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INTRODUCTION
Project Description and Purpose

The 2005-2006 and 2006-2007 Lake Water Quality #gsent Project was a cooperative effort
between the North Dakota Game and Fish Deparwsi&igheries Division (NDGF) and the
North Dakota Department of Health Division of Wafgualityss Surface Water Quality
Management Program (SWQMP). One of the primarysgofethe SWQMP is to monitor the
quality of the state’s surface water resourcesuding lakes and reservoirs, and to assess and
report on the quality of those waters. There areenitly an estimated 246 lakes and reservoirs
in the state that are managed for fishing and/ed disr public recreation. With its limited
resources, it is not possible for the SWQMP to adé&zly sample all of these lakes and
reservoirs in a timely matter.

As part of its normal operation, the NDGF routineisits many of the state’s lakes and
reservoirs. For example, NDG&F district fisherstaff conduct routine adult population test
netting, fall reproduction sampling, and limitedvsuer and winter water quality monitoring on
many of the states lakes and reservoirs. In anteti improve the state’s lakes and reservoir
water quality monitoring program, the NDGF and 8WQMP are cooperating in this project.
Through this cooperative effort, the SWQMP has nakeévantage of the NDGF'’s existing lake
and reservoir sampling schedule by providing tregnequipment, and water quality analysis for
lake and reservoir samples collected by the NDGRdties Division staff.

The purpose of this monitoring and assessmentgirigj¢o: 1) monitor the chemical, physical
and biological character of the statéakes and reservoirs; 2) use chemical, physiwél a
biological indicators to assess the current watlity condition and trophic status of monitored
lakes and reservoirs; 3) determine spatial diffeesramong lakes and reservoirs; and 4)
determine temporal trends in lake water qualitycbsnparing project data to Lake Water Quality
Assessment data or other historic water qualitg.détssessment information generated from
this project will be used by both the North Dak@ame and Fish Department and the North
Dakota Department of HeadhDivision of Water Quality to prioritize lakessexvoirs and their
watersheds for lake maintenance and improvemenggisd(i.e., Save Our Lakes, Total
Maximum Daily Loads, Section 319 Non-point Sourcandgement Program).

The result of these assessments are not intendeitedepth evaluation of the individual lake
or reservoir but rather a simple and functionakassient that characterizes the major water
quality parameters, limiting nutrients, and curreaphic status of the lake or reservoir. If
sufficient historic data are available for a lake@servoir, trends (improving, declining, or
stable) in water quality are also assessed.

Lakes and Reservoirs Assessed in 2005-2006 and 22007
Assessed lakes and reservoirs were selected byaitile Dakota Game and Fish Department’s

six District Biologists. With the exception of SatltDam, that was sampled 5 times between the
Jan 2006 and Aug 2007, the lakes and reservogsttd for assessment were monitored a
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minimum of two times during the open water periad ance during ice cover the following
winter (i.e., twice during the summer of 2005 amd¢eduring the winter 2005/2006).

A total of sixty-seven (67) lakes and reservoirsensgelected and monitored (Figurel, Table 1).
Eleven (11) lakes and reservoirs are located irsththwest fisheries district, eight (8) in the
south-central district, 13 in the southeast disttwo (2) in the northwest district, 27 in the
north-central district, and six (6) in the southahstrict. Fifty-seven (57) lakes and reservoirs
were sampled during the first year of the projeetien (7) during second year, and three (3)
(Blumhardt Lake, Heinrich-Martin Dam, and Moon Lakeere sampled both years.

A WAA Lake

Figure 1. Location of 2005 and 2006 Lake Water Quisy Assessment Lakes and
Reservoirs in North Dakota.

Water Quality Variables

Water Quality data collected for each assessmehidad field measurements of Secchi disk
transparency, a temperature and dissolved oxyg#iteprand a sample collected for chemical
and chlorophyll-a analysis (Table 2). Sampleseadéd for chemical analysis were analyzed by
the North Dakota Department of Health’s DivisionLaboratory Services for general chemistry
(i.e., major cations/anions hardness, alkalinity,gnd specific conductance), nutrients (i.e., total
nitrogen, total Kjeldahl nitrogen, ammonia, nitvait&ite, and total phosphorus), and
chlorophyll-a (Table 2).
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Table 1. Summary of Lakes and Reservoirs Includeth 2005-2006 and 2006-2007 Lake
Water Quality Assessment Project (by county).

Lake Name County Lake Name County
Mirror Lake Adams Leland Dam McKenzie
North Lemmon Lake Adams Sather Dam McKenzie
Clausen Springs Barnes Brush Lake McLean
Moon Lake Barnes Crooked Lake McLean
Lake Metigoshe Bottineau East Park Lake McLean
Long Lake Bottineau Lake Audubon McLean
Pelican Lake Bottineau Lake Brekken McLean
Strawberry Lake Bottineau Lake Holmes McLean
New Johns Lake Burleigh Long Lake McLean
Mt. Carmel Dam Cavalier Riverdale Spillway Pond Mah
Wilson Dam Dickey Strawberry Lake McLean
Rice Lake Emmons West Park Lake McLean
Camels Hump Dam Golden Valley Fish Creek Dam Morton
Larimore Dam Grand Forks East Arroda Lake Oliver
Raleigh Dam Grant Nelson Lake Oliver
Sheep Creek Dam Grant West Arroda Lake Oliver
Red Willow Lake Griggs Balta Dam Pierce
Castle Rock Dam Hettinger Lake Elsie Richland
Indian Creek Dam Hettinger Mooreton Pond Richland
Alkaline Lake Kidder Dion Lake Rolette
Horsehead Lake Kidder Lake Upsilon Rolette
Lake Josephine Kidder Heckers Lake Sheridan
Heinrich-Martin Dam LaMoure Froelich Dam Sioux
Kalmbach Dam LaMoure Cedar Lake Slope
Kulm-Edgeley Dam LaMoure Belfield Dam Stark
Schlecht-Thom Dam LaMoure Dickinson Dike Stark
Schlecht-Weixel Dam  LaMoure Patterson Lake Stark
Buffalo Lodge Lake McHenry South Golden Lake Steele
Cottonwood Lake McHenry Spiritwood Lake Stutsman
Lake George McHenry Hiddenwood Lake Ward
Blumhardt Lake Mcintosh Makoti Lake Ward
Coldwater Lake Mclintosh North Carlson Lake Ward
Dry Lake Mcintosh Rice Lake Ward
Green Lake Mclintosh
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Table 2. Summary of Lake Water Quality AssessmenWater Quality Variables.
Field Measurements remel Nutrients Biological
Secchi Disk Transparency Sodium Total Nitrogen @ipayll-a
Dissolved Oxygen Potassium Total Phosphorus
Temperature Magnesium Total Kjeldahl Nitrogen
Calcium Nitrate + Nitrite
Iron Total Ammonia
Hardness
Alkalinity
Bicarbonate
Carbonate
Hydroxide
Chloride
Sulfate
Conductivity
pH

Sample Methods

All samples were collected from a single locationeach lake or reservoir located over the
deepest area. Each time the waterbody was viaitethperature and dissolved oxygen profile
was recorded and a surface sample collected fonichéanalysis. Summer, open water
samples also consisted of a Secchi disk transparapasurement and sample for chlorophyll-a
analysis. All water quality samples were colleatisthg a 2-meter depth integrated water
column tube sampler. For a detailed descriptiothefsampling methods the reader is referred
to the document entitled “Sampling and AnalysisnAta the North Dakota Game and Fish
Department Fisheries Division District Lake Monity and Assessment Project 2005-2006 and
2006-2007" provided in Appendix A. At the end afce sampling trip, water quality samples
were either mailed or hand delivered to the Nordk@a Department of Health’s Division of
Laboratory Services-Chemistry laboratory for anialys

Sample Frequency

Sampling was conducted on each lake or reservaitdviour times per year and was
coordinated with existing NDGF district lake samgliactivities (e.g., standard adult fish
population surveys, summer water quality samplialy reproduction sampling, winter water
quality sampling). At a minimum, two samples weoflected, one during the summer (June,
July or August) and one during the winter undercoeer.

Historical Water Quality and Trends Analysis

Data collected from lakes and reservoirs for thggat were compared with available historical
water quality data in order to determine water ipalends. Historically, water quality samples
collected for chemical analysis were collectedrat br more discrete depths in the water
column. Typically samples were collected at thdame (1-meter depth interval) and near the
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bottom. In deeper, stratified lakes or reservars)id-depth sample may also have been
collected. While samples collected for chemicallgsis were typically collected from discrete
depth, chlorophyll-a samples were typically colkgttising the 2-meter depth integrated water
column tube sampler. As stated previously, wadares collected for this project were
collected from the top 2-mters in the water colwmsmg the depth integrated tube sampler.
Therefore, in order to provide historical datadomparative purposes only historical data
collected from the surface to 2 meters of depthevegreried and used in this report.

Only historical water quality data collected by 8&/QMP and stored in its Sample
Identification Database (SID) were used for thijgoreé. Historical data stored in SID and used
for this report are for the period 1991-2004.

Trends analysis were conducted for each lake erves by summarizing and analyzing
historical water quality data through several dggiee statistics (e.g., mean, minimum,
maximum and standard deviation) and through graplemmparisons with 2005 and/or 2006.

Temperature and Dissolved Oxygen Profile Analysis

Temperature and dissolved oxygen (DO) play an itapbrole in a lake or reservoir’s over all
health and ability to sustain appropriately divgsspulations of aquatic life. In general, cooler
water temperatures and the higher oxygen concentsawill result in increased diversity and
populations of aquatic species.

During periods of summer stratification, the majyaf the cool water in a lake or reservoir is in
a region referred to as the hypolimnion. The hiypoion is defined as the water below the
thermocline. The thermocline is defined as theldemere a 1 degree shift in temperature
occurs within a 1-meter change in depth. The tloefime results in two layers of water, a
warmer upper layer, termed the epilimnion, and@erdbottom layer, the hypolimnion. While
the epilimnion is exposed to wind action and thetplynthetic activity of algae, the
hypolimnion is isolated.

The water in the hypolimnion is typically an ardawygen consumption, where accumulated
organic matter (e.g., settling algae) is decompo3dtwse decomposition processes require
oxygen which is obtained from the water columnhia hypolimnion. The rate at which oxygen
is consumed in the hypolimnion, termed the hypoétimoxygen depletion rate, is directly
related to the amount of organic matter depositegtie hypolimnion which is directly related to
the lake or reservoir’s trophic status. This ielahip makes the tracking of temperature and
dissolved oxygen profiles an excellent measur@afiasing or decreasing eutrophication.

Trophic Status Assessment

Trophic status is the primary indicator used teeassvhether a lake or reservoir is meeting its
intended uses (e.qg., fishery class, recreation uB@®phic status is a measure of the productivity
of a lake or reservoir and is directly relatedhe kevel of nutrients (i.e., phosphorus and
nitrogen) entering the lake or reservoir from i@st@&rshed and/or from the internal recycling.
Highly productive lakes, termed “hypereutrophioghtain excessive phosphorus and are
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characterized by large growths of weeds, blue-gadgal blooms, low transparency, and low
dissolved oxygen (DO) concentrations. These lakggrience frequent fish kills and are
generally characterized as having excessive rosgtpbpulations (carp, bullhead, and sucker)
and poor sport fisheries. Due to the frequentlddpms and excessive weed growth, these
lakes are also undesirable for recreational uses asiswimming and boating.

Mesotrophic and eutrophic lakes, on the other hiaade lower phosphorus concentrations, low
to moderate levels of algae and aquatic plant drolwgh transparency, and adequate DO
concentrations throughout the year. Mesotrophiedado not regularly experience algal blooms,
while eutrophic lakes experience occasional alfggdrns of moderate to short duration, typically
a few days to a few weeks.

Due to the relationship between trophic statuscatdirs and the aquatic community (as reflected
by the fishery) or between trophic status indicainnd the frequency of algal blooms, trophic
status becomes an effective indicator of aqudBcalnd recreation use support in lakes and
reservoirs. For purposes of this assessment mathgd it is assumed that hypereutrophic lakes
do not fully support a sustainable sport fisherg are limited in recreational uses, whereas
mesotrophic lakes fully support both aquatic lifel aecreation use. Eutrophic lakes may be
assessed as fully supporting, fully supportingtbrgatened, or not supporting their uses for
aquatic life or recreation.

Since trophic status indicators specific to NoréikBta waters have not been developed,
Carlson's trophic status index (TSI) (Carlson, )9¥%& been chosen to assess the trophic status
of lakes or reservoirs. To create a numericalVile, Carlson's TSI uses a mathematical
relationship based on three indicators: 1) Sebitk Transparency in meters (m); 2) surface
total phosphorus as P concentration expressed/ds pgd 3) chlorophyll-a concentration
expressed as pg/L.

This numerical value, ranging from 0-100, corresjsoto a trophic condition with increasing
values indicating a more eutrophic (degraded) d¢ardi Carlson's TSI estimates are calculated
using the following equations and is also depigeaphically in Figure 2.

X Trophic status based on Secchi Disk Transparensig):
TSIS =60 - 14.41 In (SD)
Where SD = Secchi disk transparency in meters.

X Trophic status based on total phosphorus (TSIP):
TSIP =14.20 In (TP) + 4.15
Where TP = Total phosphorus concentration in fig L

X Trophic status based on chlorophyll-a (TSIC):
TSIC =9.81In (TC) + 30.60
Where TC = Chlorophyll-a concentrations in iy L
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Figure 2. A Graphic Representation of Carlson's TS

In general, of the three indicators it is belietieat chlorophyll-a is the best indicator of trophic
status, since it is a direct measure of lake privdtac Secchi disk transparency should be used
next, followed by phosphorus concentration. Irotlgefor a given lake or reservoir, the
measures of chlorophyll-a, Secchi disk transpareawg phosphorus concentration are all
interrelated and should yield similar trophic statudex values. This, however, is often not the
case. Many lakes and reservoirs in the statehadéosy and windswept causing non-algal

turbidy to limit light pentration. This situationay result in a lake having a high phosphorus
concentration, low Secchi disk transparency, amddblorophyll-a concentration. In other
instances, other micronutients may be limiting b¢gawth even though excessive phosphorus is
present.

Regional Analysis

The question is often asked, “How does this lakeeservoir compare to other lakes or
reservoirs in the state or region?” In order tacpla lake or reservoir’'s water quality into the
proper context, the 2005 and/or 2006 water qudkiy for a lake or reservoir were compared to
that of all lakes or reservoirs of a similar typghm a similar ecological region (i.e., ecoregion)
For this analysis, current and historical waterigpdata were pooled and summarized
statistically by waterbody type (i.e., natural Iskes. reservoirs) and by ecoregion.

While additional lake types or classes could béengelf (e.g., shallow vs. deep, large vs. small),
for purposes of regional comparison, lakes andvess were divided into two general types,
natural lakes and manmade reservoirs. By comparisatural lakes are older, have no control
structure, and generally have longer residencestinkReservoirs by contrast are manmade with a
control structure that controls the rate and voluheischarge and have shorter hydraulic
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residence times (less than one year). These factor have a significant effect on the natural
water quality of a lake or reservoir which shou&donsidered when making regional
comparisons.

Another factor which should be considered when nmgkegional comparisons is landscape or
climatic setting of the lake or reservoir. For exade, lakes or reservoirs in the eastern part of
the state will have naturally different water qtiathan lakes or reservoirs in the west based on
the soils, natural vegetation, land use pattems paecipitation patterns of the area. One way to
group or classify broad regional area based facsdis use ecorgions that have similar land
forms, geological history, soils and ecologicaldtion. There are four different Level Ill
Ecoregions in North Dakota. From east to west Hreythe Lake Agassiz Plain (48), Northern
Glaciated Plains (46), Northwestern Glaciated Rl&42), and the Northwestern Great Plains
(43) (Figure 2).

- [ e pm—
Level lll EcoRegions il

I cevits Lake 2004 [0 42- Morthwestern Glaciated Flains ,

[ I missouriRiver [ | 43- Morthwestern Great Plains ¥ -

[ 1 county Boundaries [JR 46 - Morthern Glaciated Plains

A Lake Location - 48 - Lake Agassiz Plain

Figure 2. Level lll Ecoregions and 2005 and 2006dke Water Quality Assessment Lakes
and Reservoirs.



2005-2006 and 2006-2007 Lake Water Quality Assessmily 2008, Revised August 2009

Introduction Page 9 of 529
While it is most helpful to compare each lake @ergoir in relationship to as specific an
ecological region as possible, it is also necessahave an adequate sample size of lakes and
reservoirs to compare. Therefore, to ensure aquade sample size of lakes and reservoirs the
four level Ill ecoregions in the state were combimte two broader ecoregions. The Lake
Agassiz Plain (48) and Northern Glaciaed Plain3 é®regions were combined to form the
Cultivated Plains region and the Northwestern Gliael Plains (42) and Northwestern Great
Plains (43) ecoregions were combined to form thegeknd Plains region (Figure 3).

Cultivated Rlains

Map Features " oo @
I D:vils Lake 2004 [ ] County Boundaries W%E
l:l Missouri River Fangeland_Plains s

|:| Cultivated_Plains

Figure 3. Cultivated Plains and Rangeland Plains &gions in North Dakota.
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Mirror Lake, Adams County
BACKGROUND
Location: Mirror Lake is a small recreational impoundmentrdat Creek located on

the southern edge of the town of Hettinger, Norétk@a (Figure 1). The reservoir is
managed by the town of Hettinger and the North Dekdame and Fish Department.

Cultivated Plains

Map Features N I 8
I C=vils Lake 2004 | | County Boundaries W%E
l:l Missour River Rangeland_Flains s

@ veterhody [ ] Cultivated_Plains

Figure 1. Location of Mirror Lake.

Physiographic/Ecological Setting: Mirror Lake has a surface area of 63.0 acres, a
maximum depth of 14.3 ft and an average depthtgEdure 2). The reservoir’'s
watershed is 45,600 acres in size and is locaeditnithwestern Great Plains (NWGP)
Level Il Ecoregion, part of the broader Rangel&tains region (Figure 1). The Mirror
Lake watershed landscape is rolling plains. Flpladh slopes and hillsides are usually
native grasslands, while the uplands and floochpl#iemselves have mostly been
converted to small grains and alfalfa.
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Lake Statistics

Surface Area (acres) 63.0
| Volume (acre/feet)

Average Depth (feet)

Max Depth (feet)

Shoreline (miles)

45°5G'40"N

Figure 2. Contour Map of Mirror Lake (Map Courtesy of North Dakota Game and
Fish Department).

Construction History: Mirror Lake was formed in 1907 when the Milwauk&e,
Paul, and Pacific Railroad dammed Flat Creek teigeoa reliable water source for
steam locomotion. The reservoir was renovate®88land increased in surface
acreage from 63 to 63.3 acres and in maximum degth 9 to 18 ft. Since the 1983
renovation the lake has lost 0.3 acres of surfeea and 3.7 ft of depth.

Recreational Facilities: Recreational facilities at Mirror Lake include axeent boat
ramp, boat and vehicle parking, a city park, waikige, and fishing pier. The city park
on the north side of the lake includes parkingiroesns, and a swimming beach.

Water Quality Standards Classification: Mirror Lake is classified in the state
“Standards of Quality for Waters of the State” (N@HD) 2006) as a class 3 lake or
reservoir. Class 3 lakes or reservoirs are defased “warm water fishery” or “waters
capable of supporting natural reproduction and ¢naf warm water fishes (e.g.,
largemouth bass and bluegill) and associated aghitia. Some cool water species
may also be present.”
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Historical and Current Fishery: Mirror Lake’s fishery over time has included nearly
every fish stocked by the NDG&F. Currently, th&hery includes northern pike, perch,
and bluegill. Boats are restricted to idle spdedsevent undue erosion to the shoreline.

Historical Water Quality Sampling: Historical water quality data includes results frém
samples collected from 1992 through 2002.

WATER QUALITY MONITORING RESULTS

The water quality analysis and trends assessmenkgifror Lake have been presented in four
general categories: 1) temperature and dissolvgdewxprofile results; 2) general water quality
characterization; 3) nutrient limitation; and 4)ghic status. Where appropriate, results have
been compared to the regional data for reservoitisea Rangeland Plains region.

Temperature and Dissolved Oxygen Profile ResultsThere were 24 temperature and
dissolved oxygen profiles for Mirror Lake collectediermittently between 1992 and 2006.
Temperature and oxygen profiles are presentedhfeettime periods, 1992-1995 (Figures 3 and
4), 2001 (Figures 5 and 6), and 2005-2006 (Figdrasd 8). The profile data shows that during
thermal stratification Mirror Lake experiences thpkygen decay, but rarely drops below the
state’s water quality standard of 5 mg/L. Of tlep2ofiles, only four collected on 6/1/1995,
7/23/1995, 7/20/2006 and 3/6/2006 dropped belovstaie standard of 5 mg/L. While the rapid
loss of dissolved oxygen during these periods mceming, there does appear to be enough
dissolved oxygen to maintain aquatic life in th@eptwo meters of the water column.
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Figure 3. Temperature Profiles for Mirror Lake fro m 1992 to 1995.
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General Water Quality: Data collected by the NDGF in 2005 and 2006 in@iddirror Lake is
well buffered with total alkalinity as CaG@oncentrations ranging from 296 to 369 mg/L (Table
1). Based on the 2005-2006 water quality datardvlicake is sodium sulfate dominated with an
average sodium concentration of 347 mg/L and arageesulfate concentration of 880 mg/L.
The average total dissolved solids (TDS) concentrand specific conductance measurement
for the 2005-2006 sampling period were 1623 mgil 2253 pmhos/cm respectively. Average
total nitrogen as N and total phosphorus as P cdrat@ns were 1.66 mg/L and 0.155 mg/L
respectively.

When compared to historical water quality dataMdnror Lake, it appears that concentrations of
most water quality constituents have increased.ekample, the average sulfate and sodium
concentrations for the period 1992-2002 were 578 ragd 190 mg/L respectively (Table 2),
compared to average concentrations of 880 ml/Isfitfiate and 347 mg/L for sodium recorded
for the period 2005-2006 (Table 1). While not sigant, average total nitrogen and phosphorus
concentrations have also increased when comparée tustorical data. Historical (1992-2002)
average total nitrogen and total phosphorus coratoris were 1.487 mg/L and 0.122 mg/L
respectively (Table 2), compared to average conatons of 1.66 mg/L and 0.155 mg/L for

total nitrogen and total phosphorus respectivebb(& 1).
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Table 1. Statistical Summary of Mirror Lake’s 20052006 Water Quality Data.
Parameter Units n Average  Minimum Maximum Star_ldgrd
Deviation

Total Alkalinity (CaCOs) mg/L 3 321 296 369 42
Total Ammonia as N mg/L 3 0.025 0.010 0.047 0.019
Bicarbonate (HCO5) mg/L 3 226 154 369 124
Calcium (Ca) mg/L 3 375 30.9 49.3 10.3
Carbonate (COs) mg/L 3 81 40 103 36
Chloride (CI) mg/L 3 32 25 44 11
Chlorophyll-a Ha/L 1 98.5 98.5 98.5

Specific Conductance Hmhos 3 2253 2030 2700 387
Total Dissolved Solids mg/L 3 1623 1420 2010 335
Total Hardness as (CaCOs) mg/L 3 527 450 662 117
Hydroxide (OH) mg/L 3 1 1 1 0
Iron (Fe) mg/L 3 0.189 0.169 0.207 0.019
Magnesium (Mg) mg/L 3 105.4 90.7 131.0 22.2
Nitrate + Nitrite as N mg/L 3 0.030 0.020 0.050 0.017
Total Kjeldahl Nitrogen as N mg/L 3 1.630 1.490 1.880 0.217
Total Nitrogen as N mg/L 3 1.660 1.510 1.930 0.234
pH 3 9.33 8.74 9.64 0.51
Total Phosphorus as P mg/L 3 0.155 0.149 0.160 0.006
Potassium (K) mg/L 3 29.6 27.7 32.1 2.3
Sodium (Na) mg/L 3 347 294 439 80
Sulfate (SO4) mg/L 3 880 775 1090 182

TEqual to minimum reporting limit

When compared to regional average concentratioappears Mirror Lake is slightly higher
than that reported for all reservoirs in the RaagelPlains region (Table 3). For example, the
regional average TDS, total nitrogen, and totalgphorus concentrations are 1176 mg/L, 1.472
mg/L, and 0.135 mg/L respectively, compared to Mtilrake’s average TDS, total nitrogen, and
total phosphorus concentrations of 1623 mg/L, @A and 0.155 mg/L respectively, for the
period 2005-2006.

Limiting Nutrients: The limiting nutrient analysis is based on the agsion that either
nitrogen or phosphorus is limiting algal growth\iirror Lake and that the ratio of total nitrogen
as N to total phosphorus as P (N:P), based on weigtigae, is approximately 15 to 1. When
the N:P ratio is less than 15:1, nitrogen is assutode the limiting nutrient and when it
exceeds 15:1, the limiting nutrient is assumedetptosphorus.

There were 4%vater quality sample results for Mirror Lake cotkst between July 1992 and
March 2007 where the N:P ration could be calculatBde results from this analysis indicate
that while Mirror Lake is most often nitrogen limdt, the N:P relationships in Mirror Lake are
dynamic, and variable based on the time of the gadrthe natural processes occurring at the
time of sampling (Figure 9).
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Table 2. Statistical Summary of Mirror Lake’s Historical Water Quality Data Collected
Between 1992 and 2002.

Parameter Units n Average  Minimum Maximum [S)tar_ldgrd
eviation
Total Alkalinity (CaCOs) mg/L 13 261 221 323 36
Total Ammonia as N mg/L 46 0.037 0.001 0.397 0.071
Bicarbonate (HCO) mg/L 13 288 232 368 43
Calcium (Ca) mg/L 13 55 38 76 13
Carbonate (CO5) mg/L 13 16 1 38 11
Chloride (ClI) mg/L 13 13.7 9.8 26.0 4.8
Chlorophyll-a Ho/L 30 21.3 3.0 69.0 18.5
Specific Conductance pumhos 13 1593 1031 2740 570
Total Dissolved Solids mg/L 13 1076 649 1970 433
Total Hardness as (CaCOs) mg/L 13 421 274 624 125
Hydroxide (OH) mg/L 8 1 1 1 0
Iron (Fe) mg/L 13 0.169 0.021 0.432 0.126
Magnesium (Mg) mg/L 13 69.2 42.8 111.0 23.3
Nitrate + Nitrite as N mg/L 40 0.033 0.014 0.520 0.079
Total Kjeldahl Nitrogen as N mg/L 36 1.409 0.871 2.820 0.457
Total Nitrogen as N mg/L 32 1.487 0.891 3.340 0.521
pH 13 8.59 8.13 8.86 0.25
Total Phosphorus as P mg/L 47 0.122 0.018 0.592 0.097
Potassium (K) mg/L 13 17.9 14.2 24.0 3.0
Sodium (Na) mg/L 13 190 99 342 78
Sulfate (SO4) mg/L 12 578 291 1230 321

'Equal to minimum reporting limit

N:P ratios for Mirror Lake ranged from a low of@d high of 57 with an average of 16. Of the
45 samples collected on Mirror Lake, 29 were bedowN:P ratio of 15 indicating nitrogen
limitation and 16 were above 15 indicating phospldimitation.

Trophic Status Assessment:Based on limited chlorophyll-a, Secchi disk tzergncy, and
total phosphorus data collected during 2005-2006;0vlLake’s current trophic status is
eutrophic to hypereutrophic. TSI scores rangeohfaolow of 63 based on Secchi disk
transparency to a high of 76 based on chlorophylHae trophic status score based on total
phosphorus was similar to that estimated basedhlmmophyll-a, at 77 (Figure 10).

A total of 45 total phosphorus samples, 29 chloytlpdnsamples, and 10 Secchi disk
transparency measurements collected between 1992086 were used to evaluate trends in the
trophic status of Mirror Lake. Based on a visusessment, Mirror Lake’s trophic status is
stable to increasing (Figure 6).



2005-2006 and 2006-2007 Lake Water Quality Assessmily 2008, Revised August 2009

Mirror Lake

Page 18 of 529

Table 3. Statistical Summary of Water Quality Data Collected from Reservoirs in the

Rangeland Plains Ecological Region of North Dakota.

Parameter Units n Average  Minimum Maximum Star]dgrd
Deviation
Total Alkalinity (CaCOs) mg/L 408 309 101 982 130
Total Ammonia as N mg/L 469 0.097 0.001 2.440 0.200
Bicarbonate (HCO3) mg/L 408 318 14 1040 150
Calcium (Ca) mg/L 408 50 5 160 26
Carbonate (CO5) mg/L 402 30 1 197 30
Chloride (CI) mg/L 408 13.3 0.3 74.5 8.8
Chlorophyll-a Ho/L 321 21.2 1.5 218.0 27.9
Specific Conductance pmhos 428 1733 262 5880 959
Total Dissolved Solids mg/L 409 1176 147 5110 750
Total Hardness as (CaCOg) mg/L 408 397 45 1850 260
Hydroxide (OH) mg/L 337 1 1 1 0
Iron (Fe) mg/L 409 0.179 0.007 4.110 0.334
Magnesium (Mg) mg/L 408 66.0 5.6 353.0 49.6
Nitrate + Nitrite as N mg/L 395 0.048 0.001 0.790 0.092
Total Kjeldahl Nitrogen as N mg/L 359 1.556 0.365 7.720 0.779
Total Nitrogen as N mg/L 302 1.472 0.405 4.840 0.562
pH 428 8.61 6.73 9.87 0.56
Total Phosphorus as P mg/L 475 0.135 0.004 3.160 0.205
Potassium (K) mg/L 408 14.6 4.2 39.2 6.3
Sodium (Na) mg/L 408 239 3 932 171
Sulfate (SO4) mg/L 406 604 1 3210 501

! Data Collected from 69 Natural Lakes between 1881 2007

2Equal to minimum reporting limit



2005-2006 and 2006-2007 Lake Water Quality Assessmily 2008, Revised August 2009

Mirror Lake Page 19 of 529
100
90
80 -
g
5 70
e
@
S 60
T @)
<
g @)
:‘g’, 40 ©
Z 30
I
(o)
= o On @
2019 ¢
o = o
: C %
& o S ® O
0 T T T T T T T
N [92] < o (o] N~ (o] (o] o - N [92] < o (o]
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
= = = = = = = = = = = = = = =

Figure 9. Total Nitrogen to Total Phosphorus Ratis in Mirror Lake (1992-2006).
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North Lemmon Lake, Adams County
BACKGROUND

Location: North Lemmon Lake is on the very southern edgeatiNDakota approximately
half way between the Missouri River and the Monthoaler. Directions to North Lemmon
Lake are 5 miles north of Lemmon, South Dakotasoni@les east and 5 miles north of
Hettinger, North Dakota (Figure 1).

Cultivated Plains

Map Features o o5 @
- Devils Lake 2004 I:l County Boundanes W%E
I:I Missouri River Rangeland_Flains s

& Waterbady I:l Cultivated_Plains

Figure 1. Location of North Lemmon Lake.

Physiographic/Ecological Setting:North Lemmon Lake is located in the Northwesteredsr
Plains (NWGP) Level Ill Ecoregion (Figure 2). TR8VGP is the Missouri Plateau of the Great
Plains (USEPA 1994). The watershed landscapdlisgplains. Flood plain slopes and
hillsides are usually native grass, while the ugtaand flood plains themselves have mostly
been converted to small grains and alfalfa.
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Figure 2. Contour Map of North Lemmon Lake (Map Caurtesy of North Dakota
Game and Fish Department).
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Construction History: North Lemmon Lakés a 55 acre impoundment on a tributary to Cedar
Creek. The reservoir has a maximum depth of 33dee an average depth of 13.2 feet (Figure
2). Since construction the reservoir has lostlile@amples collected in 2005 and 2006 indicate
a maximum depth of 21 feet.

Recreational Facilities: North Lemmon Lake and the immediate area surrogntie shoreline
is owned and managed by the North Dakota Game shdJepartmentRecreational facilities
at North Lemmon Lake include a boat ramp and aassgtiparking, fishing pier, and picnic area.

Water Quality Standards Classification: North Lemmon Lake is classified in the state
“Standards of Quality for Waters of the State” (N@HD 2006) as a class 1 lake or reservaoir.
Class 1 lakes or reservoirs are defined as a ‘walér fishery” or “waters capable of supporting
growth of cold water fish species (e.g., salmonaig) associated aquatic biota.”

Historical and Current Fishery: North Lemmon Lake’s fishery is managed by the North
Dakota Game and Fish Department. Historical amceotifishery is trout, bluegill, and
largemouth bass. No live bait fish are allowed.

Historical Water Quality Sampling: Historical water quality data includes results frtmree
samples collected from 1991 and 1993.

WATER QUALITY MONITORING RESULTS

The water quality analysis and trends assessmeni$oirth Lemmon Lake have been presented
in four general categories: 1) temperature andblisd oxygen profile results; 2) general water

quality characterization; 3) nutrient limitatiomad4) trophic status. Where appropriate, results
have been compared to the regional data for resemnothe Rangeland Plains region.

Temperature and Dissolved Oxygen Profile ResultsThere were five temperature and
dissolved oxygen profiles for North Lemmon Lakelectded intermittently between 1991 and
2006. Temperature and oxygen profiles are preddatdwo time periods, 1991-1993 and
2005-2006 (Figures 3 and 4).

The profile data shows that during thermal streaifion North Lemmon Lake experiences rapid
oxygen decay, but rarely drops below the statetemguality standard of 5 mg/L. Of the five
profiles, only two collected on 2/16/1993 and 72805 dropped below the state standard of 5
mg/L. While the dissolved oxygen loss did twicembelow the state standard, during these
periods the largest percentage of the water colamaniake volume was adequately oxygenated
to support cold water species.
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General Water Quality: Data collected by the NDGF in 2005 and 2006 in@i¢édrth

Lemmon Lake is well buffered with total alkalini#g CaC@ concentrations ranging from 329 to
407 mg/L (Table 1). Based on the 2005-2006 watatity data, North Lemmon Lake is sodium
bicarbonate dominated with an average sodium caratem of 52 mg/L and an average
bicarbonate concentration of 354 mg/L. The avetat® dissolved solids (TDS) concentration
and specific conductance measurement for the 2006-8ampling period were 433 mg/L and
735 umhos/cm respectively. Average total nitrogemN and total phosphorus as P
concentrations were 1.200 mg/L and 0.025 mg/L respey.

Table 1. Statistical Summary of North Lemmon Lake$ 2005-2006 Water Quality Data.

Parameter Units n Average  Minimum Maximum Star_ldgrd
Deviation

Total Alkalinity (CaCOs) mg/L 2 368 329 407 55
Total Ammonia as N mg/L 2 0.048 0.011 0.084 0.052
Bicarbonate (HCOs) mg/L 2 354 240 467 161
Calcium (Ca) mg/L 2 18.9 13.8 23.9 7.1
Carbonate (CO5) mg/L 2 47 14 79 46
Chloride (ClI) mg/L 2 8 7 10 2
Chlorophyll-a Ho/L 1 6.1 6.1 6.1

Specific Conductance pmhos 2 735 633 836 144
Total Dissolved Solids mg/L 2 433 386 479 66
Total Hardness as (CaCOg) mg/L 2 334 292 375 59
Hydroxide (OH) mg/L 2 1 1 1 0
Iron (Fe) mg/L 2 0.141 0.104 0.178 0.052
Magnesium (Mg) mg/L 2 69.7 62.6 76.7 10.0
Nitrate + Nitrite as N mg/L 2 0.040 0.020 0.060 0.028
Total Kjeldahl Nitrogen as N mg/L 2 1.160 1.020 1.300 0.198
Total Nitrogen as N mg/L 2 1.200 1.040 1.360 0.226
pH 2 8.96 8.50 9.41 0.64
Total Phosphorus as P mg/L 2 0.025 0.019 0.031 0.008
Potassium (K) mg/L 2 11.9 10.6 13.2 1.8
Sodium (Na) mg/L 2 52 46 58 8
Sulfate (SO4) mg/L 2 50 47 53 4

'Equal to minimum reporting limit

When compared to historical water quality dataNorth Lemmon Lake, it appears that
concentrations of most water quality constituergehincreased. For example, the historical
average sulfate and sodium concentrations weredlb and 43 mg/L respectively (Table 2),
compared to average concentrations of 50 ml/L ditfate and 52 mg/L for sodium recorded for
the period 2005-2006 (Table 1).

Unlike the dissolved solids the average total giroand phosphorus concentrations have
decreased when compared to the historical data. hidtorical average for total nitrogen and
total phosphorus concentrations were 1.560 mg/L0addi8 mg/L respectively (Table 2),
compared to average concentrations of 1.200 mgidl0ah 25 mg/L for total nitrogen and total
phosphorus respectively.
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Table 2. Statistical Summary of North Lemmon Lake$ Historical Water Quality Data
Collected Between 1991 and 1993.

Parameter Units n Average  Minimum Maximum Star_ldgrd
Deviation
Total Alkalinity (CaCO»3) mg/L 3 323 294 379 49
Total Ammonia as N mg/L 3 0.112 0.028 0.272 0.139
Bicarbonate (HCOs) mg/L 3 271 199 414 124
Calcium (Ca) mg/L 3 17 14 21 4
Carbonate (CO5) mg/L 3 60 24 79 31
Chloride (ClI) mg/L 3 7.8 7.2 9.0 1.0
Chlorophyll-a Ho/L 1 12.0 12.0 12.0 0
Specific Conductance pmhos 3 559 500 675 100
Total Dissolved Solids mg/L 3 345 320 393 42
Total Hardness as (CaCOg) mg/L 3 272 256 304 28
Hydroxide (OH) mg/L 1 0 0 0 0
Iron (Fe) mg/L 3 0.049 0.019 0.093 0.039
Magnesium (Mg) mg/L 3 56.1 53.3 61.2 4.4
Nitrate + Nitrite as N mg/L 1 0.002 0.002 0.002 0
Total Kjeldahl Nitrogen as N mg/L 2 1.360 1.260 1.460 0.141
Total Nitrogen as N mg/L 2 1.560 1.488 1.56 .095
pH 3 9.32 8.75 9.60 0.49
Total Phosphorus as P mg/L 3 0.048 0.014 0.104 0.049
Potassium (K) mg/L 3 12.9 12.1 14.2 11
Sodium (Na) mg/L 3 43 40 48 4
Sulfate (SO4) mg/L 3 15 12 17 3

'Equal to minimum reporting limit

When compared to the Rangeland Plains regionahgesrNorth Lemmon Lake is fresher and
less eutrophic than that reported for most reses\(@iable 3). For example, the regional average
for TDS, total nitrogen, and total phosphorus cotiagions are 1176 mg/L, 1.472 mg/L, and
0.135 mg/L respectively, compared to North Lemmakéd’s average TDS, total nitrogen, and
total phosphorus concentrations of 433 mg/L, 1/2@0L and 0.025 mg/L, respectively, for the
period 2005-2006.

Limiting Nutrient: The limiting nutrient analysis is based on the agstion that either

nitrogen or phosphorus is limiting algal growtiNorth Lemmon Lake and that the ratio of total
nitrogen as N to total phosphorus as P (N:P), basasleight in algae, is approximately 15 to 1.
When the N:P ratio is less than 15:1, nitrogers@ianed to be the limiting nutrient and when it
exceeds 15:1, the limiting nutrient is assumedetptosphorus.

There are threater quality sample sets for North Lemmon Lakevieen August 1992 and

July 2005. The three samples used in this inteapos indicate that North Lemmon Lake is
phosphorus limited (Figure 5). The nitrogen toggtwrus ratio for North Lemmon Lake ranged
from a low of 16 to a high of 106.
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Table 3. Statistical Summary of Water Quality Data Collected from Reservoirs in the
Rangeland Plains Ecological Region of North Dakota.

Parameter Units n Average  Minimum Maximum Star]dgrd
Deviation
Total Alkalinity (CaCOs) mg/L 408 309 101 982 130
Total Ammonia as N mg/L 469 0.097 0.001 2.440 0.200
Bicarbonate (HCO3) mg/L 408 318 14 1040 150
Calcium (Ca) mg/L 408 50 5 160 26
Carbonate (CO5) mg/L 402 30 1 197 30
Chloride (CI) mg/L 408 13.3 0.3 74.5 8.8
Chlorophyll-a Ho/L 321 21.2 1.5 218.0 27.9
Specific Conductance pmhos 428 1733 262 5880 959
Total Dissolved Solids mg/L 409 1176 147 5110 750
Total Hardness as (CaCOg) mg/L 408 397 45 1850 260
Hydroxide (OH) mg/L 337 1 1 1 0
Iron (Fe) mg/L 409 0.179 0.007 4.110 0.334
Magnesium (Mg) mg/L 408 66.0 5.6 353.0 49.6
Nitrate + Nitrite as N mg/L 395 0.048 0.001 0.790 0.092
Total Kjeldahl Nitrogen as N mg/L 359 1.556 0.365 7.720 0.779
Total Nitrogen as N mg/L 302 1.472 0.405 4.840 0.562
pH 428 8.61 6.73 9.87 0.56
Total Phosphorus as P mg/L 475 0.135 0.004 3.160 0.205
Potassium (K) mg/L 408 14.6 4.2 39.2 6.3
Sodium (Na) mg/L 408 239 3 932 171
Sulfate (SO4) mg/L 406 604 1 3210 501

! Data Collected from 69 Natural Lakes between 1881 2007
2Equal to minimum reporting limit

Trophic Status Assessment:Based on chlorophyll-a, Secchi disk transpareang, total
phosphorus data collected in 2005, North Lemmorelsaktophic status is mesotrophic (Figure
6). TSI scores ranged from a low of 41 based arcl8alisk transparency to a high of 48 based
on chlorophyll-a. The trophic status score bagsetbtal phosphorus was similar to that
estimated based on chlorophyll-a, at 47 (Figure 6).

A total of two phosphorus and chlorophyll-a samp#®l two secchi disk measurements
collected between 1991 and 2005 were used to dedigands in the trophic status of North
Lemmon Lake. Based on a visual assessment, Nertiimon Lake’s trophic status is stable to
improving (Figure 6).
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Clausen Springs, Barnes County

BACKGROUND

Location: Clausen Springs is a reservoir in southeasternhNaakota, on a tributary to the
Sheyenne River (Figure 1). Directions to Clauspnngs from the junction of U.S Highways 46
and 1 are: Three miles north, then 1 mile east) th mile north. Clausen Springs is managed
by the North Dakota Game and Fish Department am@#ines County Park Board.

Cultivated Blains

Map Features u Bos W
- Devils Lake 2004 |:| County Boundaries W%E
I:I Missouri River Rangeland_PFlains s

. \aterbody I:l Cultivated_Plains

Figure 1. Location of Clausen Springs.

Physiographic/Ecological Setting: Clausen Springs is located in the Northern Gtadi®lains
(NGP) Level lll Ecoregion, part of the broader Gudted Plains region (Figure 1). The NGP is
characterized by flat to rolling landscape compaseglacial drift (USEPA 1994). This region

is the transitional zone between tall and mixedg@rairie. The region has numerous wetlands
essential for spring and fall migrations of wetlal@pendent birds. Flood plain slopes and
hillsides are usually native grass while the uptaadd flood plains proper have mostly been
converted to small grains, row crops and alfalfa.
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Figure 2. Contour Map of Clausen Springs (Map Coutesy of the North Dakota
Game and Fish Department).

Construction History: Clausen Springs was formed in 1967 by damming §Cireek. The
dam backed up 38 acres of water with a maximumhdefp83 feet. In 2004 when resurveyed by
the NDG&F Clausen Springs’ maximum depth was 30vieth an average depth of 14.8 feet
(Figure 2).

Recreational Facilities: Clausen Springs and the immediate area surrourkéngeservoir are
owned by the North Dakota Game and Fish Departmetreational facilities include a boat
ramp, parking, campgrounds, day use areas, asthiadipier. Recreational facilities are in part
provided by and managed by the Barnes County Paakd

Water Quality Standards Classification: Clausen Springs is classified in the state “Stashglar

of Quality for Waters of the State” (NDDoH, 2006) aclass 3 lake or reservoir. Class 3 lakes
or reservoirs are defined as a “warm water fishery*waters capable of supporting natural
reproduction and growth of warm water fishes (daggemouth bass and bluegill) and associated
aguatic biota. Some cool water species may algdsent.”
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Historical and Current Fishery: In 1968 Clausen Springs was stocked with raintrout. In
1976 Clausen Springs was chemically eradicatedhdryears following eradication, the current
fishery of perch, largemouth bass, and walleye esdablished.

Historical Water Quality Sampling: Historical water quality data includes results frtmree
samples collected from 1991 through 1992.

WATER QUALITY MONITORING RESULTS

The water quality analysis and trends assessme@i&oisen Springs have been presented in
four general categories: 1) temperature and disdabxygen profile results; 2) general water
quality characterization; 3) nutrient limitatiomad4) trophic status. Where appropriate, results
have been compared to the regional data for ressmvothe Cultivated Plains region.

Temperature and Dissolved Oxygen Profile ResultsThere are seven temperature and
dissolved oxygen profiles for Clausen Springs @béld in two clusters between 1991-1992 and
2005-2006 (Figures 3 and 4). The profile data shthat Clausen Springs experiences moderate
oxygen decay during thermal stratification, but m@ns concentrations above the State’s
Standard of 5 mg/L above 4 meters of depth andhduyeriods lacking stratification.
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Figure 3. Clausen Springs’ Temperature Profiles fom 1991 to 2006.
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Figure 4. Clausen Springs’ Dissolved Oxygen Proés From 1991 to 2006.

General Water Quality: Data collected by the NDGF between 2005 and 200 ate

Clausen Springs is a well buffered water body waiitalinity as CaC@concentrations ranging
from 371 mg/L to 413 mg/L (Table 1). Clausen Sgsis sodium bicarbonate dominated, with
average bicarbonate concentrations of 450 mg/Laaedage sodium concentrations of 132
mg/L, respectively (Table 1). The Average TDS @nrirations and specific conductance
measurements for the 2005-2006 sampling period W&dang/L and 1243 umhos/cm,
respectively. The average total nitrogen and fgitalsphorus concentrations were 1.530 mg/L
and 0.371 mg/L, respectively.

When compared to historical water quality dataGausen Springs, it appears that
concentrations of most water quality constituemtgehincreased. For example, the average
bicarbonate and sodium concentrations for the geirf891-1992 were 322 mg/L and 86.4 mg/L,
respectively (Table 2), compared to average conagons of 450 mg/L for bicarbonate and 132
mg/L for sodium, recorded for the period 2005-2(00&ble 1). While not significant, average
total nitrogen and total phosphorus concentratiae also increased when compared to the
historical data. Historical average total nitrogenl total phosphorus concentrations were 1.332
mg/L and 0.140 mg/L, respectively (Table 2), conegatio average concentrations of 1.530 mg/L
for total nitrogen and 0.371 mg/L for total phospls) respectively.
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Table 1. Statistical Summary of Clausen Springs’ @5-2006 Water Quality Data.
Standard
Parameter Units N Average Minimum Maximum Deviation
Total Alkalinity (CaCO») mg/L 4 386 371 413 19
Total Ammonia as N mg/L 4 0.083 0.010* 0.144 0.056
Bicarbonate (HCO5) mg/L 4 450 427 467 16.7
Calcium (Ca) mg/L 4 72 63 82 8
Carbonate (CO3) mg/L 4 11 1t 18 7
Chloride (CI) mg/L 4 57.4 44.6 73.8 13.2
Chlorophyll-a Ho/L 4 1.7 1.5" 2.4 0.45
Specific Conductance pmhos 4 1242 1160 1360 88.8
Total Dissolved Solids mg/L 4 769 707 870 71.8
Total Hardness as (CaCO3) mg/L 4 390 353 430 35.8
Hydroxide (OH) mg/L 4 1t 1t 1t 0
Iron (Fe) mg/L 4 0.099 0.042 0.142 0.042
Magnesium (Mg) mg/L 4 51.1 47.3 59.8 5.9
Nitrate + Nitrite as N mg/L 4 0.100 0.040 0.230 0.088
Total Kjeldahl Nitrogen as N mg/L 4 1.430 1.030 1.810 0.348
Total Nitrogen as N mg/L 4 1.530 1.260 1.850 0.277
pH 4 8.40 8.26 8.49 0.10
Total Phosphorus as P mg/L 4 0.371 0.262 0.501 0.099
Potassium (K) mg/L 4 8.8 7.8 10.5 1.17
Sodium (Na) mg/L 4 132 109 170 28.5
Sulfate (SO4) mg/L 4 214 197 248 23.3

'Equal to Minimum Reporting Limit

When compared to the Cultivated Plains regionataye Clausen Springs is slightly higher in
dissolved solids and nutrients than reported fostmeservoirs (Table 3). For example, the
regional average TDS, total nitrogen, and totalgphorus concentrations are 667 mg/L, 1.488
mg/L, and 0.322 mg/L, respectively, compared tau€dm Springs’ average TDS, total nitrogen,
and total phosphorus concentrations of 769 mg&3A@ mg/L and 0.371 mg/L, respectively, for
the period 2005-2006.

Limiting Nutrient: The limiting nutrient assessment is based on teemption that either
nitrogen or phosphorus is limiting algal growthGtausen Springs and that the weight ratio of
total nitrogen to total phosphorus (N:P) in theefakalgae is approximately 15 to 1. When the
N:P ratio is less then 15:1, nitrogen is assumdzktthe limiting nutrient and when it exceeds
15:1, the limiting nutrient is assumed to be phosphb.

There are sevamater quality sample sets for Clausen Springs batweigust 1991 and March
2006. The seven samples used in this interpretatdicate that Clausen Springs is nitrogen
limited (Figure 5). The N:P ratios for Clausenifgs ranged from a low of 3 to a high of 14
with an average of 6. All seven samples collegtece below an N:P ratio of 15 indicating
nitrogen limitation.
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Table 2. Statistical Summary of Clausen Springs’ i$torical Water Quality Data Collected
Between 1991 and 1992.

Standard
Parameter Units N Average Minimum Maximum Deviation
Total Alkalinity (CaCO») mg/L 3 283 278 292 7.8
Total Ammonia as N mg/L 3 0.041 0.006" 0.080 0.037
Bicarbonate (HCO5;) mg/L 3 322 300 357 31
Calcium (Ca) mg/L 3 64 54 73 10
Carbonate (CO3) mg/L 2 17 15 20 4
Chloride (Cl) mg/L 3 50.4 38.2 57.6 10.6
Chlorophyll-a Ha/L 2 3.0 3.0 3.0 0.0
Specific Conductance Hmhos 3 941 917 957 21
Total Dissolved Solids mg/L 3 558 533 586 27
Total Hardness as (CaCO;) ~ Mmg/L 3 290 250 317 35
Hydroxide (OH) mg/L NC? NC? NC? 0
Iron (Fe) mg/L 3 0.068 0.024 0.127 0.053
Magnesium (Mg) mg/L 3 31.2 27.8 335 3.0
Nitrate + Nitrite as N mg/L 3 0.099 0.004" 0.281 0.157
Total Kjeldahl Nitrogen as N mg/L 3 1.233 1.010 1.570 0.297
Total Nitrogen as N mg/L 3 1.332 1.014 1.851 0.208
pH 3 8.40 8.20 8.60 0.20
Total Phosphorus as P mg/L 3 0.140 0.074 0.173 0.057
Potassium (K) mg/L 3 7.9 7.5 8.3 0.4
Sodium (Na) mg/L 3 86 79 97 9
Sulfate (SO4) mg/L 3 147 136 156 10

!Equal to Minimum Reporting Limit
Data not collected

Trophic Status Assessment:Based on chlorophyll-a, and Secchi disk transpareata

collected during 2005, Clausen Springs’ currenphio status is mesotrophic. Total phosphorus
scores are not indicative to the trophic statuSlafisen Springs, because the lake is nitrogen
limited. TSI scores ranged from a low of 35 basedhlorophyll-a, to a high of 94 based on
total phosphorus. The trophic status score basegfkachi disk transparency was similar to that
of chlorophyll-a, at 40 (Figure 6).

A total of seven total phosphorus samples, sixrolplloyll-a samples and six Secchi disk
transparency measurements collected from 1991-2@06 used to evaluate trends in the trophic
status of Clausen Springs. Based on a visual sieses of the data, Clausen Springs trophic
status is stable (Figure 6).
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Table 3. Statistical Summary of Water Quality Dat& Collected from Reservoir's in the
Cultivated Plains Ecological Region of North Dakota

Standard
Parameter Units n Average Minimum Maximum Deviation
Total Alkalinity (CaCOs) mg/L 352 263 88 891 103
Total Ammonia as N mg/L 463 0.131 0.001* 2.070 0.203
Bicarbonate (HCO,) mg/L 352 296 91 951 114
Calcium (Ca) mg/L 352 65 19 169 22
Carbonate (COs) mg/L 324 14 1t 93 16
Chloride (CI) mg/L 351 21 1t 113 18
Chlorophyll-a Ha/L 373 20 2! 388 31
Specific Conductance umhos 352 1021 217 3140 516
Total Dissolved Solids mg/L 344 667 127 2300 387
Total Hardness as (CaCO;) ~ Mmg/L 352 334 95 1090 121
Hydroxide (OH) mg/L 280 1t 1t 1t 0
Iron (Fe) mg/L 350 0.137 0.007 3.190 0.216
Magnesium (Mg) mg/L 352 42 11 161 20
Nitrate + Nitrite as N mg/L 411 0.097 0.003 2.060 0.191
Total Kjeldahl Nitrogen as N mg/L 376 1.476 0.207 4.410 0.642
Total Nitrogen as N mg/L 315 1.488 0.418 3.220 0.587
pH 352 8.36 6.89 9.40 0.43
Total Phosphorus as P mg/L 464 0.322 0.004* 1.380 0.267
Potassium (K) mg/L 352 12 3 35 5
Sodium (Na) mg/L 352 97 2 582 107
Sulfate (SO4) mg/L 351 269 8 1350 217

'Equal to lower detection limit
’Data Collected from 40 Reservoirs between 19912a0F
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Figure 5. Total Nitrogen to Total Phosphorus Ratiosn Clausen Springs (1991-2006).
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Figure 6. TSI Scores and Temporal Trends for ClauseSprings from 1991 to 2006.
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Moon Lake, Barnes County

BACKGROUND

Location: Moon Lake is an enhanced natural lake located éawilest and 3 and one
half miles south of Valley City (Figure 1). Moorake is managed by the North Dakota
Game and Fish Department.

Culftivated Rlains

Map Features N oS @
- Devils Lake 2004 |:| County Boundaries W%E
I:I Mizsouri River Rangeland_Flains s

. Wiaterbody I:I Cultivated_Plains

Figure 1. Location of Moon Lake.

Physiographic/Ecological Setting: Moon Lake is a 106.1 acre teardrop shaped lakk,av
surprising maximum depth of 51 feet and a meanhdep2?2 feet (Figure 2). Moon Lake has a
limited watershed resulting in some variations atev levels due to amount of recent
precipitation. Moon Lake resides in the Northeladiated Plains Level Il Ecoregion within

the Cultivated Plains region of central North DakoThe Northern Glaciated Plains is
characterized by flat to rolling landscape compaseglacial drift (USEPA 1994). This region

is the transitional zone between tall and mixedg@airie. The region has numerous wetlands
essential for spring and fall migrations of wetlalgpendent birds. Flood plain slopes and
hillsides are usually native grass while the uptaadd flood plains proper have mostly been
converted to small grains, row crops and alfalfa.
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Figure 2. Contour Map of Moon Lake (Map Courtesy ¢ North Dakota Game and
Fish Department).

Recreational Facilities: Recreational facilities at Moon Lake include a b@ahp along
with boat and vehicle parking. Public access tddke is on the northwest side, and it
includes the boat ramp and a vaulted toilet.

Water Quality Standards Classification: Moon Lake is classified in the state “Standards o
Quiality for Waters of the State” (NDDoH, 2007) aclass 2 lake. Class 2 Lakes and reservoirs
are defined as “Cool Water Fisheries” or “watensatde of supporting natural reproduction and
growth of cool water fishes (e. g., northern pike avalleye) and associated aquatic biota.
These waters are also capable of supporting thetgrand marginal survival of cold water
species and associated biota.”
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Historical and Current Fishery: Moon Lake’s fishery is smallmouth bass, walleye,
and yellow perch. The lakes historical fishery udg#s smallmouth bass, largemouth
bass, and trout.

Historical Water Quality Sampling: Historical water quality data includes results fram
single temperature and oxygen profile collected984.

WATER QUALITY MONITORINGRESULTS

The water quality analysis and trend assessmenddon Lake have been presented in four
general categories: 1) temperature and dissolxggem profile results; 2) general water quality
characterization; 3) nutrient limitation; and 4)ghic status. Where appropriate, results have
been compared to the regional data for naturakeaménced lakes in the Cultivated Plains
region.

Temperature and Dissolved Oxygen Profile ResultsThere were 11 temperature and
dissolved oxygen profiles for Moon Lake collectadlB94 and between 2005 and 2007 (Figures
3 and 4). The profile data shows that while Moaké_has adequate dissolved oxygen
throughout the water column and above the metatimduring thermal stratification (Figure 4).
Of the 11 profiles collected, five collected on@/2005, 8/1/2005, 5/4/2006, 7/19/2006, and
8/1/2007, had dissolved oxygen concentrationsdbelined below the state water quality
standard of 5 mg/L below the metalimnion. The Heytthermal stratification ranged from 6 to
11 meters of depth leaving a significant amourtheflake’s water column still adequately
oxygenated (Figures 3 and 4).
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Figure 3. Temperature Profiles for Moon Lake from1994 to 2007.
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Figure 4. Dissolved Oxygen Profiles for Moon Laké&om 1994 to 2007.

General Water Quality: Data collected by the NDG&F in 2005 through 200di¢ate Moon
Lake is well buffered with alkalinity as CaG@oncentrations ranging from 637 to 788 mg/L
(Table 1). Moon Lake is sodium sulfate dominateith\&n average sulfate concentration of
1917 mg/L, and an average sodium concentratiod®f8g/L. The average TDS concentration
and specific conductance measurements for the 2008-sampling period were 3999 mg/L and
5387 pumhos/cm, respectively. Average total nitroged total phosphorus concentrations were
2.144 mg/L and 0.130 mg/L, respectively (Table 1).

When compared to the Cultivated Plains regionatayefor natural and enhanced lakes Moon
Lake has higher reported concentrations of dissobedids and nutrients (Table 2). For
example, the regional average TDS, total nitrogen, total phosphorus concentrations are 1376
mg/L, 1.440 mg/L, and 0.068 mg/L, respectively, paned to Moon Lake’s average TDS, total
nitrogen, and total phosphorus concentrations 683g/L, 2.144 mg/L, and 0.130 mg/L,
respectively.
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Table 1. Statistical Summary of Moon Lake’s 20057 Water Quality Data.
Standard
Parameter Units N Average Minimum Maximum Deviation
Total Alkalinity (CaCOs) mg/L 9 702 637 788 41.1
Total Ammonia as N mg/L 9 0.095 0.010* 0.271 0.096
Bicarbonate (HCO5) mg/L 9 646 533 747 64.5
Calcium (Ca) mg/L 9 27 20 34 3.7
Carbonate (CO5) mg/L 9 103 77 126 19.4
Chloride (CI) mg/L 9 346 325 375 16.5
Chlorophyll-a Ho/L 9 9.1 1.5" 26.3 9.9
Specific Conductance pmhos 9 5387 5110 5900 244.9
Total Dissolved Solids mg/L 9 3999 3820 4240 151.8
Total Hardness as (CaCO3) mg/L 9 919 837 1020 54.5
Hydroxide (OH) mg/L 9 1.0 1.0 1.0 0.0
Iron (Fe) mg/L 9 0.23 0.05 1.01 0.30
Magnesium (Mg) mg/L 9 207 187 228 11.9
Nitrate + Nitrite as N mg/L 9 0.143 0.020* 0.300 0.119
Total Kjeldahl Nittogenas N~ mg/L 9 2.001 1.660 2.450 0.235
Total Nitrogen as N mg/L 9 2.144 1.700 2.690 0.284
pH 9 8.9 8.7 9.0 0.12
Total Phosphorus as P mg/L 9 0.130 0.020 0.194 0.068
Potassium (K) mg/L 9 159 115 179 17.8
Sodium (Na) mg/L 9 918 818 1030 77.7
Sulfate (SO4) mg/L 9 1917 1820 2020 69.1

'Equal to Minimum Reporting Limit

Limiting Nutrient:  The limiting nutrient analysis is based on the agstion that either

nitrogen or phosphorus is limiting algal growthhloon Lake, and that the ratio of total nitrogen
to total phosphorus (N:P) in algae by weight isragpnately 15 to 1. When the N:P ratio is less
then 15:1, nitrogen is assumed to be the limitingient and when it exceeds 15:1, the limiting
nutrient is assumed to be phosphorus.

There are ningvater quality sample results for Moon Lake collddetween June 2005 and
August 2007. The nine samples used in this ing¢agion indicate that Moon Lake’s nutrient
relationship is dynamic and variable dependinghensieason and the natural processes occurring
at the time of sampling. Moon Lake is most oft@éogphorus limited, however there are times
during peak production that it is nitrogen limit@dgure 5).

The nitrogen to phosphorus ratio for Moon Lake sghffom a low of 11 to a high of 85 with an
average of 26. Of the nine samples collected onrMake, five were above 15 indicating that
phosphorus was limiting primary production and fare below 15, indicating nitrogen was
limiting primary production.
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Table 2. Statistical Summary of Water Quality Dat& Collected from Natural and
Enhanced Lakes in the Cultivated Plains EcologicdRegion of North Dakota.

Standard
Parameter Units n Average Minimum Maximum Deviation
Total Alkalinity (CaCO») mg/L 142 346 175 1120 180
Total Ammonia as N mg/L 230 0.098 0.001* 1.620 0.208
Bicarbonate (HCO5) mg/L 142 363 171 1040 158
Calcium (Ca) mg/L 142 45 16 108 23
Carbonate (CO3) mg/L 136 31 1* 181 39
Chloride (Cl) mg/L 142 105 3! 1260 233
Chlorophyll-a Hg/L 185 10 2! 167 17
Specific Conductance Hmhos 161 1819 361 11500 2071
Total Dissolved Solids mg/L 143 1376 191 9880 1786
Total Hardness as (CaCO;) ~ Mmg/L 142 507 173 1820 284
Hydroxide (OH) mg/L 111 1* 1* 1* 0
Iron (Fe) mg/L 138 0.095* 0.007 1.010 0.123
Magnesium (Mg) mg/L 142 95.7 28.4 413.0 68.0
Nitrate + Nitrite as N mg/L 175 0.047 0.001 0.540 0.078
Total Kjeldahl Nitrogen as N mg/L 128 1.504 0.080 4.110 0.609
Total Nitrogen as N mg/L 103 1.440 0.609 2.740 0.466
pH 142 8.55 7.75 9.33 0.36
Total Phosphorus as P mg/L 230 0.068 0.004* 1.460 0.118
Potassium (K) mg/L 142 30 8 179 37
Sodium (Na) mg/L 142 255 5 2570 498
Sulfate (SO4) mg/L 142 591 7 3880 807

!Equal to Minimum Reporting Limit
’Data Collected from 49 Natural Lakes Between1931 2007

Trophic Status Assessment:Based on chlorophyll-a, Secchi disk transparencg,tatal
phosphorus data collected from 2005 to 2007, Maakels current trophic status is eutrophic
bordering on mesotrophic (Figure 6). TSI scoregeanfrom a low of 33 based on chlorophyill-a,
to a high of 79 based on total phosphorus. Thghtoostatus score based on Secchi disk
transparency was similar to that of chlorophylag48 (Figure 6).
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Figure 5. Total Nitrogen to Total Phosphorus Ratis in Moon Lake (2005-2007).
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Lake Metigoshe, Bottineau County

BACKGROUND

Location: Lake Metigoshe is a natural lake located in thel@Wountains in northern
Bottineau County, North Dakota. The lake is 13 miterth and 2 miles east of the town of
Bottineau (Figure 1). Lake Metigoshe is managethbyNDG&F.

Culfivated Plains

Map Features 4 o 15 W &0
I C=vils Lake 2004 [ ] County Boundaries W%E
I:I Missouri River Rangeland_PFlains s

. Vvaterbody |:| Cultivated_Plains

Figure 1. Location of Lake Metigoshe.

Physiographic/Ecological SettinglLake Metigoshe is a 1,544.1 acre lake with a maxm

depth of 24.3 feet and a mean depth of 11.3 fegti(€ 2). Lake Metigoshe has a large
watershed that extends into the province of Ma@if@anada. Lake Metigoshe is in the Turtle
Mountains and the Northern Glaciated Plains LeNdtdoregion, part of the broader Cultivated
Plains region (Figure 1). This region is the trdosal zone between tall and mixed grass prairie.
The region has numerous wetlands essential fangand fall migrations of wetland dependent
birds. Flood plain slopes and hillsides are usuadiitve grass while the uplands and flood plains
proper have mostly been converted to small graovg,crops and alfalfa.
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Figure 2. Contour Map of Lake Metigoshe (Map Couresy of North Dakota Game
and Fish Department).
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Recreational Facilities: Lake Metigoshe is a popular recreation destinatibnere are three
points of public access to the lake which includatlbramps, fishing piers, and vaulted toilets.
There are approximately 1,000 recreational homesyésorts, and a state park in the immediate
area of Lake Metigoshe.

Water Quality Standards Classification: Lake Metigoshe is classified in the state “Stanglard
of Quality for Waters of the State” (NDDoH, 200%) aclass 2 lake. Class 2 Lakes and
reservoirs are defined as “Cool Water Fisheriestaters capable of supporting natural
reproduction and growth of cool water fishes (engrthern pike and walleye) and associated
aguatic biota. These waters are also capableppiosting the growth and marginal survival of
cold water species and associated biota.”

Historical and Current Fishery: Lake Metigoshe’'sishery is northern pike, walleye, and
yellow perch. The lake’s historical fishery inckgdsmallmouth bass, largemouth bass,
muskellunge, and bullhead.

Historical Water Quality Samples: Lake Metigoshe has up to Ristorical water quality
sample results collected from 1990 to 2000.

WATER QUALITY MONITORING RESULTS

The water quality analysis and trends assessmentske Metigoshe have been presented in
four general categories: 1) temperature and disdabxygen profile results; 2) general water
quality characterization; 3) nutrient limitatiomad4) trophic status. Where appropriate, results
have been compared to the regional data for nasmchenhanced lakes in the Cultivated Plains
region.

Temperature and Dissolved Oxygen Profile ResultsThere are nine temperature and
dissolved oxygen profiles for Lake Metigoshe cdkekcintermittently between 1990 and 2006.
Temperature and dissolved oxygen profiles are sgted for two time periods, 1990-1993 and
2005-2006 (Figures 3 through 4). The profile dathcates that Lake Metigoshe rarely
thermally stratifies but the lake still experiencaygen decay below 3 meters of depth. Of the
nine profiles sampled, five collected on 2/13/19918/1992, 3/4/1993, 7/21/2005, and
1/24/2006, fell below the State standard of 5 mgtt all other times and at all depths dissolved
oxygen concentrations were adequate to maintaspalties of native fishes.
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General Water Quality: Data collected by the NDG&F in 2005 and 2006 intidaake
Metigoshe is well buffered with alkalinity as Cag€dncentrations ranging from 248 mg/L to
280 mg/L (Table 1). Based on the 2005-2006 watetity data, Lake Metigoshe is sodium
bicarbonate dominated with an average sodium caratem of 7 mg/L and an average
bicarbonate concentration of 296 mg/L. The avefdd8 concentration and specific
conductance measurements for the 2005-2006 sanpeimgd were 302 mg/L, and 549
pmhos/cm, respectively. Average total phosphonagistatal nitrogen concentrations were 0.020
mg/L and 1.523 mg/L, respectively.

When compared to historical water quality datalfake Metigoshe, it appears that
concentrations of most water quality constituemtgeehdecreased. For example, the historical
average bicarbonate and sodium concentrations 38ateng/L and 10 mg/L, respectively (Table
2), compared to average concentrations of 296 rmy/hicarbonate and 7 mg/L for sodium
recorded for the period 2005-2006 (Table 1). Whilgbably not significant, average total
nitrogen and total phosphorus concentrations hiyletly fluctuated when compared to the
historical data. Historical average total nitrogenl total phosphorus concentrations were 1.371
mg/L and 0.112 mg/L, respectively (Table 2), conegatio average concentrations of 1.523 mg/L
for total nitrogen, and 0.020 mg/L for total phospls, respectively.

Table 1. Statistical Summary of Lake Metigoshe’s@5-2006 Water Quality Data.

Standard
Parameter Units N Average Minimum Maximum Deviation
Total Alkalinity (CaCOs) mg/L 4 263 248 280 14
Total Ammonia as N mg/L 4 0.119 0.010* 0.435 0.211
Bicarbonate (HCO5;) mg/L 4 297 254 341 36
Calcium (Ca) mg/L 4 36.8 28.5 44.0 6.6
Carbonate (COs) mg/L 4 12 1t 28 13
Chloride (Cl) mg/L 4 5 4 6 1
Chlorophyll-a Hg/L 3 10.5 9.1 11.8 1.4
Specific Conductance Hmhos 4 549 517 608 42
Total Dissolved Solids mg/L 4 302 285 324 18
Total Hardness as (CaCO;) ~ mg/L 4 276 265 295 13
Hydroxide (OH) mg/L 4 1t 1t 1t 0
Iron (Fe) mg/L 4 0.074 0.047 0.109 0.032
Magnesium (Mg) mg/L 4 44.7 41.3 495 35
Nitrate + Nitrite as N mg/L 4 0.038 0.020 0.090 0.035
Total Kjeldahl Nitrogen as N mg/L 4 1.485 1.220 1.930 0.314
Total Nitrogen as N mg/L 4 1.523 1.240 2.020 0.347
pH 4 8.41 7.98 8.68 0.33
Total Phosphorus as P mg/L 4 0.020 0.011 0.024 0.006
Potassium (K) mg/L 4 10.9 95 12.4 1.2
Sodium (Na) mg/L 4 7 6 8 1
Sulfate (SO4) mg/L 4 38 34 43 5

!Equal to Minimum Reporting Limit
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Table 2. Statistical Summary of Lake Metigoshe’s Ktorical Water Quality Data Collected
Between 1990 and 2000.

Standard
Parameter Units n Average Minimum Maximum Deviation
Total Alkalinity (CaCO») mg/L 2 323 293 354 43.1
Total Ammonia as N mg/L 22 0.031 0.010" 0.150 0.037
Bicarbonate (HCO5;) mg/L 2 337 282 393 78.4
Calcium (Ca) mg/L 2 24 23 26 1.8
Carbonate (CO3) mg/L 2 28 19 37 13
Chloride (Cl) mg/L 2 7.2 5.8 8.7 2.0
Chlorophyll-a Ha/L 22 4.6 3.0 16.0 3.3
Specific Conductance Hmhos 2 639 575 703 90.5
Total Dissolved Solids mg/L 2 360 324 396 50.9
Total Hardness as (CaCO,) mg/L 2 326 305 348 30.4
Hydroxide (OH) mg/L 1 0 0 0 0
Iron (Fe) mg/L 2 0.025 0.018 0.031 0.009
Magnesium (Mg) mg/L 2 64.3 59.8 68.8 6.3
Nitrate + Nitrite as N mg/L 16 0.023 0.020" 0.040 0.007
Total Kjeldahl Nitrogen as N mg/L 8 1.380 1.160 1.770 0.213
Total Nitrogen as N mg/L 7 1.371 1.180 1.790 0.208
pH 2 8.8 8.6 9.0 0.2
Total Phosphorus as P mg/L 22 0.112 0.018 1.460 0.304
Potassium (K) mg/L 2 14.8 14.2 15.4 0.85
Sodium (Na) mg/L 2 9.9 9.2 10.6 0.99
Sulfate (SO4) mg/L 2 45 36 54 12.7

!Equal to Minimum Reporting Limit

When compared to the Cultivated Plains regionataye Lake Metigoshe is lower in dissolved
solids than reported for most natural and enhatadess in the region (Table 3). Lake
Metigoshe’s nutrient concentrations also variednfitbe regional average. For example the
regional average TDS, total nitrogen, and totalgpihorus concentrations are 1376 mg/L, 1.440
mg/L, and 0.068 mg/L, respectively, compared tod_Rletigoshe’s average TDS, total nitrogen,
and total phosphorus concentrations of 302 mg&23 mg/L, and 0.020 mg/L, respectively
(Table 2), for the 2005-2006 period (Table 1).
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Table 3. Statistical Summary of Water Quality Dat& Collected from Natural and
Enhanced Lake’s in the Cultivated Plains EcologicaRegion of North Dakota.

Standard
Parameter Units n Average Minimum Maximum Deviation
Total Alkalinity (CaCO») mg/L 142 346 175 1120 180
Total Ammonia as N mg/L 230 0.098 0.001* 1.620 0.208
Bicarbonate (HCO5) mg/L 142 363 171 1040 158
Calcium (Ca) mg/L 142 45 16 108 23
Carbonate (CO3) mg/L 136 31 1* 181 39
Chloride (Cl) mg/L 142 105 3! 1260 233
Chlorophyll-a Hg/L 185 10 2! 167 17
Specific Conductance Hmhos 161 1819 361 11500 2071
Total Dissolved Solids mg/L 143 1376 191 9880 1786
Total Hardness as (CaCO;) ~ Mmg/L 142 507 173 1820 284
Hydroxide (OH) mg/L 111 1* 1* 1* 0
Iron (Fe) mg/L 138 0.095* 0.007 1.010 0.123
Magnesium (Mg) mg/L 142 95.7 28.4 413.0 68.0
Nitrate + Nitrite as N mg/L 175 0.047 0.001 0.540 0.078
Total Kjeldahl Nitrogen as N mg/L 128 1.504 0.080 4.110 0.609
Total Nitrogen as N mg/L 103 1.440 0.609 2.740 0.466
pH 142 8.55 7.75 9.33 0.36
Total Phosphorus as P mg/L 230 0.068 0.004* 1.460 0.118
Potassium (K) mg/L 142 30 8 179 37
Sodium (Na) mg/L 142 255 5 2570 498
Sulfate (SO4) mg/L 142 591 7 3880 807

'Equal to lower detection limit
’Data Collected from 49 Natural Lakes between 19812007

Limiting Nutrient:  The limiting nutrient analysis is assessed baseth®@assumption that
either nitrogen or phosphorus is limiting algalwtl in Lake Metigoshe, and that the ratio of
total nitrogen to total phosphorus (N:P), basedveight, in algae is approximately 15:1. When
the N:P ratio is less then 15:1, nitrogen is assutode the limiting nutrient and when it
exceeds 15:1, the limiting nutrient is assumedetiptosphorus.

There were 26vater quality sample results for Lake Metigoshdembéd between June 1992 and
January 2006, where the N:P ratio could be caledlaiThe 26 samples used in this
interpretation indicate that Lake Metigoshe is nadt#n phosphorus limited, and that the
nutrient relationships are dynamic and variableedelng on the time of the year and the natural
processes occurring at the time of sampling (Figire

The nitrogen to phosphorus ratio for Lake Metigosivged from a low of 1 to a high of 124
with an average of 57. Of the 26 samples colleatklut three were above an N:P ratio of 15
indicating phosphorus is limiting primary productio
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Figure 5. Total Nitrogen to Total Phosphorus Ratis in Lake Metigoshe (1993-2006).

Trophic Status Assessment:Based on chlorophyll-a, Secchi disk transparencg,tatal
phosphorus measurements collected during 2005, Matigoshe’s current trophic status is
mesotrophic bordering on eutrpohic. TSI scoregedrfrom a low of 39 based on total
phosphorus, to a high of 59 based on Secchi disisprarency. The trophic status score based on
chlorophyll-a, was similar to that estimated by @edisk transparency, at 55 (Figure 6).

A total of 25 phosphorus samples, 25 cholorphyhmples and five Secchi disk measurements
collected from 1992 to 2005 were used to evaluateds in the trophic status of Lake
Metigoshe. Since Lake Metigoshe is phosphorudéidnall three indicators chlorophyll-a,
Secchi disk, and total phosphorus are possibly godidators of trophic status, but since
chlorophyll-a is the only direct measurement ofrary production it was given greater
consideration when making this assessment. Basadvisual assessment, Lake Metigoshe’s
trophic status trend is stable (Figure 6).
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Figure 6. TSI Scores and Temporal Trends for Laké/etigoshe from 1992 to 2005.
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Long Lake, Bottineau County
BACKGROUND

Location: Long Lake is located in the Turtle Mountains néer tynited States - Canada border
in Bottineau County. Directions to Long Lake froine town of Bottineau are; one mile east, 11
miles north, 4 miles east, 1 mile south, 3 milest,eamile south, and 1 mile west (Figure 1).
Long Lake is managed by the North Dakota Game &tdBepartment.

Cultivated Plains
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Figure 1. Location of Long Lake.

Physiographic/Ecological Setting: Long Lake is a 287 acre lake with a maximum deptk6

feet and a mean depth of 8.2 feet (Figure 2). Uaadge lies in the Turtle Mountains and the
Northern Glaciated Plains Level 11l Ecoregion pafrthe broader Cultivated Plains Region
(Figure 1). The Turtle Mountains are a tree coddridy area which rapidly rise above the
prairie with relief ranging from 300 to 500 feethe Northern Glaciated Plains Ecological
region is characterized by flat to rolling landse@omposed of glacial drift (USEPA 1994).

This region is the transitional zone between tadl mixed grass prairie. The region has
numerous wetlands essential for spring and falratigns of wetland dependent birds. Flood
plain slopes and hillsides are usually native gvdsite the uplands and flood plains proper have
mostly been converted to small grains, row cropbadfalfa.
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A3

Figure 2. Contour Map of Long Lake (Map Courtesy & North Dakota Game and
Fish Department).
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Recreational Facilities: Long Lake enjoys four seasons of recreation. Buwucess is on the
north and southeast shores with a boat ramp, garkault toilet, and a limited picnic area.

There are approximately 25 recreational homes w@h20 acre area on the north end of the lake,
with a small beach area for swimming.

Water Quality Standards Classification: Long Lake is classified in the state “Standards of
Quiality for Waters of the State” (NDDoH, 2007) aclass 2 lake. Class 2 lakes and reservoirs
are defined as “Cool Water Fisheries” or “watensatde of supporting natural reproduction and
growth of cool water fishes (e. g., northern pike avalleye) and associated aquatic biota.
These waters are also capable of supporting thetigrand marginal survival of cold water
species and associated biota.”

Historical and Current Fishery: Long Lake’s current fishery is northern pike, wg#eand
yellow perch. The historical fishery also includatgemouth bass, rainbow trout, crappie and
bluegill. Long Lake is aerated during the wintesnths.

Historical Water Quality Sampling: Historical water quality data include three samplkgults
collected in 1995-1996.

WATER QUALITY MONITORING RESULTS

The water quality analysis and trends assessmentohg Lake have been presented in four
general categories: 1) temperature and dissolxggem profile results; 2) general water quality
characterization; 3) nutrient limitation; and 4)ghic status. Where appropriate, results have
been compared to the regional data for naturakeaménced lakes in the Cultivated Plains
region.

Temperature and Dissolved Oxygen Profile ResultsThere were six temperature and
dissolved oxygen profiles for Long Lake collectadwo clusters between 1995-1996 and 2005-
2006 (Figures 3 through 4).

The profile data indicates that Long Lake is usuatt stratified, but still experiences oxygen
decay below 5 meters of depth. Of the six profilekected, four dipped below the state
standard of 5 mg/L, but only one collected on Fabyi8, 1995 was consistently below the state
standard. At all other times there was adequatstiied oxygen to support all species of fishes.
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Figure 3. Long Lake’s Temperature Profiles From 195 to 2006.
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General Water Quality: Data collected by the NDG&F in 2005 and 2006 intisahat Long
Lake is well buffered with alkalinity as CaG@oncentrations ranging from 275 to 322 mg/L
(Table 2). Long Lake is sodium bicarbonate donedavith an average bicarbonate
concentration of 330 mg/L and an average sodiunceranation of 9.4 mg/L. The average TDS
and specific conductivity measurements for the 2B036 sampling period were 390 mg/L and
688 umhos/cm, respectively. Average total phogphand total nitrogen concentrations were
0.021 mg/L and 1.583 mg/L, respectively.

When compared to historical water quality datalfong Lake it appears that concentrations of
most water quality constituents have decreased.eXample, the historical average
concentration for bicarbonate and sodium were 3§/ rand 9.8 mg/L, respectively (Table 2),
compared to the current bicarbonate and sodiumecdrations of 330 mg/L and 9.4 mg/L ,
respectively (Table 1). The average total nitroged total phosphorus concentrations have also
decreased when compared to the historical datstottial average total nitrogen and total
phosphorus concentrations were 2.301 mg/L and \WIg&, respectively (Table 2), compared
to average concentrations of 1.583 mg/L and 0.0g/L rfor total nitrogen and total phosphorus,
respectively (Table 1).

Table 1. Statistical Summary of Long Lake’s 200506 Water Quality Data.

Standard
Parameter Units N Average Minimum Maximum Deviation
Total Alkalinity (CaCOs) mg/L 4 293 275 322 21.1
Total Ammonia as N mg/L 4 0.059 0.010" 0.190 0.088
Bicarbonate (HCO5) mg/L 4 330 290 392 44.2
Calcium (Ca) mg/L 4 34.1 29.4 39.1 4.4
Carbonate (CO3) mg/L 4 14 1t 32 14
Chloride (CI) mg/L 4 6 6 7 0.4
Chlorophyll-a Ha/L 3 7.5 2.8 12.5 4.9
Specific Conductance pmhos 4 688 650 753 453
Total Dissolved Solids mg/L 4 390 368 426 24.9
Total Hardness as (CaCO3) mg/L 4 343 324 373 20.9
Hydroxide (OH) mg/L 4 1t 1t 1t 0.0
Iron (Fe) mg/L 4 0.074 0.038 0.124 0.040
Magnesium (Mg) mg/L 4 62.7 58.9 66.9 3.4
Nitrate + Nitrite as N mg/L 4 0.043 0.020 0.110 0.045
Total Kjeldahl Nitrogen as N mg/L 4 1.540 1.430 1.690 0.113
Total Nitrogen as N mg/L 4 1.583 1.450 1.800 0.155
pH 4 8.5 8.2 8.7 0.24
Total Phosphorus as P mg/L 4 0.021 0.016 0.028 0.006
Potassium (K) mg/L 4 17 16 19 1.4
Sodium (Na) mg/L 4 9.4 9.0 10.1 0.49
Sulfate (SO4) mg/L 4 83 78 89 5.6

'Equal to Minimum Reportable Limit
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Table 2. Statistical Summary of Long Lake’s Histoical Water Quality Data Collected
Between 1995 and 1996.

Standard
Parameter Units n Average Minimum Maximum Deviation
Total Alkalinity (CaCO») mg/L 3 319 295 359 34.6
Total Ammonia as N mg/L 3 0.211 0.011 0.563 0.306
Bicarbonate (HCO5;) mg/L 3 357 301 438 71.7
Calcium (Ca) mg/L 3 34.9 31.9 38.9 3.6
Carbonate (COs) mg/L 3 16 1t 29 14.2
Chloride (Cl) mg/L 3 6.7 5.8 8.3 1.3
Chlorophyll-a Hg/L 2 6 4 9 35
Specific Conductance Hmhos 3 758 694 847 79.2
Total Dissolved Solids mg/L 3 432 400 488 48.7
Total Hardness as (CaCO;) ~ Mmg/L 3 375 343 415 36.6
Hydroxide (OH) mg/L 3 1t 1t 1t 0.0
Iron (Fe) mg/L 3 0.015 0.010" 0.022 0.006
Magnesium (Mg) mg/L 3 70.0 63.9 77.3 6.8
Nitrate + Nitrite as N mg/L 1 0.040 0.040 0.040 0.0
Total Kjeldahl Nitrogen as N mg/L 3 2.090 1.430 2.440 0.315
Total Nitrogen as N mg/L 3 2.301 1.845 3003 0.617
pH 3 8.473 7.980 8.830 0.441
Total Phosphorus as P mg/L 3 0.036 0.018 0.064 0.024
Potassium (K) mg/L 3 19.5 18.1 21.4 1.7
Sodium (Na) mg/L 3 9.8 8.7 11.1 1.2
Sulfate (SO4) mg/L 3 98 85 113 14..2

'Equal to Minimum Reportable Limit

When compared to the Cultivated Plains regionataye Long Lake is lower in dissolved
solids than reported for most natural and enhatategs in the region (Table 3). Concentrations
of total phosphorus in Long Lake are also lowenttiee Cultivated Plains average, while the
total nitrogen concentrations are about on par. eikample, the regional average TDS, total
nitrogen, and total phosphorus concentrations aré ing/L, 1.440 mg/L, and 0.068 mg/L,
respectively, compared to Long Lake’s average Tibt&] nitrogen, and total phosphorus
concentrations of 390 mg/L, 1.583 mg/L and 0.021Lmgespectively, for the period 2005-2006.
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Table 3. Statistical Summary of Water Quality Dat& Collected from Natural and
Enhanced Lakes in the Cultivated Plains EcologicdRegion of North Dakota.

Standard
Parameter Units n Average Minimum Maximum Deviation
Total Alkalinity (CaCO») mg/L 142 346 175 1120 180
Total Ammonia as N mg/L 230 0.098 0.001* 1.620 0.208
Bicarbonate (HCO5) mg/L 142 363 171 1040 158
Calcium (Ca) mg/L 142 45 16 108 23
Carbonate (CO3) mg/L 136 31 1* 181 39
Chloride (Cl) mg/L 142 105 3! 1260 233
Chlorophyll-a Hg/L 185 10 2! 167 17
Specific Conductance Hmhos 161 1819 361 11500 2071
Total Dissolved Solids mg/L 143 1376 191 9880 1786
Total Hardness as (CaCO;) ~ Mmg/L 142 507 173 1820 284
Hydroxide (OH) mg/L 111 1* 1* 1* 0
Iron (Fe) mg/L 138 0.095* 0.007 1.010 0.123
Magnesium (Mg) mg/L 142 95.7 28.4 413.0 68.0
Nitrate + Nitrite as N mg/L 175 0.047 0.001 0.540 0.078
Total Kjeldahl Nitrogen as N mg/L 128 1.504 0.080 4.110 0.609
Total Nitrogen as N mg/L 103 1.440 0.609 2.740 0.466
pH 142 8.55 7.75 9.33 0.36
Total Phosphorus as P mg/L 230 0.068 0.004* 1.460 0.118
Potassium (K) mg/L 142 30 8 179 37
Sodium (Na) mg/L 142 255 5 2570 498
Sulfate (SO4) mg/L 142 591 7 3880 807

'Equal to lower detection limit
’Data Collected from 49 Natural Lakes between 19812007

Limiting Nutrient:  The limiting nutrient assessment is based on teemaption that either
nitrogen or phosphorus is limiting algal growthLiong Lake, and that the ratio of total nitrogen
to total phosphorus (N:P), based on weight, in@lgaapproximately 15:1. When the N:P ratio
is less then 15:1, nitrogen is assumed to be thiénig nutrient and when it exceeds 15:1, the
limiting nutrient is assumed to be phosphorus.

There were sevenater quality sample results for Long Lake collddbetween June 1995 and
January 2006, for which the N:P ratio could be @aled. The results from this analysis indicate
that Long Lake is phosphorus limited, and thatrthiient relationships are dynamic and
variable depending on the time of the year andhdiaral processes occurring at the time of
sampling (Figure 5).

N:P ratios for Long Lake ranged from a low of 2@thigh of 167, with an average of 84. All of
the samples collected from Long Lake were abovi:&ratio of 15, indicating phosphorus is
limiting primary production in the lake.
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Figure 5. Total Nitrogen to Total Phosphorus Ratis in Long Lake (1995-2006).

Trophic Status Assessment:Based on chlorophyll-a, Secchi disk transparencg,tatal
phosphorus data collected from 2005 to 2006, Laakels current trophic status is mesotrophic
(Figure 6). TSI scores ranged from a low of 41a tugh of 55 based on chlorophyll-a
measurements. The trophic status scores basedcohi 8esk transparency and total phosphorus,
were similar to chlorophyll-a, at 54 for Secchikdieansparency and 52 for total phosphorus,
respectively (Figure 6).

A total of seven phosphorus samples, five chlordpghgamples, and five Secchi disk
measurements collected from 1995 to 2006 were tgsedaluate trends in the trophic status of
Long Lake. Since Long Lake is phosphorus limitddrake indicators, chlorophyll-a, Secchi
disk transparency, and total phosphorus, are dgsgiiod indicators of trophic status. Based on
a visual assessment Long Lake’s trophic statusltiestable (Figure 6).
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Pelican Lake, Bottineau County
BACKGROUND
Location: Pelican Lake is in the Turtle Mountains near thé&éhStates - Canada border.

Pelican Lake is 1 miles east, by 11 miles northg lnyiles east, by 1 mile southwest of the town
of Bottineau (Figure 1).

Map Features

- Devils Lake 2004 l:l County Boundares
l:’ Missouri River Rangeland_Plains

. Waterbody |:| Cultivated_Plains

Figure 1. Location of Pelican Lake.

Physiographic/Ecological Setting: Pelican Lake is a 114.5 acre natural lake witlaaximum
depth of 30 feet and a mean depth of 11 feet (Eiglr Pelican Lake lies in the Turtle
Mountains and the Northern Glaciated Plains LeNdétdoregion, part of the broader Rangeland
Plains region (Figure 1). The Turtle Mountains ateee covered hilly area which rise above the
prairie to a relief of 300 to 500 feet. The North&laciated Plains Ecological region is
characterized by flat to rolling landscape compasfeglacial drift (USEPA 1994). This region

is the transitional zone between tall and mixegg@airie. The region has numerous wetlands
essential for spring and fall migrations of wetlalependent birds. Flood plain slopes and
hillsides are usually native grass while the uptaadd flood plains proper have mostly been
converted to small grains, row crops and alfalfa.
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PELICAN LAKE
BOTTINEAU COUNTY
SEC 16,17 TI63N R74W

CONTOUR ACRES AV. DEPTH ACRE FT.

0-5' 448 25 t12.o CHURCH CANP
5-10' 15.2 7.5' 114.0
10-15' (7.7 125 221.3
15-20' 18.0 17.5 315.0
20-25' 8.3 22.5' 186.7
30" 10.5 30.0' 315.0
145 1.0 1264.0

Figure 2. Contour Map of Pelican Lake (Map Courteg of North Dakota Game and
Fish Department).
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Recreational Facilities: Pelican Lake enjoys four-seasons of recreationli®abcess is on the
north shore with a boat ramp, parking, vault toib@mping, and a picnic area. There is a small
church camp on the south shore with a small besehfar swimming. Boats are restricted to
idle speeds on Pelican Lake.

Water Quality Standards Classification: Pelican Lake is classified in the “Standards of
Quiality for Waters of the State” (NDDoH, 2006) aslass 3 lake or reservoir. Class 3 lakes or
reservoirs are defined as a “warm water fishery\waters capable of supporting natural
reproduction and growth of warm water fishes (daggemouth bass and bluegill) and associated
aguatic biota. Some cool water species may algodsent.”

Historical and Current Fishery: Pelican Lake’s current and historical fishery isthern pike,
walleye, and yellow perch. The historical fishelyoaincludes largemouth bass and bluegill.

Historical Water Quality Sampling: Historical water quality data includes resultsir8
sample sets collected in 1995-1996.

WATER QUALITY MONITORING RESULTS

The water quality analysis and trends assessmenBefican Lake have been presented in four
general categories: 1) temperature and dissolxggem profile results; 2) general water quality
characterization; 3) nutrient limitation; and 4)ghic status. Where appropriate, results have
been compared to the regional data for naturakeaménced lakes in the Cultivated Plains
region.

Temperature and Dissolved Oxygen Profile ResultsThere are seven temperature and
dissolved oxygen profiles for Pelican Lake colleatetwo clusters between 1995-1996 and
2005-2006 (Figures 3 and 4). The temperature agdgem profiles, indicates that Pelican Lake
is often oxygen deficient below summer thermaltsication, and during ice cover.

All seven of the dissolved oxygen profiles collectipped below the state standard of 5 mg/L of
dissolved oxygen either below the thermal-clineemwhpproaching the sediment-water interface,
or during ice cover. However on all dates, with &xception of February 22, 1996, there was
enough oxygenated volume to support aquatic life.
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General Water Quality: Water quality data collected by the NDG&F in 20088 indicate
Pelican Lake is well buffered with alkalinity as@@; concentrations ranging from 255 to 301
mg/L (Table 1). Pelican Lake is sodium bicarbortaiminated with an average sodium
concentration of 7.4 mg/L and an average bicarlgoancentration of 319 mg/L. The average
TDS and specific conductivity measurements wererBg/ and 590 pmhos/cm, respectively.
Average total phosphorus and total nitrogen comagahs were 0.017 mg/L and 1.575 mg/L,
respectively.

Table 1. Statistical Summary of Pelican Lake’s 2832006 Water Quality Data.

Standard
Parameter Units N Average Minimum Maximum Deviation
Total Alkalinity (CaCO»3) mg/L 4 276 255 301 18.9
Total Ammonia as N mg/L 4 0.066 0.010" 0.226 0.107
Bicarbonate (HCO5) mg/L 4 319 295 368 33.1
Calcium (Ca) mg/L 4 31.1 27.9 36.6 3.9
Carbonate (CO3) mg/L 4 9 1t 15 5.9
Chloride (ClI) mg/L 4 45 4.0 5.3 0.5
Chlorophyll-a Ha/L 3 5.9 3.7 8.0 2.2
Specific Conductance pmhos 4 590 549 651 43
Total Dissolved Solids mg/L 4 327 306 358 22
Total Hardness as (CaCO3) mg/L 4 292 276 323 21
Hydroxide (OH) mg/L 4 1t 1t 1t 0.0
Iron (Fe) mg/L 4 0.062 0.022 0.111 0.041
Magnesium (Mg) mg/L 4 51.9 49.7 56.2 2.9
Nitrate + Nitrite as N mg/L 4 0.043 0.020 0.110 0.045
Total Kjeldahl Nitrogen as N mg/L 4 1.533 1.350 1.830 0.207
Total Nitrogen as N mg/L 4 1.575 1.370 1.940 0.251
pH 4 84 8.0 8.7 0.27
Total Phosphorus as P mg/L 4 0.017 0.010" 0.030 0.009
Potassium (K) mg/L 4 16 14 17 1.4
Sodium (Na) mg/L 4 7.4 6.8 8.2 0.6
Sulfate (SO4) mg/L 4 49 47 51 1.8

'Equal to Minimum Reportable Limit

While not conclusive, there does appear to be gmawing trend in Pelican Lake’s water
quality. Total phosphorus concentrations haveidedlover the historical average by 61 percent
and dissolved solids between two and 23 perceftl¢T2).

Water quality data collected in 2005 was compaoetthé state’s long term data set for natural
and enhanced lakes in cultivated plains ecologagibn. When compared to other lakes in the
same ecological region, Pelican Lake has fewerenitr and dissolved solids then the average
(Tables 3).
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Table 2. Statistical Summary of Pelican Lake’s Hirical W ater Quality Data Collected
Between 1995 and 1996.

Standard
Parameter Units n Average Minimum Maximum Deviation
Total Alkalinity (CaCOs) mg/L 3 293 268 330 32.6
Total Ammonia as N mg/L 3 0.136 0.015 0.364 0.197
Bicarbonate (HCO5;) mg/L 3 337 295 403 58
Calcium (Ca) mg/L 3 32 29.6 35.7 3.07
Carbonate (CO3) mg/L 3 11 1t 16 8.3
Chloride (Cl) mg/L 3 45 3.8 6.0 1.27
Chlorophyll-a Ho/L 1 3! 3! 3! 0.0
Specific Conductance pmhos 3 655 602 731 67.7
Total Dissolved Solids mg/L 3 359 335 405 39.8
Total Hardness as (CaCO3) mg/L 3 321 297 344 23.5
Hydroxide (OH) mg/L 3 1t 1t 1t 0.0
Iron (Fe) mg/L 3 0.032 0.016 0.052 0.018
Magnesium (Mg) mg/L 3 58.2 54.2 61.8 3.8
Nitrate + Nitrite as N mg/L 1 0.210 0.210 0.210 0.0
Total Kjeldahl Nittogenas N~ mg/L 3 1.940 1.720 2.270 0.291
Total Nitrogen as N mg/L 3 2.072 1.735 2.634 0.487
pH 3 8.4 8.0 8.6 0.33
Total Phosphorus as P mg/L 3 0.051 0.034 0.071 0.019
Potassium (K) mg/L 3 16.6 15.2 18.1 14
Sodium (Na) mg/L 3 7.1 6.5 7.9 0.7
Sulfate (SO4) mg/L 3 62 55 74 10

'Equal to Minimum Reportable Limit

Pelican Lake’s average total phosphorus conceotrati 0.017 mg/L is less then a quarter of the
average concentration of lakes in the cultivatedingl ecological region while the average
concentration of total nitrogen is approximatelyalq Dissolved solids were lower in Pelican
Lake then the state’s long term average for natakas in the Cultivated Plains ecological
region with the total dissolved solids concentrato@ing more then three fold less then the
ecoregion’s average.

Limiting Nutrient:  The limiting nutrient analysis is based on the ag#tion that either
nitrogen or phosphorus is limiting algal growthAelican Lake and that the ratio of total
nitrogen to total phosphorus (N:P), based on weighdlgae is approximately 15:1. When the
N:P ratio is less then 15:1, nitrogen is assumdzktthe limiting nutrient and when it exceeds
15:1, the limiting nutrient is assumed to be phasps.

There are sevemater quality sample sets for Pelican Lake coliéttetween June 1995 and
January 2006, where the N:P ratio could be caledlaihe seven samples used in this
interpretation indicate that Pelican Lake is phasph limited, and that the nutrient relationships
are dynamic and variable depending on the timéef/ear and the natural processes occurring
at the time of sampling (Figure 5).
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Table 3. Statistical Summary of Water Quality Dat& Collected from Natural and
Enhanced Lake’s in the Cultivated Plains EcologicaRegion of North Dakota.

Standard
Parameter Units n Average Minimum Maximum Deviation
Total Alkalinity (CaCO») mg/L 142 346 175 1120 180
Total Ammonia as N mg/L 230 0.098 0.001* 1.620 0.208
Bicarbonate (HCO5) mg/L 142 363 171 1040 158
Calcium (Ca) mg/L 142 45 16 108 23
Carbonate (CO3) mg/L 136 31 1* 181 39
Chloride (Cl) mg/L 142 105 3! 1260 233
Chlorophyll-a Hg/L 185 10 2! 167 17
Specific Conductance Hmhos 161 1819 361 11500 2071
Total Dissolved Solids mg/L 143 1376 191 9880 1786
Total Hardness as (CaCO;) ~ Mmg/L 142 507 173 1820 284
Hydroxide (OH) mg/L 111 1* 1* 1* 0
Iron (Fe) mg/L 138 0.095* 0.007 1.010 0.123
Magnesium (Mg) mg/L 142 95.7 28.4 413.0 68.0
Nitrate + Nitrite as N mg/L 175 0.047 0.001 0.540 0.078
Total Kjeldahl Nitrogen as N mg/L 128 1.504 0.080 4.110 0.609
Total Nitrogen as N mg/L 103 1.440 0.609 2.740 0.466
pH 142 8.55 7.75 9.33 0.36
Total Phosphorus as P mg/L 230 0.068 0.004* 1.460 0.118
Potassium (K) mg/L 142 30 8 179 37
Sodium (Na) mg/L 142 255 5 2570 498
Sulfate (SO4) mg/L 142 591 7 3880 807

'Equal to lower detection limit
’Data Collected from 49 Natural Lakes between 19812007

The nitrogen to phosphorus ratio for Pelican Laeged from a low of 26 to a high of 151 with
an average of 80. All seven samples collected wkoze an N:P ratio of 15 indicating
phosphorus is limiting primary production.

Trophic Status Assessment:Based on chlorophyll-a, Secchi disk transparencg,tatal
phosphorus data collected from 2005 to 2006, Relieke’s current trophic status is
mesotrophic (Figure 6). TSI scores ranged fromwadf 37 to a high of 52 based on total
phosphorus measurements. The trophic status sSoasesl on chlorophyll-a and Secchi disk
transparency were similar to that estimated by ftasphorus, at 51 for chlorophyll-a and 48
for Secchi disk transparency, respectively (Figire

A total of seven total phosphorus samples, founrcghyll-a samples, and five Secchi disk
measurements were used in this interpretationceSfelican Lake is phosphorus limited all
three indicators chlorophyll-a, Secchi disk tramepay, and total phosphorus are possibly good
indicators of trophic status. Based on a visus¢gsment, Pelican Lake’s trophic status is stable
(Figure 6).
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Figure 5. Total Nitrogen to Total Phosphorus Ratis in Pelican Lake (1995-2006).
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Figure 6. TSI Scores and Temporal Trends for Pelan Lake from 1995-2006.
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Strawberry Lake, Bottineau County
BACKGROUND

Location: Strawberry Lake is on the western edge of the @ Wbuntains near the United
States - Canada border in Bottineau County, Nogkadfa. Directions to Strawberry Lake from
the town of Carbury, North Dakota are 4 miles no2tland 1 half miles east, and a %2 of a mile
south (Figure 1).

Culdvated Rlains

Map Features u poos A
I C:vils Lake 2004 [ | County Boundaries W%E
I:, Missourt River Rangeland_Flains s

. Waterhody l:l Cultivated_Plains

Figure 1. Location of Strawberry Lake.

Physiographic/Ecological Setting: Strawberry Lake is a 31.8 acre natural lake with

maximum depth of 16 feet and a mean depth of &tl(f@gure 2). Strawberry Lake lies in the
Turtle Mountains and the Northern Glaciated Plaiegel 11l Ecoregion, part of the broader
Cultivated Plains region (Figure 1). The Turtleitains are a tree covered hilly area that rises
rapidly above the plains in reliefs of 300 to 5@@tf The Northern Glaciated Plains Ecological
region is characterized by flat to rolling landse@omposed of glacial drift (USEPA 1994).

This region is the transitional zone between tadl enixed grass prairie. The region has
numerous wetlands essential for spring and falratigns of wetland dependent birds. Flood
plain slopes and hillsides are usually native gvasite the uplands and flood plains proper have
mostly been converted to small grains, row crombaifalfa.
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Recreational Facilities: Strawberry Lake enjoys four-seasons of recreaBaiblic access is on
the northwest shore with a boat ramp, parking, tailet, swimming beach, fishing pier,
camping, equestrian, and a picnic area. Boatseataated to electric motors only.

Water Quality Standards Classification: Strawberry Lake is classified in the state “Staddar
of Quality for Waters of the State” (NDDoH, 200%) aclass 2 lake. Class 2 Lakes and
reservoirs are defined as “Cool Water Fisheriestaters capable of supporting natural
reproduction and growth of cool water fishes (engrthern pike and walleye) and associated
aguatic biota. These waters are also capableppiosting the growth and marginal survival of
cold water species and associated biota.”

Historical and Current Fishery: Strawberry Lake’s current and historical fisheryambow
trout.

Historical Water Quality Sampling: Strawberry Lake has thrééstorical water quality sample
results collected in 1995-1996.

WATER QUALITY MONITORING RESULTS

The water quality analysis and trends assessmen&rawberry Lake have been presented in
four general categories: 1) temperature and disdabxygen profile results; 2) general water
quality characterization; 3) nutrient limitatiomad4) trophic status. Where appropriate, results
have been compared to the regional data for nasmchenhanced lakes in the Cultivated Plains
region.

Temperature and Dissolved Oxygen Profile ResultsThere were five temperature and
dissolved oxygen profiles for Strawberry Lake cctiéel in two clusters between 1995-1996 and
2005-2006 (Figures 3 and 4). The profile datadatdis that Strawberry Lake loses depth during
droughts and is often thermally stratified durihg summer months. The profile data also
indicates that Strawberry Lake experiences disslobxygen decay during periods of thermal
stratification and under ice cover condition. [ five profiles collected, three dipped below
the state standard of 5 mg/L when approachingebtarent-water interface, and one collected
on February 20, 1996 was consistently below.
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Figure 3. Strawberry Lake’s Temperature Profiles Fom 1995 to 2006.
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General Water Quality: Water quality data collected by the NDG&F in 200l 2006
indicates Strawberry Lake is well buffered withalkity as CaC@ concentrations ranging from
422 to 461 mg/L (Table 1). Strawberry Lake is soasulfate dominated with an average
sulfate concentration of 708 mg/L and an averageugso concentration of 33.8 mg/L. The
average TDS and specific conductivity measuremeate 1075 mg/L and 1850 pmhos/cm,
respectively. Average total phosphorus and tatedgen concentrations were 0.024 mg/L and
2.250 mgl/L, respectively.

Table 1. Statistical Summary of Strawberry Lake’s2005-2006 Water Quality Data.

Standard
Parameter Units N Average Minimum Maximum Deviation
Total Alkalinity (CaCOs) mg/L 2 441 422 461 27.6
Total Ammonia as N mg/L 2 0.472 0.010" 0.933 0.653
Bicarbonate (HCO5) mg/L 2 491 421 562 99.7
Calcium (Ca) mg/L 2 48.0 38.8 57.2 13.0
Carbonate (CO3) mg/L 2 23 1t 46 31.8
Chloride (Cl) mg/L 2 13.8 13.0 14.7 1.2
Chlorophyll-a Ho/L 1 2! 2! 2! 0.0
Specific Conductance pmhos 2 1850 1780 1920 99
Total Dissolved Solids mg/L 2 1335 1250 1420 120.2
Total Hardness as (CaCO3) mg/L 2 1075 1020 1130 77.8
Hydroxide (OH) mg/L 2 1t 1t 1t 0.0
Iron (Fe) mg/L 2 0.112 0.110 0.113 0.002
Magnesium (Mg) mg/L 2 233 214 252 26.8
Nitrate + Nitrite as N mg/L 2 0.020 0.020 0.020 0.000
Total Kjeldahl Nittogenas N~ mg/L 2 2.230 1.740 2.720 0.693
Total Nitrogen as N mg/L 2 2.250 1.760 2.740 0.693
pH 2 8.430 8.060 8.800 0.523
Total Phosphorus as P mg/L 2 0.024 0.022 0.025 0.002
Potassium (K) mg/L 2 32.9 30.4 35.4 35
Sodium (Na) mg/L 2 33.8 31.7 35.9 2.97
Sulfate (SO4) mg/L 2 708 628 789 113.8

'Equal to Minimum Reporting Limit

While not conclusive, there does appear to be gmawing trend in Strawberry Lake’s water
quality. Total phosphorus concentrations haveidedlover the historical average by 2.5 fold
and dissolved solids between 14 and 40 percentg¢3dband 2).

Water quality data collected in 2005 was compaoetthe state’s long term data set for natural
and enhanced lakes in cultivated plains ecologegibn. When compared to other lakes in the
same ecological region Strawberry Lake’s dissos@dls were similar to but slightly elevated
over the average, but lower in the crucial nutrtetel phosphorus.
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Table 2. Statistical Summary of Strawberry Lake’sHistorical Water Quality Data
Collected Between 1995 and 1996.

Standard
Parameter Units n Average Minimum Maximum Deviation
Total Alkalinity (CaCO») mg/L 3 521 466 605 73.7
Total Ammonia as N mg/L 3 0.245 0.010* 0.706 0.399
Bicarbonate (HCO,) mg/L 3 569 483 704 118.2
Calcium (Ca) mg/L 3 44.6 43.3 47.2 2.2
Carbonate (CO3) mol 4 33 17 42 13.892
Chloride (Cl) mg/L 3 19.0 15.7 23.7 4.1
Chlorophyll-a Ha/L 2 6 4 9 35
Specific Conductance pmhos 3 2580 2360 2880 269.1
Total Dissolved Solids mg/L 3 2113 1770 2460 345.0
Total Hardness as (CaCO3) mg/L 3 1606 1460 1820 189
Hydroxide (OH) mg/L 3 1t 1t 1t 0.0
Iron (Fe) mg/L 3 0.021 0.007 0.043 0.019
Magnesium (Mg) mg/L 3 363 329 413 43.8
Nitrate + Nitrite as N mg/L 1 0.020 0.020 0.020 0.0
Total Kjeldahl Nittogenas N~ mg/L 3 2.883 2.610 3.380 0.431
Total Nitrogen as N mg/L 3 3.129 2.630 4.086 0.829
pH 3 8.5 8.3 8.6 0.14
Total Phosphorus as P mg/L 3 0.060 0.018 0.126 0.058
Potassium (K) mg/L 3 48.2 44.1 54.2 5.31
Sodium (Na) mg/L 3 51.3 47.3 57.4 5.3
Sulfate (SO4) mg/L 3 1273 1010 1500 247.0

'Equal to Minimum Reporting Limit

Strawberry Lake’s average total phosphorus conagotr of 0.024 mg/L is approximately 2%
fold less then the average concentration of lakekea Cultivated Plains ecological region.
Dissolved solids in Strawberry Lake were equahtdtate’s long term average for natural lakes
in the Cultivated Plains ecological region withotat dissolved solid concentration of 1335 mg/L
compared to the state’s average of 1385 mg/L (Taple

Limiting Nutrient: The limiting nutrient analysis is based on the agstion that either
nitrogen or phosphorus is limiting algal growthStrawberry Lake, and that the ratio of total
nitrogen to total phosphorus (N:P), based on weigrdlgae is approximately 15:1. When the
N:P ratio is less then 15:1, nitrogen is assumdzktthe limiting nutrient and when it exceeds
15:1, the limiting nutrient is assumed to be phasps.

There were fivavater quality sample sets for Strawberry Lake betwdune 1995 and January
2006. The five samples used in this interpretaitioiicate that Strawberry Lake is phosphorus
limited, and that the nutrient relationships areayic and variable depending on the time of the
year and the natural processes occurring at treedirsampling (Figure 5).
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Table 3. Statistical Summary of Water Quality Dat& Collected from Natural and
Enhanced Lake’s in the Cultivated Plains EcologicaRegion of North Dakota.

Standard
Parameter Units n Average Minimum Maximum Deviation
Total Alkalinity (CaCO») mg/L 142 346 175 1120 180
Total Ammonia as N mg/L 230 0.098 0.001* 1.620 0.208
Bicarbonate (HCO5) mg/L 142 363 171 1040 158
Calcium (Ca) mg/L 142 45 16 108 23
Carbonate (CO3) mg/L 136 31 1* 181 39
Chloride (Cl) mg/L 142 105 3! 1260 233
Chlorophyll-a Hg/L 185 10 2! 167 17
Specific Conductance Hmhos 161 1819 361 11500 2071
Total Dissolved Solids mg/L 143 1376 191 9880 1786
Total Hardness as (CaCO;) ~ Mmg/L 142 507 173 1820 284
Hydroxide (OH) mg/L 111 1* 1* 1* 0
Iron (Fe) mg/L 138 0.095* 0.007 1.010 0.123
Magnesium (Mg) mg/L 142 95.7 28.4 413.0 68.0
Nitrate + Nitrite as N mg/L 175 0.047 0.001 0.540 0.078
Total Kjeldahl Nitrogen as N mg/L 128 1.504 0.080 4.110 0.609
Total Nitrogen as N mg/L 103 1.440 0.609 2.740 0.466
pH 142 8.55 7.75 9.33 0.36
Total Phosphorus as P mg/L 230 0.068 0.004* 1.460 0.118
Potassium (K) mg/L 142 30 8 179 37
Sodium (Na) mg/L 142 255 5 2570 498
Sulfate (SO4) mg/L 142 591 7 3880 807

'Equal to lower detection limit
’Data Collected from 49 Natural Lakes between 19812007

The nitrogen to phosphorus ratio for Strawberryd_eknged from a low of 21 to a high of 227
with an average of 103. All five samples collectezte above a ratio of 15 indicating
phosphorus is limiting primary production.

Trophic Status Assessment:Based on chlorophyll-a, Secchi disk transparencg,tatal
phosphorus data collected in 2005-2006, Strawhdeake’s current trophic status is mesotrophic.
TSI scores ranged from a low of 38 based on chloyiba, to a high of 52 based on Secchi disk
transparency. The trophic status score basedtalpioosphorus was similar to that estimated by
Secchi disk transparency, at 49 (Figure 6).

A total of five phosphorus samples, three chlordiphigamples and three Secchi disk
measurements collected between 1995 and 2006 weccta evaluate trends in the trophic
status of Strawberry Lake. Since Strawberry Lakghiosphorus limited all three indicators
chlorophyll-a, Secchi disk transparency, and tptadsphorus are possibly good indicators of
trophic status. Based on a visual assessmentyl&trey Lake’s trophic status trend is stable or
improving (Figure 6).
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Figure 5. Total Nitrogen to Total Phosphorus Ratis in Strawberry Lake (1995-2006).
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New Johns Lake, Burleigh County

BACKGROUND

Location: New Johns Lake is located in the northeastern caihBurleigh County, North
Dakota. Directions to New Johns Lake from the t@f/NVilton, North Dakota are: Two miles
east, then 11 miles north, and 3 miles east (FigjuréNew Johns Lake is managed by the North
Dakota Game and Fish Department and the Bureaed&Ration.
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Figure 1. Location of New Johns Lake.

Physiographic/Ecological Setting: New Johns Lake is a 676 acre enhanced natuealwék a
maximum depth of 31 feet and a mean depth of 20(Fegure 2). The lake was deepened and
kept relatively stable by inflows from the McClus&lyannel (an irrigation channel) New Johns
Lake lies in the Northwestern Great Plains LevieEdoregion, part of the broader Rangeland
Plains region (Figure 1). The Northwestern GrdainB Ecological region is composed of the
Missouri Coteau section of the Great Plains. & semiarid hilly region formed by the terminal
advance of the last Wisconsin Ice age. The arebagacterized by rises of 100 to 350 feet with
many glacial lakes, ponds and wetlands at thediettte rises to form a mosaic of the finest
waterfowl resting and rearing area in the world BP& 1994).
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Figure 2. Contour Map of New Johns Lake (Map Courésy of North Dakota Game
and Fish Department).

Construction History: New Johns Lake was formed by enhancing the deptiatodral
depressions along the McClusky Canal irrigatiohtrigf way. Construction was competed in
1984 and since then the lake has been used solalgdreational purposes.

Recreational Facilities: New Johns Lake enjoys four-seasons of recreaffuhlic access is on
the south shore with a boat ramp, parking, vailktigicnic area, primitive camping zones, and
a fishing pier.

Water Quality Standards Classification: New Johns Lake is classified in the state “Starglard
of Quality for Waters of the State” (NDDoH, 200%) aclass 2 lake. Class 2 Lakes and
reservoirs are defined as “Cool Water Fisheriest@ters capable of supporting natural
reproduction and growth of cool water fishes (engrthern pike and walleye) and associated
aguatic biota. These waters are also capableppiosting the growth and marginal survival of
cold water species and associated biota.”
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Historical and Current Fishery: New Johns Lake’s has a very diverse fishery wigh th
potential for nearly every species of warm wateycsgs present in the state being found in it's
waters. An incomplete list of possible fish spea@ee walleye, northern pike, muskellunge tiger
muskellunge, small and large mouth bass, crappl&w perch bluegill and rainbow trout.
Historically fish stocked into New Johns Lake ird#uthose listed plus any species already
occurring in the Missouri River drainage.

Historical Water Quality Samples: Historical water quality data includes results frtmee
sample sets collected in 1992-1993.

WATER QUALITY MONITORING RESULTS

The water quality analysis and trends assessmeniéefv Johns Lake have been presented in
four general categories: 1) temperature and disdabxygen profile results; 2) general water
quality characterization; 3) nutrient limitatiomad4) trophic status. Where appropriate, results
have been compared to the regional data for namcienhanced lakes in the Rangeland Plains
region.

Temperature and Dissolved Oxygen Profile ResultsThere are seven temperature and
dissolved oxygen profiles for New Johns Lake caddan two clusters between 1992-1993 and
2005-2006 (Figures 3 - 4). The profile data inthsahat New Johns Lake occasionally
thermally stratifies but still maintains consistgritigh dissolved oxygen concentrations. Of the
seven oxygen profiles collected all maintain digsedloxygen concentrations above the State
standard of 5 mg/L with minimal oxygen decay betbe metalimnion or ice cover.
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Figure 3. Temperature Profiles for New Johns Lakdérom 1992 to 2006.
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Figure 4. Dissolved Oxygen Profiles for New Johrisake from 1992 to 2006.

General Water Quality: Water quality data collected by the NDG&F in 20088, indicates
New Johns Lake is well buffered with alkalinity@aCQ concentrations ranging from 230
mg/L to 280 mg/L (Table 1). New Johns Lake is sadsulfate dominated with an average
sodium concentration of 174 mg/L and an averagateutoncentration of 718 mg/L.

The average TDS concentration and specific condueteneasurements for the 2005-2006
sampling period were 1263 mg/L, and 1760 pmhosfespectively. Average total phosphorus
and total nitrogen concentrations were 0.017 mgiL @725 mg/L respectively. Comparing
1992-1993 water quality results with the 2005-2606w no recognizable trend (Table 2).
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Table 1. Statistical Summary of New Johns Lake’s@5-2006 Water Quality Data.
Standard
Parameter Units N Average Minimum Maximum Deviation
Total Alkalinity (CaCOs) mg/L 4 252 230 280 21
Total Ammonia as N mg/L 4 0.029 0.010* 0.071 0.029
Bicarbonate (HCO5) mg/L 4 286 263 325 27
Calcium (Ca) mg/L 4 81.4 73.4 91.0 7.9
Carbonate (CO5) mg/L 4 11 8 13 2
Chloride (CI) mg/L 4 18 17 20 1
Chlorophyll-a Ha/L 3 4.0 1.5 8.1 3.6
Specific Conductance pmhos 4 1760 1660 1890 109
Total Dissolved Solids mg/L 4 1263 1190 1350 72
Total Hardness as (CaCO3) mg/L 4 608 565 660 42
Hydroxide (OH) mg/L 4 1t 1t 1t 0
Iron (Fe) mg/L 4 0.151 0.055 0.254 0.089
Magnesium (Mg) mg/L 4 98.2 92.6 105.0 5.3
Nitrate + Nitrite as N mg/L 4 0.033 0.020 0.070 0.025
Total Kjeldahl Nitrogen as N mg/L 4 0.692 0.602 0.794 0.082
Total Nitrogen as N mg/L 4 0.725 0.622 0.864 0.104
pH 4 8.48 8.38 8.53 0.07
Total Phosphorus as P mg/L 4 0.017 0.009" 0.023 0.006
Potassium (K) mg/L 4 18.8 18.0 19.8 0.7
Sodium (Na) mg/L 4 174 166 186 9
Sulfate (SO4) mg/L 4 718 680 760 41

'Equal to Minimum Reporting Limit

Water quality data collected in 2005-2006 was caegb#o the state’s long term data set for
natural and enhanced lakes in the Rangeland Réaoiegical region. When compared to other
lakes in the same ecological region New Johns iskkghtly fresher then average with lower
then average nutrient concentrations (Tables 13xnd

New Johns Lake’s historical average total phosphoancentrations of 0.024 mg/L is less than
one-half of the average lake in the cultivatedndacological region while the average
concentration of total nitrogen concentration di4B mg/L is about 30% less. At 1236 mg/L
total dissolved solids were close to the RangeRlaths regional average of 1819 mg/L but like
most of the dissolved solids and icp metals itligd.20 percent less.
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Table 2. Statistical Summary of New Johns Lake’s Hdtorical Water Quality Data
Collected Between 1992 and 1993.

Standard
Parameter Units n Average Minimum Maximum Deviation
Total Alkalinity (CaCO») mg/L 3 245 223 276 27.6
Total Ammonia as N mg/L 3 0.058 0.013 0.142 0.073
Bicarbonate (HCO5;) mg/L 3 278 236 337 52.4
Calcium (Ca) mg/L 3 55.6 48.9 63.6 7.8
Carbonate (COs) mg/L 3 10.6 1t 18 8.7
Chloride (Cl) mg/L 3 17.8 17.2 19.2 1.2
Chlorophyll-a Ha/L 2 35 3.0 4.0 0.71
Specific Conductance Hmhos 3 1237 1140. 1350 105.9
Total Dissolved Solids mg/L 3 794 754 870 65.8
Total Hardness as (CaCO;) ~ Mmg/L 3 360 335 391 28.5
Hydroxide (OH) mg/L 3 1t 1t 1t 0.0
Iron (Fe) mg/L 3 0.058 0.045 0.072 0.014
Magnesium (Mg) mg/L 3 54.3 51.8 56.5 2.3
Nitrate + Nitrite as N mg/L 3 0.013 0.005" 0.021 0.008
Total Kjeldahl Nitrogen as N mg/L 3 1.090 0.676 1.870 0.676
Total Nitrogen as N mg/L 3 1.148 0.691 2.012 0.749
pH 3 8.4 8.1 8.6 0.25
Total Phosphorus as P mg/L 3 0.024 0.004* 0.039 0.018
Potassium (K) mg/L 3 9.4 9.2 9.7 0.25
Sodium (Na) mg/L 3 125 125 127 1.15
Sulfate (SO4) mg/L 3 383 351 428 40.1

!Equal to Minimum Reporting Limit

Limiting Nutrient:  The limiting nutrient is assessed based on thengson that either
nitrogen or phosphorus is limiting algal growtiNew Johns Lake, and that the ratio of total
nitrogen to total phosphorus (N:P), based on weigldlgae is approximately 15:1. When the
N:P ratio is less then 15:1, nitrogen is assumdzktthe limiting nutrient and when it exceeds
15:1, the limiting nutrient is assumed to be phospb.

There are sevemater quality sample sets for New Johns Lake betwedy 1993 and January
2006. The seven samples used in this interpretaiaicate that New Johns Lake is phosphorus
limited (Figure 5).

The nitrogen to phosphorus ratio for New Johns Lrakged from a low of 19 to a high of 174
with an average of 65. All seven samples colleatetk above a ratio of 15 indicating
phosphorus is limiting primary production.
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Table 3. Statistical Summary of Water Quality Data’ Collected from Natural and Enhanced
Lake’s in the Rangeland Plains Ecological Region dfiorth Dakota.

Standard
Parameter Units n Average Minimum Maximum Deviation
Total Alkalinity (CaCO»3) mg/L 272 544 119 4770 130
Total Ammonia as N mg/L 371 0.107 0.001* 2.230 0.200
Bicarbonate (HCO5) mg/L 272 489 145 2990 150
Calcium (Ca) mg/L 272 44 1t 282 26
Carbonate (COs3) mg/L 262 89 1t 1420 30
Chloride (ClI) mg/L 272 51 4t 1070 9
Chlorophyll-a Ho/L 250 22 2! 292 28
Specific Conductance Hmhos 272 2168 448 20100 959
Total Dissolved Solids mg/L 272 1588 227 18200 750
Total Hardness as (CaCO3) mg/L 272 538 170 2370 260
Hydroxide (OH) mg/L 200 1t 1t 1t 0
Iron (Fe) mg/L 273 0.193 0.001" 2.260 0.334
Magnesium (Mg) mg/L 272 104 20 567 50
Nitrate + Nitrite as N mg/L 332 0.036 0.002" 0.338 0.092
Total Kjeldahl Nittogenas N~ mg/L 340 1.950 0.080 8.500 0.779
Total Nitrogen as N mg/L 278 1.826 0.269 5.520 0.562
pH 272 8.80 7.40 9.87 0.56
Total Phosphorus as P mg/lL 377 0.244 0.004* 1.940 0.205
Potassium (K) mg/L 272 38 3! 356 6
Sodium (Na) mg/L 272 331 17 4680 171
Sulfate (SO4) mg/L 272 680 34 10500 501

!Equal to Minimum Reporting Limit
’Data Collected from 48 Natural and Enhanced Lakets/Ben 1991 and 2007

Trophic Status Assessment:Based on chlorophyll-a, Secchi disk transparencg,tatal
phosphorus data collected during 2005-2006, Newsibhake’s current trophic status is
mesotrophic. TSI scores ranged from a low of 3&daon chlorophyll-a, to a high of 55 based
on Secchi disk transparency. The trophic scoredas total phosphorus was similar to that
estimated by Secchi disk transparency, at 49 (Eigir

A total of seven phosphorus samples, five choldighgamples and five Secchi disk
measurements were used in this interpretationceS\ew Johns Lake is phosphorus limited all
three indicators chlorophyll-a, Secchi disk, arntaltphosphorus are possibly good indicators of
trophic status. Based on a visual assessment,dplei¢ status of New Johns Lake is stable
(Figure 6).
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Mount Carmel Dam, Cavalier County

BACKGROUND

Location: Mt. Carmel Dam is located in the very northeastenmer of North Dakota in
Cavalier County. Directions to Mt. Carmel Dam fraime town of Langdon, North Dakota are:
Nine miles north, then 2 miles east, and 2 milesm@-igure 1). Mt. Carmel Dam is managed
by the North Dakota Game and Fish Department.

Map Features H oo @ &
- Devils Lake 2004 l:l County Boundaries W%E
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. Wiaterbody l:l Cultivated_Plains

Figure 1. Location of Mt. Carmel Dam.

Physiographic/Ecological Setting: Mt. Carmel Dam is a 342.1 acre reservoir withaximum
depth of 32.6 feet and a mean depth of 14.1 fegt(€ 2). Mt. Carmel Dam lies in the Northern
Glaciated Plains Level lll Ecoregion, part of thredder Cultivated Plains region (Figure 1).
The Northern Glaciated Plains Ecological regiooharacterized by flat to rolling landscape
composed of glacial drift (USEPA 1994). This reyis the transitional zone between tall and
mixed grass prairie. The region has numerous wasl@ssential for spring and fall migrations
of wetland dependent birds. Flood plain slopestlalsides are usually native grass, while the
uplands and flood plains proper have mostly be@wvexed to small grains, row crops, and
alfalfa.
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Flgure 2. Contour Map of Mt. Carmel Dam (Map Courtesy of North Dakota Game
and Fish Department).

Construction History: Mt. Carmel Dam is a rolled earth structure cortgaen 1971 that
blocks a stream bed that has cut through the gt the underlying shale. The reservoir
was constructed for flood control, the city of Laing water supply, recreational use and wild
life propagation.

Recreational Facilities: Mt. Carmel Dam enjoys four-seasons of recreatiamliP access is on
the south shore with a boat ramp, parking, vailktica picnic area, primitive camping zones,
and a fishing pier.

Water Quality Standards Classification: Mt Carmel Dam is classified in the state “Standards
of Quality for Waters of the State” (NDDoH, 200%) aclass 2 lake. Class 2 Lakes and
reservoirs are defined as “Cool Water Fisheriest@ters capable of supporting natural
reproduction and growth of cool water fishes (engrthern pike and walleye) and associated
aguatic biota. These waters are also capableppiosting the growth and marginal survival of
cold water species and associated biota.”
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Historical and Current Fishery: Mt. Carmel Dam Lake’s fishery is northern pike, legé,
and yellow perch with seasonal restrictions. Histd fish stocked into Mt. Carmel Dam
include northern pike, walleye, yellow perch, rambtrout, bluegill, and crappie.

Historical Water Quality Sampling: Historical water quality data includes results fréine
historical water quality sample results collectetileen 1991 and 1997.

WATER QUALITY MONITORING RESULTS

The water quality analysis and trends assessmenkdtf Carmel Dam have been presented in
four general categories: 1) temperature and disdabxygen profile results; 2) general water
quality characterization; 3) nutrient limitatiomad4) trophic status. Where appropriate, results
have been compared to the regional data for resemnathe Cultivated Plains ecological region.

Temperature and Dissolved Oxygen Profile ResultsThere are eight temperature and
dissolved oxygen profiles collected on Mt. Carmahbin three clusters of 1991 and between
1996-1997 and 2005-2006 (Figures 3 through 4). prbéle data indicates that Mt. Carmel

Dam is usually not thermally stratified during th@nmer months but does thermally stratifies in
late winter. Of the eight profiles, four, colledten 3/27/1991, 7/16/1996, 3/11/1997, and
1/31/2006, dropped below the state standard of &.m@hen Mt. Carmel Dam is not stratified

it maintains concentrations of dissolved oxygencemrations above the state standard of 5
mg/L, but when stratified experiences moderateotiiesl oxygen decay below the metalimnion.
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Figure 3. Temperature Profiles for Mt. Carmel Damfrom 1991 to 2006.
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Figure 4. Dissolved Oxygen Profiles for Mt. CarmeDam from 1991 to 2006.

General Water Quality: Water quality data collected by the NDG&F in 200l 2006

indicate Mt. Carmel Dam is well buffered with alikéty as CaCQ@ concentrations ranging from
170 to 208 mg/L (Table 1). Mt. Carmel Dam is saodibicarbonate dominated with an average
sodium concentration of 65 mg/L and an averageribiceate concentration of 224 mg/L.

The average TDS concentration and specific condueteneasurements for the 2005-2006
sampling period were 506 mg/L, and 806 pmhos/cepeaetively. Average total phosphorus
and total nitrogen concentrations were 0.753 mgiL 2206 mg/L, respectively. Additionally,
there does appear to be a trend towards lower otnatiens of dissolved solids in Mt. Carmel
Dam (Tables 1 and 2).

Water quality data collected in 2005 and 2006 waspared to the state’s long term data set for
reservoirs in the Cultivated Plains region. In pamson Mt. Carmel Dam’s current average
concentration for total phosphorus of 0.753 mg/ahbsut double the average for lakes in the
Cultivated Plains ecological region while the ageraoncentration of total nitrogen of 2.207 is
only about 50 percent greater. Dissolved solidsevbelow the average at 506 mg/L compared
to the regional averages for similar reservoir6@®f mg/L (Tables 1 and 3).
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Table 1. Statistical Summary of Mt. Carmel Dam’s P05-2006 Water Quality Data.
Standard
Parameter Units N Average Minimum Maximum Deviation
Total Alkalinity (CaCOs) mg/L 3 184 170 208 20.8
Total Ammonia as N mg/L 3 0.198 0.070 0.275 0.112
Bicarbonate (HCO5) mg/L 3 224 207 254 25.5
Calcium (Ca) mg/L 3 65. 54.4 72.6 10.05
Carbonate (CO3) mg/L 3 1t 1t 1t 0.0
Chloride (CI) mg/L 3 13.5 9.6 16.5 3.520
Chlorophyll-a Ho/L 2 41 1.5" 6.7 3.6
Specific Conductance pmhos 3 806 668 914 125.9
Total Dissolved Solids mg/L 3 506 421 569 76.7
Total Hardness as (CaCO3) mg/L 3 264 220 291 38.8
Hydroxide (OH) mg/L 3 1t 1t 1t 0.0
Iron (Fe) mg/L 3 0.111 0.035 0.199 0.083
Magnesium (Mg) mg/L 3 24.2 20.4 26.6 3.3
Nitrate + Nitrite as N mg/L 3 0.867 0.340 1.510 0.594
Total Kjeldahl Nitrogen as N mg/L 3 1.340 1.170 1.550 0.193
Total Nitrogen as N mg/L 3 2.207 1.640 3.060 0.752
pH 3 8.1 7.9 8.2 0.11
Total Phosphorus as P mg/L 3 0.753 0.641 0.828 0.099
Potassium (K) mg/L 3 11.7 9.7 14.1 2.2
Sodium (Na) mg/L 3 65 54 74 10.3
Sulfate (SO4) mg/L 3 209 164 240 39.8

'Equal to Minimum Reportable Limit

Limiting Nutrient:  The limiting nutrient analysis is based on the ag#ion that either
nitrogen, or phosphorus is limiting algal growthvih. Carmel Dam, and that the ratio of total
nitrogen to total phosphorus (N:P), based on weigrdlgae is approximately 15:1. When the
N:P ratio is less then 15:1, nitrogen is assumdzktthe limiting nutrient and when it exceeds
15:1, the limiting nutrient is assumed to be phospb.

There are sixvater quality sample sets for Mt. Carmel Dam betwédy 1996 and January
2006. The six samples used in this interpretatidicate that Mt. Carmel Dam is nitrogen
limited (Figure 5).

The nitrogen to phosphorus ratio for Mt. Carmel Damged from a low of 0.4 to a high of 8
with an average of 4. All six samples collecteaemgelow a ratio of 15 indicating nitrogen is
limiting primary production.



2005-2006 and 2006-2007 Lake Water Quality Assessm@uly 2008, Revised August 2009

Mount Carmel Dam Page 90 of 529

Table 2. Statistical Summary of Mt. Carmel Dam'’s Historical Water Quality Data
Collected Between 1991 and 1997.

Standard
Parameter Units n Average Minimum Maximum Deviation
Total Alkalinity (CaCO») mg/L 4 221 163 311 68.5
Total Ammonia as N mg/L 4 0.061 0.010" 0.197 0.091
Bicarbonate (HCO5) mg/L 4 270 199 380 83.875
Calcium (Ca) mg/L 4 83.9 72.2 90.3 8.05
Carbonate (COs) mg/L 4 1t 1t 1t 0.0
Chloride (Cl) mg/L 4 13.5 9.6 19.2 4.1
Chlorophyll-a Ha/L 4 9 3t 21 8.5
Specific Conductance Hmhos 4 894 725 1100 154.7
Total Dissolved Solids mg/L 4 551 384 699 129.2
Total Hardness as (CaCO,) mg/L 4 328 294 361 30.8
Hydroxide (OH) mg/L 4 1t 1t 1t 0.0
Iron (Fe) mg/L 4 0.065 0.007 0.119 0.052
Magnesium (Mg) mg/L 4 28.8 22.8 32.9 4.6
Nitrate + Nitrite as N mg/L 4 1.095 0.740 2.060 0.644
Total Kjeldahl Nitrogen as N mg/L 4 1.340 1.170 1.550 0.193
Total Nitrogen as N mg/L 4 2.206 1.640 3.060 0.752
pH 4 7.7 7.3 8.2 0.47
Total Phosphorus as P mg/L 4 0.310 0.138 0.383 0.116
Potassium (K) mg/L 4 8.9 5.7 10.4 2.2
Sodium (Na) mg/L 4 59.2 21.6 80.7 26.7
Sulfate (SO4) mg/L 4 217 44 316 119

'Equal to Minimum Reportable Limit

Trophic Status: Based on chlorophyll-a measurements and Secchimiskparency collected

in 2005-2006, Mt. Carmel Dam’s current trophic g$ais mesotrophic (Figure 6). TSI scores
ranged from a low of 35 based on chlorophyll-aa tuigh of 101 based on total phosphorus. The
trophic status score for Secchi disk transparergy similar to that estimated by chlorophyll-a,

at 44 (Figure 6).

A total of six total phosphorus samples, four cbjiryll-a samples, and four Secchi disk
measurements collected between 1996 and 2006 wedeta evaluate trends in the trophic
status of Mt. Carmel Dam. However, since Mt. CdrDam is nitrogen limited, only
chlorophyll-a, and Secchi disk transparency arbleiandicators of trophic status. Based on a
visual assessment, the trophic status of Mt. Cabraeh is improving (Table 6).
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Table 3. Statistical Summary of Water Quality Date’ Collected from Reservoir’s in the Cultivated
Plains Ecological Region of North Dakota.

Standard
Parameter Units n Average Minimum Maximum Deviation
Total Alkalinity (CaCOs) mg/lL 352 263 88 891 103
Total Ammonia as N mg/L 463 0.131 0.001" 2.070 0.203
Bicarbonate (HCO5) mg/L 352 296 91 951 114
Calcium (Ca) mg/lL 352 65 19 169 22
Carbonate (COs3) mg/L 324 14 1t 93 16
Chloride (ClI) mg/lL 351 21 1t 113 18
Chlorophyll-a Ho/L 373 20 2! 388 31
Specific Conductance Hmhos 352 1021 217 3140 516
Total Dissolved Solids mg/L 344 667 127 2300 387
Total Hardness as (CaCO3) mg/L 352 334 95 1090 121
Hydroxide (OH) mg/L 280 1t 1t 1t 0
Iron (Fe) mg/L 350 0.137 0.007 3.190 0.216
Magnesium (Mg) mg/L 352 42 11 161 20
Nitrate + Nitrite as N mg/L 411 0.097 0.003 2.060 0.191
Total Kjeldahl Nitrogen as N mg/L 376 1.476 0.207 4.410 0.642
Total Nitrogen as N mg/L 315 1.488 0.418 3.220 0.587
pH 352 8.36 6.89 9.40 0.43
Total Phosphorus as P mg/L 464 0.322 0.004* 1.380 0.267
Potassium (K) mg/L 352 12 3! 35 5
Sodium (Na) mg/lL 352 97 2! 582 107
Sulfate (SO4) mg/L 351 269 8 1350 217

'Equal to lower detection limit

’Data Collected from 40 Reservoirs between 19912007
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Wilson Dam, Dickey County

BACKGROUND

Location: Wilson Dam is a small impoundment on an unnamédtiary to the south fork of the
Maple River in Dickey County, North Dakota (FigufBs The lake is located 7 miles west of
Monango, North Dakota. Wilson Dam is managed leyNbrth Dakota Game & Fish
Department.

Culdvated Rlains

3
E\\‘

Map Features u poos A
I C:vils Lake 2004 [ | County Boundaries W%E
I:, Missourt River Rangeland_Flains s

. Waterhody l:l Cultivated_Plains

Figure 1. Location of Wilson Dam.

Physiographic/Ecological Setting: Wilson Dam is a 36.6 acre teardrop shaped resemth a
maximum depth of 21.4 feet and a mean depth ofe&0O(Figure 2). The reservoir’'s watershed
is 4,260-acres in size and located in the Norti&actiated Plains (NGP) Level 11l Ecoregion,
part of a broader Cultivated Plains region (Figlire The watershed is characterized by flat to
rolling landscape composed of glacial drift in thensitional zone between tall and mixed grass
prairie. The region has numerous wetlands ess$éaitiapring and fall migrations of wetland
dependent birds. Flood plain slopes and hillsatesusually native grass while the uplands and
flood plains proper have mostly been convertednallgrains, row crops and alfalfa.
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Figure 2. Contour Map of Wilson Dam (Map Courtesyof North Dakota Game and
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Construction History: Wilson Dam is a rolled earthen structure built tigl the combined
efforts of the Dickey County Water Resource Distrilce State Water Commission Board, and
the North Dakota Game and Fish Department. Comregbliet 1968, Wilson Dam’s primary
function was for water based recreation.

Recreational Facilities: Recreational facilities at Wilson Dam are limitedone boat dock and
a fishing pier on the south side of the lake, aatking access around the lake. There is also a
vault toilet located south of the boat ramp.

Water Quality Standards Classification: Wilson Dam is classified in the state “Standards of
Quiality for Waters of the State” (NDDoH, 2006) aslass 3 lake or reservoir. Class 3 lakes or
reservoirs are defined as a “warm water fishery*waters capable of supporting natural
reproduction and growth of warm water fishes (daggemouth bass and bluegill) and associated
aquatic biota. Some cool water species may algdsent.”
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Historical and Current Fishery: Wilson Dam’s fishery is largemouth bass, northeke pand
yellow perch. The historical fishery includes teasentioned plus the additional species of
smallmouth bass, and channel catfish.

Historical Water Quality Samples: Historical water quality data includes results frimee
sample sets collected in 1993-1994.

WATER QUALITY MONITORING RESULTS

The water quality analysis and trends assessmanWifson Dam have been presented in four
general categories: 1) temperature and dissolxggem profile results; 2) general water quality
characterization; 3) nutrient limitation; and 4)ghic status. Where appropriate, results have
been compared to the regional data for reservoitisa Cultivated Plains region.

Temperature and Dissolved Oxygen Profile ResultsThere are seven temperature and
dissolved oxygen profiles for Wilson Dam collectedwo clusters between 1993-1994 and
2005-2006 (Figures 3 and 4). The profile data shthat Wilson Dam usually has adequate or
near adequate dissolved oxygen above the metalimbidg experiences rapid oxygen depletion
below (Figure 4). Of the seven profiles collectsid,had dissolved oxygen concentrations that
declined below the state standard of 5 mg/L. Tipreéles collected on 7-23-1993, 6-21-2005,
and 8-2-2005, begin at or below the state stanofasdng/L. The depth of thermal stratification
ranged from 1 to 2 meters of depth at times leaveny little of the lake volume adequately
oxygenated.
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Figure 3. Temperature Profiles for Wilson Dam from1993 to 2005.
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Figure 4. Dissolved Oxygen Profiles for Wilson Darfrom 1993 to 2005.

General Water Quality: Data collected by the NDG&F in 2005 through 200dicates Wilson
Dam is well buffered with alkalinity as Ca@@oncentrations ranging from 154 to 280 mg/L
(Table 1). Wilson Dam is sodium sulfate dominatgith an average sodium concentration of 92
mg/L and an average sulfate concentration of 31 mghe average TDS concentration and
specific conductance measurement for the 2005-2806tpling period was 752 mg/L and 1198
pmhos/cm, respectively. Average total nitrogeiNasd total phosphorus as P concentrations
were 1.598 mg/L and 0.720 mg/L, respectively.

While there is a slight increase in major cati@rgpns, and icp metals between the historical
data set and the current data, it is within thaddiad deviation and most likely can be attributed
to fluctuations in lake levels (Tables 1 and 2).

Water quality data collected in 2005-2006 compaoeithe state’s long term data set for
reservoirs in the Cultivated Plains ecological oegndicates that Wilson Dam has average
concentrations of dissolved solids and nutrienth Wie exception of phosphorus (Tables 1 and
3). Wilson Dam’s average total phosphorus coneagintrs of 0.720 mg/L is two fold higher
than the region’s average for reservoirs, of 0.322L (Table 3).
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Table 1. Statistical Summary of Wilson Dam’s 2002006 Water Quality Data.
Standard
Parameter Units N Average Minimum Maximum Deviation
Total Alkalinity (CaCOs) mg/L 4 214 154 280 52.0
Total Ammonia as N mg/L 4 0.207 0.116 0.397 0.131
Bicarbonate (HCO5) mg/L 4 261 188 342 63.6
Calcium (Ca) mg/L 4 69.9 57.1 88.40 13.7
Carbonate (CO3) mg/L 4 1t 1t 1t 0.0
Chloride (CI) mg/L 4 68.5 41.6 97.2 245
Chlorophyll-a Ha/L 4 6.5 2.0 15.6 6.2
Specific Conductance pmhos 4 1198 911 1520 260
Total Dissolved Solids mg/L 4 752 577 971 168.1
Total Hardness as (CaCO3) mg/L 4 417 337 529 83.5
Hydroxide (OH) mg/L 4 1t 1t 1t 0.0
Iron (Fe) mg/L 4 0.183 0.043 0.351 0.129
Magnesium (Mg) mg/L 4 58.8 47.3 74.9 11.9
Nitrate + Nitrite as N mg/L 4 0.175 0.070 0.310 0.101
Total Kjeldahl Nitrogen as N mg/L 4 1.423 1.180 1.930 0.346
Total Nitrogen as N mg/L 4 1.598 1.370 2.000 0.277
pH 4 8.0 8.0 8.2 0.09
Total Phosphorus as P mg/L 4 0.720 0.507 1.050 0.264
Potassium (K) mg/L 4 11.0 9.1 13.6 2.0
Sodium (Na) mg/L 4 92.0 70.7 121.0 21.6
Sulfate (SO4) mg/L 4 319 255 405 64.1

'Equal to Minimum Reportable Limit

Limiting Nutrient: The limiting nutrient assessment is based on teemption that either
nitrogen or phosphorus is limiting algal growthvifilson Dam, and that the ratio of total
nitrogen to total phosphorus (N:P), based on weigrdlgae is approximately 15:1. When the
N:P ratio is less then 15:1, nitrogen is assumdtktthe limiting nutrient and when it exceeds
15:1, the limiting nutrient is assumed to be phasps.

Seven water quality sample sets for Wilson Dam betwdune 1993 and January 2006, indicate
that Wilson Dam’s nutrient relationship is not velgnamic and that Wilson Dam is strongly
nitrogen limited (Figure 5).

The nitrogen to phosphorus ratio for Wilson Damgethfrom 2 to 4 with an average of about 3.
Of the seven samples collected on Wilson Dam alevbelow 15 indicating that nitrogen is
limiting primary production.
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Table 2. Statistical Summary of Wilson Dam’s Histdcal Water Quality Data Collected
Between 1993 and 1994.

Standard
Parameter Units n Average Minimum Maximum Deviation
Total Alkalinity (CaCO») mg/L 3 221 160 301 72.3
Total Ammonia as N mg/L 3 0.164 0.010" 0.284 0.140
Bicarbonate (HCO5;) mg/L 3 270 195 368 88.7
Calcium (Ca) mg/L 3 67.9 49.4 87.7 19.2
Carbonate (COs) mg/L 3 1t 1t 1t 0.0
Chloride (CI) mg/L 3 48.9 31.9 67.8 18.0
Chlorophyll-a Ha/L 2 5.5 3t 8.000 35
Specific Conductance Hmhos 3 988 684 1340 330.5
Total Dissolved Solids mg/L 3 618 421 833 206.5
Total Hardness as (CaCO;) ~ Mmg/L 3 358 255 457 101.1
Hydroxide (OH) mg/L 3 1t 1t 1t 0.0
Iron (Fe) mg/L 3 0.218 0.167 0.251 0.045
Magnesium (Mg) mg/L 3 45.9 31.9 57.8 13.1
Nitrate + Nitrite as N mg/L 3 0311 0.010* 0.875 0.489
Total Kjeldahl Nitrogen as N mg/L 3 0.844 0.704 0.970 0.134
Total Nitrogen as N mg/L 3 0.890 0.724 1.070 0.173
pH 3 7.6 7.5 7.7 0.09
Total Phosphorus as P mg/L 3 0.788 0.530 1.200 0.360
Potassium (K) mg/L 3 15.9 13.9 19.2 2.8
Sodium (Na) mg/L 3 71.8 51.6 90.6 19.5
Sulfate (SO4) mg/L 3 233 143 327 92.1

'Equal to Minimum Reportable Limit

Trophic Status Assessment:Based on chlorophyll-a, Secchi disk transparencg,tatal
phosphorus data collected from 2005 to 2006, WiBam's trophic status is mesotrophic
bordering on eutrophic (Figure 6). TSI scores eahiyjom a low of 41 based on chlorophyll-a,
to a high of 104 based on total phosphorus. Tdphic status score based on Secchi disk
transparency was similar to that estimated by ciployll-a, at 50 (Figure 6).

A total of seven total phosphorus samples, fiverphyll-a samples, and five Secchi disk
transparency measurements collected between 1903086 were used to evaluate trends in the
trophic status of Wilson Dam. Since Wilson Darsti®ngly nitrogen limited total phosphorus is
a poor indicator of trophic status and at bestlmansed as an indicator of potential trophic
status. Based on a visual assessment, and exclindirsgores based on total phosphorus, Wilson
Dam’s trophic status is stable (Table 6).
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Table 3. Statistical Summary of Water Quality Dat& Collected from Reservoirs in the
Cultivated Plains Ecological Region of North Dakota

Standard
Parameter Units n Average Minimum Maximum Deviation
Total Alkalinity (CaCOs) mg/L 352 263 88 891 103
Total Ammonia as N mg/L 463 0.131 0.001* 2.070 0.203
Bicarbonate (HCO,) mg/L 352 296 91 951 114
Calcium (Ca) mg/L 352 65 19 169 22
Carbonate (COs) mg/L 324 14 1t 93 16
Chloride (CI) mg/L 351 21 1t 113 18
Chlorophyll-a Ha/L 373 20 2! 388 31
Specific Conductance umhos 352 1021 217 3140 516
Total Dissolved Solids mg/L 344 667 127 2300 387
Total Hardness as (CaCO;) ~ Mmg/L 352 334 95 1090 121
Hydroxide (OH) mg/L 280 1t 1t 1t 0
Iron (Fe) mg/L 350 0.137 0.007 3.190 0.216
Magnesium (Mg) mg/L 352 42 11 161 20
Nitrate + Nitrite as N mg/L 411 0.097 0.003 2.060 0.191
Total Kjeldahl Nitrogen as N mg/L 376 1.476 0.207 4.410 0.642
Total Nitrogen as N mg/L 315 1.488 0.418 3.220 0.587
pH 352 8.36 6.89 9.40 0.43
Total Phosphorus as P mg/L 464 0.322 0.004* 1.380 0.267
Potassium (K) mg/L 352 12 3! 35 5
Sodium (Na) mg/L 352 97 2! 582 107
Sulfate (SO4) mg/L 351 269 8 1350 217

'Equal to lower detection limit
’Data Collected from 40 Reservoirs between 19912a0F



2005-2006 and 2006-2007 Lake Water Quality Assessm@uly 2008, Revised August 2009

Wilson Dam Page 100 of 529

100

90

80

70

60 A

50

40

30

Total Nitrogen:Total Phosphorus

20

10

0 © O‘ QO

Figure 5. Total Nitrogen to Total Phosphorus Ratis in Wilson Dam (1993-2006).
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Rice Lake, Emmons County

BACKGROUND

Location: Rice Lake is near the South Dakota-North Dakotal®om Emmons County, North
Dakota. The lake is located 8 miles south of Bueg North Dakota and managed by the North
Dakota Game and Fish Department (Figure 1).

Cultivated Plains

Rice Lake
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Figure 1. Location of Rice Lake.

Physiographic/Ecological Setting: Rice Lake is a 1,237 acre natural lake with aimam

depth of 22.3 feet and a mean depth of 16.7 fegti(€ 2). Rice Lake lies in the Northwestern
Great Plains Level Ill Ecoregion, part of the breaRangeland Plains region (Figure 1). The
Northwestern Great Plains Ecological region is cosag of the Missouri Coteau section of the
Great Plains. It is a semiarid hilly region form®gdthe terminal advance of the last Wisconsin
Ice age. The area is characterized by rises otd 860 feet with many glacial lakes, ponds, and
wetlands at the feet of the rises to form a moshtbe finest waterfowl resting and rearing area
in the world.
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Recreational Facilities: Rice Lake enjoys four-seasons of recreation. Palgloess is on the
south shore with a boat ramp, parking, a vauletpd picnic area, primitive camping zones, and
a fishing pier.

Water Quality Standards Classification: Rice Lake is classified in the state “Standards of
Quality for Waters of the State” (NDDoH, 2006) aslass 3 lake or reservoir. Class 3 lakes or
reservoirs are defined as a “warm water fishery\waters capable of supporting natural
reproduction and growth of warm water fishes (daggemouth bass and bluegill) and associated
aguatic biota. Some cool water species may algdsent.”

Historical and Current Fishery: Rice Lake’s current and historical fishery includesthern
pike, yellow perch, and walleye. Dark house spgishiing is permitted on Rice Lake.

Historical Water Quality Sampling: There is no historical water quality data for&ic
Lake.

WATER QUALITY MONITORING RESULTS

The water quality analysis and trend assessmenRide Lake have been presented in four
general categories: 1) temperature and dissolyggdem profile results; 2) general water quality
characterization; 3) nutrient limitation; and 4)ghic status. Where appropriate, results have
been compared to the regional data for naturakeahdnced lakes in the Rangeland Plains
region.

Temperature and Dissolved Oxygen Profile ResultsThere were four temperature and three
dissolved oxygen profiles for Rice Lake collectad®D06-2007 (Figures 3 and 4). The profile
data indicates that during thermal stratificatiBice Lake experiences rapid dissolved oxygen
loss, and occasionally drops below the state stdmafeb mg/L. One of the profiles, collected on
2/14/2007, dropped below the state standard of /.m¢/hile the rapid loss of dissolved
oxygen during this period is concerning, there doggsear to be enough dissolved oxygen to
maintain aquatic life in the upper two and one hadters of the water column.

General Water Quality: Water quality data collected by the NDG&F in 200681 2007

indicate Rice Lake is well buffered with alkaliniag CaC®@ concentrations ranging from 454 to
567 mg/L (Table 1). Rice Lake is sodium bicarberdaminated with an average sodium
concentration of 127 mg/L and an average bicarlsooatcentration of 454 mg/L. The average
TDS concentration and specific conductance measnefar the 2006-2007 sampling period
were 841 mg/L and 1318 pmhos/cm, respectively. rége total nitrogen as N and total
phosphorus as P concentrations were 2.685 mg/l1 @88 mg/L, respectively.

Water quality data collected in 2006 and 2007 waspared to the state’s long term data set for
natural and enhanced lakes in the Rangeland Réaoiegical region. When compared to other
lakes in the same ecological region Rice LakedsHer than the average lake, with higher than
average nutrient concentrations (Tables 1 and 2).
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Figure 3. Temperature Profiles for Rice Lake from2006 to 2007.
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Table 1. Statistical Summary of Rice Lake’s 200607 Water Quality Data.
Standard
Parameter Units N Average Minimum Maximum Deviation
Total Alkalinity (CaCOs) mg/L 4 506 454 567 50
Total Ammonia as N mg/L 4 0.170 0.010* 0.623 0.302
Bicarbonate (HCO5) mg/L 4 454 377 532 63.8
Calcium (Ca) mg/L 4 47.9 32.4 61.8 14.7
Carbonate (CO5) mg/L 4 81 59 99 16.8
Chloride (CI) mg/L 4 37 29 47 8
Chlorophyll-a Ha/L 4 62.4 10.7 119.0 55.9
Specific Conductance pmhos 4 1318 1230 1520 138
Total Dissolved Solids mg/L 4 841 749 963 90.1
Total Hardness as (CaCO3) mg/L 4 381 339 414 36
Hydroxide (OH) mg/L 4 1t 1t 1t 0.0
Iron (Fe) mg/L 4 0.144 0.050 0.211 0.069
Magnesium (Mg) mg/L 4 63.3 52.3 77.1 10.2
Nitrate + Nitrite as N mg/L 4 0.028 0.020 0.040 0.010
Total Kjeldahl Nittogenas N~ mg/L 4 2.658 1.660 3.640 0.811
Total Nitrogen as N mg/L 4 2.685 1.700 3.670 0.807
pH 4 9.03 8.82 9.24 0.19
Total Phosphorus as P mg/L 4 1.388 1.000 1.940 0.395
Potassium (K) mg/L 4 87.1 70.6 101.0 13.1
Sodium (Na) mg/L 4 127.4 91.6 153.0 27.4
Sulfate (SO4) mg/L 4 173 158 204 20.9

'Equal to Minimum Reportable Limit

Rice Lake’s average total phosphorus concentratdds388 mg/L is ten fold greater than the
regional average and the total nitrogen concentraif 2.685 mg/L is about 33 percent higher.
Dissolved solids in Rice Lake were 841 mg/L comgdcethe regional average of 1,588 mg/L
and hardness was 381 mg/L compared to 538 mg/Lst bfdhe major cations, anions, and icp
metals were well within the standard deviationtfa@ regions with the exception of potassium
with a concentration of 87 mg/L compared to thaaegl average of 37 mg/L and a standard
deviation of 13.

Limiting Nutrient:  The limiting nutrient analysis is based on the ag#ion that either
nitrogen or phosphorus is limiting algal growthRice Lake, and that the ratio of total nitrogen
to total phosphorus (N:P), based on weight, inalgapproximately 15:1. When the N:P ratio
is less then 15:1, nitrogen is assumed to be mhiérig nutrient and when it exceeds 15:1, the
limiting nutrient is assumed to be phosphorus.

There are fouwater quality sample sets for Rice Lake betweer 2006 and February 2007.
The four samples used in this interpretation in@i¢hat Rice Lake is nitrogen limited (Figure 5).

The nitrogen to phosphorus ratio for Rice Lake eghfjom a low of 1 to a high of 3 with an
average of 2. All four samples collected were Wwedoratio of 15 indicating nitrogen is limiting
primary production.



2005-2006 and 2006-2007 Lake Water Quality Assessm@uly 2008, Revised August 2009

Rice Lake Page 106 of 529

Table 2. Statistical Summary of Water Quality Data’ Collected from Natural and Enhanced
Lake’s in the Rangeland Plains Ecological Region dfiorth Dakota.

Standard
Parameter Units n Average Minimum Maximum Deviation
Total Alkalinity (CaCO»3) mg/L 272 544 119 4770 130
Total Ammonia as N mg/L 371 0.107 0.001* 2.230 0.200
Bicarbonate (HCO5) mg/L 272 489 145 2990 150
Calcium (Ca) mg/L 272 44 1t 282 26
Carbonate (COs3) mg/L 262 89 1t 1420 30
Chloride (ClI) mg/L 272 51 4t 1070 9
Chlorophyll-a Ho/L 250 22 2! 292 28
Specific Conductance Hmhos 272 2168 448 20100 959
Total Dissolved Solids mg/L 272 1588 227 18200 750
Total Hardness as (CaCO3) mg/L 272 538 170 2370 260
Hydroxide (OH) mg/L 200 1t 1t 1t 0
Iron (Fe) mg/L 273 0.193 0.001" 2.260 0.334
Magnesium (Mg) mg/L 272 104 20 567 50
Nitrate + Nitrite as N mg/L 332 0.036 0.002" 0.338 0.092
Total Kjeldahl Nittogenas N~ mg/L 340 1.950 0.080 8.500 0.779
Total Nitrogen as N mg/L 278 1.826 0.269 5.520 0.562
pH 272 8.80 7.40 9.87 0.57
Total Phosphorus as P mg/lL 377 0.244 0.004* 1.940 0.205
Potassium (K) mg/L 272 38 3! 356 6
Sodium (Na) mg/L 272 331 17 4680 171
Sulfate (SO4) mg/L 272 680 34 10500 501

'Equal to Minimum Reporting Limit.
’Data Collected from 48 Natural and Enhanced Lakets/Ben 1991 and 2007

Trophic Status Assessment:Based on chlorophyll-a, Secchi disk transparencg,tatal
phosphorus data collected from 2006 to 2007, Radesls current trophic status is eutrophic to
hypereutrophic (Figure 6). TSI scores ranged feolow of 54 based on Secchi disk
transparency, to a high of 113 based on total gharsis data. The trophic status score based on
chlorophyll-a was similar to that estimated by $wclisk transparency, at 59 (Figure 6).

A total of four total phosphorus samples, four cbjhyll-a samples, and four Secchi disk
measurements collected during the open water peffoch 2006-2007 were used to evaluate
trends in the trophic status of Rice Lake. Sinm®Rake is nitrogen limited only chlorophyll-a,
and Secchi disk are good indicators of trophiaustat
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Camel Hump Dam, Golden Valley County

BACKGROUND

Location: Camel Hump Dam is a small reservoir on Andrew Cresr the western edge of
North Dakota, approximately half way between thaedduri River and the South Dakota border.
Camel Hump Dam is managed by the North Dakota Gamdd~ish Department and is located
just off Interstate Highway 94, northeast of that8es| Butte, exit 10 (Figure 1).

Cultivated Rlains

Map Features u Bos W B0
I 0-vils Lake 2004 [ ] County Boundaries W%E
|:| Missouri River Rangeland_Plains s

. Wyaterbody |:| Cultivated_Plains

Figure 1. Location of Camel Hump Dam.

Physiographic/Ecological Setting: Camel Hump Dans a 44.4 acre impoundment with a
maximum depth of 35.8 feet and an average depiH &ffeet (Figure 2). Camel Hump Dam is
located in the Northwestern Great Plains (NWGP)eléVv Ecoregion, part of the broader
Rangeland Plains region (Figure 1). The NWGPesMissouri Plateau of the Great Plains
(USEPA 1994). The watershed landscape is rolliagg. Flood plain slopes and hillsides are
usually native grass while the uplands and floainsl themselves have mostly been converted
to small grains and alfalfa.
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Figure 2. Contour Map of Camel Hump Dam (Map Couresy of the North Dakota
Game and Fish Department).

Construction History: Camel Hump Dam was constructed in 1968 througlefforts of local,
state, and federal agencies. The reservoir was/atéed by the North Dakota Game and Fish
Department in 2001.

Recreational Facilities: Camel Hump Dam and the immediate area surrountimghoreline
are owned and managed by the North Dakota Gamé&iahdepartmentRecreational facilities
at Camel Hump Dam include a boat ramp, associaddrg, a vault toilet, fishing piers, and
picnic areas.

Water Quality Standards Classification: Camel Hump Dam is classified in the state
“Standards of Quality for Waters of the State” (N@HD 2006) as a class 1 lake or reservaoir.
Class 1 lakes or reservoirs are defined as a ‘walér fishery” or “waters capable of supporting
growth of cold water fish species (e.g., salmonaig) associated aquatic biota.”

Historical and Current Fishery: Camel Hump Dam'’s fishery is managed by the NDdRkota
Game and Fish Department. The historical and otfigheries for Camel Hump Dam include
trout, bluegill, and largemouth bass. Boats astricted to idle speeds and no live bait fish are
allowed.
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Historical Water Quality Sampling: There is no historical water quality data for
Camel Hump Dam.

WATER QUALITY MONITORING RESULTS

The water quality analysis and trend assessmen@dimel Hump Dam have been presented in
four general categories: 1) temperature and disslabxygen profile results; 2) general water
quality characterization; 3) nutrient limitatiomad4) trophic status. Where appropriate, results
have been compared to the regional data for resemnmathe Rangeland Plains region.

Temperature and Dissolved Oxygen Profile ResultsThere are three temperature and
dissolved oxygen profiles for Camel Hump Dam cdéedan 1990, 2005, and 2006 (Figures 3
and 4). The profile data shows that Camel Humysigally thermally stratified and during
thermal stratification it experiences rapid disgol\oxygen depletion below 2 meters of depth.

All of the profiles, collected on 12/27/1990, 7/2205, and 2/23/2006 dropped below the state’s
water quality standard of 5 mg/L (Figure 4). Wtihe rapid loss of dissolved oxygen during
these periods is concerning, there appears todguate concentrations of dissolved oxygen in
the upper four to five meters of the water columsustain aquatic life.
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Figure 3. Temperature Profiles for Camel Hump Damfrom 1990 to 2006.



2005-2006 and 2006-2007 Lake Water Quality Assessm@uly 2008, Revised August 2009

Camel Hump Dam Page 111 of 529

0

——12/27/1990

—l-7/22/2005

Depth in Meters

- 2/23/2006

8 "V "/ T 11T "1T 71 /71T 1T 71
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Dissolved Oxygen in mg/L

Figure 4. Dissolved Oxygen Profiles for Camel Humpam from 1990 to 2006.

General Water Quality: Current water quality data indicates Camel HunapnDs well

buffered with total alkalinity as CaG@oncentrations ranging from 202 to 208 mg/L (Tdble
Camel Hump Dam is sodium sulfate dominated witlarage sodium concentration of 306
mg/L and an average sulfate concentration of 844 mghe average total dissolved solids
(TDS) concentration and specific conductance measent for the 2005-2006 sampling period
were 1405 mg/L and 1995 pumhos/cm, respectivelyerége total nitrogen as N and total
phosphorus as P concentrations were 0.935 mg/l0&1d mg/L respectively.

Camel Hump Dam’s general chemistry is similar ® lting term state average for reservoir
lakes in the Rangeland Plains region. Current th$solved solids concentrations ranged from
1300 mg/L to 1510 mg/L (Table 1), while the longrteaverage is 1176 mg/L (Table 2). Total
phosphorus concentrations in Camel Hump Dam ambitle state long term average for
reservoirs in the Rangeland Plains region. Tdtalsphorus concentrations ranged from 0.010
mg/L to 0.012 mg/L (Table 1), while the long termeeage is 0.135 mg/L (Table 2).
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Table 1. Statistical Summary of Camel Hump Dam’s 2005-2006 VAter Quality Data.
Standard
Parameter Units n Average Minimum Maximum Deviation

Total Alkalinity (CaCOs) mg/L 2 205 202 208 4
Total Ammonia as N mg/L 2 0.014 0.010 0.017 0.005
Bicarbonate (HCO5) mg/L 2 183 164 201 26
Calcium (Ca) mg/L 2 44.8 39.3 50.3 7.8
Carbonate (CO5) mg/L 2 34 26 41 11
Chloride (CI) mg/L 2 7 7 8 1
Chlorophyll-a Ha/L 1 3.0 3.0 3.0
Specific Conductance pmhos 2 1995 1860 2130 191
Total Dissolved Solids mg/L 2 1405 1300 1510 148
Total Hardness as (CaCO3) mg/L 2 381 373 389 11
Hydroxide (OH) mg/L 2 1 1 1 0
Iron (Fe) mg/L 2 0.116 0.082 0.150 0.048
Magnesium (Mg) mg/L 2 65.5 60.2 70.7 7.4
Nitrate + Nitrite as N mg/L 2 0.040 0.020 0.060 0.028
Total Kjeldahl Nittogenas N~ mg/L 2 0.895 0.853 0.937 0.059
Total Nitrogen as N mg/L 2 0.935 0.913 0.957 0.031
pH 2 9.04 8.88 9.20 0.23
Total Phosphorus as P mg/L 2 0.011 0.010 0.012 0.001
Potassium (K) mg/L 2 14.3 12.8 15.7 2.1
Sodium (Na) mg/L 2 306 274 338 45
Sulfate (SO4) mg/L 2 844 771 917 103

'Equal to Minimum Reporting Limit

Limiting Nutrient:  The limiting nutrient analysis is based on the agstion that either
nitrogen or phosphorus is limiting algal growthGamel Hump Dam, and that the ratio of total
nitrogen to total phosphorus (N:P), based on weigrdlgae is approximately 15:1. When the
N:P ratio is less then 15:1, nitrogen is assumdtktthe limiting nutrient and when it exceeds
15:1, the limiting nutrient is assumed to be phasps.

There are twavater quality sample results for Camel Hump Dantectéd in July 2005 and
February 2006, where the N:P ratio could be caledlaThe nitrogen to phosphorus ratios for
Camel Hump Dam were 76 and 96, for an average .oB&fh samples used in this
interpretation indicate that Camel Hump Dam is pihasus limited (Figure 5).
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Table 2. Statistical Summary of Water Quality Data’ Collected from Reservoirs in the Rangeland
Plains Ecological Region of North Dakota.

Standard
Parameter Units n Average Minimum Maximum Deviation
Total Alkalinity (CaCO»3) mg/L 408 309 101 982 130
Total Ammonia as N mg/L 469 0.097 0.001" 2.440 0.200
Bicarbonate (HCO5) mg/L 408 318 14 1040 150
Calcium (Ca) mg/L 408 50 5 160 26
Carbonate (COs3) mg/L 402 30 1t 197 30
Chloride (Cl) mg/L 408 13.3 0.3 745 8.8
Chlorophyll-a Ho/L 321 21.2 1.5 218.0 27.9
Specific Conductance pumhos 428 1733 262 5880 959
Total Dissolved Solids mg/L 409 1176 147 5110 750
Total Hardness as (CaCO3) mg/L 408 397 45 1850 260
Hydroxide (OH) mg/L 337 1t 1t 1t 0
Iron (Fe) mg/L 409 0.179 0.007 4.110 0.334
Magnesium (Mg) mg/L 408 66.0 5.6 353.0 49.6
Nitrate + Nitrite as N mg/L 395 0.048 0.001* 0.790 0.092
Total Kjeldahl Nitrogen as N mg/L 359 1.556 0.365 7.720 0.779
Total Nitrogen as N mg/L 302 1.472 0.405 4.840 0.562
pH 428 8.61 6.73 9.87 0.56
Total Phosphorus as P mg/L 475 0.135 0.004 3.160 0.205
Potassium (K) mg/L 408 14.6 4.2 39.2 6.3
Sodium (Na) mg/L 408 239 3t 932 171
Sulfate (SO4) mg/L 406 604 1t 3210 501

'Equal to Minimum Reporting Limit.
’Data Collected from 69 Reservoirs between 19912007

Trophic Status Assessment:Based on chlorophyll-a, Secchi disk transparencg,tatal
phosphorus data collected from 2005 to 2006, C&taetp Dam’s trophic status is mesotrophic
(Figure 6). TSI scores ranged from a low of 38lasn total phosphorus, to a high of 41 based
on Secchi disk transparency and chlorophyll-a nreasents.

A total of two total phosphorus samples, one ctpbgdl-a sample, and one Secchi disk
transparency measurement collected during the wpéer periods from 2005-2006 were used to
evaluate trends in the trophic status of Camel Ham. Since Camel Hump Dam is
phosphorus limited, all three parameters are piglgdnd indicators of the current or potential
trophic status of Camel Hump Dam.
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Figure 5. Total Nitrogen to Total Phosphorus Ratig in Camel Hump Dam (2005-2006).
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Larimore Dam, Grand Forks County
BACKGROUND

Location: Larimore Dam on the Turtle River in Grand Forks @GtyuNorth Dakota. To access
the lake travel either 2 miles north of the towrLafimore or 25 miles west and 1mile south of
the city of Grand Forks (Figure 1). Larimore Dammanaged by the North Dakota Game and
Fish Department and the Larimore Park Board.

Cultivated Rlains

Larimore Dam ‘
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Figure 1. Location of Larimore Dam.

Physiographic/Ecological Setting: Larimore Dam is a 66.7 acre impoundment on th&idu
River in western Grand Forks County, North Dakdtehas an average depth of 11.1 feet and a
maximum depth of 28.1 feet (Figure 2). LarimorenDlges on the western edge of the Lake
Agassiz Plains Level Il Ecoregion with most of asntributing watershed located in the
Northern Glaciated Plains Level 11l Ecoregion. Tlake Agassiz Plains and Northern Glaciated
Plains combined form the broader Cultivated Plagggon (Figure 1). The Lake Agassiz Plain
Ecoregion was formed by the glacial Lake Agassiznguthe last of the Wisconsin era ice ages.
It is characterized by a flat landscape and costaomme of the most fertile soils in North
America. The Northern Glaciated Plains Ecologregion is characterized by flat to rolling
landscape composed of glacial drift (USEPA 1994).
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Figure 2. Contour Map of Larimore Dam (Map Courtesy of North Dakota Game
and Fish Department).

This region is the transitional zone between tadl enixed grass prairie. The region has
numerous wetlands essential for spring and falratigns of wetland dependent birds.
Flood plain slopes and hillsides are usually nagirgess while the uplands and flood
plains proper have mostly been converted to smmaihg, row crops and alfalfa.

Construction History: Larimore Dam was built in 1978. It is one of se¥iend control
structures in the upper Turtle River watershed.

Recreational Facilities: Larimore Dam is a popular recreation area withrédsgdents of Grand
Forks and Grand Forks Air Force Base. There is@park on Larimore Dam’s south shore
maintained by the Larimore Park Board. Facilittedude a boat ramp and associated parking,
camping and picnic areas with toilets, and garlmageup.

Water Quality Standards Classification: Larimore Dam is classified in the state “Standads
Quality for Waters of the State” (NDDoH, 2007) aclass 2 lake. Class 2 lakes and reservoirs
are defined as “Cool Water Fisheries” or “watensatde of supporting natural reproduction and
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growth of cool water fishes (e. g., northern pike avalleye) and associated aquatic biota.
These waters are also capable of supporting thetigrand marginal survival of cold water
species and associated biota.”

Historical and Current Fishery: Larimore Dam’dishery includes northern pike, bluegill, and
yellow perch. The reservoir’'s historical fishengiudes smallmouth bass, largemouth bass,
trout, and crappie.

Historical Water Quality Sampling: Historical water quality data includes resultsirthree
sample sets collected in 1992-1993.

WATER QUALITY MONITORING RESULTS

The water quality analysis and trends assessmentsafimore Dam have been presented in four
general categories: 1) temperature and dissolxggem profile results; 2) general water quality
characterization; 3) nutrient limitation; and 4)ghic status. Where appropriate, results have
been compared to the regional data for reservoitisa Cultivated Plains region.

Temperature and Dissolved Oxygen Profile ResultsThere are 36 temperature and dissolved
oxygen profiles for Larimore Dam collected in twlasters between 1992 and 1993, and
between 2005 and 2007 (Figures 3 through 8). Tb#edata indicates that during thermal
stratification Larimore Dam experiences rapid oxydecay resulting in large portions of the
water column with dissolved oxygen concentratiogl® the state standard of 5 mg/L.
However the portions of the water column abovettieemal stratification remain well
oxygenated.
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Figure 3. Temperature Profiles for Larimore Dam from 1992 to 2006.



2005-2006 and 2006-2007 Lake Water Quality Assessm@uly 2008, Revised August 2009

Larimore Dam Page 118 of 529

0

——7/22/1992

—-8/19/1992

——3/11/1993

—@- 6/16/2005

—0—8/15/2005

-4 12/22/2005

—A—1/23/2006

Depth in Meters

—0-1/30/2006

—0—2/23/2006

¥4~ 3/20/2006

—%-5/4/2006

12 T T T T T T T T T T T T T T T
0o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

—@-5/15/2006

Dissolved Oxygen in mg/L

Figure 4. Dissolved Oxygen Profiles for Larimore Bm from 1992 to 2006.
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Figure 5. Temperature Profiles for Larimore Dam from 2006 to 2007.
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Figure 6. Dissolved Oxygen Profiles for Larimore m from 2006 to 2007.
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Figure 7. Temperature Profiles for Larimore Dam from 2007.
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Figure 8. Dissolved Oxygen Profiles for Larimore @m from 2007.

General Water Quality: Data collected by the NDG&F and GFCSCD in 2005-2iddicate
Larimore Dam is well buffered with alkalinity as C@; concentrations ranging from 106 mg/L
to 314 mg/L (Table 1). Larimore Dam is sodium biicamate dominated with an average sodium
concentration of 55 mg/L, and an average bicarloacentration of 260 mg/L. The average
TDS and specific conductivity measurements wererB§A. and 944 pmhos/cm, respectively.
Average total phosphorus and total nitrogen comagans were 0.076 mg/L and 0.803 mg/L,
respectively.

There does appear to be an increasing trend ihribtagen and dissolved solid concentrations
in Larimore Dam from 1992-2007. While the trenghiebably not significant, as the variation

falls within the standard deviation and certain ariant parameters like total phosphorus have
remained stable, it is a concern (Tables 1 and 2).

Water quality data collected in 2005 through 20@& wompared to the state’s long term data set
for reservoirs in the Cultivated Plains ecologiegion. When compared to other reservoirs in
the same ecological region, Larimore Dam has sirtelgels of dissolved solids but slightly

lower nutrient concentrations (Tables 1 and 3)rirhare Dam’s average total phosphorus
concentrations of 0.076 mg/L is approximately tHid less then the long term average for
reservoirs in the Cultivated Plains region, while average total nitrogen concentration of 0.803
mg/L is approximately one-half of the regional aag®. Dissolved solids were similar but
consistently lower then the state’s long term agerfar reservoirs in the Cultivated Plains

region.
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Table 1. Statistical Summary of Larimore Dam'’s 206-2007 Water Quality Data.
Standard
Parameter Units N Average Minimum Maximum Deviation

Total Alkalinity (CaCOs) mg/L 34 225 106 314 53.8
Total Ammonia as N mg/L 34 0.073 0.010* 0.435 0.094
Bicarbonate (HCO5) mg/L 34 260 91 383 74.8
Calcium (Ca) mg/L 34 94 45 126 19.89
Carbonate (CO3) mg/L 34 7.2 1t 28 7.4
Chloride (CI) mg/L 34 32.4 18.1 52.8 7.2
Chlorophyll-a Ha/L 22 43.8 1.5" 388 83.0
Specific Conductance pmhos 34 944 700 1400 171.3
Total Dissolved Solids mg/L 34 596 401 930 127.9
Total Hardness as (CaCO3) mg/L 34 382 268 500 59.4
Hydroxide (OH) mg/L 34 1t 1t 1t 0.0
Iron (Fe) mg/L 34 0.124 0.010 0.918 0.164
Magnesium (Mg) mg/L 34 35.7 20.0 52.6 6.8
Nitrate + Nitrite as N mg/L 34 0.119 0.020 0.680 0.155
Total Kjeldahl Nittogenas N~ mg/L 34 0.684 0.207 1.230 0.299
Total Nitrogen as N mg/L 34 0.803 0.418 1.910 0.312
pH 34 8.31 7.481 8.921 0.341
Total Phosphorus as P mg/L 34 0.076 0.016 0.410 0.073
Potassium (K) mg/L 34 5.468 2.700 10.100 1.429
Sodium (Na) mg/L 34 55.41 10.5 133.0 27.3
Sulfate (SO4) mg/L 34 235 101 438 86.9

'Equal to Minimum Reportable Limit

Limiting Nutrient:  The limiting nutrient analysis is based on the ag#ion that either
nitrogen or phosphorus is limiting algal growthLiarimore Dam, and that the ratio of total
nitrogen to total phosphorus (N:P), based on weigrdlgae is approximately 15:1. When the
N:P ratio is less then 15:1, nitrogen is assumdzktthe limiting nutrient and when it exceeds
15:1, the limiting nutrient is assumed to be phospb.

There are 3hutrientsample sets for Larimore Dam between June 199Nandmber 2007.

The 35 samples used in this interpretation inditdaé Larimore Dam’s nutrient relationships are
dynamic as both nitrogen and phosphorus are liggnoductivity at different times of the year
(Figure 9). The nitrogen to phosphorus ratio farimore Dam ranged from a low of 5 to a high
of 52 with an average of 16. Of the 35 samplesectdld, 11 were above a ratio of 15, and 24
were at or below a ratio 15, indicating that nigngs most often limiting primary production.
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Table 2. Statistical Summary of Larimore Dam’s Hisorical Water Quality Data Collected
Between 1992 through 1993.

Standard
Parameter Units N Average Minimum Maximum Deviation

Total Alkalinity (CaCOs) mg/L 3 236 151 318 83.5
Total Ammonia as N mg/L 3 0.135 0.012 0.295 0.145
Bicarbonate (HCO5;) mg/L 3 254 180 292 64.0
Calcium (Ca) mg/L 3 80.4 58.1 99.5 20.9
Carbonate (COs) mg/L 2 25 2! 48 325
Chloride (Cl) mg/L 3 25.6 20.1 28.4 4.7
Chlorophyll-a Hg/L 2 26 12 39 19
Specific Conductance Hmhos 3 667.3 625.3 728.7 54.3
Total Dissolved Solids mg/L 3 428 373 512 74.1
Total Hardness as (CaCO;) ~ Mmg/L 3 318 263 354 485
Hydroxide (OH) mg/L NC? NC? NC?

Iron (Fe) mg/L 3 0.081 0.035 0.169 0.076
Magnesium (Mg) mg/L 3 28.5 25.6 31.2 2.8
Nitrate + Nitrite as N mg/L 1 0.006" 0.006" 0.006" 0.0
Total Kjeldahl Nitrogen as N mg/L 2 1.000 0.680 1.320 0.453
Total Nitrogen as N mg/L 2 1.006 0.686 1.326 0.455
pH 3 8.290 7.800 8.610 0.431
Total Phosphorus as P mg/L 3 0.074 0.046 0.113 0.035
Potassium (K) mg/L 3 411 3.23 4.73 0.78
Sodium (Na) mg/L 3 27 15 34 10.9
Sulfate (SO4) mg/L 3 120 91 139 25.5

'Equal to Minimum Reportable Limit
*No data collected

Trophic Status Assessment:Based on chlorophyll-a, Secchi disk transparencg,tatal
phosphorus data collected from 1992 to 2007, Larenixam’s trophic status is eutrophic (Figure
10). TSI scores ranged from a low of 35 basedhboraphyll-a, to a high of 91 based on total
phosphorus data. The average trophic status besexl on Secchi disk transparency was similar
to that estimated by chlorophyll-a, at 50 (Figu@g. 1

A total of 35 total phosphorus samples, 23 chloytipdnsamples, and 5 Secchi disk transparency
measurements collected during the open water pefroch 1992 to 2007, were used to evaluate
trends in the trophic status of Larimore Dam. 8iharimore Dam is most often nitrogen

limited, chlorophyll-a and Secchi disk transpareaoy probably better indicators of trophic
status then total phosphorus. Based on a vissakament of the data, Larimore Dam’s trophic
status is stable (Figure 6).
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Table 3. Statistical Summary of Water Quality Data’ Collected from Reservoirs in the Cultivated
Plains Ecological Region of North Dakota.

Standard
Parameter Units n Average Minimum Maximum Deviation
Total Alkalinity (CaCOs) mg/lL 352 263 88 891 103
Total Ammonia as N mg/L 463 0.131 0.001" 2.070 0.203
Bicarbonate (HCO5) mg/L 352 296 91 951 114
Calcium (Ca) mg/lL 352 65 19 169 22
Carbonate (COs3) mg/L 324 14 1t 93 16
Chloride (ClI) mg/lL 351 21 1t 113 18
Chlorophyll-a Ho/L 373 20 2! 388 31
Specific Conductance Hmhos 352 1021 217 3140 516
Total Dissolved Solids mg/L 344 667 127 2300 387
Total Hardness as (CaCO3) mg/L 352 334 95 1090 121
Hydroxide (OH) mg/L 280 1t 1t 1t 0
Iron (Fe) mg/L 350 0.137 0.007 3.190 0.216
Magnesium (Mg) mg/L 352 42 11 161 20
Nitrate + Nitrite as N mg/L 411 0.097 0.003 2.060 0.191
Total Kjeldahl Nitrogen as N mg/L 376 1.476 0.207 4.410 0.642
Total Nitrogen as N mg/L 315 1.488 0.418 3.220 0.587
pH 352 8.36 6.89 9.40 0.43
Total Phosphorus as P mg/L 464 0.322 0.004* 1.380 0.267
Potassium (K) mg/L 352 12 3! 35 5
Sodium (Na) mg/lL 352 97 2! 582 107
Sulfate (SO4) mg/L 351 269 8 1350 217

'Equal to lower detection limit
’Data Collected from 40 Reservoirs between 19912007
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Figure 9. Total Nitrogen to Total Phosphorus Ratis in Larimore Dam (1992-2007).
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Figure 10. TSI Scores and Temporal Trends for Lamore Dam from 1992 to 2007.
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Raleigh Reservoir, Grant County

BACKGROUND

Location: Raleigh Reservoir is located approximately 30 miest of the Missouri River and

30 miles north of the South Dakota border. Diatdito Raleigh Reservoir are 3.5 miles west of
Raleigh and then 1 half mile south (Figure 1). eRfd Reservoir is managed by the North
Dakota Game and Fish Department.

Cultivated Rlains

Raleigh Reservoir

R

Map Features u Bos W B0
I 0-vils Lake 2004 [ ] County Boundaries W%E
|:| Missouri River Rangeland_Plains s

. Wyaterbody |:| Cultivated_Plains

Figure 1. Location of Raleigh Reservoir.

Physiographic/Ecological Setting: Raleigh Reservoir is a 59.2 acre reservoir withaimum
depth of 33.6 feet and an average depth of 13t3Fegure 2). Raleigh Reservoir and its
contributing watershed are located in the NortheresGreat Plains (NWGP) Level I
Ecoregion. The NWGP is part of the broader RamgkRlains located in the Missouri Plateau
of the Great Plains (Figurel). The watershed leayks is rolling plains. Flood plain slopes and
hillsides are usually native grass, while the ugtaand flood plains themselves have mostly
been converted to small grains and alfalfa.
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Figure 2. Contour Map of Raleigh Reservoir (Map Cartesy of the North Dakota
Game and Fish Department).
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Construction History: Raleigh Reservoiis an impoundment on a tributary to the Cannonball
River. The reservoir was renovated in 1988 thraihghcombined efforts of the State Water
Commission, the North Dakota Game and Fish Departtra@d the Grant County Water
Resources Board. After renovations, Raleigh Resehas a surface area of 59 acres, a
maximum depth of 34 feet and an average depth ééét3Figure 2).

Recreational Facilities: Raleigh Reservoir and the immediate area surrogrtii@ shoreline is
owned and managed by the North Dakota Game andJeaphrtment.Recreational facilities at
the reservoir include a boat ramp, associated pgyla fishing pier, and a picnic area.

Water Quality Standards Classification: Raleigh Reservoir is classified in the state
“Standards of Quality for Waters of the State” (N&HQ 2007) as a class 2 lake. Class 2 lakes
and reservoirs are defined as “Cool Water FisheaeSwvaters capable of supporting natural
reproduction and growth of cool water fishes (engrthern pike and walleye) and associated
aguatic biota. These waters are also capableppiosting the growth and marginal survival of
cold water species and associated biota.”

Historical and Current Fishery: Raleigh Reservoir’s fishery is managed by thetiNdrakota
Game and Fish Department. Historical and currishefies include trout, bluegill, and
largemouth bass. Boats are restricted to idledsperly and no live bait fish are allowed.

Historical Water Quality Samples: There is no historical data available for Raleigis&voir.
WATER QUALITY MONITORING RESULTS

The water quality analysis and trend assessmenidieigh Reservoir have been presented in
four general categories: 1) temperature and disslabxygen profile results; 2) general water
quality characterization; 3) nutrient limitatiomad4) trophic status. Where appropriate, results
have been compared to the regional data for resemnothe Rangeland Plains region.

Temperature and Dissolved Oxygen Profile ResultsThere are two temperature and dissolved
oxygen profiles for Raleigh Reservoir collecte@(05 and 2006 (Figures 3 and 4). The limited
profile data shows Raleigh Reservoir was weaklyniadly stratified in July 19, 2005 but lacked
stratification on March 7, 2006.

Dissolved oxygen concentrations remained abovsttte’s water quality standard of 5 mg/L for
nearly the entire water column in March of 2006 tayidly decayed in July of 2005 below 5
meters of depth. While the rapid loss of dissolegggen in July is concerning, there does
appear to be enough dissolved oxygen to maintaiataglife throughout the majority of the

lake volume on both dates.
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Figure 3. Temperature Profiles for Raleigh Reservio from 2005 to 2006.
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Figure 4. Dissolved Oxygen Profiles for Raleigh Rervoir from 2005 to 2006.
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General Water Quality: Current water quality data collected by the NDGR@icates Raleigh
Reservoir is well buffered with total alkalinity 8&aCQ concentrations ranging from 203 mg/L
to 224 mg/L (Table 1). Raleigh Reservoir is sodgutfate dominated with an average sodium
concentration of 86 mg/L and an average sulfate@atnation of 751 mg/L. The average total
dissolved solids (TDS) concentration and specificdtictance measurements for the 2005-2006
sampling period were 1245 mg/L and 1655 pmhos/apedively. Average total nitrogen as N
and total phosphorus as P concentrations were 120 and 0.075 mg/L respectively.

An average total phosphorus concentration of OrA@A. is approximately half the Rangeland
Plains region average for reservoirs of 0.135 n{g#dble 2). Total nitrogen concentrations on
Raleigh Reservoir were nearly identical to the Itemgn average for reservoirs in the Rangeland
Plains ecological region (Tables 1 and 2).

Table 1. Statistical Summary of Raleigh Reservoir's 2005-2@Water Quality Data.

Standar d
Parameter Units n Average Minimum Maximum Deviation
Total Alkalinity (CaCOs) mg/L 2 2147 203 224 15
Total Ammonia as N mg/L 2 0.017 0.016 0.017 0.001
Bicarbonate (HCO5;) mg/L 2 228 194 262 48.1
Calcium (Ca) mg/L 2 95.4 87.7 103.0 10.8
Carbonate (CO3) mg/L 2 15 5 26 15
Chloride (Cl) mg/L 2 20 18 23 3
Chlorophyll-a Mg/l 1 17.6 17.6 17.6 0
Specific Conductance Hmhos 2 1655 1530 1780 177
Total Dissolved Solids mg/L 2 1245 1140 1350 149
Total Hardness as (CaCO;) ~ Mg/L 2 833 742 924 129
Hydroxide (OH) mg/L 2 1t 1t 1t 0.0
Iron (Fe) mg/L 2 0.181 0.147 0.215 0.048
Magnesium (Mg) mg/L 2 144 127 162 24.7
Nitrate + Nitrite as N mg/L 2 0.020 0.020 0.020 0
Total Kjeldahl Nitrogen as N mg/L 2 1.40 1.38 1.42 0.03
Total Nitrogen as N mg/L 2 1.420 1.400 1.440 0.028
pH 2 8.610 8.370 8.850 0.339
Total Phosphorus as P mg/L 2 0.075 0.045 0.105 0.042
Potassium (K) mg/L 2 18.1 17.0 19.1 1.5
Sodium (Na) mg/L 2 86 78 95 12
Sulfate (SO4) mg/L 2 751 686 816 92

'Equal to Minimum Reportable Limit
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Table 2. Statistical Summary of Water Quality Data’ Collected from Reservoirs in the Rangeland
Plains Ecological Region of North Dakota.

Standard
Parameter Units n Average Minimum Maximum Deviation
Total Alkalinity (CaCO»3) mg/L 408 309 101 982 130
Total Ammonia as N mg/L 469 0.097 0.001" 2.440 0.200
Bicarbonate (HCO5) mg/L 408 318 14 1040 150
Calcium (Ca) mg/L 408 50 5 160 26
Carbonate (COs3) mg/L 402 30 1t 197 30
Chloride (Cl) mg/L 408 13.3 0.3 745 8.8
Chlorophyll-a Ho/L 321 21.2 1.5 218.0 27.9
Specific Conductance pumhos 428 1733 262 5880 959
Total Dissolved Solids mg/L 409 1176 147 5110 750
Total Hardness as (CaCO3) mg/L 408 397 45 1850 260
Hydroxide (OH) mg/L 337 1t 1t 1t 0
Iron (Fe) mg/L 409 0.179 0.007 4.110 0.334
Magnesium (Mg) mg/L 408 66.0 5.6 353.0 49.6
Nitrate + Nitrite as N mg/L 395 0.048 0.001* 0.790 0.092
Total Kjeldahl Nitrogen as N mg/L 359 1.556 0.365 7.720 0.779
Total Nitrogen as N mg/L 302 1.472 0.405 4.840 0.562
pH 428 8.61 6.73 9.87 0.56
Total Phosphorus as P mg/L 475 0.135 0.004 3.160 0.205
Potassium (K) mg/L 408 14.6 4.2 39.2 6.3
Sodium (Na) mg/L 408 239 3t 932 171
Sulfate (SO4) mg/L 406 604 1t 3210 501

!Equal to Minimum Reporting Limit
’Data Collected from 69 Reservoirs between 19912007

Limiting Nutrient:  The limiting nutrient analysis is based on the ag#tion that either
nitrogen or phosphorus is limiting algal growthRaleigh Reservoir and that the ratio of total
nitrogen to total phosphorus (N:P), based on weigrdlgae is approximately 15:1. When the
N:P ratio is less then 15:1, nitrogen is assumdzktthe limiting nutrient and when it exceeds
15:1, the limiting nutrient is assumed to be phospb.

There were twavater quality sample results for Raleigh Resenare in July of 2005 and one

in May of 2006. The two samples used in this pretation indicate that the N:P relationships in
Raleigh Reservoir are dynamic and variable, basetti@time of the year and the natural
processes occurring at the time of sampling (Figire

Trophic Status AssessmentBased on a single chlorophyll-a, Secchi disk transpcy, and

total phosphorus sample collected during the sunoh2005, Raleigh Reservoir’s trophic status
is eutrophic (Figure 6). TSI scores ranged f<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>