modeling, or application of etlassessment
techniques. If insufficient time or resources available to accomplish this step, a phased/adaptanagement
approach may be appropriate. The approach sheuttearly defined in the document.

Minimum Submission Requirements:

XI The TMDL should include an identification of allteatially significant point and nonpoint sourceglod pollutant of
concern, including the geographical location ofgbarce(s) and the quantity of the loading, elg/pler day. This
information is necessary for EPA to evaluate theAMLA and MOS components of the TMDL.

I The level of detail provided in the source assess$isigould be commensurate with the nature of thensiaed and the
nature of the pollutant being studied. Where fiassible to separate natural background from niohgources, the
TMDL should include a description of both the naturackground loads and the nonpoint source loads.

X Natural background loads should not be assumed thebdifference between the sum of known and dfieht
anthropogenic sources and the existingituloads (e.g. measured in stream) unless it careb®udstrated that all
significant anthropogenic sources of the pollutsfitoncern have been identified, characterized,pmagerly quantified.

X The sampling data relied upon to discover, charaeteand quantify the pollutant sources shoulihbkided in the
document (e.g. a data appendix) along with a detsmni of how the data were analyzed to charactenmequantify the
pollutant sources. A discussion of the known deficies and/or gaps in the data set and their patémplications should
also be included.

Recommendation:
X1 Approve [] Partial Approval[] Disapprove[] Insufficient Information



SUMMARY : The TMDL identifies the major sources of phosphasi€oming from nonpoint source agricultural
landuses within the watershed. There are no krgmimt source contributions in this watershed. Aitrients
loading analysis was performed using the ANGPS metih looked at various agricultural land use $artti
management factors. Cropland and range/pastutafitsyare the primary sources identified.

COMMENTS: None.

4. TMDL Technical Analysis

TMDL determinations should be supported by a roblash set and an appropriate level of technicdlaisa This
applies taall of the components of a TMDL document. It is \itaportant that the technical basis &k
conclusions be articulated in a manner that idyeasderstandable and readily apparent to the reade

A TMDL analysis determines the maximum pollutarstding rate that may be allowed to a waterbody witho
violating water quality standards. The TMDL an@yshould demonstrate an understanding of theaakttip
between the rate of pollutant loading into the watdy and the resultant water quality impacts. sEtiessor-
response relationship between the pollutant anaimment and between the selected targets, sourb#3l s, and
load allocations needs to be clearly articulateti supported by an appropriate level of technicalyasis. Every
effort should be made to be as detailed as possibteto base all conclusions on the best avaikdimtific
principles.

The pollutant loading allocation is at the hearthaf TMDL analysis. TMDLs apportion responsibilfty taking
actions by allocating the available assimilativpamty among the various point, nonpoint, and radtoiollutant
sources. Allocations may be expressed in a vaoietyays, such as by individual discharger, byutany

watershed, by source or land use category, bypancel, or other appropriate scale or divisionesiponsibility.

The pollutant loading allocation that will resuitachievement of the water quality target is exg@dsn the form
of the standard TMDL equation:

TMDL =) LAs+ ) WLAs+MOS

Where:

TMDL = Total Pollutant Loading Capacity of the wddedy
LAs = Pollutant Load Allocations

WLAs = Pollutant Wasteload Allocations

MOS = The portion of the Load Capacity allocai@the Margin of safety.

Minimum Submission Requirements:

X A TMDL must identify the loading capacity of a weiedy for the applicable pollutant, taking into sa@eration temporal
variations in that capacity. EPA regulations defibading capacity as the greatest amount of aifjaoll that a water can
receive without violating water quality standard® C.F.R. §130.2(f)).

XI The total loading capacity of the waterbody shdadctclearly demonstrated to equate back to the taoliload allocations
through a balanced TMDL equation. In instancesra/imeimerous LA, WLA and seasonal TMDL capacitiekena
expression in the form of an equation cumbersont&hla may be substituted as long as it is clearttie total TMDL
capacity equates to the sum of the allocations.

X The TMDL document should describe the methodolawy/tachnical analysis used to establish and quathiéf cause-
and-effect relationship between the numeric taagetthe identified pollutant sources. In many insés, this method will
be a water quality model.

X Itis necessary for EPA staff to be aware of amuasmptions used in the technical analysis to undedsand evaluate the
methodology used to derive the TMDL value and assed loading allocations. Therefore, the TMDL diment should



contain a description of any important assumpti@mduding the basis for those assumptions) madgeireloping the
TMDL, including but not limited to:

(1) the spatial extent of the watershed in which thpaimed waterbody is located and the spatial exiétite TMDL
technical analysis;

(2) the distribution of land use in the watershed (eaudan, forested, agriculture);

(3) a presentation of relevant information affecting tharacterization of the pollutant of concern imdllocation
to sources such as population characteristics|ifeilcesources, industrial activities etc...;

(4) present and future growth trends, if taken intosideration in determining the TMDL and preparing TMDL
document (e.g., the TMDL could include the desigpaxity of an existing or planned wastewater treatm
facility);

(5) an explanation and analytical basis for expresgiadr MDL through surrogate measures, if applicaBlerogate
measures are parameters such as percent finearaitdity for sediment impairments; chlorophgland
phosphorus loadings for excess algae; length afidp buffer; or number of acres of best managemetices.

XI The TMDL document should contain documentation sufipg the TMDL analysis, including an inventorytok data set
used, a description of the methodology used toyarahe data, a discussion of strengths and wea&s@s the analytical
process, and the results from any water qualityetiog used. This information is necessary for EBAgview the
loading capacity determination, and the associated, wasteload, and margin of safety allocations.

Xl TMDLs must take critical conditions (e.g., steaowf] loading, and water quality parameters, sea#gnatc...) into
account as part of the analysis of loading capdditlyC.F.R. §130.7(c)(1) ). TMDLs should define igable critical
conditions and describe the approach used to deternoth point and nonpoint source loadings undeh €ritical
conditions. In particular, the document should dsscthe approach used to compute and allocate mirgoairce
loadings, e.g., meteorological conditions and lasel distribution.

[0 Where both nonpoint sources and NPDES permittedk gources are included in the TMDL loading allomatand
attainment of the TMDL target depends on reductiarthe nonpoint source loads, the TMDL documenstnmclude a
demonstration that nonpoint source loading redastiteeded to implement the load allocations auslgtpracticable
[40 CFR 130.2(i) and 122.44(d)].

Recommendation:
X1 Approve [] Partial Approval[] Disapprove[] Insufficient Information

SUMMARY : In order to determine the cause and effect relakignbetween the water quality target and the
identified sources, various models and loadingyamalvere utilized. The FLUX model was used talitate the
analysis and reduction of the tributary inflow @hd reservoir outflow water quality data for nutte and
sediment, as well as flow data into and out of Magar Dam. Output from the FLUX program was thesduss
an input file to calibrate the BATHTUB eutrophicatiresponse model. The BATHTUB model was used to
evaluate and predict the effects of various nutrieduction scenarios, and the subsequent eutraipdricresponse
in McGregor Dam reservoir.

The BATHTUB model was used to predict the tropleisponse of McGregor Dam by reducing exteranliyveeri
nutrient loads. Once the BATHTUB model is calilbchtising the tributary load estimates and theke-l@ater
quality estimates, the model can predict the fot@isphorus concentrations, chlorophyll-a concentrat and the
Secchi disk transparency, and the associated D& scas a means of expressing trophic resportsespRorus
was used in the initial set of simulation modelsdzhon its known relationship to eutrophicatiord bacause it is
controable with the implementation of watershed bemagement practices (BMPs). Simulated redusticere
achieved by reducing concentrations of phosphandsnétrogen in the contributing tributaries by 88,and 75
percent while keeping the hydraulic discharge amistThe BATHTUB model predicted that a 50% reiturcin
external total phosphorus loads would result iaiaithg a eutrophic status in the reservoir. Assult of this
modeling, the loading capacity for the reservoiswatermined to be 59.7 kg/yr of phosphorus.

The Agricultural Non-Point Source Model (AGNPS) rebwas used to simulate alterations in land usetioes
and the resulting nutrient reduction response. griteary objective for using the AGNPS model werelt)
evaluate nonpoint source contributions within tretesshed; 2) identify critical pollutant sourceagavithin the
watershed; and 3) evaluate potential pollutantectda estimates achievable from implementationasfous BMP
scenarios. The results from the nutrient loadinga®analysis identified 69 critical cells (i.dp$e with fallow,
small grains or land chiseled multiple times; fet¢siland all land with a slope greater than fivicpet — see
Figure 14 in the TMDL document). A portion of timitial load reductions under this TMDL will be dekied



through controls on the critical cells within thatershed to improve nutrient management, pastureitoens and
tillage practices.

The technical analysis also addresses the McGiegiar sediment listing. The analysis concludesttiat
reservoir is not impaired by sediment, and thahduld be delisted from the state’s Section 30[&t)
Justification for this action is based on: 1) tbedusion that the average total suspended saligS)
concentration in the tributary entering into McGre@®am of 19.75 mg/L is not considered harmfulishéries;
and 2) the conclusion that the sediment accumulatite in the reservoir is well below the averaggirsentation
rate of typical reservoirs - based on calculatioinsediment balance and accumulation rates ingbervoir
compared to NRCS and literature values.

Improvements in the dissolved oxygen concentratihe lake can be achieved through reduction géioic
loading to the lake as a result of proposed BMHémpgntation. The TMDL contains a linkage analymsveen
phosphorous loading and low dissolved oxygen iedadnd reservoirs. It is anticipated that medtieg
phosphorous load reduction target in McGregor Dalinagdress the dissolved oxygen impairment.

There are no permitted point sources in the wageksio it's not necessary to fully document reaslenassurance
demostrating that the nonpoint source loadingpeaeticable.

COMMENTS: None.
4.1 Data Set Description

TMDL documents should include a thorough descnpiaad summary of all available water quality datat ire
relevant tahe water qualitassessment and TMDL analysis. An inventory ofdiia used for the TMDL analysis
should be provided to document, for the recorddiita used in decision making. This also provitlegeader
with the opportunity to independently review théadaThe TMDL analysis should make use of all riyaavailable
data for the waterbody under analysis unless th®I Mriter determines that the data are not relewant
appropriate. For relevant data that were knowrrdjetted, an explanation of why the data wereutibzed

should be provided (e.g., samples exceeded holuiimas, data collected prior to a specific date were
considered timely, etc...).

Minimum Submission Requirements:

XI TMDL documents should include a thorough descripiad summary of all available water quality datt &re relevant
to the water quality assessment and TMDL analysi shat the water quality impairments are cleddfined and linked
to the impaired beneficial uses and appropriatema@iality criteria.

XI The TMDL document submitted should be accompanyethé data set utilized during the TMDL analysispossible, it
is preferred that the data set be provided in aectiednic format and referenced in the documentleétronic submission
of the data is not possible, the data set may dladed as an appendix to the document.

Recommendation:
X1 Approve [] Partial Approval[] Disapprove[] Insufficient Information

SUMMARY : The McGregor Dam TMDL includes data summary tabie€Sections throughout the document. The
recent water quality monitoring was conducted akierperiod from June 2003 to October 2004.

COMMENTS: None.
4.2  Waste Load Allocations (WLA):
Waste Load Allocations represent point source peaiuloads to the waterbody. Point source loaddygmically

better understood and more easily monitored andtifieal than nonpoint source loads. Whenever rakteach
point source should be given a separate wastealt@zhtion. All NPDES permitted dischargers thiatbarge the



pollutant under analysis directly to the waterbstiguld be identified and given separate waste &tladations.
The finalized WLAs are required to be incorporated future NPDES permit renewals.

Minimum Submission Requirements:

XI EPA regulations require that a TMDL include WLAs &l significant and/or NPDES permitted point stes of the
pollutant. TMDLs must identify the portion of theslding capacity allocated to individual existingl&m future point
source(s) (40 C.F.R. 8130.2(h), 40 C.F.R. 8130.2@)some cases, WLAs may cover more than onddiger, e.g., if
the source is contained within a general permitolfllocations are to be made to point sources, the TMDL should
include a value of zero for the WLA.

[J All NPDES permitted dischargers given WLA as pdrthe TMDL should be identified in the TMDL, inclidy the
specific NPDES permit numbers, their geographigehtions, and their associated waste load allatstio

Recommendation:
X1 Approve [] Partial Approval[] Disapprove[] Insufficient Information

SUMMARY : There are no permitted point sources in the McQGr&guon watershed. Therefore the WLA for this
TMDL is zero (see Table 17 in the TMDL document).

COMMENTS: None.
4.3 Load Allocations (LA):

Load allocations include the nonpoint source, redt@nd background loads. These types of loadtypieally
more difficult to quantify than point source loadsad may include a significant degree of unceryai@ften it is
necessary to group these loads into larger catgarid estimate the loading rates based on limitadtoring data
and/or modeling results. The background load sepres a composite of all upstream pollutant loatisthe
waterbody. In addition to the upstream nonpoimt @pstream natural load, the background load oftelndes
upstream point source loads that are not givenifspe@ste load allocations in this particular TMRalysis. In
instances where nonpoint source loading ratesatplarly difficult to quantify, a performance-<4ed allocation
approach, in which a detailed monitoring plan adapdive management strategy are employed for thkcagion
of BMPs, may be appropriate.

Minimum Submission Requirements:

XI EPA regulations require that TMDL expressions idellLAs which identify the portion of the loadingpeity attributed
to nonpoint sources and to natural background. ladladations may range from reasonably accuratmatgs to gross
allotments (40 C.F.R. §130.2(g)). Load allocatioresy be included for both existing and future nanpsource loads.
Where possible, load allocations should be desdrieparately for natural background and nonpointcss.

X Load allocations assigned to natural backgrounddadould not be assumed to be the difference ettt sum of
known and quantified anthropogenic sources anéxisingin situloads (e.g., measured in stream) unless it can be
demonstrated that all significant anthropogeniasesiof the pollutant of concern have been idexttifind given proper

load or waste load allocations

Recommendation:
X1 Approve [] Partial Approval[] Disapprove[] Insufficient Information

SUMMARY : The Technical Analysis section of the TMDL descsibew the phosphorus loading capacity for the
reservoir was derived. The loading capacity wassdd from the current loading, the TSI target #émelreduction
response from the BATHTUB model. Most of the legfdcapacity was allocated to nonpoint sourcesen th
watershed which is expressed as a LA of 53.73 lgj/phosphorus. Ten percent of the loading capagits
allocated as an explicit margin of safety equdl.&¥ kg/yr of phosphorus.

COMMENTS: None.



4.4  Margin of Safety (MOS):

Natural systems are inherently complex. Any matheakarelationship used to quantify the stressoresponse
relationship between pollutant loading rates aredrésultant water quality impacts, no matter h@enaous, will
include some level of uncertainty and error. Tmpensate for this uncertainty and ensure wateitysiandards
will be attained, a margin of safety is requirechammponent of each TMDL. The MOS may take thmfof a
explicit load allocation (e.g., 10 Ibs/day), or mzgyimplicitly built into the TMDL analysis throughe use of
conservative assumptions and values for the vafamiers that determine the TMDL pollutant loadwater
quality effect relationship. Whether explicit anplicit, the MOS should be supported by an appeterievel of
discussion that addresses the level of uncertairttye various components of the TMDL technicallgsia, the
assumptions used in that analysis, and the relaffeet of those assumptions on the final TMDL.eTdiscussion
should demonstrate that the MOS used is suffiteeensure that the water quality standards wouldttaéned if
the TMDL pollutant loading rates are met. In casbgre there is substantial uncertainty regardiedinkage
between the proposed allocations and achievemematefr quality standards, it may be necessary fg@ana
phased or adaptive management approach (e.g.ligist@almonitoring plan to determine if the propos#idcations
are, in fact, leading to the desired water qualitgrovements).

Minimum Submission Requirements:

X TMDLs must include a margin of safety (MOS) to amgbfor any lack of knowledge concerning the relaship between
load and wasteload allocations and water qualit/£AC8303(d)(1)(C), 40 C.F.R. §130.7(c)(1) ). EPA391 TMDL
Guidance explains that the MOS may be implicit (icorporated into the TMDL through conservatagsumptions in
the analysis) or explicit (i.e., expressed in thdDIL as loadings set aside for the MOS).

[ If the MOS is implicit the conservative assumptions in the analysisattedunt for the MOS should be identified and
described. The document should discuss why thergasans are considered conservative and the effetie
assumption on the final TMDL value determined.

X If the MOS is explicit the loading set aside for the MOS should be ifledt The document should discuss how the
explicit MOS chosen is related to the uncertaimtgi/ar potential error in the linkage analysis baewéhe WQS, the
TMDL target, and the TMDL loading rate.

[ If, rather than an explicit or implicit MOS, the TMDeElies upon a phased approdetdeal with large and/or
unquantifiable uncertainties in the linkage anay#ie document should include a description opthaened phases
for the TMDL as well as a monitoring plan and adapmanagement strategy.

Recommendation:
X1 Approve [] Partial Approval[] Disapprove[] Insufficient Information

SUMMARY : The McGregor Dam TMDL includes an explicit MOS ded by calculating 10 percent of the
loading capacity. The explicit MOS for the McGre@am TMDL is 5.97 kg/yr of phosphorus.

COMMENTS: None.
4.5  Seasonality and variations in assimilative cagdy:

The TMDL relationship is a factor of both the loaglirate of the pollutant to the waterbody and tneunt of
pollutant the waterbody can assimilate and stilintwater quality standards. Water quality stadsl@ften vary
based on seasonal considerations. Thereforeapipsopriate that the TMDL analysis consider sealseariations,
such as critical flow periods (high flow, low floyvhen establishing TMDLSs, targets, and allocations

Minimum Submission Requirements:

X The statute and regulations require that a TMDlestablished with consideration of seasonal vanatidhe TMDL must
describe the method chosen for including seasar@bility as a factor. (CWA 8§303(d)(1)(C), 40 (RF8130.7(c)(1) ).

Recommendation:
X1 Approve [] Partial Approval[] Disapprove[] Insufficient Information



SUMMARY : Seasonality was adequately considered by evaludtengumulative impacts of the various seasons
on water quality and by proposing BMPs that cateilered to seasonal needs.

COMMENTS: None.

5. Public Participation

EPA regulations require that the establishmentMDLs be conducted in a process open to the public,
and that the public be afforded an opportunityddipipate. To meaningfully participate in the TMD
process it is necessary that stakeholders, inautiembers of the general public, be able to unaedst
the problem and the proposed solution. TMDL doausishould include language that explains the
issues to the general public in understandablesieasiwell as provides additional detailed technica
information for the scientific community. Notifitans or solicitations for comments regarding the
TMDL should be made available to the general pyllidely circulated, and clearly identify the pradu
as a TMDL and the fact that it will be submittedaBA for review. When the final TMDL is submitted
to EPA for approval, a copy of the comments reakivethe state and the state responses to those
comments should be included with the document.

Minimum Submission Requirements:
X The TMDL must include a description of the publarticipation process used during the developmetitefTMDL

(40 C.F.R. §130.7(c)(1)(ii).)

[0 TMDLs submitted to EPA for review and approval sldanclude a summary of significant comments aral th
State's/Tribe's responses to those comments.

Recommendation:
X1 Approve [] Partial Approval[] Disapprove[] Insufficient Information

SUMMARY : The TMDL includes a summary of the public partitipa process that has occurred. It describes the
opportunities the public had to be involved in TDL development process. Copies of the draft TMidre

mailed to stakeholders in the watershed duringipaoimment. Also, the draft TMDL was posted on NIbBs

Water Quality Division website, and a public notioe comment was published in two newspapers.

COMMENTS: None.

6. Monitoring Strategy

TMDLs may have significant uncertainty associateith whe selection of appropriate numeric target$ estimates
of source loadings and assimilative capacity.hbse cases, a phased TMDL approach may be necessary
Phased TMDLs, it is EPA’s expectation that a mamgplan will be included as a component of the IV
document to articulate the means by which the TM@ILbe evaluated in the field, and to provide foture
supplemental data that will address any uncemgaitihat may exist when the document is prepared.

Minimum Submission Requirements:

Xl When a TMDL involves both NPDES permitted pointm@(s) and nonpoint source(s) allocations, andna@nt of the
TMDL target depends on reductions in the nonpadtrse loads, the TMDL document should include aitbong plan
that describes the additional data to be colletatbtermine if the load reductions provided fotha TMDL are
occurring.

[J Under certain circumstances, a phased TMDL approshbe utilized when limited existing data aréectupon to
develop a TMDL, and the State believes that theofiselditional data or data based on better amalytechniques would
likely increase the accuracy of the TMDL load cédtion and merit development of a second phase TMBERA
recommends that a phased TMDL document or its impfeation plan include a monitoring plan and a dalesl



timeframe for revision of the TMDL. These elementsuld not be an intrinsic part of the TMDL and wdulot be
approved by EPA, but may be necessary to suppatianale for approving the TMDL.
http://www.epa.gov/iowow/tmdl/tmdl_clarification_tet.pdf

Recommendation:
X1 Approve [] Partial Approval[] Disapprove[] Insufficient Information

SUMMARY : McGregor Dam will be monitored once a watershetbrasion plan is implemented and will be
conducted beginning two years after implementadioth extend until five years after the implementapooject is
complete (i.e., for a three year period).

COMMENTS: None.

7. Restoration Strategy

The overall purpose of the TMDL analysis is to dsiee what actions are necessary to ensure thaiothgant
load in a waterbody does not result in water guatitpairment. Adding additional detail regardimg fproposed
approach for the restoration of water quality is ewrrently a regulatory requirement, but is consdea value
added component of a TMDL document. During the TMiDalytical process, information is often gainedtt
may serve to point restoration efforts in the ridineéction and help ensure that resources are ap#mt most
efficient manner possible. For example, watershedels used to analyze the linkage between thatpall
loading rates and resultant water quality impadghiralso be used to conduct “what if” scenariobetp direct
BMP installations to locations that provide theagest pollutant reductions. Once a TMDL has beetten and
approved, it is often the responsibility of otheater quality programs to see that it is implement€de level of
guality and detail provided in the restoration tetgg will greatly influence the future success ¢hiaving the
needed pollutant load reductions.

Minimum Submission Requirements:

[0 EPA is not required to and does not approve TMDplamentation plans. However, in cases where a \iéLldfependent
upon the achievement of a LA, “reasonable assutascequired to demonstrate the necessary LA ddtbe in the
document is practicable). A discussion of the BNiftsother load reduction measures) that are teled upon to
achieve the LA(s), and programs and funding soutteaswill be relied upon to implement the loaduetibns called for
in the document, may be included in the implemémmétestoration section of the TMDL document to [soi a
demonstration of “reasonable assurance”.

Recommendation:
X1 Approve [] Partial Approval[] Disapprove[] Insufficient Information

SUMMARY : The TMDL Allocation section of the TMDL documentindes a list of BMPs that are recommended
to meet the TMDL loads. NDDoH typically works witbcal conservation districts or other cooperatordevelop
and implement a project implementation plan atter TMDL has been developed and approved.

There are no permitted point sources in the wageksio it's not necessary to fully document reasienassurance
demostrating that the nonpoint source loadingpeaeticable.

COMMENTS: None.

8. Daily Loading Expression

The goal of a TMDL analysis is to determine whdtaas are necessary to attain and maintain WQ% Th
appropriate averaging period that correspondsisogthal will vary depending on the pollutant and tiature of the
waterbody under analysis. When selecting an apiatepaveraging period for a TMDL analysis, primapncern
should be given to the nature of the pollutantiesiion and the achievement of the underlying W&8wever,
recent federal appeals court decisions have pomiethat the title TMDL implies a “daily” loadingite. While



the most appropriate averaging period to be usededeeloping a TMDL analysis may vary accordinghe
pollutant, a daily loading rate can provide a munactical indication of whether or not the overakded load
reductions are being achieved. When limited meoimi¢presources are available, a daily loading tattyst takes
into account the natural variability of the systeam serve as a useful indicator for whether otm®bverall load
reductions are likely to be met. Therefore, aydadpression of the required pollutant loading rate required
element in all TMDLs, in addition to any other loageraging periods that may have been used to coti
TMDL analysis. The level of effort spent to deyelbe daily load indicator should be based on trexall utility
it can provide as an indicator for the total loaductions needed.

Minimum Submission Requirements:

XI The document should include an expression of th®Th terms of a daily load. However, the TMDL malgo be
expressed in temporal terms other than daily (argannual or monthly load). If the document egpes the TMDL in
additional “non-daily” terms the document shoulglkein why it is appropriate or advantageous to egpthe TMDL in
the additional unit of measurement chosen.

Recommendation:
X1 Approve [] Partial Approval[] Disapprove[] Insufficient Information

SUMMARY : The McGregor Dam nutrient TMDL includes a daily ppborus load expressed as 0.164 kg per day.
The NDDoH believes that describing the phosphavad s an annual load is more realistic and pigésof the
waterbody. Most phosphorus based eutrophicatiothetsaise annual phosphorus loads, and seasorrality a
unpredictable precipitation patterns make a daidlunrealistic. EPA recognizes that, under tieeifip
circumstances, the state may deem the annualheatidst appropriate timeframe (i.e., the TSI watelity target

is based on an interpretation of narrative wataligustandards which naturally does not includeaaraging
period). EPA notes that the McGregor Dam TMDL akdtions for phosphorus include an approximatety daad
derived through simple division of the annual |gdhe number of days in a yeaFhis should be considered an
“average” daily load that typically will not matthe actual phosphorus load reaching the resermcér given day.

COMMENTS: None.



Appendix E
NDDoH Response to Public Comments



Public Comments:
No public comments were received

EPA Region 8 Comment: “The landuse percentages in the text of Sectiorda.B8ot match those in
Table 3. The text on page 5 says that 97 perdahtedanduse is agricultural and 3 percent isothe
landuses (e.g., farmsteads, hay, pasture). Iltnaésdions that 82 percent of the watershed isValsti
farmed” — we assume that actively farmed meansddrfor crops (e.g., cropland as opposed to pasture
haylands). If 97% is agricultural and 82% is ceopl, then 15% is other agricultural uses. These
percentages don’t match those in Table 3. In Talthe percent of landuse for canola, sunflowers,
lentils/peas, and grains (i.e., cropland) is appnaxely 77%. Water, roads and farmsteads is ab&db,
and CRP/pasture is about 17.5 percent. Also, itldvbe helpful to separate CRP landuse from
pastureland, because typically pastureland is battigely used for livestock grazing whereas CRel$a
are in reserve and not being used.”

North Dakota Department of Health Response:The information in the paragraph was gathered from
general information, while the data in the tableswpecific to the land use satellite imagery ddtae
paragraph was corrected to reflect the specificlamn It is not possible to differentiate betw&#P

and pasture land in the imagery data. While CREdare meant to be in reserve and not used, tike CR
in North Dakota has been emergency hayed for althedast 10 years due to disaster situationd,iso i
considered similar to pasture land.



