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1.0 INTRODUCTION AND DESCRIPTION OF THE LAKE AND WA TERSHED

Mirror Lake is a small 63 acre impoundment on Elegek, located in south-central Adams County at the
southern edge of the city of Hettinger, North Dak(tigure 1). This shallow reservoir was consgdah
1907 with the purpose of providing steam locomotirader for the Chicago, Milwaukee, St. Paul, and
Pacific Railroad Companies. At that time, the taiettinger resembled little of what it is toddyt

the city’s residents were already adopting Mirraké as an excellent source of recreation. However,
excessive sediment and nutrient loads entereckeeih the 1920's and 1930’s as a result of callect
efforts to break the prairie sod near the growowrt. These actions, combined with years of severe
drought conditions, ultimately threatened the fetaf the lake. Normal precipitation returned te érea

in the early 1940’s and triggered heavy recreatiaea once more. This prompted the developmeat of
city park on the north shore of the lake that warsgleted in 1946.

The contributing watershed of Mirror Lake conssitgl1,960 acres. Table 1 summarizes some of the
geographical, hydrological, and physical charasties of Mirror Lake and its watershed.

Table 1. General Characteristics of Mirror Lake andlts Watershed.

Legal Name

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

Longitude

Surface Area
Watershed Area
Average Depth
Maximum Depth
Volume

Tributaries

Type of Waterbody
Dam Type

Fishery Type

Mirror Lake
Lower Missouri River Basin
Hettinger, North Dakota

ND-10130303-001-L_00

Adams County, North Dakota
Missouri Plateau
45.995078 N
102.636633 W

63.0 acres

41,960 acres

5.5 feet

14.3 feet

350.1 acre-feet

Flat Creek
Constructed Reservoir

Constructed Earthen Dam

The 1997-2006 stocking list included Largemouth Bdésslleye, and Northern Pike
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Figure 1. North Dakota Game and Fish Department Cotour Map of Mirror Lake.
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1.1Clean Water Act Section 303(d) Listing Information

As part of the Clean Water Act Section 303(d)higtprocess, the North Dakota Department of
Health (NDDoH) has identified Mirror Lake as an iamed waterbody. Based on a Trophic State
Index (TSI) score, the designated beneficial udesbfand other aquatic biota in Mirror Lake is
assessed as fully supporting, but threatened (T3bl&Vhile this impairment is due to nutrient
enrichment (Table 2), North Dakota’s Section 303&i)did not provide any information on
potential sources of nutrient loading to Mirror kakMirror Lake is classified as a Class 3 warm-
water fishery. Class 3 lakes or reservoirs argévgacapable of supporting natural reproduction
and growth of warm water fishes (e.g., largemouatsstand bluegill) and associated aquatic biota”
(NDDoH, 2006). Some cool water species may alsprbsent in Class 3 lakes.

In response to deteriorating water quality and ssive sedimentation during Mirror Lake’s early
history, the lake was drained and bottom sedimeate excavated in the early 1980’s. The
fishery in Mirror Lake is managed by the North Dak@ame and Fish Department (NDGF)
through test netting and fish stocking. The stogkiegiment of the late 1980’s and early 1990’s
consisted mainly of rainbow trout and walleye, altph test nets captured (in order of abundance)
black bullhead, bluegill, white sucker, rainbowutowalleye, northern pike, largemouth bass,
black crappie, yellow perch, green sunfish, andhokbcatfish. Proven to be a diverse and
successful sport fishery, recent fish stockingseHasen reduced to largemouth bass, walleye, and
northern pike.

Table 2. Mirror Lake Section 303(d) Listing Information (NDDoH, 2006).

Waterbody Name Mirror Lake

Assessment Unit ID ND-10130303-001-L_00

Class 3 — Warm water fishery

Impaired Uses Fish and other aquatic biota assessed as fully suppdstihthreatened
Causes Nutrients/Eutrophication, Dissolved Oxygen, Sedimenta8dtation
Priority High (1A)

1.2 Topography

Mirror Lake and its watershed lie within the MissidRlateau level IV ecogregion (43a), which is
part of the larger Northwestern Great Plains IéNalcoregion. The topography of the ecoregion,
including the Mirror Lake watershed, is characiediby short grass prairie, rolling upland plains,
and occasional sandstone buttes. Slopes in therstaid are gentle, with relief ranging from 50-
150 feet. Elevation at Hettinger is 2,670-feetlim3he highest point in the county is 3,150-feet
(msl) at Whetstone Butte, while the lowest poirdti®,350-feet (msl) in the bed of Cedar Creek at
the eastern border of Adams County (Ulmer et &,719 Some areas in the ecoregion have either
never been glaciated, or were glaciated so longaago have no glacial evidence remaining. The
watershed, unlike the Glaciated Plains or the MigsBoteau physiographic regions of North
Dakota, has well defined drainages in the forrmtdrimittent streams (NDDoH, 1993). Figure 2
shows the general shape and size of the Mirror kaktershed in Adams County, North Dakota.
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Figure 2. Mirror Lake Watershed in Adams County, Nath Dakota.
1.3Land Use/Land Cover

Land use within the Mirror Lake watershed is priityaagricultural (95 percent), with an

estimated 43 percent of land in the watershed bagtigely cultivated, 25 percent in rangeland, 18
percent in hay production, and 9 percent in thes€oration Reserve Program (CRP) (Table 3).
Spring wheat is the predominant crop grown in tleaawith acreage of barley, oats, and
sunflowers common as well. Potential native veigmtan the Mirror Lake watershed consist of
mixed grasses like blue grama, little bluestem, atdp@ss/needlegrass associations, and prairie
sandreed in undisturbed or minimally disturbed srdaarmsteads, low density urban development
(including the city of Hettinger), roads, and witdimanagement area habitat comprise the
remaining 5 percent of the watershed (Table 3).aAssult, dryland farming and cattle production
are the dominant land use practices in the ecaneggid watershed and are the primary source of
external nutrient loading to Mirror Lake.
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Table 3. Land Use Within the Mirror Lake Watershed.

Land Use Type Acres Percent of Total Acreage

Actively Cultivated Land 19,594 43

Rangeland 11,392 25

Hayland 8,202 18

Conservation Reserve Program (CRP) 4102 9

Farmsteads, development, wet/wild management 2,278 5

The town of Hettinger had a 2000 census populatfdn306 people, and is very close to Mirror
Lake. Due to its proximity, nearly 100 percentifror Lake’s shoreline is publicly owned.
There are no other large towns or urban areasiw#tershed, but numerous farmsteads dot the
landscape. Portions of state highways 8, 12, 2nalsd traverse the watershed, as well as a
railroad track from the western edge to eastere @dghe watershed.

1.4 Climate and Precipitation

The climate of southwestern North Dakota and tlea @ancompassing Mirror Lake is semiarid to
sub-humid and continental. Southwestern North Bmkas a typical continental climate
characterized by large annual, daily, and day-tptdmperature changes, light to moderate
precipitation, and nearly continuous air moveméigire 3). Extreme seasonal variations in
temperature are typical of the climate in this oegof the northern plains. North Dakota
Agricultural Weather Network (NDAWN) calculates azge air temperature and precipitation data
through interpolation of measurements from nearhtidsal Weather Service (NWS) Cooperative
Station data (1971-2000) in Hettinger, ND. BasedN®AWN (2006) the annual average
temperature is 42° F and mean annual precipitadid®.51 inches.

Mean monthly temperature in Hettinger, ND for tlegipd 1971 through 2006 is shown in Figure 3,
while mean monthly precipitation for the same tipegiod is shown in Figure 4 (NDAWN, 2006).
January is typically the coldest month of the ywe#ih a mean monthly temperature of 16° F (Figure
3). July and August are the warmest months of/&ze with mean monthly temperatures of 69° F
and 68° F, respectively (Figure 3). Precipitatments tend to be brief and intense and occur gnainl
during the months of May through August, with étfirecipitation from November through March.
June is the wettest month of the year with avepageipitation of 2.95 inches (Figure 4).
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Figure 3. Mean Monthly Air Temperature from 1971-206 at the North Dakota Agricultural

Weather Network (NDAWN) Station in Hettinger, ND.
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1.5 Available Water Quality Data

1.5.1 1992-1993 Lake Water Quality Assessment Praje

A Lake Water Quality Assessment (LWQA) was condda®r Mirror Lake in 1992-1993. Water
guality samples were collected from Mirror Lakedw/during the summer of 1992 and once during
the winter of 1993. All lake samples were takemfrone sample site (380630) located in the
deepest portion of Mirror Lake near the dam. Watdumn samples were collected from three
separate depths during summer sampling and twoaepdepths during the winter sampling of
1993.

LWQA data collected from Mirror Lake showed no tiai stratification during summer sampling
in 1992. Dissolved oxygen concentrations rangech6.0-8.6 mg/L in 1992. However, the winter
sampling of January 17, 1993 showed evidence ofrthlestratification in the water column of
Mirror Lake between two and three meters of defdthe January sample also revealed dissolved
oxygen concentrations above 7.0 mg/L below threeermef depth, and concentrations near
saturation above the depth of thermal stratificati®he volume-weighted mean concentrations in
Mirror Lake of total dissolved solids (755 mg/Lardness as calcium (314 mg/L), and conductivity
(1,268 mg/L) were all high during the LWQA, yet bel the state’s long-term average for all lakes
measured. The volume-weighted mean concentrafibitarbonates and sulfates, the dominant
anions in the water column, were 277 and 352 mg4pectively. Volume-weighted mean
concentrations were calculated by weighing thermpatar analyzed by the percentage of water
volume represented at each depth interval sampled.

Parameters sampled between July 1992 and Janu@Byré@ealed volume-weighted mean
concentrations of total phosphate as P and niplatenitrite as N of 0.094 mg/L and 0.008 mg/L,
respectively, and a P:N ratio of 11.8:1 indicatmigogen limitation in Mirror Lake. Under such
conditions, nitrogen fixing bacteria like speciéblue-green algae are favored in the water column.
Based on LWQA data collected in 1992-1993, Mirrake is assessed as a eutrophic lake.
Supporting water quality data included total ph@tplas P concentrations between 0.046 and 0.062
mg/L, and chlorophyll-a concentrations betweend @upg/L for summer surface water. In

addition, Secchi Disk Transparency measurementaged 1.0 meter. A large macrophyte biomass
and additional ancillary information helped supgbg eutrophic determination.

1.5.2 1995-2003 Mirror Lake Water Quality Assessmdrand Restoration Project

Recognizing the need to improve water quality cbods in Mirror Lake, the Adams County Soll
Conservation District (SCD) conducted monitoringpagt of a water quality assessment project in
1995-1996 and as part of a water quality watersbastbration project from 1998 to 2002 with the
goal of sustaining or improving the trophic conatitiof Mirror Lake. The assessment project was
designed to identify the nonpoint source pollufibi?S) impacts to Mirror Lake and the potential
pollutant sources in the watershed. The infornmatibtained from the water quality assessment
project in 1995-1996, was used to develop the rastm project and abate NPS pollution entering
Mirror Lake to sustainable levels. In-lake dataaveollected from 1998-2002 to track the effects of
the Mirror Lake restoration project. Samples weskected from the tributary entering Mirror Lake
(i.e., Flat Creek) from 1998-2003. The SCD follalbe methodology for water quality sampling
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found in the Sampling and Analysis Plan (SAP) far Mirror Lake Water Quality Restoration
Project (NDDoH, 1997). Sampling and analysis \@ésa are shown in Table 4.

Table 4. Mirror Lake Water Quality Restoration Proj ect (1998-2002) Sampling and Analysis

Variables.

Field Measurements General Chemical Variables NutrienVariables Biological Variables
Secchi Disk Transparency pH Total Phosphorus Chloribhy
Temperature Specific Conductance Dissolved PhosphorusPhytoplankton
Dissolved Oxygen Major Anions & Cations Total Nitroge Fecal Coliform

Total Suspended Solids Total Kjeldahl Nitrogen
Nitrate + Nitrite Nitrogen
Ammonia Nitrogen

Stream Monitoring

Stream sampling was conducted at one inlet sitél@nCreek, one storm water outfall site, and one
outlet site on Flat Creek below Mirror Lake (Figle The sampling frequency for the stream
sampling sites was stratified to coincide with tyy@cal hydrograph for the region. This sampling
design resulted in more frequent samples colledtgihg spring and early summer when stream
discharge is typically greatest. Less frequentmgag was conducted during the summer and fall.
Sampling efforts were discontinued during periotismflow and during winter ice cover

conditions. If the stream began to flow again,exgality sampling was reinitiated at the sampling
locations.

B
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i

T
_ 380381 sy
o L
mmo
1 M
T

Figure 5. Mirror Lake Sampling Locations.
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Lake Monitoring

Lake sampling was conducted three to four times/par, usually between March and September,
to monitor lake improvements with the addition aftershed Best Management Practices (BMPs).
Toward the end of project sampling in 2001, lakenitowing was conducted two times per month
during the open water period to better accountdoporal variation in lake water quality and
overall improvements in the trophic condition réisig) from project efforts.

Nutrient Data

Surface water quality parameters were monitordduatsample stations (three stream sites and one
in-lake site) between February 1995 and June 28G2uding 1997. The stream sites included an
inlet sampling site, a storm water outfall samplaitg, and an outlet stream site. Both the oathet
stormwater sites were downstream of the lake. Sapgrameters and volume-weighted mean
concentrations are provided in Table 5. The awetatal Kjeldahl nitrogen concentration at the
inlet was the only nutrient sampled with a loweer@ge concentration than at the in-lake sampling
site. The assessment project showed that theegteanhounts of nutrients were delivered via Flat
Creek into Mirror Lake during the spring plantirepson. This coincides well with periods of
significant precipitation in the watershed. In gidd, far more samples were also collected during
the project period at the inlet site, which mayéawvided a more accurate data set. Mirror Lake
displayed an average total nitrogen to total phoghratio of 10.7:1 at the in-lake site 380910
(Table 5). This ratio indicates nitrogen limitatioUnder such conditions, nitrogen fixing orgarssm
like species of blue-green algae are typically fado

Table 5. Data Summary for the Mirror Lake Assessmehand Restoration Projects 1995-1996
and 1998-2002.

Inlet Stream Site #380381 Deepest Site #380630  VOlUMe-
Parameter weighted

N Max Med Avg Min| N Max Med Avg Min Mean
Total Phosphorus as P (mg/L) 107 0/639 0.090 0.137 |B34.80.375 0.108 0.133 0.036 0.128
Dissolved Phosphorus as P(mg/L) NA NA NA NA NA 342@8 0.047 0.068 0.010 0.C58
Total Nitrogen as N (mg/L) 107 3.690 1460 1586 (359 3320 1.363 1.417 0.900 1.349
Total Kjeldahl Nitrogen as N (mg/L) 107 3.660 1.430 21.50.338 32 2.087 1324 1.390 0.380 1328
Nitrate/Nitrite as N (mg/L) 107 1.010 0.C20 0.065 OJo® 3.187 0.020 0.026 0.005 0.020
Chlorophylta (ug/L) NA NA NA NA NA|24 5400 1450 2179 4.00 20.70
Secchi Disk Transparency (meters) NA NA NA MNA NA |29 3@ 090 119 0.EO N/A

Mirror Lake nutrient concentrations during the pes of 1995-1996 and 1998-2002 were pooled
and compared to data collected from Mirror Lak&992-1993. Volume-weighted mean nutrient
concentrations reported for the 1992-1993 LWQA weweer when compared to data from the
Mirror Lake Water Quality Assessment and RestoraBoojects. The 1995-1996 and 1998-2002
Watershed Assessment and Restoration Project ldawees small increases in nutrient
concentrations such as nitrate/nitrite, total Kadlldnitrogen, and total phosphorus (Table 6)
suggesting a possible declining trend in wateritual
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Table 6. Volume-Weighted Mean Nutrient Concentratiom Comparisons for Mirror Lake.

Parameter Mirror Lake Mirror Lake
1992-1993 1995-1996, 1998-2002
Nitrate/Nitrite (mg/L) 0.008 0.020
Total Kjeldahl Nitrogen (mg/L) 1.150 1.328
Total Phosphorus (mg/L) 0.094 0.128

Dissolved Oxygen and Temperature

Dissolved oxygen and temperature were monitorelesin-lake site and inlet site of Mirror Lake
from March 1995 through October 2001, excludingdpen water year of 1997. Raw data for the
entire project is provided in Appendix A. Figu@$® illustrate the results of the temperature and
dissolved oxygen data for the in-lake monitorirtg $or the final two years (2000-2001) of the
project. Samples were collected at 1-meter intsrdaring ice cover and open water periods.
Although there were no signs of thermal stratifmatduring sampling in 2000, dissolved oxygen
levels were consistently below the 5 mg/L stataddad between 3 and 4-meters of depth in June
2000 and July 2000. In addition, dissolved oxylgsels were no greater than 3.7 mg/L throughout
the water column on December 19, 2000.

In 2001, dissolved oxygen levels were found to lbh@va the state standard of 5 mg/L throughout the
year. Mirror Lake was thermally stratified in 206&tween 0.5 and 1.0-meter on March 6, 2001,
May 11, 2001 and October 21, 2001. The June 121 8@mpling date also revealed thermal
stratification between 3 and 4-meters of depth.
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Figure 6. Summary of Temperature Data for the Mirror Lake Deepest Area Site in 2000.
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Figure 8. Summary of Temperature Data for the Mirror Lake Deepest Area Site in 2001.
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Figure 9. Summary of Dissolved Oxygen Data for th¥lirror Lake Deepest Area Site in 2001.

Secchi Disk Transparency and In-Lake Total Suseeér@blids Results

Water clarity in a reservoir can be affected by ynfattors. Algal biomass, suspended sediment,
depth of the reservoir, and turbidity all affecc8e Disk Transparency measurements in a
waterbody. Secchi Disk Transparency data werectt by Adams County Soil Conservation
District (SCD) staff between May 1995 and Octob@dP, excluding the 1997 and 2000 open water
years during the eight open water months of Apokdimber (Table 7). There were 29
measurements taken throughout the sampling peAsdshown in Table 7, the average Secchi Disk
Transparency measurement for the in-lake sampiiagvas 1.19 meters. Based on average Secchi
Disk Transparency, the TSI score for this reservais 58.6.

The data showed that visibility throughout the watdumn was consistently low during the late
summer and early fall months, which may be atteblé to algal blooms and biomass production.
Visibility throughout the water column was greatesting late fall just prior to ice up (November)
when typically little if any runoff enters the lak€able 7).
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Table 7. Average Monthly Secchi Disk Transparency Epths in Mirror Lake for the Period
1995-1996 and 1998-2001.

Average Secchi Disk Average Secchi Disk

Month Depth (M) Month Depth (M)
January N/A July 1.30
February N/A August 0.77
March N/A September 0.84
April 1.10 October 0.80
May 0.83 November 2.20
June 1.70 December N/A
All Months Combined 1.19

Tributary Total Suspended Solids Results

Two hundred forty-four (244) tributary total susgded solid (TSS) samples were collected by the
Adams County Soil Conservation District staff fra®05-2003. TSS samples were collected from
the inlet site (380381) and the outlet site (38Q38Mirror Lake. Average TSS concentrations at
the inlet and outlet sites were 8.5 and 16.3 m@4pectively (Table 8). As evidenced by Table 8,
nearly twice the concentration of suspended sgladsed through the outlet site when compared to
the inlet site. This was most likely due to laedggal blooms that repeatedly took place in the lake
resulting in algal particulates and other susperstdéids passing through the outlet site that wete n
present at the inlet site in Flat Creek.

Table 8. Total Suspended Solid Concentrations at éhMirror Lake Inlet and Outlet Sites,

1995-2003.
Site ID Site Description Average TSS (mg/L)
380381 Inlet 8.5
380382 Outlet 16.3

2.0 WATER QUALITY STANDARDS

The Clean Water Act requires that Total Maximumlypabads (TMDLS) be developed for waters on a
state's Section 303(d) list. A TMDL is defined‘dse sum of the individual waste load allocatioas fjoint
sources and load allocations for nonpoint souroésnatural background” such that the capacity ef th
waterbody to assimilate pollutant loading is nateeded. The purpose of a TMDL is to identify the
pollutant load reductions or other actions thatdthde taken so that impaired waters will be ablattain
water quality standards. TMDLs are required talbeeloped with seasonal variations and must inciude
margin of safety that addresses the uncertainttyaranalysis. Separate TMDLs are required to addre
each pollutant or cause of impairment (i.e., natdéedissolved oxygen).

2.1 Narrative Water Quality Standards

The North Dakota Department of Health has set timeravater quality standards, which apply to all
surface waters in the state. The narrative staisdagrtaining to nutrient impairments are listed as
follows (NDDoH, 2006):
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- All waters of the state shall be free from subs&s attributable to municipal, industrial, or
other discharges or agricultural practices in catregions or combinations which are toxic
or harmful to humans, animals, plants, or residgniatic biota.

- No discharge of pollutants, which alone or in G@mation with other substances shall:

1) Cause a public health hazard or injury to emnnental resources;

2) Impair existing or reasonable beneficial uses efréteiving waters; or

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

In addition to the narrative standards, the NDDa@ld bet a biological goal for all surface waters in
the state. The goal states that “the biologicalaon of surface waters shall be similar to thiat
sites or waterbodies determined by the departnoene regional reference sites,” (NDDoH, 2006).

2.2 Numeric Water Quality Standards

Mirror Lake is classified as a Class 3 warm waitghdry. Class 3 fisheries are defined as
waterbodies “capable of supporting natural reprtidnand growth of warm water fishes (e.qg.,
largemouth bass and bluegill) and associated agbatia” (NDDoH, 2006). All classified lakes in
North Dakota are assigned aquatic life, recreatroigation, livestock watering, and wildlife
beneficial uses. The beneficial use threatenddiiror Lake is fish and other aquatic biota. State
Water Quality Standards provide that lakes shalthe same numeric criteria as Class 1 streams.
This includes the state standard for dissolved eryget at no less than 5 mg/L and nitrate as N as
1.0 mg/L. The state water quality standards gi&eify guidelines for lake or reservoir
improvement programs as well (Table 9).

Table 9. Numeric Guidelines for Classified Lakes ah Reservoirs (NDDoH, 2006).
Parameter Guidelines Limit
Guidelines or Standards for Classified Lakes

Nitrates (dissolved) 1.0 mg/L Maximum allowed

Dissolved Oxygen 5 mg/L Not less than
Guidelines for goals in a lake improvement or maintenance garogr

NO; as N 0.25 mg/L Goal

PQ as P 0.02 mg/L Goal

1“The water quality standard for nitrates dissolved (N) is htended as an interim guideline limit. Since each
stream or lake has unique characteristics which determine the levetd these constituents that will cause excessive
plant growth (eutrophication), the department reserves theight to review this standard after additional study

and to set specific limitations on any waters of the ate. However, in no case shall the concentration for nitrat

plus nitrite N exceed 10 mg/l for any waters used as muniapor drinking water supply”.

3.0 TMDL TARGETS

A TMDL target is the value that is measured to pitlye success of the TMDL effort. TMDL targets mus
be based on state water quality standards, budlsarinclude site-specific values when no numeiiterta
are specified in the standard. The following setBummarizes water quality targets for Mirror Léesed
on its’ impaired beneficial uses due to nutriemidmment and dissolved oxygen. While
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sedimentation/siltation is also listed as a cadisoatic life impairment to the reservoir it wilbt be
addressed as a TMDL in this report. Based on alysis of available suspended sediment data foraviir
Lake (NDDoH, draft March 2008), it appears thatisesht is not threatening aquatic life use. Theawefo
can be assumed that if the specific targets faienis, expressed as phosphorus, and dissolvecoxar@
met, the reservoir will meet the applicable watealdy standards, including its designated benaffigses.

3.1 Nutrient Target

A Carlson’s Trophic State Index (TSI) target oft&sed on total phosphorus was chosen for the
Mirror Lake endpoint. North Dakota’s 2006 Integ@@iSection 305(b) and Section 303(d) Water
Quality Assessment Report indicates that Carlsd8kis the primary indicator used to assess
beneficial uses of the state’s lakes and reser{NidDoH, 2006). Trophic state is the measure of
the productivity of a lake or reservoir and is dihg related to the level of nutrients (phosphoang
nitrogen) entering the lake or reservoir from i@st@rshed. Lakes tend to become eutrophic (more
productive) with higher nitrogen and phosphorusitsp Eutrophic lakes often have nuisance algal
blooms, limited water clarity, and low dissolvedygen concentrations that can result in impaired
aguatic life and recreational uses. Carlson’sdt&mpts to measure the trophic state of a lakegusi
nitrogen, phosphorus, chlorophyll-a, and SecchkDiansparency measurements (Carlson, 1977).

TSI values for Mirror Lake were calculated for iqgthosphorus, chlorophy#; and Secchi Disk
Transparency. The highest TSI value was for tdtasphorus at 76, while chlorophyland Secchi
Disk Transparency values were 60 and 59, respégiiVable 10). Based on Carlson’s TSI and
water quality data collected between February I8bJune 2003, Mirror Lake was generally
assessed as a highly eutrophic to hypereutropkéc(lBable 10). Hypereutrophic lakes are
characterized by excessive weed growth, blue-gaégai blooms, and low dissolved oxygen
concentrations. These lakes may experience periisth kills and are generally characterized as
having excessive rough fish populations (carp,Haalt, and sucker) that reflect negatively on the
sport fishery. Due to frequent algal blooms anckssgive weed growth, these lakes often become
undesirable for recreational uses such as swimanmaigboating.

Table 10. Carlson’s Trophic State Indices for Mirra Lake.

Parameter Relationship Uits TS Value Trophic Status
Chiorophylla TSI (Chi-a) =30.6 +9.81[IN(Chia)] gL 60 eutrophic
Total Phospharus (T TSI (TP) =4.15 + 14.42In(T Mg/l 7€ hypereutroph
Secchi Disk (SD) TSI (SD) =60 - 14.41[n(SD)] meters 59 eutrophic
TSI < 28 - Oligotrophic (least productive) TSI 28-5kddtrophic
TSI 52-73 Eutrophic TSI > 73 - Hypereutrophic (mastductive)

The reasons for the different estimated TSI vataeMirror Lake are varied. According to the
phosphorus TSI value, Mirror Lake is a very produectake (hypereutrophic) (Table 10). Carlson
and Simpson (1996) suggest that if the phosphardsSacchi Disk Transparency TSI values are
relatively similar and higher than the chlorophg[FSI value, then dissolved color or non-algal
particulates dominate light attenuation. It follothat, as is the case with Mirror Lake, if the $ec
Disk Transparency and chlorophgl¥ S| values are similar, then chlorophglis dominating light
attenuation. Carlson and Simpson (1996) also #tatea nitrogen index value might be a more
universally applicable nutrient index than a phaspk index, but it also means that a
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correspondence of the nitrogen index with the apgbyll-a index cannot be used to indicate
nitrogen limitation.

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

given to chlorophyll, because this variable istist accurate of the three at predicting algal
biomass (Carlson 1980). Although transparencymra$phorus may co-vary with trophic state, the
changes in transparency are caused by changegirbadmass and total phosphorus may or may

not be strongly related to algal biomass. Thessfoeither transparency nor phosphorus is an
independent estimator of trophic state (Carlsor6199

A major strength of TSI is that the interrelatioipshbetween variables can be used to identify
certain conditions in the reservoir that are reldtethe factors that limit algal biomass or affibet
measured variables. When more than one of the tragables is measured, it is possible that
different index values will be obtained. Becauserelationships between the variables were
originally derived from regression relationshipsi d@ne correlations were not perfect, some
variability between the index values is to be expa¢Carlson 1996). These deviations of the total
phosphorus or the Secchi depth index from the obloyll index can be used to identify conditions
and causes relating to the reservoir’'s trophiest&ome possible interpretations in the deviatains
the index values are given in Table 11 below (upd&tom Carlson 1983).

Table 11. Relationship Between TSI Variables and CGulitions.

Relationship Between TSI Variables Conditions
TSI(Chl) = TSI(TP) = TSI(SD) Algae dominate light attenoat TN/TP ~ 33:1
TSI(Chl) > TSI(SD) Large particulates, suchfgshanizomenoflakes, dominate
TSI(TP) = TSI(SD) > TSI(CHL) Non-algal particulates otaradominate light attenuation
TSI(SD) = TSI(CHL) > TSI(TP) Phosphorus limits alggdmass (TN/TP >33:1)
TSI(TP) >TSI(CHL) = TSI(SD) Alg_ae_dommate light attenuation but some factor su_ch ageitro
limitation, zooplankton grazing or toxics limit algal bioraas

It is possible therefore, that the chlorophyll @rashsparency indices may be close together, biat bot
will fall below the phosphorus curve. This suggdbiat the algae are nitrogen-limited. Intense
zooplankton grazing may also cause the chloro@ndl Secchi depth indices to fall below the
phosphorus index as the zooplankton remove aldjalfcem the water or Secchi depth may fall
below chlorophyll if the grazers selectively eliraia the smaller cells (Carlson 1996).

Studies have also shown that in shallow lakespéneent reduction in total phosphorus was not as
great as the reduction in loading (Cooke, et18i86). This causes most total phosphorus TSI
scores to be elevated above the other two TSI sctirerefore estimating a slightly higher trophic
state for the lake than may actually be observddo, the improvement in Secchi disk depth of the
water is not linearly related with a reductionatel phosphorus concentrations (Carlson, 1977).
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The degree of improvement in Secchi depth, forqaraeamount of phosphorus diverted, will
become greater as a mesotrophic state is approgChedte, et.al., 1986).

While the target TSI score resulting from the 58cpat phosphorus load reduction will not bring the
concentration of total phosphorus to the NDDoH &StWater Quality Standard guideline goal for in-
lake restoration (0.02 mg/L), it should be recogdithat these are just guidelines. Lakes vary a
great deal in North Dakota. Shallow lakes are @gfig hard to improve without addressing the
internal phosphorus cycling, which comes at a higlst. This reduction in phosphorus load
should result in a change of trophic status forlidlke from eutrophic down to nearly mesotrophic.
Given the size of the lake (63 acres), the lakecent history of dredging and the likely amount of
phosphorus in the bottom sediments available ferimal cycling, the nearly constant wind in
northwestern North Dakota causing a mixing effant] few cost effective ways to reduce in-lake
nutrient cycling this was determined to be the pestible outcome for Mirror Lake. This target
will allow it to meet the narrative standards relgtto recreation and aquatic life beneficial uses.

3.2 Dissolved Oxygen Target

The state standard will be the dissolved oxygeyetaior Mirror Lake. The North Dakota State
Water Quality Standard for dissolved oxygen is Blurexpressed as a daily minimum” where up to
10 percent of representative samples collectechdunny three year period may be less than this
value provided that lethal conditions are avoidEdrther, since Mirror Lake is a Class Ill lakesth
standard does not apply to the hypolimnion duriegqals of stratification.

4.0 SIGNIFICANT SOURCES

There are no known point sources upstream of Mlrede. It is assumed that the pollutants of comcer
originate from non-point sources. Most of the laipdtream from Mirror Lake is farmed and in agticrdl
crop production. The remainder is used for pastutept as permanent herbaceous cover. MirroelLak
does reside on the south edge of the city of Hgttin However, a stormwater diversion was instaiaech
diverts most, if not all, of Hettinger’'s stormwaterder Mirror Lake outleting into Flat Creek beltirror
Lake’s outlet. There are no lake homes aroundebervoir, although small farmsteads are spread
throughout the watershed. In addition, the spansepulated town of Bucyrus (26 residents according
2000 population census), is approximately 8 milestneam of Mirror Lake. With that in mind, it is
expected that the vast majority of nutrient loadsteansported with overland runoff from agricuituareas.

Existing land use and AGNPS modeling (based on 188 use conditions) within the watershed indicate
that the majority of NPS loading is likely comingin cropland (approximately 43 percent of land mith
the watershed is actively cultivated). Additiogallvith an estimated 33 percent of land in the v&ited
being rangeland or pasture, it is possible thdtecgtazing too long in the riparian area of thieutaries or
actually wading in the streambed are significantptributing to nutrient loading. As a result, bes
management practices should also be implementéahdrused for grazing in order to address loadiomf
this source.

5.0 TECHNICAL ANALYSIS

Establishing a relationship between in-lake wateality targets and pollutant source loading isiticed
component of TMDL development. ldentifying the satand-effect relationship between pollutant loads
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and the water quality response (e.g., trophic d@mjiis necessary to evaluate the loading capacity
trophic response of the receiving waterbody. Tagling capacity is the amount of a pollutant tfzet e
assimilated by the waterbody while still attainangd maintaining water quality standards. Thisieact
discusses the technical analysis utilized to eséraaisting loads to Mirror Lake, as well as thehtacal
analysis used to predict the trophic responseefakervoir to reductions in nutrient loading.

5.1 Tributary Load Analysis

To facilitate the analysis and reduction of trilsytaflow and outflow water quality and flow data,
the FLUX program was employed. The FLUX prograevealoped by the US Corps of Engineers
Waterways Experiment Station (Walker, 1996), usesaculation techniques to estimate the
average mass discharge or loading that passegia gver or stream site. FLUX estimates loadings
based on grab sample chemical concentrations ancbtitinuous daily flow record. Load is
therefore, defined as the mass of a pollutant duaigiven 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 datditation 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 mod&r 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 Mirror Lakieaphic status. BATHTUB performs steady-state
water and nutrient balance calculations in a sipasagmented hydraulic network. The model
accounts for advective and diffusive transport amient sedimentation. Eutrophication related
water quality conditions are predicted using encpirrelationships previously developed and tested
for reservoir applications.

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

The reservoir data were reduced in Excel usingetbanputational functions. These include: 1) the
ability to display concentrations as a functiordepth, location, or date; 2) summary statisticg.(e.
mean, median, min, max); and 3) an evaluationagfttic status. Output data from the Excel
program were then used to evaluate calibratioh@htodel.

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 coefficients. The BATHTUB madé¢hen calibrated by combining tributary load
estimates for the project period with in-lake wageality estimates. The model is termed calibrated
when the predicted estimates for the trophic respmariables are similar to observed estimates
based on the project monitoring data. BATHTUB thas the ability to predict total phosphorus



Mirror Lake Nutrient and Dissolved Oxygen TMDLs Final: August 2008
Page 19 of 30

concentration, chlorophyli-concentration, and Secchi Disk Transparency amésisociated TSI
scores in response to various nutrient load redactenarios.

As stated above, BATHTUB can compare predictechotial conditions. After calibration, the
model was run based on observed concentrationsospimorus and nitrogen, to derive an estimated
annual average total phosphorus load of 321.7 Hgganual average nitrogen load of 2,146.8 kg
(Appendix C). The model was then run to evaluate the effectivepn&a number of nutrient
reduction alternatives including: 1) reducing emgly derived nutrient loads; 2) reducing interpall
available nutrients; and 3) reducing both exteamal internal nutrient loads.

In the case of Mirror Lake, BATHTUB modeled extdipaerived phosphorus. Phosphorus was
used in the simulation model based: 1) on its knoslationship to eutrophication; and 2) that it is
controllable with the implementation of watershezsBManagement Practices (BMPs). Changes in
trophic response were evaluated by reducing extgrderived phosphorus loading by 25, 50, and
75 percent (Appendix C). Simulated reductions vaatgieved by reducing phosphorus
concentrations in contributing tributaries and otaeernal delivery sources. Flow was held
constant due to uncertainty in estimating changdsydraulic discharge with the implementation of
BMPs.

The model results indicated that if external phospb loading was reduced by 50 percent entering
into Mirror Lake, the average annual total phospe@nd chlorophylk concentration in the lake
would decrease and Secchi Disk Transparency demtidvincrease. The large reduction in nutrient
load should result in an improvement to the trotétus of Mirror Lake that would be noticeable to
the average lake user by reducing the intensityfieggiency of algal blooms each year and through
an improvement in the overall clarity. Throughgbémprovements it is predicted that Mirror Lake
would approach the mesotrophic trophic status range

With a 50 percent reduction in external phosphtwad, the model predicts a reduction in Carlson’s
TSI score from 60.33 to 52.78 for chlorophglland 58.63 to 53.37 for Secchi Disk Transparency,
corresponding to a trophic state ranging from itroto nearly mesotrophic. More important for
the long term health of the lake, a 50 percentetdn in phosphorus loading would reduce the total
phosphorus TSI score from 75.81 to 66.18 whichdeange from hypereutrophic to eutrophic
(Table 12, Appendix D).

Table 12. Observed and Predicted Values for Seledtdrophic Response Variables
Assuming a 25, 50, and 75 Percent Reduction in Exteal Phosphorus and Nitrogen Loading.
Predicted Value

Variable Observed Value 25% 50% 75%
Total Phosphorus (mg/L ) 0.144 0.109 0.074 0.038
Total Dissolved Phosphorus (mg/L ) 0.700 0.053 0.035 01®.
Total Nitrogen (mg/L ) 1.445 1.118 0.797 0.475
Organic Nitrogen (mg/L ) 1.322 1.052 N/A N/A
Chlorophylla (ng/L) 20.70 14.91 9.59 4.36
Secchi Disk Transparency (meters) 1.10 1.31 1.58 2.00
Carlson's TSI for Phosphorus 75.81 71.77 66.18 56.72
Carlson's TSI for Chlorophyll-a 60.33 57.11 52.78 45.04

Carlson's TSI for Secchi Disk 58.63 56.13 53.37 50.03



Mirror Lake Nutrient and Dissolved Oxygen TMDLs Final: August 2008
Page 20 of 30
To acquire a noticeable change in the trophic stdhe BATHTUB model predicts that a 50 percent
reduction in total phosphorus load would achieweithlake total phosphorus concentration of 0.074
mg/L and an in-lake total nitrogen concentratnié0.@97 mg/L. This reduction in phosphorus and
nitrogen is predicted to result in a reservoir ibatearly mesotrophic throughout a given year with
respect to Secchi Disk Transparency and chlorogbghsidered the algal biomass indicator)

(Figure 10).
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Figure 10. Predicted Trophic Response in Mirror Lake to Phosphorus Load Reductions of 25,
50, and 75 Percent.

5.3 AGNPS Watershed Model

In order to identify significant nonpoint sourceRS) pollutant sources in the Mirror Lake watershed
and to assess the relative reductions in nutrirettogen and phosphorus) loading that can be
expected from the implementation of BMPs in theesgtied, an AGNPS 3.65 Model analysis was
employed. The primary objectives of the AGNPS 3r@flel analysis were to: 1) evaluate NPS
pollutant contributions from within the watersh@gl;identify critical pollutant source contribution
areas within the watershed; and 3) evaluate pademitrient (nitrogen and phosphorus) load
reductions that can be achieved through various Bififementation scenarios.

The AGNPS 3.65 model is a single event model thatttventy input parameters. Sixteen
parameters were used to calculate nutrient/sedignelot, surface runoff, and erosion. The
parameters used include: receiving cell, aspec§ @ve, percent slope, slope shape, slope length,
Manning’s roughness coefficient, K-factor, C-fa¢tetfactor, surface conditions constant, soil
texture, fertilizer inputs, point source indicatd€OD factor and channel indicator.

The AGNPS 3.65 model was used in conjunction witlinéensive land-use survey to determine
critical areas within the Mirror Lake watershedrit€ria used during the land-use assessment
include percent cover on cropland and pasture/rangditions. These criteria were used to
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determine the C factor for each cell. The moded wan using current conditions determined during
the land use assessment. Based on land use amdhest characteristics observed during the
TMDL study, annual run-off and annual nutrient gielvere estimated for the watershed using the
AGNPS model.

Additional modeling comparisons were made by chag¢and use practices on selected portions of
the watershed. The watershed was divided into 14@@cre cells for evaluation. Each cell was
evaluated for soil characteristics, terrain, amdifase characteristics (Table 13).

Table 13. Mirror Lake Watershed AGNPS Summatry.

Watershed Studied
Area of Watershed 41,960 acres 41,960 acres 41,960 acres
Area of Each Cell 40 acres 40 acres 40 acres
Characteristic Storm Precipitation 3 inches 3 inches 3 inches
Storm Energy-Intensity Value 48.33 inches 48.33 inchd8.33 inches
Values at the Watershed Outlet
5% and greater
slope to CRP + no-
5% and till, continuous
1997 greater wheat rotations on
Land Use slope to <5%, and good
Original Conditions | CRP pasture
Number of Cells 1,049 1,049 1,049
Runoff Volume 1.10 inches 1.10 inches 1.10 inches
Peak Run-off Rate 4,894.77 cfs| 4,894.77 cfs  4,894.77 cfs
Total Nitrogen Yield in Sediment 0.32 Ibs/acfe 0.28lbs/acri@.16 Ibs/acre
Total Soluble Nitrogen Yield in Runoff 0.22 Ibs/acre DlBs/acre| 0.22 Ibs/acre
Soluble Nitrogen Concentration Runoff 0.88 ppm 0.88 ppm 0.88 ppm
Total Phosphorus Yield in Sediment 0.16 Ibs/acre 0.4/doe| 0.08 Ibs/acre
Total Soluble Phosphorus Yield in Runoff 0.01 Ibs/acre01(@bs/acre| 0.01 Ibs/acre
Soluble Phosphorus Concentration in Runoff 0.05 ppm .05 ppm 0.05 ppm
Total Soluble Chemical Oxygen Demand Yield in Runoff Ol¥ddcre| 0.00 lbs/acre  0.00 lbs/acre
Soluble Chemical Oxygen Demand Concentration in Rungff  9pd@ 0.00 ppm 0.00 ppm

The AGNPS model used for this TMDL was based omiiag practices present in the Mirror Lake
watershed in 1997 prior to implementation of thettea 319 watershed project. While dated, it is
believed that this model is still representativewfrent cropping and grazing practices. The
majority of BMP cost share dollars utilized in tki@ror Lake watershed during the Section 319
implementation project were applied to agricultwalste system issues, not the critical cropland
acres in the watershed that were identified inli®@7 assessment. In addition, nutrient reductions
from agricultural waste systems are not derivedgitie AGNPS model. Therefore, it is the
department’s best professional judgment that the lese data and the AGNPS model output is still
a valid and reliable depiction of the watershedilase conditions and current cropping practices.

Based on these farming practices, composed of tauraixf cropland, CRP and rangeland, the total
nitrogen in sediment yield would be 0.32 poundsgoee and the total phosphorus in sediment yield
would be 0.16 pounds per acre (Table 13). Howdwealtering some of the land management
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practices in the watershed, a sizeable reductidotah nitrogen (TN) and total phosphorus (TP)
yield and loading can be expected. The followihgnges were input into the AGNPS model:

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

* Nottill or zero till cultivation was applied to akmaining land;

» Cropped land with less than 5 percent slope wetrénpa continuous no-till wheat rotation;
* All pasture land was converted to “good” condition.

Through these practices the TN and TP in sedimieids/were reduced to 0.16 Ibs/acre and 0.08
Ibs/acre, respectively (Table 14). This is an alleeduction of 50 percent in TN and TP yield in
the watershed.

Additional land management practices or situatiblas may significantly reduce nutrient runoff
yields, although outside the scope of the landnugdel currently employed, include exclusion of
cattle from the riparian area, intensive grazingnaggement in the watershed, additional
improvements in the containment of feedlot waste, the reduction of airborne sediment attached
nutrient particulates directly deposited in theevhody.

5.4 Dissolved Oxygen

Mirror Lake is listed as fully supporting, but thtened for fish and aquatic biota uses due to
nutrients/eutrophication. However, dissolved oxytgrels were observed below the North Dakota
water quality standard. The North Dakota wateligustandard for dissolved oxygen is “5 mg/L as
a daily minimum”. Additionally, up to 10 percerftrepresentative samples collected during any
three year period may be less than this value geavthat lethal conditions are avoided. For Mirror
Lake, low dissolved oxygen levels, primarily in tmgoolimnion during thermal stratification,
appear to be related to excessive nutrient loading.

The cycling of nutrients in aquatic ecosystemsiigeély 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 nutrients to mary producers such as algae. High levels of
nutrients can lead to eutrophication, which ismedi as the undesirable growth of algae and other
aguatic plants. In turn, eutrophication can lemaohtreased biological oxygen demand and oxygen
depletion due to the respiration of microbes tleatoinpose the dead algae and other organic
material.

AGNPS and BATHTUB models indicated that excesswgient loading is responsible for the low
dissolved oxygen levels in Mirror Lake. Wetzel 889 summarized, “The loading of organic matter
to the hypolimnion and sediments of productive @pltic lakes increases the consumption of
dissolved oxygen. As a result, the oxygen cortétite hypolimnion is reduced progressively
during the period of summer stratification.”

Carpenter et al. (1998), has shown that nonpoiumces 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 andtaquiants. They also document that a reduction
in nutrients will eventually lead to the revershkatrophication and attainment of designated
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beneficial uses. However, the rates of recovesyariable among lakes/reservoirs. This supports
the NDDoH'’s viewpoint that decreased nutrient loatithe watershed level will result in improved
oxygen levels, the concern is that this process tadeg a significant amount of time (5-15 years).
In Lake Erie, heavy loadings of phosphorous haygacted the lake severely. Monitoring and
research from the 1960’s has shown that depresgelimnetic 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 downveedd 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 eeirtbdt quantified duration (days) and extent
of lake oxygen depletion, referred to as an anfadgtor (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 resiarateasures which makes it very useful for
TMDL development. Nurnberg (1996) developed sdwexgression 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 calculated the morphometric patars such as surface areg £263.0 acres;
0.25 knf), mean depth (z = 5.5 fedt;68 meters), and the ratio of mean depth to tifaceiarea
(z/A.>° = 0.003) for Mirror Lake which show that thesearaeters are within the range of lakes
used by Nirnberg. Based on this information, tB¥NH is confident that Ntrnberg’s empirical
nutrient-oxygen relationship holds true for Nortakota lakes and reservoirs in general and Mirror
Lake specifically. The NDDoH is also confidentitpaescribed BMPs will reduce external loading
of nutrients to Mirror Lake which will reduce alghkwoms, thereby reducing hypolimnetic oxygen
depletion rates resulting in increased oxygen ewekr time.

Best professional judgment concludes that as lefgifiosphorus are reduced by the
implementation of best management practices, disdabxygen levels will improve. This is
supported by the research of Thornton, et al (L990y state that, “... as organic deposits were
exhausted, oxygen conditions improved.” To inghet the implementation of BMPs will reduce
phosphorus levels and result in a correspondingase in dissolved oxygen, water quality
monitoring will be conducted as part of any watesimprovement project in accordance with an
approved Quality Assurance Project Plan.

5.5 Sedimentation/Siltation

As stated in Section 3.0, Water Quality Targets, IMDL report only addressed TMDL for
nutrients, as expressed as phosphorus, and didsmtygen. A separate report (NDDoH, draft
March 2008) provides an analysis of available sndpd sediment data and through multiple lines
of evidence provides justification for de-listingrkbr Lake for its sediment impairment.
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6.0 MARGIN OF SAFETY AND SEASONALITY
6.1 Margin of Safety

Section 303(d) of the Clean Water Act and EPA’sutatipns require that “TMDLs should be
established at levels necessary to attain and anaitite applicable narrative and numerical water
guality standards with seasonal variations and rgimaf safety that takes into account any lack of
knowledge concerning the relationship between efitdimitations and water quality.” The margin
of safety (MOS) can either be incorporated intossmmative 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% of the loading capaciil be used and set aside as an explicit
MOS.

Assuming the combined “normal” year tributary IdadMlirror Lake is 321.7 kg of total phosphorus
and the goal of a 50% reduction in tributary load aternal cycling has been set as the TMDL, this
would result in a target loading capacity of 16kg%f total phosphorus per year. A 10 % explicit
margin of safety for the TMDL would be 16.1 kg year.

Post-implementation monitoring and adaptive managemuring the implementation phase can
also be used to assure attainment of the TMDL targe

6.2 Seasonality

Section 303(d)(1)(C) of the Clean Water Act andER&A's regulations require that a TMDL be
established with seasonal variations. Mirror L&kKEMDL addresses seasonality because the
BATHTUB model incorporates seasonal differencessiprediction of annual total phosphorus and
nitrogen loadings.

7.0 TMDL
7.1 Nutrient TMDL
Table 14 and the following summarize the nutrieltDIL for Mirror Lake in terms of loading
capacity (LC), waste load allocations (WLA), lodbeations (LA), and a margin of safety (MOS).
The TMDL can be generically described by the foilogvequation:
TMDL = LC = WLA + LA + MOS
Where:
LC = loading capacity or the greatest loading aewaddy can receive without

violating water quality standards;

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

LA = load allocation, or the portion of the TMDU@tated to existing or future non-
point sources;
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MOS = margin of safety, or an accounting of theartainty about the relationship
between pollutant loads and receiving water qualitiie margin of safety can be
provided implicitly through analytical assumptiams as is the case with this TMDL,
explicitly by reserving a portion of the loadingpeaity.

Based on data collected between February 1995w 2D02, excluding the year 1997, the
existing load to Mirror Lake is estimated at 32kg7 Based on the BATHTUB and AGNPS
modeling results, a 50% reduction in the existotgltphosphorus loading to Mirror Lake
will result in a predicted TMDL target total phosphs concentration of 0.074 mg/L,
therefore the TMDL or Loading Capacity is 160.9 Kgssuming that 10% of the loading
capacity (160.9 kg/yr) is explicitly assigned te OS (16.1 kg) and there are no point
sources in the watershed, then all of the remaib@®@160.9 kg/yr) is assigned to the load
allocation (144.8 kglyr).

In November 2006 EPA issued a memorandum “EstabishMDL “Daily” Loads in Light

of the Decision by the U.S. Court of Appeals fae i.C. Circuit in Friends of the Earth, Inc.
v. EPA et. al., No. 05-5015 (April 25, 2006) andplimations for NPDES Permits,” which
recommends that all TMDLs and associated load afiocs and wasteload allocations
include a daily time increment in conjunction witther appropriate temporal expressions
that may be necessary to implement the relevargrvaiality standard. While the
Department believes that the appropriate tempogaiession for phosphorus loading to lakes
and reservoirs is as an annual load, the phospA®L has also been expressed as a daily
load. In order to express this phosphorus TMDh dsily load the annual loading capacity
of 160.9 kg/yr was divided by 365 days. Basednmmanalysis, the phosphorus TMDL,
expressed as an average daily load, is 0.4408 kg/itl the load allocation equal to 0.3967
kg/day and the MOS equal to 0.0441 kg/day.

Table 14. Summary of the Phosphorus TMDL for Mirror Lake.

Total
Phosphorus
Category (kalyr) Explanation

Average annual loading determined
Existing Load 321.7 through the BATHTUB model

50 percent total reduction based on
Loading Capacity 160.9 BATHTUB modeling
Waste load Allocation 0.00 No point sources

Entire loading capacity minus MOS is
Load Allocation 144.8 allocated to non-point sources

10% of the loading capacity is reserved ps
MOS 16.1 an explicit margin of safety

7.2 Dissolved Oxygen TMDL

As a result of the direct influence of eutrophioaton increased biological oxygen demand and
microbial respiration, it is anticipated that magtthe phosphorus load reduction target in Mirror
Lake will address the dissolved oxygen impairmehteduction in total phosphorus load to Mirror
Lake would be expected to lower algal biomass keirethe water column, thereby reducing the
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biological oxygen demand exerted by the decompositf these primary producers. The reduction
in biological oxygen demand is therefore assumeedalt in attainment of the dissolved oxygen
standard.

8.0 ALLOCATION

Mirror Lake’s watershed supports extensive agrigeltvhere cropland constitutes a majority of thelta
use. Sub-dividing Mirror Lake’s watershed into #erascale watersheds, based on hydrology or type o
conservation practice implemented, would not betpral based on the watershed’s size and land-lise.
assumed that this TMDL will be implemented by proehs in the watershed on a volunteer basis.
Phosphorus loads into the reservoir will be redunetteating the AGNPS identified critical ce{lsigure

7). There are 362 40-acre cells within the Milrake watershed identified as “critical” by AGNPS
modeling. Ciritical cells are those with fallow, alirgrains, or land chiseled multiple times; ashaslall
feedlots, and all land with a slopes greater tiangercent. These cells represent a total aréd,dB80
acres or 35 percent of the watershed. Based ohestiprofessional judgement, if these criticahar@ the
watershed are targeted for treatment with BMPs,(aatill, nutrient management, grazing systems,
native/tame grass seeding on steep slopes) andgqadeffectively exclude cattle from riparian aregathe
watershed, thereby improving riparian health ardriitural buffer of the tributaries, then the spedi
phosphorus load reduction is possibidso, by effectively using the hypolimnetic drawwdo according to
recommendations from the NDDoH and the North Dakidane and Fish along with other BMP’s to reduce
internal phosphorus loading, an additional phosphitwad decrease and possible added improvement in
winter dissolved oxygen levels can be expected.

Mirror Lake Watershed Critical Areas
M Fallow and SmallGrains Chiseled Multiple Times
Slopes Greater Than 5 Percent

Figure 11. AgNPS Identification of Critical Areas or BMP Implementation.
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While it is believed that instituting BMPs will ngl$ in the needed water quality improvements, tiséohy
of sediment and nutrient deposition may strongfgatfinternal nutrient cycling. The correct uselod
hypolimnetic draw down may aid in improving watesatjty, as well as providing an additional margfn o
safety for the phosphorus TMDL. Additionally, pigbivillingness towards accepting conservation pcast
will be necessary to facilitate the implementatidnhe additional BMPs that are needed in the ke’
watershed.

The TMDL in this report is a plan to improve watgrality by implementing BMPs through a volunteer,
incentive-based approach. This TMDL plan is putifas a recommendation to what must be
accomplished for Mirror Lake and its watershed &etrand protect its beneficial uses. Water quality
monitoring should continue to assess the effectea@mmendations made in this TMDL. Monitoring may
indicate that loading capacity recommendationsdpested to meet targets set for in this TMDL.

9.0 PUBLIC PARTICIPATION

To satisfy the public participation requirementtas TMDL, a hard copy of the TMDL for Mirror Lake
and a request for comment was mailed to particigaagencies, partners, and to those who requested a
copy. Those included in the mailing of a hard cagye:

» Adams County Soil Conservation District

» Adams County Water Resource Board

* Natural Resource Conservation Service (Adams Cokietid Office and State Office)
* U.S. Environmental Protection Agency, Region 8

* U.S. Fish and Wildlife Service

* North Dakota Game and Fish Department

In addition to mailing copies of this TMDL for Mor Lake to interested parties, the TMDL was posted
the North Dakota Department of Health, DivisiorvVgater Quality web site at
http://www.health.state.nd.us/wgA 30 day public notice soliciting comment andtggation was also
published in the following newspapers:

* The Adams County Record
* The Bismarck Tribune
* The Dickinson Press

In response to the Department’s public notice, cemwere received from the US Fish and Wildlife
Service’s North Dakota Field Office, the US EPA Reg8 and from one individual. Copies of these
comments and the Department’s responses are poowvidgppendices F-I.

10.0 MONITORING

To insure that BMPs implemented as part of any sght restoration plan will reduce phosphorus
loadings to levels prescribed in this TMDL, wateality monitoring will be conducted in accordance
with an approved Quality Assurance Project PlanP®RA Specifically, monitoring will be conducted fo
all variables that are currently causing impairmeeatthe beneficial uses of the waterbody. Thesledle,
but are not limited to nutrients (i.e., nitrogerdghosphorus) and chlorophwl- Once a watershed
restoration plan (e.g., Section 319 Project Impiaiai#on Plan) is implemented, monitoring will be
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conducted in the lake beginning two years aftedle@mgntation and extending 5 years after the
implementation project is completed.

11.0 TMDL IMPLEMENTATION STRATEGY

Implementation of TMDLs is dependent upon the almlity of Section 319 NPS funds and/or other
watershed restoration programs (e.g. USDA Envirorir@aiality Incentive Program), as well as securing
a local project sponsor and the required matching$. Provided these three requirements are ae péa
project implementation plan (PIP) is developeddoaadance with the TMDL and submitted to the ND
Nonpoint Source Pollution Task Force and the US ERApproval. The implementation of the best
management practices contained in the NPS pollutanagement PIP is voluntary. Therefore, success of
any TMDL implementation project is ultimately deplent on the producers in the watershed to
voluntarily implement BMPs needed to meet the TMilal.

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

12.0 ENDANGERED SPECIES ACT COMPLIANCE

The North Dakota Department of Health has reviethedist of Threatened and Endangered Species in
North Dakota as provided by the US Fish and Wigd8ervice (Appendix E). Although there are listed
species present in the county they do not utitieevtaterbody that is targeted by this TMDL. It is,
therefore, the Department’s best professional jugtgrthat the Mirror Lake TMDL poses “No Adverse
Effect” to those Threatened and Endangered spbsied for Grant County. In a letter dated Janugry
2008 (Appendix F) which was sent in response td@eartment’s request for public comments on the
Mirror Lake TMDL report, the US Fish and Wildlifee8/ice concurred with the Department’s conclusion.
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Appendix A

Dissolved Oxygen and Temperature Data

Site # Date Depth Temp DO Site # Date Depth Temp DO
380630 3/10/1995 0.5 4 15 380630 5/09/1995 0.5 11 8.4
380630 3/10/1995 1 4 15 380630 5/09/1995 1 11 8.3
380630 3/10/1995 2 5 9.2 380630 5/09/1995 2 11 8.4
380630 3/10/1995 3 6 4.2 380630 5/09/1995 3 11 8.0

380630  5/09/1995 3.5 11 7.5
380630  5/09/1995 4 12 6.5
380630  5/09/1995 4.5 12 54
380630 6/14/1995 0.5 22 9.2 380630 7/23/1995 0.5 24 7.7
380630 6/14/1995 1 22 9.2 380630 7/23/1995 1 23 7.7
380630 6/14/1995 2 21 7.9 380630 7/23/1995 2 23 8.2
380630 6/14/1995 3 18 7.9 380630 7/23/1995 3 23 7.4
380630 6/14/1995 4 15 4.4 380630  7/23/1995 4 22 21
380630 6/14/1995 4.5 14 4.4 380630 7/23/1995 4.4 21 2.0
380630 9/24/1995 0.5 13 10.4 380630 2/08/1996 0.5 3 15
380630 9/24/1995 1 13 10 380630 2/08/1996 1 3 15
380630 9/24/1995 2 13 9.8 380630 2/08/1996 2 4 13.3
380630 9/24/1995 3 13 9.8 380630 2/08/1996 3 4 12.6
380630 9/24/1995 4 13 9.4 380630 2/08/1996 4 4 10.9
380630 9/24/1995 5 13 9.3
380630 7/27/1996 0.5 22 10.3 380630 10/05/1996 0.5 13 10.6
380630 7127/1996 1 21 10.1 380630 10/05/1996 1 12 10.7
380630 7/27/1996 2 21 9.8 380630 10/05/1996 2 11 10.8
380630 7/27/1996 3 21 3.3 380630 10/05/1996 3 10 9.2
380630 7/27/1996 4 20 3.3 380630  10/05/1996 4 10 8.9
380630 7/27/1996 4.5 20 3.0
380630 2/02/1997 1 2 5.9 380630 1/15/1998 0.5 4 12.5
380630 2/02/1997 2 3 5.8 380630 1/15/1998 1 4 12.5
380630 2/02/1997 3 4 5.7 380630 1/15/1998 2 4 124
380630 2/02/1997 4 4 55 380630 1/15/1998 3 4 114
380630 1/15/1998 3.5 4 10.1
380630 4/28/1998 1 11 8.8 380630 6/03/1998 0.5 15.6 8.6
380630 4/28/1998 2 10 9.1 380630 6/03/1998 1 15.6 8.1
380630 4/28/1998 3 10 8.9 380630 6/03/1998 2 15.6 8.1
380630 4/28/1998 4 10 8.7 380630 6/03/1998 3 15.6 8.0
380630 4/28/1998 5 10 8.4 380630 6/03/1998 3.5 15.5 6.1




Site # Date Depth Temp DO Site # Date Depth Temp DO
380630 7/07/1998 0.5 22 8.3 380630 7127/1998 0.5 26 13.5
380630 7/07/1998 1 22 8.6 380630 7/27/1998 1 24 14.4
380630 7/07/1998 2 22 6.6 380630 7/27/1998 2 24 144
380630 7/07/1998 3 22 24 380630 7/27/1998 3 24 12.6
380630 7/07/1998 3.5 22 2.3 380630 7/27/1998 3.5 24 6.5
380630 8/11/1998 0.5 22 8.0 380630 8/25/1998 0.5 24 6.0
380630 8/11/1998 1 22 8.3 380630 8/25/1998 1 24 6.5
380630 8/11/1998 2 22 8.3 380630 8/25/1998 2 23 5.6
380630 8/11/1998 3 22 3.6 380630 8/25/1998 3 22 5.2
380630 8/11/1998 4 21 3.4 380630 8/25/1998 3.5 21 5.2
380630 8/11/1998 4.5 21 3.3
380630 9/14/1998 0.5 20 6.0 380630  9/29/1998 0.5 20 4.8
380630 9/14/1998 1 20 6.3 380630  9/29/1998 1 18.5 5.4
380630 9/14/1998 2 19 6.2 380630 9/29/1998 2 18 6.0
380630 9/14/1998 3 18 6.1 380630 9/29/1998 3 16.5 6.1
380630 9/14/1998 3.5 18 5.8 380630 9/29/1998 3.3 16 6.4
380630 11/20/1998 0.5 2 10.5 380630 2/09/1999 0.5 2 2.8
380630 11/20/1998 1 2 10.7 380630 2/09/1999 1 0 4.2
380630 11/20/1998 2 4 11.3 380630 2/09/1999 2 0 4.8
380630 11/20/1998 3 4 13.0 380630 2/09/1999 3 0 4.7
380630 11/20/1998 3.8 2 11.8 380630 2/09/1999 3.5 0 4.5

380630 2/09/1999 4 0 4.1
380630 2/09/1999 4.5 0 4.3
380630 4/28/1999 0.5 18 8.5 380630  7/07/1999 0.5 215 7.5
380630 4/28/1999 1 18 9.7 380630 7/07/1999 1 20.5 7.1
380630 4/28/1999 2 16.5 0.9 380630  7/07/1999 2 20 7.6
380630 4/28/1999 3 16 0.7 380630  7/07/1999 3 22 5.9
380630 4/28/1999 3.5 15 0.6 380630 7/07/1999 35 22 5.4
380630 4/28/1999 4 14 0.5 380630 7/07/1999 4 20 4.9
380630 7/07/1999 4.5 20 4.2
380630 8/10/1999 0.5 21 25 380630 8/20/1999 0.5 23 5.5
380630 8/10/1999 1 21.5 2.2 380630 8/20/1999 1 22 6.3
380630 8/10/1999 2 22 1.9 380630  8/20/1999 2 21 6.1
380630 8/10/1999 3 22 2.2 380630  8/20/1999 3 20.5 25
380630 8/10/1999 3.5 22 2.2 380630 8/20/1999 35 20 2.2
380630 8/10/1999 4 21.5 19 380630 8/20/1999 4 20 2.2
380630 8/20/1999 4.5 19.5 2.2




Site # Date Depth Temp DO Site # Date Depth Temp DO
380630 9/09/1999 0.5 17 7.5 380630 5/26/2000 0.5 16.6 7.8
380630 9/09/1999 1 16 8.1 380630 5/26/2000 1 16.6 7.8
380630 9/09/1999 2 15 8.3 380630 5/26/2000 2 16.5 7.7
380630 9/09/1999 3 14.5 8.5 380630 5/26/2000 3 16.5 7.7
380630 9/09/1999 4 14 8.3 380630 5/26/2000 3.5 16.5 7.7

380630  5/26/2000 4 16.5 7.6
380630 6/7/2000 0.5 20.6 8.5 380630 6/20/2000 0.5 20.7 9.3
380630 6/7/2000 1 20.3 8.5 380630 6/20/2000 1 19.9 9.2
380630 6/7/2000 2 18.9 8.1 380630 6/20/2000 2 19.5 8.9
380630 6/7/2000 3 17.9 6.5 380630 6/20/2000 3 19 8.1
380630 6/7/2000 3.5 17 4.3 380630 6/20/2000 4 18.2 4
380630 6/7/2000 4 16 2.8 380630  6/20/2000 5 19.8 0.6
380630 7/14/2000 0.5 255 8.7 380630  7/20/2000 0.5 23.2 7.9
380630 7/14/2000 1 254 8.6 380630 7/20/2000 1 229 8.2
380630 7/14/2000 2 255 6.2 380630 7/20/2000 2 225 7
380630 7/14/2000 3 23.9 3.8 380630 7/20/2000 3 22.4 6.8
380630 7/14/2000 4 22.3 0.2 380630 7/20/2000 4 22.3 7.1
380630 7/14/2000 4.7 21.8 0.3 380630 7/20/2000 4.8 22.3 6.9
380630 9/26/2000 0.5 10.9 8.6 380630 11/16/2000 0.5 0.5 13.1
380630 9/26/2000 1 10.7 8.6 380630 11/16/2000 1 0.9 12.6
380630 9/26/2000 2 10.7 8.6 380630 11/16/2000 2 1.8 8.5
380630 9/26/2000 3 10.6 8.6 380630 11/16/2000 3 2.3 6.5
380630 9/26/2000 3.5 10.6 8.6 380630 11/16/2000 3.5 25 5.6
380630 9/26/2000 4 10.6 8.6
380630 12/19/2000 0.5 0.2 3.7 380630 1/09/2001 0.5 12 135
380630 12/19/2000 1 1.1 35 380630  1/09/2001 1 3 114
380630 12/19/2000 2 1.9 25 380630  1/09/2001 2 4 8.7
380630 12/19/2000 3 1.9 1.7 380630 1/09/2001 3 2 7.5
380630 12/19/2000 4 2 1.2 380630 1/09/2001 3.5 2 7

380630 1/09/2001 4 2 7
380630 3/06/2001 0.5 10 10.2 380630 5/11/2001 0.5 20 15
380630 3/06/2001 1 4 10.6 380630 5/11/2001 1 14 14.7
380630 3/06/2001 2 2 9.4 380630  5/11/2001 2 14 13.8
380630 3/06/2001 3 2 7.8 380630  5/11/2001 3 13 12.3
380630 3/06/2001 3.5 2 7.9 380630 5/11/2001 4 12 12
380630 3/06/2001 4 2 6.6 380630 5/11/2001 4.5 12 11.6
380630 5/31/2001 0.5 17 15 380630 6/12/2001 0.5 19 15
380630 5/31/2001 1 16 15 380630 6/12/2001 1 19 15
380630 5/31/2001 2 16 14.5 380630 6/12/2001 2 19 14.5
380630 5/31/2001 3 15 8.4 380630  6/12/2001 3 18 13.7
380630 5/31/2001 4 14 7.8 380630 6/12/2001 4 16 11.8
380630 5/31/2001 4.4 14 9.3 380630 6/12/2001 4.5 15.5 9.8




Site # Date Depth Temp DO Site # Date Depth Temp DO
380630 6/28/2001 0.5 26 11.7 380630 7/09/2001 0.5 24 9.8
380630 6/28/2001 1 25 12 380630  7/09/2001 1 24 11.2
380630 6/28/2001 2 23 10.9 380630  7/09/2001 2 235 9.5
380630 6/28/2001 3 22 10 380630 7/09/2001 3 22 8.7
380630 6/28/2001 4 20 10.2 380630 7/09/2001 4 21 6.5
380630 6/28/2001 4.4 18 9.7
380630 8/7/2001 0.5 26 9.7 380630 8/21/2001 0.5 22 10.6
380630 8/7/2001 1 26 11.6 380630  8/21/2001 1 22 11.3
380630 8/7/2001 2 255 111 380630  8/21/2001 2 22 111
380630 8/7/2001 3 24 6.2 380630 8/21/2001 3 22 9.5
380630 8/7/2001 4 24 6.2 380630 8/21/2001 4 22 6.8
380630 9/05/2001 0.5 22 9.7 380630 9/18/2001 0.5 14 11.3
380630 9/05/2001 1 225 9.7 380630 9/18/2001 1 14 13.6
380630 9/05/2001 2 22.5 8.6 380630 9/18/2001 2 14 11.6
380630 9/05/2001 3 22 8 380630  9/18/2001 3 14 9.8
380630 9/05/2001 4 20 7.3 380630  9/18/2001 4 14 9.6
380630 10/21/2001 0.5 13 15
380630 10/21/2001 1 10 15
380630 10/21/2001 2 8 15
380630 10/21/2001 3 8 15
380630 10/21/2001 4 8 15




Appendix B

Flux Data and Analysis

Mirror Lake Inlet 380381 Flux Load Analysis

Flat Creek Inlet 380381 (95-03) VAR=NH3- 4 METHOD= 4 REG 1
TABULATI ON OF M SSI NG DAI LY FLOWE:
Flow File =380381_Q wk1l , Station =Fl ow
Daily Flows from 19950101 to 20031231
Fl ow Dates M ssing ;19960101 - 19971231
Sunmary:
Reported Fl ows = 2556
M ssing Flows = 731
Zero Flows = 787
Positive Flows = 1769
Flat Creek Inlet 380381 (95-03) VAR=NH3- 4 METHOD= 4 REG 1
STRATI FI CATI ON SCHEME:
---- DATE ---- -- SEASON -- -------- FLOW - -------
STR >=M N < MAX >=MN < MAX >=M N < MAX
1 0 0 .00 . 66
2 0 0 . 66 2.63
3 0 0 2.63 10.51
4 0 0 10.51 147. 46
STR  SAMPLES EVENTS FLONS VOLUME %
1 26 26 2125 2.03
2 37 37 237 10. 17
3 28 28 130 19.79
4 15 15 64 68. 01
EXCLUDED 0 0 0 .00
TOTAL 106 106 2556 100. 00
Flat Creek Inlet 380381 (95-03) VAR=NH3- 4 METHOD= 4 REG 1
Conparison of Sanpled & Total Flow Distributions
------ SAMPLED - - - - - ------- TOTAL ------
STRAT N MEAN STD DEV N VMEAN STD DEV Dl FF T PROB(>T)
1 26 .21 .21 2125 .03 .10 .18 -4.23 . 000
2 37 1.48 .52 237 1.44 .54 .04 -.41 . 683
3 28 5.58 2.54 130 5.11 2.02 .47 -.93 . 364
4 15 49. 67 36. 90 64 35. 67 29. 56 14.00 -1.37 . 184
*xk 106 9. 07 21.49 2556 1.31 7.31 7.76 -3.71 . 001
Average Sanple Interval = 28.3 Days, Date Range = 19950313 to 20030527
Maxi mum Sanpl e Interval = 940 Days, Date Range = 19950828 to 19980326
Percent of Total Flow Volune Qccuring In This Interval = 1.2%
Total Fl ow Vol ume on Sanpl ed Days = 961.5 hnB
Total Flow Volume on Al Days = 3356. 7 hnB
Percent of Total Flow Volunme Sanpled = 28. 6%



Maxi mum Sanpl ed Fl ow Rate

Maxi mum Tot al
Nunber of Days when Fl ow Exceeded Maxi mum Sanpl ed Fl ow =
Fl ow Rat es Exceedi ng the
4. 0%

Percent of Tot al

Fl ow Rat

e

Maxi mum Sanpl ed Fl ow Rate =

Fl at Creek Inlet 380381 (95-03)
COVPARI SON OF SAMPLED AND TOTAL FLOW DI STRI BUTI ONS

Fl ow Vol ume Cccurring at

VAR=NH3- 4

126.51 hnB/yr
134. 05 hnB/yr

METHOD= 4 REG 1

1 out of 2556

STR NQ NC NE VO.% TOTAL FLOW SAMPLED FLOW C/Q SLOPE SIGNI F
1 2125 26 26 2.0 . 032 . 209 . 231 . 122
2 237 37 37 10.2 1. 440 1.478 . 015 . 968
3 130 28 28 19.8 5.111 5.584 . 447 . 145
4 64 15 15 68.0 35. 670 49. 667 . 596 . 214
*xx 2556 106 106 100.0 1.313 9. 070
FLOW STATI STI CS
FLOW DURATI ON = 2556.0 DAYS = 6.998 YEARS
VEAN FLOW RATE = 1. 313 HWB/ YR
TOTAL FLOW VOLUME = 9.19 HMB
FLOW DATE RANGE = 19950101 TO 20031231
SAMPLE DATE RANGE = 19950313 TO 20030527
VETHOD MASS (KG FLUX (K@ YR) FLUX VARI ANCE CONC ( PPB) cv
1 AV LQAD 1831.5 261.7 . 1028E+05 199. 30 . 387
2 QWD C 1083. 8 154.9 . 3589E+04 117.93 . 387
3 1JC 1081. 2 154.5 . 3637E+04 117. 65 . 390
4 REG 1 888.5 127.0 . 2383E+04 96. 68 . 385
5 REG 2 976.9 139.6 . 2990E+04 106. 31 . 392
6 REG 3 1109.6 158. 6 . 7T068E+04 120. 74 . 530
Flat Creek Inlet 380381 (95-03) VAR=NH3- 4 METHOD= 4 REG 1
Load Tine Series
------ Model ------ ----Interpol at ed----
Sanpl e Vol une Mass Conc Mass Conc
Dat e Days Count (hnB) (kg) (ppb) (kg) (ppb)
1995 365.00 29 1.990 175.5 88. 20 103. 3 51.92
1998 365.00 15 . 936 85.6 91.41 66. 6 71.16
1999 365.00 16 1. 287 124. 4 96. 69 97.9 76. 11
2000 366.00 17 . 186 14.5 77.76 12. 4 66. 58
2001 365.00 23 4,224 445.8 105. 55 541.0 128. 09
2002 365.00 0 . 031 7.3 234.32 7.3 234.32
2003 365.00 6 . 537 35.5 66. 07 37.9 70. 65
ALL 2556.04 106 9.190 888.5 96. 68 866. 4 94. 28



Fl at Creek Inlet 380381 (95-03) VAR=NO2+NO3 METHOD= 4 REG 1
Conpari son of Sanpled & Total Flow Distributions

------ SAMPLED ----- ------- TOTAL ------
STRAT N MEAN STD DEV N MEAN STD DEV Dl FF T PROB(>T)
1 26 .21 .21 2125 .03 .10 .18 -4.23 . 000
2 37 1.48 .52 237 1.44 .54 .04 -.41 . 683
3 28 5.58 2.54 130 5.11 2.02 .47 -.93 . 364
4 15 49. 67 36. 90 64 35. 67 29.56 14.00 -1.37 . 184
ol 106 9. 07 21.49 2556 1.31 7.31 7.76 -3.71 . 001

Average Sanple Interval
Maxi mum Sanpl e | nterval

19950313 to 20030527
19950828 to 19980326

28. 3 Days, Date Range
940 Days, Date Range

Percent of Total Flow Volunme Occuring In This Interval = 1.2%
Total Fl ow Vol unme on Sanpl ed Days = 961.5 hnB

Total Flow Volunme on Al Days = 3356. 7 hnB

Percent of Total Flow Volune Sanpled = 28. 6%

Maxi mum Sanpl ed Fl ow Rate
Maxi mum Tot al Fl ow Rate
Nunber of Days when Fl ow Exceeded Maxi mum Sanpled Flow = 1 out of 2556

Percent of Tot al

126.51 hnB/yr
134. 05 hnB/yr

Fl ow Vol ume Cccurring at Fl ow Rates Exceeding the

Maxi mum Sanpl ed Fl ow Rate = 4. 0%

Fl at Creek Inlet 380381 (95-03) VAR=NOZ2+NG3 METHOD= 4 REG 1
COVPARI SON OF SAMPLED AND TOTAL FLOW DI STRI BUTI ONS

STR NQ NC NE VO.% TOTAL FLOW SAMPLED FLOW C/ Q SLOPE SIGNIF
1 2125 26 26 2.0 . 032 . 209 . 073 . 540
2 237 37 37 10.2 1. 440 1.478 -.088 . 760
3 130 28 28 19.8 5.111 5.584 . 690 . 143
4 64 15 15 68.0 35. 670 49. 667 . 763 . 166

i 2556 106 106 100.0 1.313 9. 070
FLOW STATI STI CS
FLOW DURATI ON = 2556. 0 DAYS = 6.998 YEARS

VEAN FLOW RATE
TOTAL FLOW VOLU
FLOW DATE RANGE

SAMPLE DATE RANGE

METHOD

1 AV LOAD
2 QWD C
3 1JC

4 REG 1

5 REG 2

6 REG 3

IVE

MASS (KG)

2055.
1457.
1473.
1156.
1224,
2061.

O OTwoUwaou

1.313 HVB/ YR

9.19 HWB

19950101 TO 20031231
19950313 TO 20030527

FLUX (K& YR) FLUX VAR ANCE CONC ( PPB) oY,
293.7 . 7689E+04 223. 66 . 299
208. 2 . 1992E+04 158. 57 . 214
210. 6 . 2003E+04 160. 34 . 213
165. 2 . 1424E+04 125. 83 . 228
175.0 . 1372E+04 133. 24 . 212
294. 6 . 1608E+05 224. 36 . 430



Flat Creek Inlet 380381 (95-03)
Conpari son of Sanpled & Total

------ SAMPLED ----- R

STRAT N MEAN STD DEV N

1 26 .21 .21 2125

2 37 1.48 52 237

3 28 5.58 2.54 130

4 15 49. 67 36. 90 64
ok 106 9.07 21.49 2556
Average Sanple Interval = 28.3 Days,
Maxi mum Sanpl e Interval = 940 Days,

VAR=| NORG- N
Fl ow Di stri butions

Dat e Range
Dat e Range

Percent of Total Flow Volunme Occuring In This Interval

Total Fl ow Vol ume on Sanpl ed Days
Total Flow Vol ume on All
Percent of Total Flow Volune Sanpled =

Maxi mum Sanpl ed Fl ow Rate
Maxi mum Tot al Fl ow Rate

Days

Maxi mum Sanpl ed Fl ow Rate =

Fl at Creek Inlet 380381 (95-03)

VAR=I NORG- N

961.5 hn8
3356. 7 hnB
28. 6%

126.51 hnB/yr
134. 05 hnB/yr
Nunber of Days when Fl ow Exceeded Maxi mum Sanpl ed Fl ow =
Percent of Total Flow Volune Cccurring at
4,

0%

COVPARI SON OF SAMPLED AND TOTAL FLOW DI STRI BUTI ONS

STR NQ NC NE VOL%
1 2125 26 26 2.0 . 032 . 209
2 237 37 37 10.2 1. 440 1.478
3 130 28 28 19.8 5.111 5.584
4 64 15 15 68.0 35. 670 49. 667

i 2556 106 106 100.0 1.313 9. 070
FLOW STATI STI CS
FLOW DURATI ON = 2556. 0 DAYS = 6.998 YEARS

VEAN FLOW RATE =
TOTAL FLOW VOLUME
FLOW DATE RANGE
SAMPLE DATE RANGE

METHOD MASS (KG)
1 AV LOAD 3887.0
2 QWD C 2541. 0
3 1JC 2554. 7
4 REG 1 2072.5
5 REG 2 2220. 6
6 REG 3 2694. 4

1.313 HVB/ YR

9.19 HWB

FLUX (K& YR)

555.
363.
365.
296.
317.
385.

OQOWNEFREL AN

19950101 TO 20031231
19950313 TO 20030527

VETHOD= 4 REG 1

Dl FF
.18
.04
.47

14. 00

7.76

19950313 to
19950828 to
1.2%

METHOD= 4 REG 1

T PROB(>T)
-4.23  .000
-.41  .683
-.93 .364
-1.37 .184
-3.71  .001
20030527
19980326

FLUX VARI ANCE CONC ( PPB)

. 2659E+05
. 7788E+04
. 7T661E+04
. 5332E+04
. 6293E+04
. 2080E+05

422.
276.
277.
225.
241.
293.

96
50
99
52
64
19

1 out of 2556
Fl ow Rat es Exceeding the

TOTAL FLOW SAVMPLED FLOW C/Q SLOPE SIGN F
. 192
-.038
. 835
. 642

. 169
. 878
. 016
. 137

cv

. 294
. 243
. 240
. 247
. 250
. 375



Flat Creek Inlet 380381 (95-03)
Conpari son of Sanpled & Total

------ SAMPLED ----- R

STRAT N MEAN STD DEV N

1 26 .21 21 2125

2 37 1.48 52 237

3 28 5.58 2.54 130

4 15 49. 67 36. 90 64
ok 106 9.07 21.49 2556
Average Sanple Interval = 28.3 Days,
Maxi mum Sanpl e Interval = 940 Days,

VAR=TKN
Fl ow Di stri butions

Dat e Range
Dat e Range

Percent of Total Flow Volunme Occuring In This Interval

Total Fl ow Vol ume on Sanpl ed Days
Total Flow Vol unme on All
Percent of Total Flow Volune Sanpled =

Maxi mum Sanpl ed Fl ow Rate
Maxi mum Tot al Fl ow Rate

Days

961.5 hn8
3356. 7 hnB
28. 6%

126.51 hnB/yr
134. 05 hnB/yr
Nunber of Days when Fl ow Exceeded Maxi mum Sanpl ed Fl ow =
Percent of Total Flow Volune Cccurring at

VETHOD= 4 REG 1

Dl FF
.18
.04
.47

14. 00

7.76

19950313 to
19950828 to
1.2%

T PROB(>T)
-4.23  .000
-.41  .683
-.93 .364
-1.37 .184
-3.71  .001
20030527
19980326

1 out of 2556
Fl ow Rat es Exceeding the

. 015
. 053
. 937
. 964

Maxi mum Sanpl ed Fl ow Rate = 4. 0%
Fl at Creek Inlet 380381 (95-03) VAR=TKN VETHOD= 4 REG 1
COVPARI SON OF SAMPLED AND TOTAL FLOW DI STRI BUTI ONS
STR NQ NC NE VO.% TOTAL FLOW SAMPLED FLOW C/ Q SLOPE SIGNIF
1 2125 26 26 2.0 . 032 . 209 . 062
2 237 37 37 10.2 1. 440 1.478 -.312
3 130 28 28 19.8 5.111 5.584 . 009
4 64 15 15 68.0 35.670 49. 667 -.004
* ko 2556 106 106 100.0 1.313 9. 070
FLOW STATI STI CS
FLOW DURATI ON = 2556.0 DAYS = 6.998 YEARS

VEAN FLOW RATE =
TOTAL FLOW VOLUME
FLOW DATE RANGE
SAMPLE DATE RANGE

METHOD MASS (KG)
1 AV LOAD 19803. 3
2 QWD C 13766. 3
3 1JC 13783. 3
4 REG 1 13747. 8
5 REG 2 13838. 6
6 REG 3 13720. 7

1.313 HWVB/ YR

9.19 HWB

FLUX (K& YR)

2829.
1967.
1969.
1964.
1977.
1960.

~NoroTo N ©

19950101 TO 20031231
19950313 TO 20030527

FLUX VARI ANCE CONC ( PPB)

. 1788E+06
. 1681E+05
. 1747E+05
. 1124E+05
. 1214E+05
. 1326E+05

2154.
1497.
1499.
1495.
1505.
1493.

89
97
82
96
85
02

cv

. 149
. 066
. 067
. 054
. 056
. 059



Fl at Creek Inlet 380381 (95-03) VAR=TOT- N METHOD= 4 REG 1
Conpari son of Sanpled & Total Flow Distributions

------ SAMPLED - ---- ------- TOTAL ------
STRAT N MEAN STD DEV N MEAN STD DEV Dl FF T PROB(>T)
1 26 .21 .21 2125 .03 .10 .18 -4.23 . 000
2 37 1.48 .52 237 1.44 .54 .04 -.41 . 683
3 28 5. 58 2.54 130 5.11 2.02 .47 -.93 . 364
4 15 49. 67 36. 90 64 35. 67 29.56 14.00 -1.37 . 184
ol 106 9. 07 21.49 2556 1.31 7.31 7.76 -3.71 . 001

Average Sanple Interval
Maxi mum Sanpl e | nterval

19950313 to 20030527
19950828 to 19980326

28. 3 Days, Date Range
940 Days, Date Range

Percent of Total Flow Volunme Occuring In This Interval = 1. 2%
Total Fl ow Vol unme on Sanpl ed Days = 961.5 hnB

Total Flow Volunme on Al Days = 3356. 7 hnB

Percent of Total Flow Volune Sanpled = 28. 6%

Maxi mum Sanpl ed Fl ow Rate
Maxi mum Tot al Fl ow Rate
Nunber of Days when Fl ow Exceeded Maxi mum Sanpled Flow = 1 out of 2556

Percent of Tot al

126.51 hnB/yr
134. 05 hnB/yr

Fl ow Vol ume Cccurring at Fl ow Rates Exceeding the

Maxi mum Sanpl ed Fl ow Rate = 4. 0%

Fl at Creek Inlet 380381 (95-03) VAR=TOT- N METHOD= 4 REG 1
COVPARI SON OF SAMPLED AND TOTAL FLOW DI STRI BUTI ONS

STR NQ NC NE VO.% TOTAL FLOW SAMPLED FLOW C/Q SLOPE SIGNIF
1 2125 26 26 2.0 . 032 . 209 . 066 . 019
2 237 37 37 10.2 1. 440 1.478 -. 309 . 050
3 130 28 28 19.8 5.111 5.584 . 046 . 703
4 64 15 15 68.0 35. 670 49. 667 . 042 . 714

i 2556 106 106 100.0 1.313 9. 070
FLOW STATI STI CS
FLOW DURATI ON = 2556. 0 DAYS = 6.998 YEARS

VEAN FLOW RATE
TOTAL FLOW VOLU
FLOW DATE RANGE

SAMPLE DATE RANGE

METHOD

1 AV LOAD
2 QWD C
3 1JC

4 REG 1

5 REG 2

6 REG 3

IVE

MASS (KG)

21858.
15223.
15256.
15029.
15161.
15026.

~NOo ©O© oo~

1.313 HWB/ YR

9.19 HWB

19950101 TO 20031231
19950313 TO 20030527

FLUX (K& YR) FLUX VARI ANCE CONC ( PPB) oY,
3123. 6 . 2487E+06 2378. 55 . 160
2175. 4 . 2604E+05 1656. 54 . 074
2180. 2 . 2703E+05 1660. 16 . 075
2147.8 . 1706E+05 1635. 47 . 061
2166. 6 . 1812E+05 1649. 81 . 062
2147. 3 . 2124E+05 1635. 12 . 068



Fl at Creek Inlet 380381 (95-03) VAR=TOT- P METHOD= 4 REG 1
Conpari son of Sanpled & Total Flow Distributions

------ SAMPLED - ---- ------- TOTAL ------
STRAT N MEAN STD DEV N MEAN STD DEV Dl FF T PROB(>T)
1 26 .21 .21 2125 .03 .10 .18 -4.23 . 000
2 37 1.48 .52 237 1.44 .54 .04 -.41 . 683
3 28 5. 58 2.54 130 5.11 2.02 .47 -.93 . 364
4 15 49. 67 36. 90 64 35. 67 29.56 14.00 -1.37 . 184
ol 106 9. 07 21.49 2556 1.31 7.31 7.76 -3.71 . 001

Average Sanple Interval
Maxi mum Sanpl e | nterval

19950313 to 20030527
19950828 to 19980326

28. 3 Days, Date Range
940 Days, Date Range

Percent of Total Flow Volunme Occuring In This Interval = 1. 2%
Total Fl ow Vol unme on Sanpl ed Days = 961.5 hnB

Total Flow Volunme on Al Days = 3356. 7 hnB

Percent of Total Flow Volune Sanpled = 28. 6%

Maxi mum Sanpl ed Fl ow Rate
Maxi mum Tot al Fl ow Rate
Nunber of Days when Fl ow Exceeded Maxi mum Sanpled Flow = 1 out of 2556

Percent of Tot al

126.51 hnB/yr
134. 05 hnB/yr

Fl ow Vol ume Cccurring at Fl ow Rates Exceeding the

Maxi mum Sanpl ed Fl ow Rate = 4. 0%

Fl at Creek Inlet 380381 (95-03) VAR=TOT- P METHOD= 4 REG 1
COVPARI SON OF SAMPLED AND TOTAL FLOW DI STRI BUTI ONS

STR NQ NC NE VO.% TOTAL FLOW SAMPLED FLOW C/ Q SLOPE SIGNIF
1 2125 26 26 2.0 . 032 . 209 . 140 . 128
2 237 37 37 10.2 1. 440 1.478 -.490 . 235
3 130 28 28 19.8 5.111 5.584 . 410 . 250
4 64 15 15 68.0 35. 670 49. 667 . 303 . 153

i 2556 106 106 100.0 1.313 9. 070
FLOW STATI STI CS
FLOW DURATI ON = 2556. 0 DAYS = 6.998 YEARS

VEAN FLOW RATE
TOTAL FLOW VOLU
FLOW DATE RANGE

SAMPLE DATE RANGE

METHOD

1 AV LOAD
2 QWD C
3 1JC

4 REG 1

5 REG 2

6 REG 3

IVE

MASS (KG)

3433.
2463.
2472.
2249.
2302.
2436.

P OWOON

1.313 HWB/ YR

9.19 HWB

19950101 TO 20031231
19950313 TO 20030527

FLUX (K& YR) FLUX VARI ANCE CONC ( PPB) oY,
490. 6 . 1127E+05 373. 59 . 216
352. 1 . 1825E+04 268. 11 121
353. 3 . 1848E+04 269. 06 122
321. 4 . 1466E+04 244.76 . 119
329.1 . 1623E+04 250. 59 122
348. 1 . 2465E+04 265. 09 . 143



Flat Creek Inlet 380381 (95-03) VAR=TSS

VETHOD= 4 REG 1

Conpari son of Sanpled & Total Flow Distributions

STRAT N
1 26
2 37
3 28
4 15
* k% 106

SAMPLED ----- = ------- TOTAL ------
MEAN STD DEV N MEAN STD DEV Dl FF T PROB(>T)
.21 .21 2125 .03 .10 .18 -4.23 . 000
1.48 .52 237 1.44 .54 .04 -.41 . 683
5. 58 2.54 130 5.11 2.02 .47 -.93 . 364
49. 67 36. 90 64 35. 67 29.56 14.00 -1.37 . 184
9. 07 21.49 2556 1.31 7.31 7.76 -3.71 . 001

Average Sanple Interval =

Maxi mum Sanpl e | nterval

19950313 to 20030527
19950828 to 19980326

28. 3 Days, Date Range
940 Days, Date Range

Percent of Total Flow Volunme Occuring In This Interval = 1. 2%
Total Fl ow Vol unme on Sanpl ed Days = 961.5 hnB

Total Flow Volunme on Al Days = 3356. 7 hnB

Percent of Total Flow Volune Sanpled = 28. 6%

Maxi mum Sanpl ed Fl ow Rate
Fl ow Rate
Nunber of Days when Fl ow Exceeded Maxi mum Sanpled Flow = 1 out of 2556
Fl ow Vol ume Cccurring at Fl ow Rates Exceeding the

Maxi mum Tot al

Percent of Tot al

Fl at Creek Inlet 380381 (95-03) VAR=TSS

126.51 hnB/yr
134. 05 hnB/yr

Maxi mum Sanpl ed Fl ow Rate = 4. 0%

METHOD= 4 REG 1

COVPARI SON OF SAMPLED AND TOTAL FLOW DI STRI BUTI ONS

STR
1 2125
2 237
3 130
4 64

* % %

26
37
28
15

2556 106 106 1

FLOW STATI STI CS
FLOW DURATI ON =

VEAN FLOW RATE =
TOTAL FLOW VOLUME

FLOW DATE RANGE

SAMPLE DATE RANGE

OO, WNBE

MASS
205519.
146482.
148898.
121561.
1275009.
120914.

NQ NC NE VO.% TOTAL FLOW SAMPLED FLOW C/ Q SLOPE SIGNIF

26 2.0 . 032 . 209 . 026 . 612
37 10.2 1. 440 1.478 -.182 . 511
28 19.8 5.111 5.584 -.043 . 637
15 68.0 35. 670 49. 667 . 654 . 010
00.0 1.313 9. 070
2556. 0 DAYS = 6.998 YEARS

(KQ

~NWwWwNNDA D

1.313 HWVB/ YR

9.19 HWB

19950101 TO 20031231
19950313 TO 20030527

FLUX (K& YR) FLUX VARI ANCE CONC ( PPB) oY,
29368. 5 . 8264E+08  22363. 54 . 310
20932. 2 .1912E+08  15939. 45 . 209
21277.5 .1969E+08  16202. 37 . 209
17371.0 . 7460E+07  13227.65 . 157
18221.0 . 8222E+07  13874.89 . 157
17278. 6 .1199E+08  13157.31 . 200



Mrror Lake Qutlet 380382 Flux Load Analysis

Lake CQutl et

VAR=NH3- 4

TABULATI ON OF M SSI NG DAI LY FLOWE:

Fl ow Fil e =380382_Q wk1l
Daily Flows from 19950101 to 20031231
Fl ow Dates M ssing

Sumary:

Reported Fl ows = 2556

M ssing Flows =
Zero Flows =
Positive Fl ows

731
787
1769

Lake CQutl et
STRATI FI CATI ON SCHEME:
---- DATE ----
STR >=M N < MAX
1
2
STR  SAMPLES EVENTS
1 64 64
2 66 66
EXCLUDED 0 0
TOTAL 130 130
Lake Qutl et

19960101 - 19971231
VAR=NH3- 4 METHOD= 2 Q WID C
-- SEASON --  -------- FLOW --------
>=>M N < MAX >=M N < MAX
0 0 00 1.37
0 0 1.37 153. 35
FLOAS VOLUME %
2231 5.01
325 94. 99
0 . 00
2556 100. 00
VAR=NH3- 4 METHOD= 2 Q WID C

, Station =cfs

COVPARI SON OF SAMPLED AND TOTAL FLOW DI STRI BUTI ONS

METHOD= 2 Q WID C

171
. 033

. 006
. 816

STR NQ NC NE VO.% TOTAL FLOW SAMPLED FLOW C/Q SLOPE SIGNIF
1 2231 64 64 5.0 . 078 . 396
2 325 66 66 95.0 10. 203 13. 075
i 2556 130 130 100.0 1. 366 6. 833
FLOW STATI STI CS
FLOW DURATI ON = 2556. 0 DAYS = 6.998 YEARS

MEAN FLOW RATE
TOTAL FLOW VCOLU
FLOW DATE RANGE

SAMPLE DATE RANGE

VETHOD
1 AV LCAD
2 QWD C
3 1JC
4 REG 1
5 REG 2
6 REG 3

IVE

MASS (KGO

3755.
2345.
2327.
2280.
2395.
2960.

OCOoORFR,rWOoOR

1.366 HVB/ YR

9.56 HMWB

FLUX (K& YR)

536.
335.
332.
325.
342.
423.

P WoOOoONO®

19950101 TO 20031231
19950310 TO 20030624

FLUX VARI ANCE CONC ( PPB)

. 1603E+05
. 6774E+04
. 7115E+04
. 6030E+04
. 6551E+04
. 1453E+05

392.
245,
243.
238.
250.
309.

89
42
51
56
65
79

cv
. 236
. 246
. 254
. 238
. 236
. 285



Lake CQutl et

VAR=NO2+NGC3 METHOD= 2 Q WD C
COVPARI SON OF SAMPLED AND TOTAL FLOW DI STRI BUTI ONS

STR NQ NC NE VOL%
1 2231 64 64 5.0 . 078 . 396
2 325 66 66 95.0 10. 203 13. 075
i 2556 130 130 100.0 1. 366 6. 833
FLOW STATI STI CS
FLOW DURATI ON = 2556. 0 DAYS = 6.998 YEARS

MEAN FLOW RATE =
TOTAL FLOW VOLUME

FLOW DATE RANGE

SAMPLE DATE RANGE

METHOD MASS ( KG
1 AV LOAD 3322.7
2 QWD C 2093.5
3 1JC 2079.9
4 REG 1 2004.0
5 REG 2 2125.0
6 REG 3 3106.1
Lake Cutl et

1.366 HVB/ YR

9.56 HMB

19950101 TO 20031231
19950310 TO 20030624

. 198
. 091

FLUX VARI ANCE CONC ( PPB)

FLUX (K& YR)

474. 8 . 1044E+05
299. 2 . 4073E+04
297. 2 . 4411E+04
286. 4 . 3735E+04
303. 7 . 4758E+04
443. 9 . 1236E+05
VAR=I NORG- N

COVPARI SON OF SAMPLED AND TOTAL FLOW DI STRI BUTI ONS

STR NQ NC NE VOL%
1 2231 64 64 5.0 . 078 . 396
2 325 66 66 95.0 10. 203 13. 075
*xx 2556 130 130 100.0 1. 366 6. 833
FLOW STATI STI CS
FLOW DURATI ON = 2556. 0 DAYS = 6.998 YEARS

MEAN FLOW RATE =

TOTAL FLOW VOLU
FLOW DATE RANGE

SAMPLE DATE RANGE

METHOD
1 AV LOAD
2 QWD C
3 1JC

4 REG 1

5 REG 2

6 REG 3

IVE

MASS (KQ)

7077.
4439.
4407.
4288.
4531.
5854.

8

AR, ANPR

1.366 HMVB/ YR

9.56 HWB

19950101 TO 20031231
19950310 TO 20030624

FLUX (K& YR)

1011.
634.
629.
612.
647.
836.

O U100 WS

347.
219.
217.
2009.
222.
324.

65
04
62
68
34
99

METHOD= 2 Q WID C

. 194
. 051

FLUX VARI ANCE CONC ( PPB)

. 4972E+05
. 2016E+05
. 2157E+05
. 1820E+05
. 2100E+05
. 4108E+05

740.
464.
461.
448.
474.
612.

54
46
12
69
08
55

TOTAL FLOW SAMPLED FLOW C/ Q SLOPE SIGNIF

. 002
. 543

cv
. 215
. 213
. 223
. 213
. 227
. 250

TOTAL FLOW SAVMPLED FLOW C/Q SLOPE SIGN F

. 001
. 706

cv
. 220
. 224
. 233
. 220
. 224
. 242



Lake CQutl et

VAR=TKN

METHOD= 2 Q WID C
COVPARI SON OF SAMPLED AND TOTAL FLOW DI STRI BUTI ONS

STR NQ NC NE VOL%
1 2231 64 64 5.0 . 078 . 396
2 325 66 66 95.0 10. 203 13. 075
i 2556 130 130 100.0 1. 366 6. 833
FLOW STATI STI CS
FLOW DURATI ON = 2556. 0 DAYS = 6.998 YEARS

MEAN FLOW RATE =

TOTAL FLOW VCOLU
FLOW DATE RANGE

SAMPLE DATE RANGE

MVETHOD

1 AV LOAD
2 QWD C
3 1JC

4 REG 1

5 REG 2

6 REG 3

Lake Cutl et

IVE

MASS

(KG
18623.
12575.
12478.
12543.
12583.
12737.

O~NNOOIN

1.366 HVB/ YR

9.56 HMB

19950101 TO 20031231
19950310 TO 20030624

. 012
. 006

FLUX VARI ANCE CONC ( PPB)

FLUX (K& YR)

2661. 3 . 2566E+06
1797.0 . 7180E+05
1783.1 . 8024E+05
1792. 4 . 6534E+05
1798. 2 . 7715E+05
1820. 1 . 4054E+05
VAR=TOT- N

COVPARI SON OF SAMPLED AND TOTAL FLOW DI STRI BUTI ONS

STR NQ NC NE VOL%
1 2231 9 9 5.0 . 078 . 513
2 325 20 20 95.0 10. 203 16. 211
*xx 2556 29 29 100.0 1. 366 11. 339
FLOW STATI STI CS
FLOW DURATI ON = 2556.0 DAYS = 6.998 YEARS

MEAN FLOW RATE

TOTAL FLOW VOLUME

FLOW DATE RANGE

SAMPLE DATE RANGE

METHOD
1 AV LOAD
2 QWD C
3 1JC

4 REG 1

5 REG 2

6 REG 3

MASS (KQ)

21561.
11912.
11709.
12160.
11638.
13051.

NNOTWOoO O

1.366 HMVB/ YR

9.56 HWB

19950101 TO 20031231
19950310 TO 19950705

FLUX (K& YR)

3081.
1702.
1673.
1737.
1663.
1865.

ORL~NNWPE

1948.
1315.
1305.
1312.
1316.
1332.

59
77
57
39
63
66

METHOD= 2 Q WID C

-.201
-.001

FLUX VARI ANCE CONC ( PPB)

. 1156E+07
. 3137E+05
. 2206E+05
. 2727E+05
. 1803E+05
. 5428E+05

2255.
1246.
1225.
1272.
1217.
1365.

98
41
14
35
70
54

TOTAL FLOW SAMPLED FLOW C/ Q SLOPE SIGNIF

. 660
. 866

cv
. 190
. 149
. 159
. 143
. 154
111

TOTAL FLOW SAMPLED FLOW C/Q SLOPE SIGN F

. 122
. 988

cv
. 349
. 104
. 089
. 095
. 081
. 125



Lake Qutl et VAR=TOT- P METHOD= 2 Q WID C
COVPARI SON OF SAMPLED AND TOTAL FLOW DI STRI BUTI ONS
STR NQ NC NE VOL% TOTAL FLOW SAMPLED FLOW C/ Q SLOPE SIGNIF
1 2231 9 9 5.0 . 078 . 513 .106  .665
2 325 20 20 95.0 10. 203 16. 211 .045 .788
* ok 2556 29 29 100.0 1. 366 11. 339
FLOW STATI STI CS
FLOVDURATION =  2556.0 DAYS = 6.998 YEARS
MEAN FLOW RATE = 1.366 HVB/ YR
TOTAL FLOW VOLUME = 9.56 HVB
FLOW DATE RANGE = 19950101 TO 20031231
SAMPLE DATE RANGE = 19950310 TO 19950705
METHOD MASS (KG  FLUX (K@ YR) FLUX VAR ANCE CONC ( PPB) oY,
1 AV LOAD 2403. 3 343. 4 . 1126E+05 251. 46 . 309
2 QWD C 1250. 6 178.7 . 3658E+04 130. 85 . 338
3 1JC 1185. 4 169. 4 . 3866E+04 124. 03 . 367
4 REG 1 1211. 7 173.1 . 3853E+04 126. 78 . 359
5 REG 2 1228. 7 175. 6 . 4196E+04 128. 56 . 369
6 REG 3 1706. 0 243.8 . 5784E+04 178. 50 . 312
Lake Qutl et VAR=TSS METHOD= 2 Q WID C
COVPARI SON OF SAMPLED AND TOTAL FLOW DI STRI BUTI ONS
STR NQ NC NE VOL% TOTAL FLOW SAMPLED FLOW C/ Q SLOPE SIGNIF
1 2231 9 9 5.0 . 078 .513 312 . 444
2 325 20 20 95.0 10. 203 16. 211 -.069 .484
*ok 2556 29 29 100.0 1. 366 11. 339
FLOW STATI STI CS
FLOWDURATION =  2556.0 DAYS = 6.998 YEARS
MEAN FLOW RATE = 1. 366 HVB/ YR
TOTAL FLOW VOLUME = 9.56 HVB
FLOW DATE RANGE = 19950101 TO 20031231
SAMPLE DATE RANGE = 19950310 TO 19950705
METHOD MASS (KG  FLUX (K@ YR) FLUX VAR ANCE CONC ( PPB) oY,
1 AV LOAD 387590. 4 55386. 3 . 1056E+10  40553. 39 . 587
2 QWD C 124631. 7 17809. 8 . 2632E+08  13040. 15 . 288
3 1JC 124365. 5 17771.7 . 2496E+08  13012. 30 . 281
4 REG 1 110449. 8 15783. 2 . 7460E+07  11556. 30 173
5 REG 2 141441, 2 20211. 8 .5135E+08  14798. 92 . 355
6 REG 3 108992. 2 15574. 9 . 1660E+08  11403. 79 . 262



Mirror Lake Stormwater Outfall 380383 Flux Load Analysis

Storm Water Qutfall 380383 VAR=i norg METHOD= 2 Q WID C
TABULATI ON OF M SSI NG DAI LY FLOWE:

Fl ow Fil e =380383_Q wk1l , Station =cfs

Daily Flows from 19950101 to 20031231

Fl ow Dat es M ssing : 19960101 - 19971231

Summary:

Reported Fl ows = 2556

M ssing Flows = 731

Zero Flows = 1673

Positive Flows = 883

Storm Water Qutfall 380383 VAR=i nor g METHOD= 2 Q WID C

Conpari son of Sanpled & Total Flow Distributions

------ SAMPLED - - - - - ------- TOTAL ------
STRAT N VMEAN STD DEV N VMEAN STD DEV Dl FF T PROB(>T)
1 30 6.31 5.53 2556 .04 .17 6.27 -6.21 . 000

*xx 30 6.31 5.53 2556 .04 .17 6.27 -6.21 . 000

6.0 Days, Date Range 19950313 to 19950910

Average Sanple Interval

Maxi mum Sanpl e Interval = 53 Days, Date Range 19950705 to 19950828
Percent of Total Flow Volunme Occuring In This Interval = 1. 0%

Total Flow Vol unme on Sanpl ed Days = 4.3 hnB

Total Flow Volune on Al Days = 101.5 hnB

Percent of Total Flow Volune Sanpled = 4. 2%

Maxi mum Sanpl ed Fl ow Rate = 16. 09 hnB/yr

Maxi mum Tot al Fl ow Rate = 2.67 hnB/yr

Nunber of Days when Fl ow Exceeded Maxi mum Sanpled Flow = 0 out of 2556
Percent of Total Flow Volune CQccurring at Flow Rates Exceeding the

Maxi mum Sanpl ed Fl ow Rate = . 0%
Storm Water Qutfall 380383 VAR=i nor g METHOD= 2 Q WID C
COVPARI SON OF SAMPLED AND TOTAL FLOW DI STRI BUTI ONS
STR NQ NC NE VO.% TOTAL FLOW SAMPLED FLOW C/ Q SLOPE SIGNIF
1 2556 30 30 100.0 . 040 6. 306 -.074 . 452
* ko 2556 30 30 100.0 . 040 6. 306
FLOW STATI STI CS
FLOW DURATI ON = 2556.0 DAYS = 6.998 YEARS
MEAN FLOW RATE = . 040 HWB/ YR

TOTAL FLOW VOLUME
FLOW DATE RANGE
SAMPLE DATE RANGE

.28 HVB
19950101 TO 20031231
19950313 TO 19950910

METHOD MASS (KG  FLUX (KGYR) FLUX VAR ANCE CONC (PPB) oY,
1 AV LOAD 11839. 6 1691.9 .1293E+06  42617.04  .213
2 QWD C 74.5 10. 7 . 2871E+01 268. 32 . 159
3 1JC 74.4 10. 6 . 2882E+01 267.73 . 160
4 REG 1 108. 7 15.5 . 1007E+03 391. 26 . 646
5 REG 2 44.0 6.3 . 1762E+03 158.53  2.109
6 REG 3 117. 4 16. 8 . 3469E+02 422. 47 . 351



Storm Water CQutfa
STR NQ NC
1 2556 30
* kK 2556 30

FLOW STATI STI CS
FLOW DURATI ON =
MEAN FLOW RATE =
TOTAL FLOW VOLUME
FLOW DATE RANGE
SAMPLE DATE RANGE

[l 380383 VAR=t n

METHOD= 2 Q WID C
COVPARI SON OF SAMPLED AND TOTAL FLOW DI STRI BUTI ONS

NE VOL%
30 100.0 . 040 6. 306
30 100.0 . 040 6. 306
2556. 0 DAYS = 6.998 YEARS
. 040 HVB/ YR
. 28 HMB

19950101 TO 20031231
19950313 TO 19950910

-. 037

FLUX VARI ANCE CONC ( PPB)

. 3099E+07
. 2304E+02
. 2315E+02
. 5063E+03
. 5726E+03
. 1678E+03

261709.
1647.
1646.
1982.
1388.
2011.

50
72
11
86
15
33

METHOD= 2 Q WID C

6. 306
6. 306

YEARS

METHOD MASS (KG  FLUX (K& YR)
1 AV LOAD 72706. 4 10389. 7
2 QWD C 457. 8 65. 4
3 1JC 457. 3 65. 3
4 REG 1 550. 9 78.7
5 REG 2 385. 6 55. 1
6 REG 3 558. 8 79. 8
Storm Water Qutfall 380383 VAR=t p
COVPARI SON OF SAVPLED AND TOTAL FLOW DI STRI BUTI ONS
STR NQ NC NE VOL%

1 2556 30 30 100.0 . 040
* %k 2556 30 30 100.0 . 040
FLOW STATI STI CS

FLOWDURATION =  2556.0 DAYS = 6.998
MEAN FLOW RATE = . 040 HVB/ YR

TOTAL FLOW VOLUVE .28 HWB

FLOW DATE RANGE
SAMPLE DATE RANGE

19950101 TO 20031231
19950313 TO 19950910

METHOD MASS (KG  FLUX (K& YR)
1 AV LOAD 12304. 7 1758. 3
2 QWD C 77.5 11.1
3 1JC 77.7 11.1
4 REG 1 54.8 7.8
5 REG 2 87.5 12.5
6 REG 3 60. 4 8.6

. 068

FLUX VARI ANCE CONC ( PPB)

. 2057E+06
. 4486E+01
. 4662E+01
. 1344E+01
. 7285E+01
. 1777E+01

44291
278
279
197
314
217

.22
. 86
. 86
.32
.95
.51

TOTAL FLOW SAMPLED FLOW C/ Q SLOPE SIGNIF
. 363

cv

. 169
. 073
. 074
. 286
. 434
. 162

TOTAL FLOW SAVMPLED FLOW C/Q SLOPE SIGN F
. 341

cv

. 258
. 191
. 194
. 148
. 216
. 154



380383

VAR=N2n3n

COVPARI SON OF SAMPLED AND TOTAL FLOW DI STRI BUTI ONS

Storm Water CQutfall
STR NQ NC
1 2556 30
* ok 2556 30

FLOW STATI STI CS
FLOW DURATI ON =
MEAN FLOW RATE =
TOTAL FLOW VOLUME
FLOW DATE RANGE
SAMPLE DATE RANGE

NE VOL%
30 100.0 . 040 6. 306
30 100.0 . 040 6. 306
2556. 0 DAYS = 6.998 YEARS
. 040 HMB/ YR
. 28 HMB

19950101 TO 20031231
19950313 TO 19950910

METHOD= 2 Q WID C

-. 040

FLUX VARI ANCE CONC ( PPB)

. 2681E+06
. 4644E+01
. 4817E+01
. 9463E+02
. 9384E+02
. 2596E+03

66374. 20
417. 89
417. 38
511.51
344. 39
773. 45

METHOD= 2 Q WID C

6. 306
6. 306

YEARS

METHCD MASS (KG FLUX (KGE YR)
1 AV LOAD 18439. 6 2635.0
2 QWDC 116.1 16.6
31JC 116.0 16.6
4 REG 1 142. 1 20.3
5 REG 2 95.7 13.7
6 REG 3 214.9 30.7
Storm Water CQutfall 380383 VAR=t kn
COVPARI SON OF SAVPLED AND TOTAL FLOW DI STRI BUTI ONS
STR NQ NC NE VO%
1 2556 30 30 100.0 . 040

* ok 2556 30 30 100.0 . 040
FLOW STATI STI CS
FLOW DURATI ON = 2556.0 DAYS = 6.998
MEAN FLOW RATE = . 040 HWVB/ YR
TOTAL FLOW VOLUME .28 HVB

FLOW DATE RANGE
SAMPLE DATE RANGE

19950101 TO 20031231
19950313 TO 19950910

METHOD MASS (KG  FLUX (K& YR)
1 AV LOAD 54270.5 7755. 2
2 QWD C 341. 7 48.8
3 1JC 341. 4 48.8
4 REG 1 471. 3 67.4
5 REG 2 230. 3 32.9
6 REG 3 458. 2 65. 5

-. 063

FLUX VARI ANCE CONC ( PPB)

. 1839E+07
. 1703E+02
. 1702E+02
. 6736E+03
. 1010E+04
. 1755E+03

195348. 80
1229. 91
1228. 82
1696. 63

829. 00
1649. 17

TOTAL FLOW SAMPLED FLOW C/ Q SLOPE SIGNIF
. 750

cv

. 196
. 130
. 132
. 479
. 709
. 525

TOTAL FLOW SAMPLED FLOW C/ Q SLOPE SIGNIF
. 198

cv

. 175
. 085
. 085
. 385
. 966
. 202



Storm Water CQutfall

380383

VAR=t ss

METHOD= 2 Q WID C

COVPARI SON OF SAMPLED AND TOTAL FLOW DI STRI BUTI ONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FLON </ Q SLOPE SIGNIF
1 2556 30 30 100.0 . 040 6. 306 312 . 164
* ok 2556 30 30 100.0 . 040 6. 306
FLOW STATI STI CS
FLOWDURATION =  2556.0 DAYS = 6.998 YEARS
MEAN FLOW RATE = . 040 HMVB/ YR
TOTAL FLOW VOLUME = .28 H\B
FLOW DATE RANGE = 19950101 TO 20031231
SAVPLE DATE RANGE = 19950313 TO 19950910
METHOD MASS (KG  FLUX (KGYR) FLUX VAR ANCE CONC (PPB) oY,
1 AV LOAD 2624086. 0 374979. 4 . 3925E+11 9445502.00  .528
2 QWD C 16521. 2 2360. 9 . 1409E+07  59468. 62 . 503
3 1JC 16720. 4 2389. 3 . 1483E+07  60185. 68 .510
4 REG 1 3402. 1 486. 2 . 1222E+06 12245, 97 . 719
5 REG 2 13511.7 1930. 8 . 9476E+06  48635. 86 . 504
6 REG 3 10063. 4 1438. 1 . 9445E+06  36223.74  .676



Appendix C
BATHTUB Model Results

CASE: Mrror Lake (95-03) Calibrated Mdel

HYDRAULI C AND DI SPERSI ON PARAMETERS:

NET RESI DENCE OVERFLOW MEAN - ---DI SPERSI ON- - - - - EXCHANGE

| NFLOW TI ME RATE VELOCI TY ESTI MATED NUMERI C RATE

SEG OUT HVB/ YR YRS M YR KM YR KM2/ YR KM2/ YR HVB/ YR
1 0 1.31 . 32550 5.1 2.8 14. 1. 0.

CASE: Mrror Lake 95-03

GROSS WATER BALANCE:

DRAI NAGE AREA ---- FLOW (HWB/YR) ---- RUNOFF

ID T LOCATI ON Kwe MEAN  VARI ANCE cv M YR
1 1 lInlet 169. 806 1.313 .O00OE+00 .000 . 008
2 4 Cutlet 170. 061 1.366 .O000E+00 .000 . 008
TRI BUTARY | NFLOW 169. 806 1.313 .000E+00 .000 . 008
***TOTAL | NFLOW 170. 061 1.313 .O000E+00 .000 . 008
GAUGED QUTFLOW 170. 061 1.366 .O0O00OE+00 .000 . 008
ADVECTI VE QUTFLOW . 000 -.053 .0O00E+00 .000 10843. 830
***TOTAL OQUTFLOW 170. 061 1.313 .O000E+00 .000 . 008

GROSS MASS BALANCE BASED UPON OBSERVED CONCENTRATI ONS

COVPONENT: TOTAL P

----- LOADI NG ---- --- VARIANCE --- CONC EXPORT
ID T LOCATI ON KG YR %l) KGVYR*2 %) v  MI M3 KGE KM
11 Inlet 321.7 97.7 .000E+00 .0 .000 245.0 1.9
2 4 Cutlet 178.9 54.3 . 000E+00 .0 .000 131.0 1.1
PRECI PI TATI ON 7.6 2.3 .146E+02 100.0 .500 0 30.0
TRI BUTARY | NFLOW 321.7 97.7 .000E+00 .0 000 245.0 1.9
***TOTAL | NFLOW 329.3 100.0 .146E+02 100.0 .012 250. 8 1.9
GAUGED QUTFLOW 196. 7 59.7 . O000E+00 .0 .000 144.0 1.2
ADVECTI VE OQUTFLOW -7.6 -2.3 .000E+00 0 000 144, Q**xx*xxx
***TOTAL QUTFLOW 189.1 57.4 . 000E+00 .0 000 144.0 1.1
*** RETENTI ON 140. 3 42.6 .146E+02 100.0 027 0 .0
HYDRAULIC  -------------- TOTAL P -----mmmemmm - -
OVERFLOW RESI DENCE POCL RESI DENCE TURNOVER RETENTI ON
RATE TI ME CONC TI VE RATI O CCEF
M YR YRS M& M3 YRS -

5.15 . 3255 144.0 . 1869 37.4593 . 4259



GROSS MASS BALANCE BASED UPON OBSERVED CONCENTRATI ONS

COVPONENT: TOTAL N

ID T LOCATI ON

PRECI Pl TATI ON

TRI BUTARY | NFLOW
***TOTAL | NFLOW
GAUGED QUTFLOW
ADVECTI VE OQUTFLOW
***TOTAL OQUTFLOW
*** RETENTI ON

CONC EXPORT
v  MI M3 KGE KM

1635.0 12
1246.0 10.0
.0 1000.0
1635.0 12.6
1829. 2 14. 1
1445.0 11. 6
1445. O********
1445.0 11. 2
.0 .0

HYDRAULI C
OVERFLOW RESI DENCE
RATE TI ME

M YR YRS
5.15 . 3255

----- LOADI NG ---- --- VARI ANCE - - -
KGYR %l) KEYR*2 9%I)
2146.8 89.4 .000E+00 .0
1702.0 70.9 .0O0OE+00 .0
255.0 10.6 .163E+05 100.0
2146.8 89.4 .000E+00 .0
2401.8 100.0 .163E+05 100.0
1973.9  82.2 .000E+00 .0
-76.6 -3.2 .000E+00 0
1897.3  79.0 .0O0OE+00 .0
504.5 21.0 .163E+05 100.0
-------------- TOTAL N --memmmmmmen-
POOL RESI DENCE TURNOVER RETENTI ON
CONC TI ME RATI O COEF
MG VB YRS - -
1445.0 2571  27.2235 . 2100



CASE: M rror Lake (95-03) 25% Reduction

HYDRAULI C AND DI SPERSI ON PARAMETERS:

NET RESI DENCE OVERFLOW MEAN - ---DlI SPERSI ON-----  EXCHANGE

| NFLOW TI ME RATE VELOCITY ESTI MATED NUMERI C RATE

SEG QUT HVB/ YR YRS M YR KM YR KM2/ YR KM2/ YR HVB/ YR
1 0 1.31 . 32550 5.1 2.8 14. 1. 0.

CASE: Mrror Lake 95-03 | ess 25%

GROSS WATER BALANCE:

DRAI NAGE AREA ---- FLOW(HMB/YR) ---- RUNOFF

ID T LOCATI ON Kve MEAN  VARI ANCE cv M YR
1 1 lInlet 169. 806 1.313 .O0O00E+00 .000 . 008
2 4 Cutlet 170. 061 1.366 .O000E+00 .000 . 008
TRI BUTARY | NFLOW 169. 806 1.313 .000E+00 .000 . 008
***TOTAL | NFLOW 170. 061 1.313 .O000OE+00 .000 . 008
GAUGED QUTFLOW 170. 061 1.366 .O000E+00 .000 . 008
ADVECTI VE OQUTFLOW . 000 -.053 .000E+00 .000 10843. 830
***TOTAL OUTFLOW 170. 061 1.313 .000E+00 .000 . 008

GROSS MASS BALANCE BASED UPON OBSERVED CONCENTRATI ONS
COVPONENT: TOTAL P

----- LOADI NG ---- --- VARIANCE --- CONC EXPORT
ID T LOCATI ON K@ YR %l) KGYR*2 % 1) v MI M KGE KM
11 Inlet 241.6 96.9 .000E+00 .0 .000 184.0 1.4
2 4 Cutlet 178.9 71.8 .O000OE+00 .0 .000 131.0 1.1
PRECI PI TATI ON 7.6 3.1 .146E+02 100.0 .500 0 30.0
TRI BUTARY | NFLOW 241.6 96.9 .000E+00 .0 000 184.0 1.4
***TOTAL | NFLOW 249.2 100.0 .146E+02 100.0 .015 189. 8 1.5
GAUGED QUTFLOW 196. 7 78.9 . 000E+00 .0 .000 144.0 1.2
ADVECTI VE OQUTFLOW -7.6 -3.1 .O0O0O0E+00 0 000 144, Q**xx*xxx
***TOTAL OQUTFLOW 189.1 75.9 . 000E+00 .0 000 144.0 1.1
*** RETENTI ON 60. 2 24.1 . 146E+02 100.0 064 0 .0
HYDRAULIC  -------------- TOTAL P -----mmmemmm - -
OVERFLOW RESI DENCE POOL RESI DENCE TURNOVER RETENTI ON
RATE TI ME CONC TI VE RATI O CCEF
M YR YRS M& M3 YRS -

5.15 . 3255 144.0 . 2469 28. 3493 . 2414



GROSS MASS BALANCE BASED UPON OBSERVED CONCENTRATI ONS

COVPONENT: TOTAL N

ID T LOCATI ON

PRECI PI TATI ON

TRI BUTARY | NFLOW
***TOTAL | NFLOW
GAUGED OQUTFLOW
ADVECTI VE OQUTFLOW
***TOTAL OQUTFLOW
*** RETENTI ON

CONC EXPORT
cv  MI M KGE KM
1226.0 9.5
1246.0 10.0
.0 1000.0
1226.0 9.5
1420. 2 11.0
1445.0 11. 6
1445 O********
1445.0 11. 2
.0 .0

HYDRAULI C
OVERFLOW RESI DENCE
RATE TI ME

M YR YRS
5.15 . 3255

----- LOADI NG ---- --- VARIANCE - - -
KGYR %l) KEYR*2 9%I)
1609.7 86.3 .000E+00 .0
1702.0 91.3 .00O0E+00 .0
255.0 13.7 .163E+05 100.0
1609.7 86.3 .000E+00 .0
1864.7 100.0 .163E+05 100.0
1973.9 105.9 .000E+00 .0
-76.6 -4.1 .000E+00 0
1897.3 101.7 .0O0OE+00 .0
-32.5 -1.7 .163E+05 100.0 3.
-------------- TOTAL N --memmmmmmen-
POOL RES|I DENCE TURNOVER RETENTI ON
CONC TI ME RATI O COEF
MG VB YRS - -
1445.0 3312 21.1365  -.0175



CASE: M rror Lake (95-03) 50% Reduction

HYDRAULI C AND DI SPERSI ON PARAMETERS:

NET RESI DENCE OVERFLOW MEAN - ---DlI SPERSI ON-----  EXCHANGE

| NFLOW TI ME RATE VELOCITY ESTI MATED NUMERI C RATE

SEG QUT HVB/ YR YRS M YR KM YR KM2/ YR KM2/ YR HVB/ YR
1 0 1.31 . 32550 5.1 2.8 14. 1. 0.

GROSS WATER BALANCE:

DRAI NAGE AREA ---- FLOW (HWB/YR) ---- RUNOFF
ID T LOCATI ON Kve MEAN  VARI ANCE cv M YR
1 1 Inlet 169. 806 1.313 .000E+00 .000 . 008
2 4 Cutlet 170. 061 1.366 .O0O0OE+00 .000 . 008
TRI BUTARY | NFLOW 169. 806 1.313 .O000E+00 .000 . 008
***TOTAL | NFLOW 170. 061 1.313 .000E+00 .000 . 008
GAUGED QUTFLOW 170. 061 1.366 .O000E+00 .000 . 008
ADVECTI VE QUTFLOW . 000 -.053 .O0O0OE+00 .O000 10843. 830
***TOTAL OQUTFLOW 170. 061 1.313 .O000E+00 .O000 . 008

GROSS VASS BALANCE BASED UPON OBSERVED CONCENTRATI ONS

COVPONENT: TOTAL P

----- LOADI NG ---- --- VARIANCE --- CONC EXPORT
I D T LOCATI ON K@ YR %l) KGEYR*2 % 1) v  MI M KGE KM
11 Inlet 161.5 95.5 . 000E+00 .0 .000 123.0 1.0
2 4 Cutlet 178.9 105.8 .0OO00OE+00 .0 .000 131.0 1.1
PRECI PI TATI ON 7.6 4.5 . 146E+02 100.0 .500 0 30.0
TRI BUTARY | NFLOW 161.5 95.5 . 000E+00 .0 000 123.0 1.0
***TOTAL | NFLOW 169.1 100.0 .146E+02 100.0 .023 128. 8 1.0
GAUGED QUTFLOW 196.7 116.3 .0OO0OE+00 .0 .000 144.0 1.2
ADVECTI VE OQUTFLOW -7.6 -4.5 . 000E+00 0 000 144, Q**xxxxxx
***TOTAL OQUTFLOW 189.1 111.8 .OOOE+00 .0 000 144.0 1.1
*** RETENTI ON -19.9 -11.8 .146E+02 100.0 192 0 .0
HYDRAULIC ~ -------------- TOTAL P ------mmmmmm - -
OVERFLOW RESI DENCE POOL RESI DENCE TURNOVER RETENTI ON
RATE TI ME CONC TI ME RATI O CCEF
M YR YRS M& M3 YRS -

5.15 . 3255 144.0 . 3638 19. 2394 -.1178



GROSS MASS BALANCE BASED UPON OBSERVED CONCENTRATI ONS

COVPONENT: TOTAL N

ID T LOCATI ON

PRECI Pl TATI ON

TRI BUTARY | NFLOW
***TOTAL | NFLOW
GAUGED QUTFLOW
ADVECTI VE OQUTFLOW
***TOTAL OQUTFLOW
*** RETENTI ON

CONC EXPORT
v  MI M3 KGE KM
818.0 6.3
1246.0 10.0
.0 1000.0
818.0 6.3
1012. 2 7.8
1445.0 11. 6
1445 O********
1445.0 11. 2
.0 .0

HYDRAULI C
OVERFLOW RESI DENCE
RATE TI ME

M YR YRS
5.15 . 3255

----- LOADI NG ---- --- VARI ANCE - - -
KG YR %l) KEYR*2 9%I)
1074.0 80.8 .0O0OE+00 .0
1702.0 128.1 .0O0OE+00 .0
255.0 19.2 .163E+05 100.0
1074.0 80.8 .0O0OE+00 .0
1329.0 100.0 .163E+05 100.0
1973.9 148.5 .000E+00 .0
-76.6 -5.8 .000E+00 0
1897.3 142.8 .000E+00 .0
-568.3 -42.8 .163E+05 100.0
-------------- TOTAL N --memmmmmmen-
POOL RESI DENCE TURNOVER RETENTI ON
CONC TI ME RATI O COEF
MG VB YRS - -
1445.0 4647  15.0644  -.4276



CASE: M rror Lake (95-03) 75% Reduction

HYDRAULI C AND DI SPERSI ON PARAMETERS:

NET RESI DENCE OVERFLOW MEAN - - - - DI SPERSI ON- - - - - EXCHANGE
| NFLOW TI ME RATE VELOCI TY ESTI MATED NUMERI C RATE
SEG QUT HVB/ YR YRS M YR KM YR KMR/ YR KM/ YR HVB/ YR
1 0 1.31 . 32550 5.1 2.8 14. 1. 0.
CASE: Mrror Lake 95-03
GROSS WATER BALANCE:
DRAI NAGE AREA ---- FLOW (HMB/YR) ---- RUNOFF
ID T LOCATI ON Kwvp MEAN VARI ANCE cv M YR
1 1 Inlet 169. 806 1.313 .O0O0OE+00 .O000 . 008
2 4 CQutlet 170. 061 1.366 .O0O0OE+00 .O000 . 008
TRI BUTARY | NFLOW 169. 806 1.313 .O000E+00 .O000 . 008
***TOTAL | NFLOW 170. 061 1.313 .O000E+00 .O000 . 008
GAUGED QUTFLOW 170. 061 1.366 .O00OE+00 .O000 . 008
ADVECTI VE QUTFLOW . 000 -.053 .000E+00 .O000 10843. 830
***TOTAL QUTFLOW 170. 061 1.313 .O0O0OE+00 .O000 . 008
GROSS MASS BALANCE BASED UPON OBSERVED CONCENTRATI ONS
COVPONENT: TOTAL P
----- LOADI NG ---- --- VARI ANCE --- CONC EXPORT
ID T LOCATI ON K@ YR %Il) KGVYR*2 % 1) cv ME M3 KGE KM
11 Inlet 80.1 91.3 .O0O0OE+00 .0 .000 61.0 .5
2 4 Qutl et 178.9 203.9 .O000E+00 .0 .000 131.0 1.1
PRECI PI TATI ON 7.6 8.7 .146E+02 100.0 .500 .0 30.0
TRI BUTARY | NFLOW 80.1 91.3 .O000E+00 .0 .000 61.0 .5
***TOTAL | NFLOW 87.7 100.0 .146E+02 100.0 .044 66. 8 .5
GAUGED QUTFLOW 196.7 224.2 .000E+00 .0 .000 144.0 1.2
ADVECTI VE QUTFLOW -7.6 -8.7 .000E+00 0 000 144, O* **x****
***TOTAL OUTFLOW 189.1 215.5 .O0O0O0E+00 .0 000 144.0 1.1
*** RETENTI ON -101.3 -115.5 .146E+02 100.0 038 0 .0
HYDRAULIC  -------------- TOTAL P -------m oo - -
OVERFLOW RESI DENCE POOL RESI DENCE TURNOVER RETENTI ON
RATE TI ME CONC TI ME RATI O CCEF
M YR YRS M& MB YRS -

5.15 . 3255 144.0 . 7014 9. 9801 -1.1548



GROSS MASS BALANCE BASED UPON OBSERVED CONCENTRATI ONS

COVPONENT: TOTAL N

ID T LOCATI ON

PRECI Pl TATI ON

TRI BUTARY | NFLOW
***TOTAL | NFLOW
GAUGED QUTFLOW
ADVECTI VE OQUTFLOW
***TOTAL OQUTFLOW
*** RETENTI ON

CONC EXPORT

vV MIMB KGE KM

. 000 409.0 3.2
000 1246.0  10.0
. 500 .0 1000.0
.000  409.0 3.2
. 161 603. 2 4.7
.000 1445.0 11.6
.000 1445, Qx**xxxxx%
.000 1445.0 11.2
115 0 0

HYDRAULI C
OVERFLOW RESI DENCE

RATE
M YR
5.15

TI ME
YRS
. 3255

----- LOADI NG ---- --- VARI ANCE - - -
KG YR %l) KEYR*2 9%I)
537.0 67.8 .000E+00 .0
1702.0 214.9 .000E+00 .0
255.0 32.2 .163E+05 100.0
537.0 67.8 .000E+00 .0
792.0 100.0 .163E+05 100.0
1973.9 249.2 .000E+00 .0
-76.6 -9.7 .000E+00 .0
1897.3 239.6 .000E+00 .0
-1105.3 -139.6 .163E+05 100.0
-------------- TOTAL N --cmmcmmmmamo s
POOL RESI DENCE TURNOVER RETENTI ON
CONC TI ME RATI O COEF
MG VB YRS - -
1445.0 7797  8.9774 -1.3955



Appendix D
A Calibrated Trophic Response Model (BATHTUB) for Mirror Lake
as a Tool to Evaluate Various Nutrient Reduction Aternatives

Based on Data Collected by the Adams County Soil @servation District from
February 21, 1995 through June 24, 2003

Prepared by
Peter Wax
August, 2006

Introduction

In order to meet the project goals, as set fortkhleyproject sponsors of improving the trophic ¢bad of
Mirror Lake to levels capable of maintaining theaeroirs beneficial uses (e.g., fishing, recreataom
drinking water supply), and the project objectit@s(1) develop a nutrient and sediment budgetifer
reservoir; (2) identify the primary sources andsesuof nutrients and sediments to the reservair(@n
examine and make recommendations for reservowmnasgin measures which will reduce documented
nutrient and sediment loadings to the reservaiglidrated trophic response model was developed for
Mirror Lake. The model enables investigations wanious nutrient reduction alternatives relativéhe
project goal of improving Mirror LaKe trophic status. The model will allow resource agers and the
public to relate changes in nutrient loadings ttiophic condition of the reservoir and to setistia lake
restoration goals that are scientifically deferssilaichievable and socially acceptable.

Methods

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

of the tributary and in-lake water quality dataeThird phase involves model calibration. In theada
reduction phase, the in-lake and tributary moniigdata collected as part of the project are sumetror
reduced, in a format which can serve as inpute¢artodel. The following is a brief explanation loé¢ t
computer software, methods, and procedures usemhtplete each of these phases.

Tributary Data

To facilitate the analysis and reduction of trilbytanflow and outflow water quality and flow dataet

FLUX program was employed. The FLUX program, alsgadoped by the US Corps of Engineers
Waterways Experiment Station (Walker 1996), use€aiculation techniques to estimate the averagesma
discharge or loading that passes a given rivetreas site. FLUX estimates loadings based on gaaipte
chemical concentrations and continuous daily fleaord. Load is therefore defined as the mass of a
pollutant during a given time period (e.g., howaydmonth, season, year). The FLUX program alldwes t
user, through various iterations, to select thetrappropriate load calculation technique and data
stratification scheme, either by flow or date, whwall give a load estimate with the smallest statal

error, as represented by the coefficient of varmatOutput from the FLUX program is then providedaa



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

Lake Data

Mirror Lake’s in-lake water quality data was reddeesing Microsoft Excel. The data was reduced iteéx
to provide three computational functions, includi( the ability to display constitutes as a fumatof
depth, location, and/or date; (2) calculate summsgatistics (e.g., mean, median and standard ertbe
mixed layer of the lake or reservoir); and (3) krfte temporal trophic status. As is the case WwithX,
output from the Excel program is used as inputlbate the BATHTUB model.

Bathtub Model Calibration

As stated previously, the BATHTUB eutrophic responsodel was selected for this project as a means of
evaluating the effects of various nutrient redutdternatives on the trophic status of Mirror Lake
BATHTUB performs water and nutrient balance caltials in a steady-state. The BATHTUB model also
allows the user to spatially segment the resertitrophication related water quality variableg (etotal
phosphorus, total nitrogen, chlorophgllsecchi depth, organic nitrogen, orthophosphorand,
hypolimnetic oxygen depletion rate) are predictsmhg empirical relationships previously developad a
tested for reservoir systems (Walker 1985).

Within the BATHTUB program the user can select fremnschemes based on reservoir morphometry and
the needs of the resource manager. Using BATHT@Ruter can view the reservoir as a single spatially
averaged reservoir or a single segmented reseiiwéruser can also model parts of the reservaih) as

an embayment, or model a collection of reservéios.purposes of this project, Mirror Lake was medel

as a single, spatially averaged, reservoir.

Once input is provided to the model from FLUX andt@ the user can compare predicted conditions (i.e
model output) to actual conditions. Since BATHTU&:s a set of generalized rates and factors, peedict
vs. actual conditions may differ by a factor ofr2wore using the initial, un-calibrated, model. $&e
differences reflect a combination of measuremematrgiin the inflow and outflow data, as well asqusa
features of the reservoir being modeled.

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



Table 1. Selected model parameters, number and nanof model, and where appropriate the
calibration factor used for Mirror Lake Bathtub Mod el.

Model Option Model Selection Calibration Factor
Conservative Substance 0 Not Computed 1.00
Phosphorus Balance 5 Vollenweide 0.90
Phosphorus — Ortho P 1.72
Nitrogen Balance 5 Bachmarsking 0.94
Organic Nitrogen 2.00
Chlorophyll-a 1 P,Nght, T 0.46
Secchi Depth 1 Vs.&& Turbidity 1.00
Phosphorus Calibration 2 Concentration NA
Nitrogen Calibration 2 Concentwat NA
Avalilability Factors 2 All ModeBsxcept 2 NA
Mass-Balance Tables 0 Use ObseBa@ttentrations NA
Results

The trophic response model, BATHTUB, was calibratethatch Mirror Lakés trophic response for the
project period February 21, 1995 through June 632This is accomplished by combining tributary
loading estimates for the project period with ikdavater quality estimates. Tributary flow and
concentration data for the project period are reduzy the FLUX program and the corresponding irelak
water quality data are reduced utilizing Excel. Blgput from these two programs is then provideihpst
to the BATHTUB model. The model is calibrated thgbwseveral iterations, first by selecting apprdpria
empirical relationships for model coefficients (emjtrogen and phosphorus sedimentation, nitr@geh
phosphorus decay, oxygen depletion, and algalfoplofl growth), and second by adjusting model
calibration factors for those coefficients (Tab)eThe model is termed calibrated when the predicte
estimates for the trophic response variables angagito observed estimates made from project noani
data.

The two most important nutrients controlling trophésponse in Mirror Lake are nitrogen and phosphor
After calibration the observed average annual catnagon of total nitrogen and total phosphorus pane
well with those of the BATHTUB model. The model gies that the reservoir has an annual volume
weighted average total phosphorus concentrati@hlef4 mg [* and an annual average volume weighted
total nitrogen concentration of 1.440 mg tompared to observed values for total phosphardgatal
nitrogen of 0.144 mgt and 1.445 mg &, respectively (Table 2).

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

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



or reservoir. Simply stated, trophic state is houcmproduction (i.e., algal and weed growth) ocaurthie
waterbody. The lower the nutrient concentratiorsveithin the waterbody the lower the production &rel
lower the trophic state or level. In contrast, @ased nutrient concentrations in a lake or resemciease
the production of algae and weeds which make tkee d& reservoir more eutrophic or of a higher tioph
state. Oligotrophic is the term which describesldast productive lakes and hypereutrophic is ¢ine t
used to describe lakes and reservoirs with excessitrients and primary production.

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

Value

Variable Observed Predicted
Total Phosphorus as P (mg/L) 0.144 0.144
Total Nitrogen as N (mg/L) 1.445 1.440
Organic Nitrogen as N (mg/L) 1.322 1.307
Chlorophyll-a {«g/L) 20.70 20.48
Secchi Disk Transparency (meters) 101 1.11
Carlsors TSI for Phosphorus 75.81 75.79
Carlsoris TSI for Chlorophyll-a 60.33 60.22
Carlsons TSI for Secchi Disk 58.63 58.54

Figure 1 provides a graphic summary of the TSI egfiog each trophic level compared to values fohezc
the trophic response variables. The calibrated inmdeided predictions of trophic status which aimilar
to the observed TSI values for the project peritab(e 2). Predicted and observed TSI values for
phosphorus suggest Mirror Lake is hypereutrophialeasthe TSI value chlorophyll-a, and sechhi disk
indicated the reservoir is eutrophic. Figure 2 ggaphic that shows the annual temporal distrilbutib
Mirror Lake's trophic state based on the three parametersptodaphorus as phosphate, chlorophyll-a
concentrations and secchi disk depth transparency.

Model Predictions

Once the model is calibrated to existing conditjahe model can be used to evaluate the effectsgeok
any number of nutrient reduction or lake restoratitiernatives. This evaluation is accomplished by
comparing the predicted trophic state, as reflebte@arlsors TSI, with currently observed TSI values.
Modeled nutrient reduction alternatives are presgin three basic categories: (1) reducing extbrnal
derived nutrient loads; (2) reducing internally itadale nutrients; and (3) reducing both external amernal
nutrient loads. For Mirror Lake only external natri loads were addressed. External nutrient loaae w
addressed because they are known to cause euttphiand because they are controllable through the
implementation of watershed Best Management Pex{BMPS).
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Figure 1. Graphic depiction of Carlson's Trophic Status Irlex
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Predicted changes in trophic response to Mirrorebakre evaluated by reducing externally derived
phosphorus loads by 25, 50, and 75 percent. Teesetions were simulated in the model by redudireg t
phosphorus and nitrogen concentrations in the ibaning tributary and other external delivery sasdy
25, 50, and 75 percent. Since there is no reliadglans of estimating how much hydraulic dischargelevo
be reduced through the implementation of BMPs, fleas held constant.

The model results indicate that if it were posstbleeduce external phosphorus loading to Mirrckd_hy
50 percent, the average annual total phosphorustdacbphyll-a concentrations in the lake wouldeese
and secchi disk transparency depth would increasesarably (Table 3, Figure 3). It is also likehattthis
large of a reduction in nutrient load would resalan improvement to the trophic status of Mirrakee that
would be noticeable to the average lake user asthection in the amount of green in the lake aretall
clarity would increase nearly to the mesotrophigea

With a 50 percent reduction in external phosphand nitrogen load, the Bathtub model predicts a
reduction in Carlsos TSI score from 60.33 to 52.78 for chlorophyllral drom 58.63 to 53.37 for secchi
disk transparency, corresponding to a trophic stetrophic and mesotrophic, respectively.

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

Predicted

Variable Observed 25 % 50 % 75 %
Total Phosphorus as P (mg/L) 0.144 0.109 0.074 0.038
Total Diss. Phosphorus as P (mg/L) 0.700 0.053 0.035 0.016
Total Nitrogen as N (mg/L) 1.445 1.118 0.797 0.475
Organic Nitrogen as N (mg/L) 1.322 1.052 - e
Chlorophyll-a {«g/L) 20.70 14.91 9.59 4.36
Secchi Disk Transparency (meters) 1.10 1.31 1.58 2.00
Carlsors TSI for Phosphorus 75.81 71.77 66.18 56.72
Carlsors TSI for Chlorophyll-a 60.33 57.11 52.78 45.04

Carlsonis TSI for Secchi Disk 58.63 56.13 53.37 50.03
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Appendix E
US Fish and Wildlife Service List of Threatened andEndangered Species and
Designated Critical Habitat in North Dakota

FEDERAL THREATENED, ENDANGERED, AND CANDIDATE SPEES
AND DESIGNATED CRITICAL HABITAT FOUND IN
NORTH DAKOTA
March 2005

ENDANGERED SPECIES
Birds

Interior least tern_(Sterramntillarun): Nests along midstream sandbars of the Misssndi
Yellowstone Rivers.

Whooping crane (Gru8mericang: Migrates through west and central countiesrayspring and fall.
Prefers to roost on wetlands and stock dams witld gasibility. Young adult summered in North
Dakota in 1989, 1990, and 1993. Total populatiéd-150 birds.

Fish

Pallid sturgeon_(Scaphirhynchatbug: Known only from the Missouri and YellowstonevBis. No
reproduction has been documented in 15 years.

Mammals

Black-footed ferret_ (Mustelnigripe9: Exclusively associated with prairie dog towméo records of
occurrence in recent years, although there is fiatdar reintroduction in the future.

Gray wolf (Canidupug: Occasional visitor in North Dakota. Most fremqily observed in the Turtle
Mountains area.

THREATENED SPECIES
Birds
Bald eagle (Haliaeetusucocephalys Migrates spring and fall statewide but primaalong the major

river courses. It concentrates along the MissRuwer during winter and is known to nest in the
floodplain forest.

Piping plover (Charadriusielodu$: Nests on midstream sandbars of the MissouriYaibwstone Rivers
and along shorelines of saline wetlands. More ineldbrth Dakota than any other state.




Plants

W. prairie-fringed orchid_(Platanthepsaeclargt Locally common in moist
swales on Sheyenne National Grasslands. Largesirki).S. population is on the Sheyenne.

CANDIDATE SPECIES
Invertebrates

Dakota skipper_(Hesper@acotag Found in native prairie containing a high dsigr of wildflowers and
grasses. Habitat includes two prairie types: W) (wet) prairie dominated by bluestem grasses, wood
lily, harebell, and smooth camas; 2) upland (drgine on ridges and hillsides dominated by bluaste
grasses, needlegrass, pale purple and uprightloameet and blanketflower.

DESIGNATED CRITICAL HABITAT
Birds

Piping Plover - Alkali Lakes and Wetlands - Critibabitat includes: (1) shallow, seasonally to
permanently flooded, mixosaline to hypersaline areds with sandy to gravelly, sparsely vegetated
beaches, salt-encrusted mud flats, and/or grasaltyflats; (2) springs and fens along edges ddlalk
lakes and wetlands; and (3) adjacent uplands 28(06& meters) above the high water mark of the
alkali lake or wetland.

Piping Plover - Missouri River - Critical habitatcludes sparsely vegetated channel sandbars, sdnd a
gravel beaches on islands, temporary pools on sasdnd islands, and the interface with the river.

Piping Plover - Lake Sakakawea and Oahe - Crihiahitat includes sparsely vegetated shoreline lasach
peninsulas, islands composed of sand, gravel,ale sAnd their interface with the water bodies.



Appendix F
Comment Letter Provided by the US Fish and WildlifeService



FISH AND WILDLIFE SERVICE
Ecological Services
3425 Miriam Avenue
Bismarck, North Dakota 58501

DIV. OF WATER QUALITY

JAN G 4 2007

Mr. Mike Ell

Environmental Administrator
Division of Water Quality

North Dakota Department of Health
918 East Divide Avenuc

Bismarck, North Dakota 58501-1947

Dear Mr. Ell:

The U.S. Fish and Wildlife Service (Service) has reviewed the draft Mirror Lake Nutrient
and Dissolved Oxygen Total Maximum Daily Load report, and offers the following
comments.

The North Dakota Department of Health (Department) has identified Mirror Lake,
Adams County, as being water quality limited and needing total maximum daily loads
(TMDL). Mirror Lake, a man-made reservoir, is on the Department’s Section 303(d) List
of Impaired Waters. Aquatic life in the reservoir is listed as impaired due to nutrients,
sedimentation, and low dissolved oxygen. The draft TMDL indicates there are no waste
allocations from point sources in the watershed. Pollutant loads are attributed to nonpoint
sources.

The draft document provides discussion on identifying the pollutant reductions needed
and actions that should be taken to achieve water quality standards for Mirror Lake. The
Service supports the Department’s efforts to restore water quality to fully support aquatic
life within the reservoir.

The Service concurs with the Department’s assessment that the Mirror Lake TMDL will
have no adverse effect to federally listed threatened or endangered species.

Thank you for the opportunity to comment on the draft document. If you have any
questions or need further assistance, please do not hesitate to contact Kevin Johnson of
my staff at 701-250-4481; or at the letterhead address. -



Sincerely,

Qe % ownen

Jeffrey K. Towner
Field Supervisor
North Dakota Field Office



Appendix G
Review Comments Provided by the US EPA Region 8



EPA Region VIII TMDL Review Form

Document Name: Mirror Lake Nutrient and Dissolved Oxygen TMDLs
Submitted by: Mike EIl, NDDoH

Date Received: December 26, 2007

Review Date: January 28, 2008

Reviewer: Vern Berry, EPA

Formal or Informal Review? | Informal — Public Notice

This document provides a standard format for EP4iéte8 to provide comments to the North Dakota
Department of Health (NDDoH) on TMDL documents pdad to the EPA for either official formal or
informal review. All TMDL documents are measureggiast the following 12 review criteria:

Water Quality Impairment Status
Water Quality Standards

Water Quality Targets

Significant Sources

Technical Analysis

Margin of Safety and Seasonality
Total Maximum Daily Load
Allocation

. Public Participation

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

©CoNokrwWNhE

Each of the 12 review criteria are described betmprovide the rational for the review, followed BPA’s
comments. This review is intended to ensure canpé with the Clean Water Act and also to ensuwak th
the reviewed documents are technically sound amdahclusions are technically defensible.



1. Water Quality Impairment Status

Criterion Description — Water Quality Impairment St  atus

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

= Satisfies Criterion
[] Satisfies Criterion. Questions or comments prayidelow should be considered.

] Partially satisfies criterion. Questions or comtseprovided below need to be addressed.
[] Criterion not satisfied. Questions or commentyjoled below need to be addressed.
] Not a required element in this case. Commentpiestions provided for informational purposes.

SUMMARY - Mirror Lake is located at the southern edge ofditye of Hettinger in south-central Adams County,
North Dakota. Itis a 63 acre man-made impoundrimetite Lower Missouri River basin of North Dakot@alat
Creek is the main tributary that drains into theergoir. Mirror Lake is listed on the State’'s 2@I3(d) list as
impaired for fish and other aquatic biota uses iyients/eutrophication, low dissolved oxygen and
sedimentation/siltation. Approximately 41,960 &ooé land drain to the lake from the watershedrrdfiLake is
classified as a Class 3 warm water fishery, arigtesd as a high priority (i.e., 1A) for TMDL dewgment. The
majority of the land use in this watershed is agtizal (approximately 86 percent). Cropland agees
approximately 43%, range/pasture is approximatbib 2and hayland is approximately 18%.

2. Water Quality Standards

Criterion Description — Water Quality Standards

The TMDL document must include a description odpllicable water quality standards for all affedte
jurisdictions TMDLs result in maintaining and attaining water djtiastandards. Water quality
standards are the basis from which TMDLs are esthbt anithe TMDL taraets are derive includina

X Satisfies Criterion
] Satisfies Criterion. Questions or comments pravidelow should be considered.

] Partially satisfies criterion. Questions or comtseprovided below need to be addressed.
[] Criterion not satisfied. Questions or commentyjoled below need to be addressed.
] Not a required element in this case. Commentpiestions provided for informational purposes.

SUMMARY - Mirror Lake is impaired for dissolved oxygen andrents/eutrophication and sedimentation/siltation
The North Dakota Department of Health has set tiaeravater quality standards that apply to all aaef waters of
the state. The NDDoH narrative standards thatyaggphutrients and sedimentation include:



“All waters of the state shall be free from subss attributable to municipal, industrial, or othagischarges
or agricultural practices in concentrations or coinétions which are toxic or harmful to humans, aalsn
plants, or resident aquatic biota.” (See NDAC 332-08.1.a.(4))

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

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

2. Impair existing or reasonable beneficial usethefreceiving waters; or

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

In addition to the narrative standards, the NDDH $et a biological goal for all surface watershef state:
“The biological condition of surface waters sha# bimilar to that of sites or waterbodies deterrditg the
department to be regional reference sites.” (SeARI33-16-02-08.2.a.)
Currently, North Dakota does not have a numeriedsted for nutrients, however nutrient guidelineslékes 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 &&mg/L (single sample minimum).

Other applicable water quality standards are irediuoin pages 13 - 14 of the TMDL report.

3. Water Quality Targets

Criterion Description — Water Quality Targets

Quantified targets or endpoints must be provideadidress each listed pollutant/water body
combination. Target values must represent achiemeof applicable water quality standards and
support of associated beneficial uses. For paitatevith numeric water quality standards, the

numeric criteria are generally used as the TMDbear For pollutants with narrative standards,

the narrative cstandard miict he tran<lated intnarmrahle valiie At A minimiim nne tarne

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

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

DX

SUMMARY - The main water quality target for this TMDL is kdson interpretation of narrative provisions foum®tate water quality standards. In North
Dakota, algal blooms can limit contact and immersiecreation beneficial uses. Also algal bloomsaeaplete oxygen levels which can affect aquaécuses.
Several algal species are considered to be nuisaneic species. TSI measurements can be usstinmate how much algal production may occur iresak
Therefore, TSI is used as a measure of the nagratandard in order to determine whether benefisat are being met.

The mean total phosphorus TSI for Mirror Lake dgrihe period of the assessment was 76. Nutrieiicten
response modeling was conducted with BATHTUB, amArCorps of Engineers eutrophication response model
The results of the modeling show that a 50% reduadti phosphorus loading to the reservoir will astei a total



phosphorus TSI of 66, which corresponds to a phargghconcentration of 0.074 mg/L. This targetdsda on
reducing the TSI values for the reservoir to witthia eutrophic range as defined by Carlson, ancedsing the
productivity of the reservoir and increasing dissol oxygen concentrations. This target is baselokesh professional
judgement and will fully support its beneficial gse

The TMDL does not contain a target for sedimentlige the assessment concludes that the resemoirimpaired
for sediment. The report recommends removing Micake sediment as a cause of impairment from &x¢ n
Section 303(d) list.

The water quality targets used in this TMDL ar&intain a mean annual total phosphorus TSI at or blow 66; maintain a dissolved oxygen level of nagds
than 5 mg/L.

COMMENTS - Mirror Lake is listed (i.e., 2006 303(d) list) mspaired for sedimentation/siltation in additionrotrients and dissolved oxygen. However, the
TMDL does not contain a target for sediment, nprstification that the lake is not impaired by sedint nor a statement that the sediment impairméhbev
addressed in a separate, future document. The Thd2lds to include an explanation of how the sediatiem/siltation impairment will be addressed.

4, Significant Sources

Criterion Description — Significant Sources

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

Satisfies Criterion

Satisfies Criterion. Questions or comments prayidelow should be considered.

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

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

L0000

SUMMARY - The TMDL identifies the major sources of phosplsaas coming from nonpoint source agricultural
landuses within the watershed. There are no knmimt source contributions in this watershed. adimg analysis
was done for nutrients and sediment consideringuaragricultural land use and land managemendifs.ct
Cropland and pastureland are the primary souresdifted. Approximately 43% of the landuse is deoyl and 25%
is range/pasture land in the watershed.



5. Technical Analysis

Criterion Description — Technical Analysis

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

Satisfies Criterion

Satisfies Criterion. Questions or comments prayidelow should be considered.

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

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

(W

SUMMARY - The technical analysis addresses linkage betweewater quality target and the identified sourfes
nutrients, and describes the models or methodstosderive the TMDL loads that will ensure that thater quality
standards are met. To determine the cause arad edfationship between the water quality target #oe identified
sources various models and loading analysis wdizeak

The FLUX model was used to facilitate the analgsid reduction of tributary inflow and outflow nent and
sediment loadings for the Mirror Lake. Output frime FLUX program is then provided as an inputtilealibrate
the BATHTUB eutrophication response model. The BATUB model was used to predict and evaluate thecesfof
various nutrient load reduction scenarios on Mitrake.

The Agricultural Non-Point Source Model (AGNPS) rebdias used to simulate alterations in land usetiges and
the resulting nutrient reduction response. Theienttloading source analysis, that was used totifyenecessary
controls in the watershed, was based on the ideatiin of critical cells.

Improvements in the dissolved oxygen concentraticthe reservoir can be achieved through reduaifarganic
loading to the lake as a result of proposed BMPementation. The TMDL contains a linkage analyssveen
phosphorus loading and low dissolved oxygen indaked reservoirs. It is anticipated that meetirggthosphorus
load reduction target in Mirror Lake will addrebe tdissolved oxygen impairment.

COMMENTS - Similar to the comment above in the Water Qualiygets section, the TMDL fails include a
discussion of the sedimentation/siltation impairtriarihe Technical Analysis section. The Technikahlysis
section should include a sub-section addressingatiament impairment. This may include, as appatgra
justification that the lake is not impaired by sadit or a statement that the sediment impairmdhbeiaddressed in
a separate, future document.



6. Margin of Safety and Seasonality

Criterion Description — Margin of Safety and Seasality

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

192}

Seasonal considerations, such as critical flow @asi (high flow, low flow), also need to be considier

Satisfies Criterion

Satisfies Criterion. Questions or comments pravidelow should be considered.

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

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

I =

SUMMARY - To account for the uncertainty associated withvkmsources and the load reductions necessary to
reach the water quality target of TP TSI = 66, 8oXXplicit margin of safety is included in the nett TMDL. It is
anticipated that the load reductions from the BMPglied to the critical cells in the watershed pglanprovements
to riparian health through working with landowntrsexclude cattle from riparian areas in the wéieds will meet
the phosphorus loading target.

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

7. TMDL

Criterion Description — Total Maximum Daily Load

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

Satisfies Criterion

Satisfies Criterion. Questions or comments pravidelow should be considered.

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

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

D

SUMMARY - The TMDL established for Mirror Lake is a 160.9¥ugtotal phosphorus load to the lake (50%
reduction in external annual total phosphorus loddjis is the “measured load” which derived frdre BATHTUB
model using the flow and concentration data cadleéaturing the period of the assessment. The atvadihg will
vary from year-to-year; therefore, this TMDL is soered a long term average percent reduction asitorus
loading. The TMDL contains a linkage analysis b#w phosphorus loading and low dissolved oxygéakies and



reservoirs. It is anticipated that meeting thegpthomrus load reduction target in Mirror Lake wildzess the
dissolved oxygen impairment.

COMMENTS - In November 2006 EPA issued the Memorandum “Esthislg 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&it, No. 05-5015
(April 25, 2006) and Implications for NPDES perniitwhich recommends that all TMDLs and associatedi|
allocations and wasteload allocations include & dimne increment in conjunction with other appriape temporal
expressions that may be necessary to implememekireant water quality standard. In June 2007 ERdle
available a technical document “Options for the ftesgion of Daily Loads in TMDLS.”

The Mirror Lake TMDL needs to be revised to inclad&laily” expression of load consistent with thiéeRds of the
Earth decision and the technical guidance. Thenieal guidance is available at:
http://www.epa.gov/owow/tmdl/draft_daily loads_teuiif.

8. Allocation

Criterion Description — Allocation

TMDLs apportion responsibility for taking actionsallocate the available assimilative capacif]

<]

among the various point, nonpoint, and naturalypafit sources. Allocations may be expressed
in a variety of ways such as by individual discleardpy tributary watershed, by source or land
use category, by land parcel, or other appropsesde or dividing of responsibility. A

performance based allocation approach, where detétirategy is articulated for the application

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

Satisfies Criterion

Satisfies Criterion. Questions or comments pravioelow should be considered.

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

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

I 5=

SUMMARY - This TMDL addresses the need to achieve reductionatrients to attain water quality goals in Mirr
Lake. The allocations in the TMDL include a “loaktbcation” attributed agricultural to nonpoint soes, and an
explicit margin of safety. There are no known paiource contributions in this watershed. The s@atlocations

for phosphorus are assigned to the critical loadlts in the watershed. Critical cells are thedté fallow, small
grains, or land chiseled multiple times, as welakh$eedlots, and all land with a slopes gredtaentfive percent. See
the shaded cells in Figure 11 of the TMDL. Alddandowners of pasture can effectively excludéledtom riparian
areas in the watershed it would improve the rigahiealth and the natural buffer of the tributafies/ing into Mirror
Lake.



9. Public Participation

Criterion Description — Public Participation

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

tn ha nart nf tha nrnrace  Nlatifiratinne Ar citatinne far nrnmmaoante ranardina tha TANT chAn

Satisfies Criterion

Satisfies Criterion. Questions or comments pravidelow should be considered.

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

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

=

SUMMARY - The TMDL includes a summary of the public partitipn process that has occurred. It describes the
opportunities the public had to be involved in TMDL development process. Copies of the draft TMre

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

Water Quality Division website, and a public notfoe comment was published in three newspapers.

10. Monitoring Strategy

Criterion Description — Monitoring Strategy

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

Satisfies Criterion

Satisfies Criterion. Questions or comments pravioelow should be considered.

Partially satisfies criterion. Questions or comitseprovided below need to be addressed.

Criterion not satisfied. Questions or commentyjoied below need to be addressed.

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

(|

SUMMARY - Future monitoring is recommended in Section 1@® TMDL to address margin of safety and
seasonality needs, as well as provide additional weensure that the goals of the TMDL are met.



11. Restoration Strategy

Criterion Description — Restoration Strategy

-

At a minimum, sufficient information should be pded in the TMDL document to demonstrate thatef t
TMDL were implemented, water quality standards wWdé attained or maintained. Adding additional

detail regarding the proposed approach for the oestion of water quality is naturrently a regulatory
reatlirement hiit is considered a valiie ac comnonent of a TMDI dociime

Satisfies Criterion

Satisfies Criterion. Questions or comments pravidelow should be considered.

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

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

I

SUMMARY — The North Dakota Department of Health will workilwthe local soil conservation district, local
volunteer groups and landowners to initiate resimmgprojects in the watershed.

12. Endangered Species Act Compliance

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

pertaining to EPA’s approval of the TMDL. The respibility to consult with the USFWS lies

Satisfies Criterion

Satisfies Criterion. Questions or comments prayidelow should be considered.

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

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

I

SUMMARY - NDDoH will coordinate with the USFWS on poteniiapacts of this TMDL on endangered and
threatened species.



Appendix H

Comment Letter and Attachment Provided by Mark Baker
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“VARIETY IN HUNTING AND FISHING”

OR

100 NORTH BISMARCK EXPRESSWAY Bl

CK, NORTH DAKOTA 58501-5095 PHONE 701-328-6300

Mr. Theo Schalesky
Hettinger Park District

PO Box 103

Hettinger, ND 58639-0103

Greetings to the Park Board:

Thanks for the SolarBee history materials and your interest in trying to improve recreation at
Mirror Lake. Sorry it has taken so long to address this project and your questions on what could
be done to alleviate persisting problems.

What began as a review of SolarBee (Pond Doctor) activities at the lake has evolved into a
compilation of available water quality information and an updating of the fisheries management
plan for Mirror Lake. | will discuss each briefly.

First, we should all agree that the ultimate source of many lake problems since reconstruction
originated in the watershed. Several studies to include the 1980 EPA 314 pre-construction
evaluation, the 1989-93 Clean Lakes Assessment and the 1995 Nutrient Budget Analysis
(Water Quality Assessment) conclude that excess nutrients reach and accumulate in the lake.
This is expected any time you place a dam on a natural waterway. Much has been done in
recent years to reduce or limit the source(s) of this problem to include impoundment and
diversion of the city’s storm water. Unfortunately, watershed problems are expected to increase
as more agricultural lands come out of CRP protection. You will need to work with the Soil
Conservation District (SCD) to minimize agricultural impacts to the lake. Enclosed are “Save
Our Lakes” materials which explain our Department objectives and some of the tools needed to
protect Mirror Lake from further degradation.

| believe that the SolarBee “function principle” is the same as that passed down from the Lake
Aid Units, Koffler Units or Wadler Units the Game and Fish Department invented in the early
1970’s. All units use simple surface displacement of sub-surface or hypolimnetic water. i
consider them Band-Aids to buy time like air/oxygen induction circulation, alum treatments or
even excavation. They don’t change the nutrient imports, only internal cycling which isn’t
always a good response. For example, the SolarBee notes dated 7/29/02 reference no fish kill
because Pond Doctors (SolarBee) were present during a hot, dry year when the lake did not get
flushed to remove nutrignts. | contend that the absence of any fish kill had more to do with no
new nutrients entering the lake (lack of runoff) since the equipment operation duration was
interrupted by breakdowns and repairs in April, May and August. The 1995 study also states
that inflows are more detrimental than internal nutrient cycling.

SolarBee notes for January 29, 2001 recommend against using the hypolimnetic discharge
system (HDS) because their units were getting “complete processing of the waters (top to
bottom)” and there was no need to discharge BAD waters (there would be no bad water).
Unfortunately, the units were not always working as determined from the 1/2/2001 repair



records and oxygen profiles collected in June, July, August and December of 2000 after the
units were installed (May, 2000). When oxygen readings approach 1 ppm, | question electronic
D.O. equipment standardization limitations to detect anoxic conditions. The HDS was designed
as a tool to help evacuate excess nutrients when conditions/opportunity exist to balance the
nutrient budget. SolarBee notes dated 4/17/01 dismissed a significant fish kill as a beneficial
occurrence for the fishery in Mirror Lake. Summer or winter fish kills are not taken lightly by the
Game and Fish Department, especially when they involve the loss of Quality to Preferred to
Memorable size fish by national standards. The majority of game fish lost in the 2001 winterkill
were quality size or larger and the extent of the kill (15,000-20,000 fish) was not a fabrication by
me or anyone else doing the kill survey. This kill was investigated twice (4/6/01 and 4/1 2/01) in
an effort to quantify impacts to the fishery. | was sorry to read that the citizens of Hettinger
consider our strained relationship grounds to exaggerate the facts. Enclosed are pictures of
that fish kill to include kill counts, documentation criteria and personnel contacted. In most
cases kills are also witnessed by the local game wardens. One picture shows no evidence that
the Pond Doctors were operational. Fish kills were also documented in 2004 and 2005.

Nothing in the water quality data suggests an improvement in the eutrophication process
ongoing in Mirror Lake. Limited dissolved oxygen profiles would indicate that stratification and
anoxic bottom waters can still be expected in late July to early August. That's what we found
7/20/05 when we tested the low water drawdown system (HDS) shortly after the new circulation
units were installed. At that visit, the lake was a solid mat of dying blue-green algae creating
enough plankton turbidity to cause a significant macrophyte die off and strong odor. The HDS
releases were also anoxic.

The quality of a lake’s fishery is directly related to water quality and watershed quality. Mirror
Lake's work priority score and fishery classification have been downgraded twice since 1985
post-construction due to deteriorating quality and use. The fishery has gone from walleye and
bass predators to northern pike and rough fish have transitioned from white suckers to black
bullheads. Pan fish like bluegill have declined from 17 fish per net hour to 0.5 fish while crappie
and perch populations remain low but stable, even with frequent fish kills. All are clear signs of
what this lake is now capable of supporting. Enclosed are population sampling summaries
since 1985.

Your question: What can be done to save Mirror Lake?

Much of what needed to be done at Mirror Lake or what could still be done is discussed in the
1995-2000 Fisheries Management Plan. | will forward a copy of the 2006-2010 plan when
completed. The following statement/observation is taken directly from the environmental
section of the old plan (1995).

“Inadequate watershed protection has contributed to premature water quality deterioration
following lake rehabilitation. This lake is currently classified as eutrophic following restoration
from a hypereutrophic condition. Internal nutrient cycling through macrophytes is nearly
maximized to where phytoplankton bloom density and frequency are expected to increase. This
would ultimately result in reduced habitat suitability for desired sport fish species and reduced
recreational opportunities.”

The lake has since reverted back to the hypereutrophic condition present before reconstruction.
This suggests that there is an excessive watershed delivery rate for silt and nutrients. Based on
the 1995 loading estimates, Mirror Lake displayed a net increase in nitrogen and phosphorus
equal to fertilization rates of 181 and 23 pounds per acre respectively. The nutrient retention



rate doubled what was already available for macrophyte and algae production from intemal
cycling. The good news is that the nutrient loading rates would have nearly doubled without the
storm water diversion system. ’

The Mirror Lake nutrient “budget” is something we want to decline. In a perfect world that would
mean less silt and nutrients going into the lake than coming out of the lake. This is by far the
most important improvement the Park Board and citizens of Hettinger need to strive towards.
That means working with the SCD and agricultural producers to use the Best Management
Practices (BMP’s) available to protect watershed runoff into Flat Creek. That means zero
tolerance! If you don't start a lake project with that objective, you won't succeed.

Lake/watershed development or improvement considerations should include:

1. Sub-impoundments/desedimentation structures in the watershed or upper lake area
should be investigated as options for improving water quality. The old bridge crossing
north of Highway 12 and creek mouth downstream from the walking bridge may be good
sites to slow and filter runoff events.

2. Maintenance and use of the low-water drawdown (HDS) and storm sewer discharge
systems are critical to nutrient evacuation. The HDS was last used in the spring of 1999
and 2000, and then tested by the Department on 7/20/2005. We may now have a key to
test equipment functionality but good communications and local operations are needed
to use this system effectively.

3. If SolarBee (Pond Doctor) or other artificial circulation is used, consider not using these
systems in the winter if open water cannot be maintained. Without open water,
ammonia cannot be vented which contributes to winter stress or fish kill and operations
contribute to accelerated internal nutrient cycling.

4.  Shore access is a serious problem. Plastic sheeting and rock could be used to cover
vegetation in the boat ramp area, but then where do you go if most of the lake is choked
with vegetation? Shore excavation much like that done on the east shore of North
Lemmon would create fishing areas and remove silt/nutrients, but sacrifice surface
acres. With a drawdown, this procedure could be expanded to create islands with the
material excavated to deepen the shoreline. This would be much less expensive than
hauling material away.

5. Alum treatment to bind stored nutrient accumulations may be a consideration aithough 1
have no experience with this procedure. it should be considered if bottom substrate is
disturbed.

6. Reduce the internal nutrient cycling through a combination of sediment removal, aeration

and large-scale macrophyte removal.

7. Enclosed is a research paper entitled “Effects of Microbial Intervention on a
Hypereutrophic Basin in Northern New Mexico.” This may be an option to address the
foul odor emissions from Mirror Lake.

8. The fishery will continue to fluctuate relative to the extent and frequency of fish kills.
Biomanipulation was effective in removing white sucker problems in the early 1990’s.
Netting in combination with northern pike predator stocking has helped to nearly



eliminate suckers from Mirror Lake. Russ Ziegler and his class need to be congratulated
for their efforts to control black bullheads. Nearly 100 pounds per acre were removed
last spring (2005). This project needs to continue if local volunteer help is available. |
requested to stock walleye last year to develop a better predator base for bullheads, but
they were not stocked per my request. Bullheads, like suckers, are also an undesirable
bottom feeding species which contribute to turbidity and internal nutrient cycling.

9. Pelicans and cormorants frequent Mirror Lake and are considered serious fish predators.
Efforts should be made to haze these birds off the lake permanently. This would also
reduce the risk of spreading migratory avian diseases locally.

All of these ideas are nothing more than Band-Aids if the source of the problem isn’t addressed
first. Area residents, including professionals, didn’t believe our suggestion that siltation was still
a problem back in the early 1990’s. However, based on State Water Commission data when
the low-water system was installed, the lake storage capacity has decreased from 530 acre feet
to 350 acre feet on the 2003-04 map (enclosed). Maximum depth declined from 18 feet post-
construction to 14.3 feet in a matter of twenty years. Regardless of how much has been lost, it
has been too much.

| hope this has helped to answer your questions and gives you some ways to help Mirror Lake.
Please have Russ call me if interested in trapping more bullheads this spring. Thanks for your
interest and concern. :

Sincerely,

Emil Berard

Western District Fisheries Supervisor
North Dakota Game and Fish Department
225 30™ Avenue SW

Dickinson, ND 58601

cc: Greg Power, Fisheries Chief
Harriet Howe

P.S. Someone from the Park Board should attend the Shallow Lakes Forum in April
(announcement enclosed).



Appendix |

Department Response to US EPA Region 8 Comments

During the 30 day public notice soliciting commant participation for the Mirror Lake Nutrient and
Dissolved Oxygen TMDL, the North Dakota Departmehitealth received specific comments from the US
EPA Region 8 on recommended changes and/or addiiiotine report. Below are the comments provided
and the Departments’ response.

Comment from EPA: “Mirror Lake is listed (i.e., 2006 303(d) list} anpaired for sedimentation/siltation
in addition to nutrients and dissolved oxygen. ldoer, the TMDL does not contain a target for sedime

nor a justification that the lake is not impairgddediment nor a statement that the sediment imesut

will be addressed in a separate, future documehé TMDL needs to include an explanation of how the
sedimentation/siltation impairment will be addrekse

NDDoH Response Additional language has been added to Sect@nTdDL Targets, that specifically
states that this TMDL report only pertains to rents, as expressed as phosphorus, and dissolvgdroxy
Language in this section further states that baseh analysis of existing suspended sediment data
presented in a draft report entitled “De-ListingS#diments for Mirror Lake in Adams County, North
Dakota” (NDDoH, draft March 2008) suspended sedinenot believed to be a cause for aquatic life
impairment to Mirror Lake

Comment from EPA: “Similar to the comment above in the Water Qualiargets section, the TMDL
fails include a discussion of the sedimentatiot@Bdn impairment in the Technical Analysis sectidrhe
Technical Analysis section should include a suliise@ddressing the sediment impairment. This may
include, as appropriate, a justification that thieelis not impaired by sediment or a statementthigat
sediment impairment will be addressed in a sepaftaiege document.”

NDDoH Response: An additional section (Section 5.5) has been ddde&ection 5.0, Technical Analysis,
describing the analysis of existing suspended aadats associated draft report.

Comment from EPA: ‘In November 2006 EPA issued the Memorandum “Highimg TMDL “Daily”

Loads in Light of the Decision by the U.S. CourtAgipeals for the D.C. Circuit in Friends of the tBainc.

v. EPA et. al., No. 05-5015 (April 25, 2006) andplimations for NPDES permits,” which recommends tha
all TMDLs and associated load allocations and waatkallocations include a daily time increment in
conjunction with other appropriate temporal expi@ssthat may be necessary to implement the retevan
water quality standard. In June 2007 EPA maddahlaia technical document “Options for the Expigass
of Daily Loads in TMDLs.”’

“The Mirror Lake TMDL needs to be revised to inatud “daily” expression of load consistent with the
Friends of the Earth decision and the technical@ute. The technical guidance is available at:
http://www.epa.gov/owow/tmdl/draft_daily loads_tquif.”




NDDoH Response:An additional paragraph has been added to SectigriNtitrient TMDL, which
provides an expression of the annual total phoggh®MDL, load allocation, and Margin of Safety as a
daily load.



