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1.0 INTRODUCTION AND DESCRIPTION OF THE WATERSHED

Powers Lake is located on the southern edge afdhemunity of Powers Lake in northwestern
North Dakota (Figures 1 and 2). The lake dischanmgesa tributary of the White Earth River. It
is a natural freshwater lake found in the Cotegioreof North Dakota. It has a surface area of
1,616 acres with a watershed size of 44,458 a@ased on lake statistics provided by the North
Dakota Game and Fish Department (Figure 3), Polagte has an average depth of 7.2 feet
with a maximum depth of 11.1 feet. Table 1 sumpesrsome of the geographical,
hydrological, and physical characteristics of P@neake. This lake has received extensive
community support and there is a strong desiredmtain the fishery as well as keep the lake
aesthetically pleasing for the people that us€itrrently, a watershed coordinator is employed
through the State’s Section 319 grant to implencenservation practices aimed at reducing the
documented nonpoint source pollution described20@l assessment.

Powers Lake, North Dakota

Legend

L City of Powers Lake

@ Cities/Towns
lajor Highways w E
flinor Highways

County Boundary

Figure 1. Location of Powers Lake in North Dakota.
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Figure 2. Location of the Powers Lake Watershed.
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Table 1. General Characteristics of Powers Lake anthe Powers Lake Watershed

Legal Name Powers Lake

Major Drainage Basin Missouri River — Lake Sakakawea

8-Digit HUC 10110101

Nearest Municipality Powers Lake, ND

County Burke and Mountrail Counties, ND

Eco-region Northern Missouri Coteau

Latitude 48.92429

Longitude -102.26945

Surface Area 1,638.8 acres

Watershed Area 44,458 acres

Average Depth 7.2 Feet

Maximum Depth 11.1 Feet

Volume 11,808.6 acre-feet

Tributaries Un-named tributaries

Outlets Tributary to White Earth River

Type of Waterbody Natural Lake

Fishery Type Warm water — yellow perch, northern pike

Classified Beneficial Uses | Municipal and domestic water supply, recreationedig
life, agricultural uses, and industrial water syppl

1.1 Clean Water Act Section 303(d) Listing Informaion

Table 2 details the TMDL listing information for Wers Lake. Based on the 2006
Section 303(d) List of Impaired Waters Needing TMONDDoH, 2006), the North
Dakota Department of Health (NDDoH) has identifitalvers Lake as fully supporting,
but threatened for aquatic life uses due to nusidow dissolved oxygen levels, and
sediment and fully supporting, but threatened éareational uses due to nutrients. As
reflected in its title, this TMDL report only addiges the nutrient impairments for aquatic
life and recreation use and the low dissolved oryiggoairment for aquatic life use.
Sediment remains as a Section 303(d) TMDL listdtufamt threatening aquatic life use.
Currently, there are not adequate data availakdeltivess the sediment TMDL listing. It
is expected that once the monitoring data thatanently being collected as part of the
Section 319 Watershed Implementation and Lake Ragtao Project are made available
a TMDL will be prepared to address this pollutant.
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Table 2. 2006 Section 303(d) TMDL Listing Informaton for Powers Lake.

Assessment Unit ID ND-10110101-001-L_00

Description Powers Lake

Size 1,638.8 acres

Impaired Designated Uses Fish and Other AquatitaBRecreation
Use Support Fully Supporting but Threatened
Impairment Nutrients, Sediment, and Dissolved Oxryge
Priority 1 (High)

1.2 Topography

Powers Lake is located in the eco-region knowrhas\Nlorthern Missouri Coteau portion
of the Northwestern Glaciated Plains. It lies imaasition zone between a more boreal
climate to the north and a more arid climate towlest. Willow and aspen may occur at
wetland margins, Rough fescue appears in grassissutiations. Stream drainage is
absent or uncommon and there are numerous potieol@@¢rary and seasonal) wetlands
(Figure 4). Wetlands tend to dry out earlier in saenmer than on the Missouri Coteau to
the south and east. The physiography is hummaoKing terrain. The surface material
is Wisconsinan glacial till over Tertiary sandst@mel shale. Mollisols are the dominant
soil order, with Zahl, Williams, and Parnell beiting most common soil series. Western
wheatgrass, green needlegrass, and little bluestersome of the potential native
vegetation. These soils are very deep, well draoredoderately well drained, and
formed in glacial till. Permeability is moderatedlow (USEPA, et al. 1998). Elevation
at Powers Lake is 2,206 feet mean-sea-level, aral telief is typically less than 25 feet.

C . .

Figure 4. Aerial View of Wetlands in the NorthernMissouri Coteau
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1.3 Landuse/Land Cover in the Watershed
Primary land use in the Powers Lake watershedis &nd ranch land, with
approximately 65.63 percent cultivated and 29.6@qud in some form of permanent
grass or herbaceous cover (NDDoH, 2001). The maheaiof the land is in roads or
farmsteads. When analyzed by subwatershed, thermgage of cropland ranged from a
high of nearly 100 percent in the south subbasmltow of 50 percent in the lands
immediately surrounding Powers Lake (Table 3).

Table 3. Percent Landuse in the Powers Lake Watersil.

Subwatershe( Cultivated (%) | Pasture (% I(-(I)z)y CRP (%) (Cg/zk)\er N*
Northeast 83.33 16.67 NI NI NI 5
Lunds Valley | 60.61 27.27 3.03 6.06 3.03 20
South 100.00 NI NI NI NI 4
West 85.71 NI 14.29 NI NI 6
Immediate 50.00 7.17 14.29 14.29 14.29 7
Total 65.63 17.19 6.25 6.25 4.69 42

%(N) Number of sample points per watershed
%(NI) None identified

1.4 Climate and Precipitation
North Dakota’s climate is characterized by largagerature variation across all time
scales, light to moderate irregular precipitatiolentiful sunshine, low humidity, and
nearly continuous wind. Its location at the gepbra center of North America results in
a strong continental climate, which is exacerbétgethe mountains to the west. There are
no barriers to the north or south so a combinatiorold, dry air masses originating in

the far north and warm humid air masses originatirtfpe tropical regions regularly
overflow the state. Movement of these air massddtagir associated fronts causes near
continuous wind and often results in large dayayp @mperature fluctuations in all
seasons. The average last freeze in spring ootlate May. In the fall, the first 32
degree or lower temperature occurs between SeptetfiBand 28'. However, freezing
temperatures have occurred as late as mid-Junasagarly as mid-August. About 75
percent of the annual precipitation falls during geriod of April to September, with 50
to 60 percent occurring between April and July. Mafghe summer rainfall is produced
during thunderstorms, which occur on an averaggbdb 35 days per year. On the
average, rains occur once every three or four dagiag the summer. Winter snowpack,
although persistent from December through Marchy, anerages around 15 inches (Enz,

2003).
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Average yearly air temperature at the Bowbells thN&akota weather station, 26 miles
northeast Powers Lake, is 38 degrees and averagespeed is 10.7 mph. Average
annual precipitation ranges from 7 to 14 inchesvévaber through February averaged
only about 0.50 inches per month, mostly as snoeadvrable precipitation (0.01 inch or
more) occurs on an average of 65 to 100 days dtinmgear, but over 50 percent of
these events produce less than 0.10 inch (NDAWR420

1.5 Available Water Quality Data

In 1999, the City of Powers Lake approached theiNDakota Department of Health
(NDDoH) for help in addressing the declining wagarlity of Powers Lake. The result
was a sediment survey conducted during the icerquamod in 1999-2000 and an
assessment of water quality and quantity data adedwuring February through
October of 2001. The Burke County Soil Conservabstrict (SCD) was the local
sponsor for the project. This assessment monitiieavater quality and quantity in for
contributing streams, the lake, and the lake autietdiment volumes present within the
lake were also determined. Water quality sample® wellected using the methodology
described in th@uality Assurance Project Plan (QAPP) for the Posvieake Assessment
Project(NDDoH, 2001). These sites are identified in Tabknd Figure 4. The data were
analyzed and summarized by Mr. Peter Wax, Envirgriaté&cientist, NDDoH, and
provided in this report.

Table 4. General Information for Water Quality Sampling Sites for Powers Lake.

Number of Latitude Longitude

Sampling Site Site ID SEIES o) o)
Taken

Northeast Tributary 385035 33 44 33’ 18" -102 W 37’ 30"
Lunds Valley 385036 30 48N 31’ 18" 102 W 34’ 53”
Tributary
West Tributary 385037 7 a1 32' 77 -102 W 39' 77
South Tributary 385038 21 481 29’ 19” -102 W 36’ 8”
Lake Outlet 385039 31 48 N 33’ 25" -102 W 39’ 16”
In Lake 380870 48 48 N 32" 17" -102 W 36’ 36"
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Figure 5. Powers Lake Sampling Locations.

1.5.1 Stream Data

Four stream sites were located at the pour poietioh of the above listed
subwatersheds. The fifth stream site was locatéueadutlet of Powers Lake. Manual
stream gauging stations were installed at the rstreanitoring sites and used to
collect stage/discharge data. Stream parametelgzadancluded total nitrogen, total
Kjeldahl nitrogen, nitrate-nitrite, ammonia, topdlosphorus, total suspended solids,
(Tables 5 through 9). Most of the stream monitoangvities occurred between
March and September, 2001. Using stream flowveatter quality data, sediment
and nutrient loads were calculated for each looatsing the computer model FLUX.
These data were then used to calibrate the BATHTBputer model.
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Table 5. Summary of Stream Sampling Data, STORET 885035 (Northeast
Tributary).
Total Nitrate- Total
Nitrogen TKN Nitrite Ammonia Phosphorus TSS
Description (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Minimum* 0.52 0.50 0.01 0.005 0.116 25
Maximum 4.90 3.49 1.89 0.911 2.54 83
Median 1.535 1.47 0.035 0.0125 0.4965 25
Mean 1.740559 1.528794 0.207941 0.074735 0.59885 441976

L If the sample result came back non-detect, hatfiefdetection limit was used for calculations.

Table 6. Summary of Stream Sampling Data, STORET 885036 (Lunds Valley

Tributary).

Total Nitrate- Total

Nitrogen TKN Nitrite Ammonia Phosphorus TSS
Description (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Minimum* 1.25 1.11 0.01 0.005 0.115 2.5
Maximum 3.17 2.78 1.78 0.083 1.71 276
Median 1.99 1.85 0.01 0.005 0.502 25
Mean 2.07871 1.9016183 0.170645 0.018774 0.588 30675

L If the sample result came back non-detect, hatfiefdetection limit was used for calculations.

Table 7. Summary of Stream Sampling Data, STORET 885037 (West

Tributary).

Total Nitrate- Total

Nitrogen TKN Nitrite Ammonia Phosphorus TSS
Description (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Minimum* 1.62 0.83 0.40 0.005 0.487 25
Maximum 2.74 151 1.62 0.164 0.811 209
Median 2.175 1.22 0.925 0.0195 0.7075 25
Mean 2.16875 1.1825 0.98625 0.058 0.67725 65.6875

L If the sample result came back non-detect, hatfiefdetection limit was used for calculations.
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Table 8. Summary of Stream Sampling Data, STORET 885038 (South

Tributary).
Total Nitrate- Total
Nitrogen TKN Nitrite Ammonia Phosphorus TSS
Description (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Minimum* 1.25 1.02 0.01 0.005 0.98 25
Maximum 3.00 2.27 1.11 0.818 1.18 163
Median 1.65 1.47 0.18 0.005 0.5 12
Mean 1.837826 1.49565p 0.341304 0.057174 0.556174 | 6 2

L If the sample result came back non-detect, hatfiefdetection limit was used for calculations.

Table 9. Summary of Stream Sampling Data, STORET 885039 (Lake Outlet).

Total Nitrate- Total
Nitrogen TKN Nitrite Ammonia Phosphorus TSS
Description (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Minimum® 1.0 0.98 0.01 0.005 0.102 25
Maximum 3.35 3.29 0.09 0.301 0.488 112
Median 1.65 1.63 0.02 0.005 0.294 26
Mean 1.813226 1.783548 0.025161 0.030548 0.307387 | 7.67242

L If the sample result came back non-detect, hatfiefdetection limit was used for calculations.

Hydraulic discharge was estimated for all five wafeality monitoring stations
(Figure 6). The seasonal hydraulic dischargeHerfive stations balanced well,
indicating that the discharge errors are accepfablassessment purposes (Table 10).
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Figure 6. Hydraulic Discharge for the Powers Lake Vdtershed 3/10/01 through 10/31/01.

Table 10. Hydraulic Balance for Powers Lake Waterséd (3/10/01 through 10/31/01).

Station Hectare Meters Cubed Millions of Gallons
Precipitation 1.96 517.60

NE Trib. (385035) 1.15 303.83
Lunds Valley (385036) 1.50 396.30
West Trib. (385037) 0.477 126.02
South Trib. (385038) 1.30 343.46
Total Gauged Flow 4.427 1169.61
Evaporation 2.62 690.09
Outlet (385039) 4.580 1210.04
Ungauged Outflow -0.806 212.94

1.5.2 Lake Data

The in-lake site is located in the deepest path@efreservoir at the north end near the
dam. Lake monitoring occurred briefly in Februafy20600 and one sample in June of
2000, but due to drought conditions it was suspéndielater continued from
February of 2001 through October of 2001, as oedlim the QAPP (NDDoH, 2000).
Lake parameters included phytoplankton, chloropaytbtal nitrogen, total Kjeldahl
nitrogen, nitrate-nitrite, ammonia, phosphorusaftand dissolved), Secchi disk
transparency, and temperature and dissolved oxygéies. Fecal coliform data was
also collected within the watershed and will becdssed later in a separate TMDL
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specifically addressing that parameter. The dataated characterized Powers Lake

as a hypereutrophic, nitrogen-limited lake thatdoet thermally stratify. Monthly
mean concentrations of selected parameters arensinoiiable 11. Minimum,

maximum, median and mean concentrations of meagagneters of interest are
shown in Table 12. If results for a selected patameere below detection limits,

one half of the detection limit was used to figaredians and means. Figures 6 and 7

are of the temperature and dissolved oxygen pgofile

Table 11. Powers Lake's Mean Monthly Concentration®f Select Water Quality

Parameters (ugL™).

Month Total _ N't:ate _Total Total Diss. Total Chlorophyll-a
Ammonia Nitrite Nitrogen | Phosphorus| Phosphorus

Jan 248 120 2898 355 403
Feb 283 50 1605 232
May 16 20 1548 96 232 60.5
Jun 33 20 1475 120 219 22.0
Jul 10 20 2483 157 364 31.5
Aug 11 20 3108 41 330 81.0
Sep 10 20 3438 23 291 111.0
Oct 10 20 2563 27 193 117.0

Table 12. Minimum, Maximum, Median, and Mean Valuesfor Selected Water
Quality Parameters for Powers Lake (STORET #380870)

Parameter Minimum | Maximum | Median Mean
Chlorophyll-a (ug/L) 18 121 71.5 70.583333
Total Nitrogen (mg/L) 1.23 3.8 2.43 2.467813
Total Kjeldahl Nitrogen 1.03 3.78 2.36 2.422813
(mg/L)

Nitrate-Nitrite (mg/L) <0.02** 0.23 0.01 0.038125
Ammonia (mg/L) <0.01** 0.288 0.005 0.062594
Total Phosphorus (mg/L) 0.103 0.591 0.2995 0.297
Total Dissolved Phosphorus| 0.017 0.492 0.0925 0.137967
(mg/L)

Secchi Disk Depth (m) 0.15 0.36 0.20% 0.2275

* Calculated as a geometric mean.

** Results below detection limit
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Figure 7. In-Lake Dissolved Oxygen Profile for 2001
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Figure 8. In-Lake Temperature Profile for 2001.

Powers Lake data was also compared to data fraodg ef similar lakes in
northwestern North Dakota (RLRSD, 2000). In genevlilen compared to other
lakes in this region of the northwestern North Diakglaciated plains, Powers Lake
had lower than average TKN and ammonia concentr&tgimilar nitrate/nitrite
concentrations, and higher than average total glarsp concentrations (Table 13).
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Table 13. Regional Lake Water Quality Compared to Bwers Lake’s Water Quality".

Total Nitrate/ Secchi Disk

Phosphorus | Nitrite TKN | Ammonia | Chlorophyll-a Depth
Units mg/L mg/L mg/L mg/L pa/L meters
Powers Laks 0.297 0.038 2.42 0.062 70.58 0.23
Other North Dakota Lakes
Max 0.707 0.123 5.06 0.677 237.5 2.29
Min 0.031 0.006 1.09 0.025 3.5 0.15
Average 0.147 0.044 2.87 0.234 56.4 1.13
Median 0.056 0.029 2.57 0.191 11.0 1.01

Eleven regional lakes were sampled for this stlRlyRSD, 2000). Data from Powers Lake AssessmenD(OHD
2000.) was compared to data from this study. PeWweke values are depth averaged except for nitiatee and
chlorophyll-a.

2.0 WATER QUALITY STANDARDS

The Powers Lake is a Class 3 lake with the follgndefinition:
» Warm water fishery. Waters capable of supportingwgh and propagation of
nonsalmonid fishes and associated aquatic biota.

It is also defined in the State Water Quality Stadd that:
» The beneficial uses and parameter limitations destigd for Class | streams shall
apply to all classified lakes.

The tributaries flowing in to and out of Powers kalce Class Il streams.

* The quality of the waters in this class shall bigadale for agricultural and industrial
uses such as stock watering, irrigation, washingl eooling. These streams have
low average flows and generally prolonged periofis@mflow. The quality of these
waters must be maintained to protect recreaticst),fand aquatic biotaf NDDoH,
2001).

2.1 Narrative Water Quality Standards

The North Dakota Department of Health has set timeravater quality standards which
apply to all surface waters in the state. Theatse standards pertaining to nutrient
impairments are listed below (NDDoH, 2001).

» All waters of the state shall be free from subs&s attributable to municipal,
industrial, or other discharges or agriculturalgtices in concentrations or
combinations which are toxic or harmful to humaargmals, plants, or resident
aquatic biota.

* No discharge of pollutants, which alone or in tomation with other substances, shall:
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(1) Cause a public health hazard or injury to Bmnental resources;

(2) Impair existing or reasonable beneficial usethe receiving waters; or

(3) Directly or indirectly cause concentrationgoflutants to exceed applicable
standards of the receiving waters.

In addition to the narrative standards, the NDDH $et a biological goal for all surface
waters in the state. The goal states that “thegical condition of surface waters shall be
similar to that of sites or waterbodies determibgdhe department to be regional reference
sites,” (NDDoH, 2001).

2.2 Numeric Water Quality Standards

Standards of Quality for Waters of the St@@®DoH, 2006) establishes numeric standards
for dissolved oxygen, total phosphorus, and nisrétisssolved) (Table 14). The numeric
standards for Class | Streams include all clagki&es. In addition, nutrient guidelines that
have been established for use as goals in lakeoweprent and maintenance programs are
also listed in Table 14. Lake use attainment detetions are often made using Carlson’s
Trophic State Index (TSI), which is further disceds$n Section 3.1 (Carlson, 1977). No
numeric criteria have been developed for sediment.

Table 14. Numeric Standards fromStandards of Quality for Waters of the State
(NDDoH, 2006).

Parameter Parameter Limitation Condition

Standards for Class | Streams and Classified Lakes:

Nitrates (dissolved) 1.0 mg/l Maximum allowed
Phosphorus (total) 0.1 mg/l Maximum alloved
Dissolved Oxygen 5.0 mg/l Not less than

Guidelines for Goals in a Lake Improvement or Mainenance Program:
NO; as N 0.25 mg/l Goal
PQ,as P 0.02 mg/l Goal

! The standards for nitrates(N) and phosphorus(Pnseeded as interim guideline limits. Since eairhasn or lake has
unique characteristics which determine the leveth@se constituents that will cause excessivetgjeowth
(eutrophication), the department reserves the tmhtview these standards after additional stundyta set specific
limitations on any waters of the state. Howevemnadncase shall the standards for nitrates(N) exdé8eaug/L for waters
used as municipal or domestic drinking water supply
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3.0 TMDL TARGETS

TMDL targets are the values that are measureddgejthe success of the TMDL effort. TMDL
targets must be based on state water quality stasdaut can also include site-specific values
when no numeric criteria are specified in the stéaddThe following sections summarize water
quality targets for Powers lake based on its berafises. If the specific target is met, it is
assumed the lake will meet applicable water quali#ydards, including its designated beneficial
uses.

3.1 Nutrient Target

The assessment methodology for lakes and resexdesigibed in North Dakota’s 2004
Integrated Section 305(b) and Section 303(d) Wateality Assessment Report indicates
that Carlson’s Trophic State Index(TSI) is the @rmgnindicator used to assess beneficial
uses of the State’s lakes and reservoirs (NDDH4200ophic state is the measure of
productivity of a lake or reservoir, and is dirgattlated to the level of nutrients (phosphorus
and nitrogen) entering the lake or reservoir fretsnwatershed, and/or from internal cycling.
Lakes tend to become eutrophic (more productivél) higher nitrogen and phosphorus
inputs. Eutrophic lakes often have nuisance allyairbs, limited clarity, and low dissolved
oxygen concentrations that can result in impaicpghéic life and recreational uses. Carlson’s
TSI attempts to measure the trophic state of alakay nitrogen, phosphorus, chlorophyll-a,
and Secchi disk depth measurements. (Carlson, 1977)

Based on Carlson’s TSI and water quality data ctd between March 2001 and October
2001, Powers Lake was determined to be a nitroigeited hypereutrophic lake.
Hypereutrophic lakes are characterized by largethr® of weeds, blue-green algal blooms,
and low dissolved oxygen concentrations. Theseslakperience frequent fish kills and are
generally characterized as having excessive rogghpbpulations (carp, bullhead, sucker)
and poor sport fisheries. Because of the frequigat Blooms and excessive weed growth,
these lakes are also undesirable for recreaties such as swimming and boatifige
various TSI values were calculated for Powers L@lable 15) using the data obtained from
the assessment study.

Table 15. Carlson's Trophic State Indices for Power Lake.

Parameter Relationship Units | TSI Value' | Trophic Status
Chlorophylla TSI (Chl-a) = 30.6 + 9.81[In(Chl-a)] ug/L 72.37 Hypereutrophic
Total Phosphorus (TP) | TSI (TP) = 4.15 + 14.42[In(TP)] ug/L 86.82 Hypereutrophic
Secchi Depth (SD) TSI (SD) =60 - 14.41[In(SD)] meters 81.74 Hypereutrophic

TSI values were calculated using average surfacesdrom the Powers Lake in-lake monitoring staiisee Table 13).
TSI <40 = Oligotrophic (least produe) TSI 50-60 = Eutrophic
TSI 40-50 = Mesotrophic TSI > 60 =ypdreutrophic (most productive)

The temporal distribution for Carlson’s TSI scodés not show a significant pattern,
indicating that this condition is relatively constaéhroughout the entire growing season
(Figures 9, 10, and 11).
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The three variables, chlorophyll pigments, Secepitd, and total phosphorus, in
Carlson’s TSI independently estimate algal bionfpesduction as a result of excess
nutrients). The three index variables are inteteeldy linear regression models, and
should produce the same index value for a giverbomation of variable values. Any of
the three variables can therefore theoreticallyd®l to classify a waterbody. For the
purpose of classification, priority is given to atdphyll, because this variable is the most
accurate of the three at predicting algal biom@&ssléon 1980). Although transparency
and phosphorus may co-vary with trophic statecti@ges in transparency are caused
by changes in algal biomass and total phosphorysomanay not be strongly related to
algal biomass. Neither transparency nor phospheras independent estimator of
trophic state. (Carlson 1996).

A major strength of TSI is that the interrelatioipshbetween variables can be used to
identify certain conditions in the lake or resentbiat are related to the factors that limit
algal biomass or affect the measured variables.n¥nare than one of the three
variables is measured, it is possible that diffenetiex values will be obtained. Because
the relationships between the variables were albyierived from regression
relationships and the correlations were not perarne variability between the index
values is to be expected. (Carlson 1996). Thesitiavs of the total phosphorus or the
Secchi depth index from the chlorophyll index canused to identify conditions and
causes relating to the lake or reservoir’s troptéte. Some possible interpretations of
deviations of the index values are given in Talldo&élow (updated from Carlson 1983).
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Table 16. Relationship Between TSI Variables and Gulitions.

| Relationship Between TSI Variableg Conditions |
ITSI(Chl) = TSI(TP) = TSI(SD) | Algae dominate lightenuation; TN/TP ~ 33:1 |
TSI(Chl) > TSI(SD) I&g:gieng;rtlculates, such Aphanizomenofiakes,
TSI(TP) = TSI(SD) > TSI(CHL) gt(t)gr-ligt?(l)r?artlculates or color dominate light
[TSI(SD) = TSI(CHL) > TSI(TP) | Phosphorus limits dlgiomass (TN/TP >33:1) |
Algae dominate light attenuation but some factpr
TSI(TP) >TSI(CHL) = TSI(SD) such as nitrogen limitation, zooplankton grazing,

or toxics limit algal biomass.

By interpreting the data in Table 15 through the okTable 16, Powers Lake’s
transparency seems to be dominated by non-algairéasuch as color or turbidity, or
where very small particles predominate. In sutilsions as this where phosphorus and
transparency are correlated, but chlorophyll is turbid situations exist where
phosphorus is bound to clay particles. This cadesiwith the soil survey mentioned in
earlier sections.

Through analysis of assessment data, Powers Lakel@tarmined to be nitrogen limited.
In order to decrease the trophic state from hypgssphic down to eutrophic, a reduction
in phosphorus loading will have to occur. A Canlsachlorophyll-a TSI target of 55.02
was chosen for the Powers Lake endpoint througliskeof BATHTUB modeling.
Through this model it was determined that a 50 gr@rmternal load reduction along with
a 75 percent external load reduction in phosph@rusquired to bringing the lake into
the target trophic state of eutrophic; this coroess to a chlorophyll-a TSI of 55.02 (See
also Table 26 for the model results used to detertiiis).

The TMDL target based upon the chlorophyll-a TSswhosen for several reasons.
First, there is a great deal of interest in theansdted to improve lake quality. A Section
319 Nonpoint Source Management grant has alreagly d&arded and the
implementation phase is moving forward. In oradekéep monitoring costs down so as
to better use the majority of grant money towamsservation practices on the ground,
and to insure continued public support of the mpjlhe TSI score of the most publicly
identifiable component was chosen. Second, asiomel above, chlorophyll-a is the
variable most accurate at predicting algal biomassch is driven by nutrient loading. It
is believed that the turbidity issues will be adsed through the sediment TMDL load
reduction. Also, the degree of improvement in Seddk depth, for an equal amount of
phosphorus diverted, will become greater as a n@sut state is approached. (Cooke,
et.al., 1986).

While the target TSI score resulting from the 5€cpat internal/ 75 percent external
phosphorus load reduction will not bring the coricaion of total phosphorus to the
NDDoH State Water Quality Standard guideline fieeks (0.02 mg/L) (Table 14), it
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4.0

should be recognized that these are just guidelihakes vary a great deal in North
Dakota. Shallow lakes are especially hard to impnwithout addressing the internal
phosphorus cycling, which comes at a higher cokis reduction in phosphorus load
should result in a change of trophic status forake from hypereutrophic down to
eutrophic. Given the size of the lake (1,638.&8)rthe position of the lake along the
landscape (from NW to SE), and the nearly constamd in northwestern North Dakota
causing a mixing effect, this was determined toheebest possible outcome for Powers
Lake. If the specified TMDL chlorophyll-a targeft®h.02 is met, the reservoir can be
expected to meet the applicable water quality stededfor aquatic life and recreational
beneficial uses.

3.2 Dissolved Oxygen Target

The North Dakota State Water Quality Standard fssalved oxygen is “5.0 mg/L as a
daily minimum (up to 10% of representative samplaected during any three year
period may be less than this value provided thhtleconditions are avoided)” and will
be the dissolved oxygen target for Powers Lake.

SIGNIFICANT SOURCES

4.1Point Sources

The city of Powers Lake’s wastewater lagoons digghanto a different watershed and are
not of concern for this report. There are no paediConfined Animal Feeding Operations
(CAFOs) in the Powers Lake watershed and only emmited AFO. As a condition of this
AFO’s permit all runoff from the feeding area mbstcontained, therefore there is no runoff
to surface waters.

4.2 Nonpoint Sources
4.2.1 Stormwater Runoff
The City of Powers Lake lies adjacent to the lagelf, so provides a source of runoff
pollution. Monitoring specific to stormwater rum@fas not conducted in 2001, but a
general visual stormwater survey was conductedpastaf the ongoing Section 319
grant in the watershed. Potential sources of pgoliutave been noted and are being
addressed as a part of this grant.

4.2.2 Agricultural Sources

The majority of nutrient loads are transported veierland runoff from agricultural
areas. According to the 2001 landuse assessmegmgxamately 65.63 percent of the
land upstream of the reservoir is cultivated, 2%é8ent is in some form of permanent
grass or herbaceous cover, and the remainderaads or farmsteads (Table 3). This
landuse survey divided the watershed into four ubgheds roughly corresponding to
the upstream tributary monitoring sites in the basid the fifth subwatershed being the
area surrounding the lake.

The average crop reside after fall tillage ave@@&4 percent, but following spring
tillage and spring planting, the residue averagppied by more than half to 27.62
percent. Data on cropping pattern, soil type agmdgnt slope were combined in the
Universal Soil Loss equation to provide estimatiegverage soil loss within each
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subwatershed and for the entire Powers Lake wadrShable 17).
Table 17. Percent Crop Residue After Tillage and Aerage USLE Estimates.

Percent Crop Residue Average
Subwatershed After Tillage Un_iversal
Fall Spring SOl Lo
(tons/ac.)
Northeast 58.0 26.0 3.02
Lunds Valley 60.0 28.5 1.06
South 67.5 325 0.56
West 55.0 25.0 1.04
Immediate 62.9 16.0 0.55
Entire Watershed 60.2 27.6 1.16

The landuse assessment also provided estimataagé and pasture condition for the
project period (Table 18).

Table 18. Summary of Range and Pasture Conditidn

Condition
Subwatershed Good Fair Poor
Northeast 00.00 100.00 00.00
Lunds Valley 66.67 33.33 00.00
South NE NE 00.00
West NE NE 00.00
Immediate 100.00 00.00 00.00
Entire Watershed 63.64 36.36 00.00
! Expressed as a percentage of all sampling unitsnange and pasture land in the subwatershed or

watershed.
2No estimate provided due to small sample size withatershed

Kilograms per square kilometer delivery of totatogen, total phosphorus as phosphate,
total suspended solids and water were calculatethéocontributing subwatersheds
(Table 19). It was determined that the hydrauladidor station 385036 (Lunds Valley)
was underestimated, so delivery estimates areorme viewed as absolute, but useful for
comparisons of delivery rates between subwatershiedgeneral, the subwatersheds
Northeast, Lunds Valley, and West have similandeli characteristics, while the South
is much larger. This is graphically displayed oupds per acre in Figures 12, 13, and
14. The increase in delivery per acre from the Bgubwatershed is primarily due to two
large rainfall events that did not affect the moogethern subwatersheds.
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Table 19. Total Nitrogen, Total Phosphorus and TotaSuspended Solids Delivery
Estimates (kg/knf) for Four Subwatersheds of Powers Lake.

Total Suspended Solids

Subwatershed Total Nitrogen Total Phosphorus

Northeast 48.17 14.62 638.02
Lunds Valley 52.24 17.34 2159.88
West 60.64 20.58 584.39
South 101.99 30.65 5512.11

0.43 Ibs/acre
Northeast Tributary

0.91Ibs/acre
South Tributary

0.47 Ibs/acre
Lunds Valley
Tributary

0.54 Ibs/acre
West Tributary

Figure 12. Total Nitrogen Yield (Ibs./acre) by Subwtershed.
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0.13 Ibs/acre
Northeast Tributary

0.27 Ibs/acre
South Tributary

0.15 Ibs/acre
Lunds Valley
Tributary

0.18 Ibs/acre Sou
Tributary

Figure 13. Total Phosphorus Yield (Ibs./acre) by Sawwatershed.

5.69 Ibs/acre
ortheast Tributary

19.27 Ibs/acre
Lunds Valley
Tributary

49.18 Ibs/acre
South Tributary

5.21 Ibs/acre
West Tributary

Figure 14. Total Suspended Solids Yield (Ibs/acréy Subwatershed.
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5.0 TECHNICAL ANALYSIS

Establishing a relationship between in-lake watelity targets and source loading is a critical
component of TMDL development. Identifying the cewasd-effect relationship between
pollutant loads and the water quality responsecessary to evaluate the loading capacity of the
receiving waterbodies. The loading capacity isaimount of pollutant that can be assimilated by
the waterbody while still attaining and maintainthg beneficial uses listed in the State’s water
quality standards. This section discusses thenteghanalysis used to estimate existing loads to
Powers Lake and the predicted trophic responsieeotake to the reductions in loading capacity.

5.1 Tributary Load Analysis

To facilitate the analysis and reduction of tribytaflow and outflow water quality and flow
data the FLUX program was employed. The FLUX progralso developed by the US
Corps of Engineers Waterways Experiment StationlK&/a1996), uses six calculation
techniques to estimate the average mass dischatgading that passes through a given
river or stream site. FLUX estimates loadings basedrab sample chemical concentrations
and the continuous daily flow record. Load is there defined as the mass of a pollutant
during a given time period (e.g., hour, day, mos#gson, year). The FLUX program allows
the user, through various iterations, to selecttlost appropriate load calculation technique
and data stratification scheme, either by flow ated which will give a load estimate with the
smallest statistical error, as represented by tledficient of variation. Output from the

FLUX program is then provided as an input file &ilerate the BATHTUB eutrophication
response model. For a complete description of théXHprogram the reader is referred to
Walker (1996).

5.2BATHTUB Trophic Response Model

The BATHTUB model (Walker, 1996) was used to predind evaluate the effects of
various nutrient load reduction scenarios on Powake. BATHTUB performs steady-state
water and nutrient balance calculations in a sipasagmented hydraulic network. The
model accounts for advective and diffusive transpod nutrient sedimentation.
Eutrophication related water quality conditions predicted using empirical relationships
previously developed and tested for reservoir apbns.

The BATHTUB model is developed in three phasese flist two phases involve the
analysis and reduction of the tributary and in-laleger quality data. The third phase
involves model calibration. In the data reductubrase, the in-lake and tributary monitoring
data collected as part of the project were sumrediriz a format which can serve as inputs to
the model.

The tributary data were analyzed and reduced b¥ X program. FLUX uses tributary
inflow and outflow water quality and flow data tstinate average mass discharge or loading
that passes a river or stream site using six caion techniques. Load is therefore defined
as the mass of a pollutant during a given unitroét In the case of Powers Lake, the FLUX
program came up with an annual phosphorus loagkdb4 kg/yr, including both internal

and external loads. Phosphorus loads for the iddalisubwatersheds were also calculated
(Table 20). The FLUX model then allows the usepitk the most appropriate load
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calculation technique with the smallest statisterabr. Output for the FLUX program is
then used to calibrate the BATHTUB model.

Table 20. Powers Lake Total Phosphorus Budget ford®1.

Source Phosphorus Load (kg)
Precipitation 195.9
Northeast Trib. (385035) 629.8

Lunds Valley Trib. (385036) 976.6

West Trib. (385037) 349.4

South Trib. (385038) 723.7
Outflow (380539) 1,167.0

Net Retention 1,708.3
In-Lake cycling 2,370.0

Total Annual Load (External Load + In-Lake Cycling) 5,245.4
Trapping Efficiency 59%
Hydraulic Residence Time 2.96 years (1080.4 days)

The reservoir data were reduced in Excel usingethoemputational functions. These
include: 1) the ability to display concentratiassa function of depth, location, or date; 2)
summary statistics (mean, median, etc.); and vatuation of trophic status. The output
data from the Excel program were then used to iélthe BATHTUB model.

When the input data from the FLUX and Excel progsare entered into the BATHTUB
model the user has the ability to compare predictedlitions (model output) to actual
conditions using general rates and factors. Th&@ BMJB model is then calibrated by
combining tributary load estimates for the projeetiod with in-lake water quality estimates.
The model is termed calibrated when the predicttichates for the trophic response
variables are similar to observed estimates fragrptioject monitoring data. BATHTUB
then has the ability to predict total phosphoruscemtration, chlorophyll-a concentration,
and Secchi disk transparency along with the astatiBS| scores as a means of expressing
trophic response.

As stated above, BATHTUB can compare predictedotial conditions (Table 23). After
calibration, the model was run based on observadeasurations of phosphorus and nitrogen,
to derive an estimated an annual average totalpbtooss external load of 2875.4 kg. The
model was then run to evaluate the effectivenessmfmber of nutrient reduction
alternatives including: 1) reducing externallyided nutrient loads; 2) reducing internally
available nutrients; and 3) reducing both exteamal internal nutrient loads.
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Table 21. Observed and Predicted Values for Select@rophic Response Variables for
the Calibrated BATHTUB Model.

Variable Observed Predicted
Total Phosphorus as P (mg/L) 0.309 0.309
Total Nitrogen as N (mg/L) 2.545 2.545
Chlorophyll-a (ig/L) 70.68 70.70
Secchi Disk Transparency (m) 0.2% 0.23
Carlson’s TSI for Phosphorus 86.82 86.83
Carlson’s TSI for Chlorophyll-a 66.86 66.96
Carlson’s TSI for Secchi Disk 81.74 81.18
1-Annual volume weighted averages
2-Average

In the case of Powers Lake, BATHTUB modeled twaieat reduction alternatives. The

first alternative reduced externally derived phaspk. Phosphorus was used in the initial set
of simulation models based on its known relatiopgbieutrophication and that it is
controllable with the implementation of watersheesBManagement Practices (BMPs) or
lake restoration methods. Changes in trophic respavere evaluated by reducing external
derived phosphorus loading by 50, 75, and 90 pé dexbles 22, 23, and 24). Simulated
reductions were achieved by reducing phosphorusesdrations in contributing tributaries
and other externally delivery sources. Flow wdd kenstant due to uncertainty in of
estimating changes in hydraulic discharge withitmglementation of BMPs. These
reductions alone did not bring the lake to ther@eksirophic state (Figure 15).

Table 22. Powers Lake's Observed and Calibrated Maal with a 50 Percent Reduction in
External Loads of Total Phosphorus and Total Nitrogn.

Variable Observed iegizies 50%. External
Reduction

Total phosphorus (mg/L) 0.309 0.206

Total nitrogen (mg/L) 2.545 1.984

Conservative nutrient (Nitrogen, mg/L) 0.168 0.123

Chlorophyll-a (1g/L) 40.30 33.19

Secchi disk depth (m) 0.22 0.27

Carlson’s TSI phosphorus 86.82 80.98

Carlson’s TSI chlorophyll-a 66.86 64.96

Carlson’s TSI Secchi disk 81.74 78.77
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Table 23. Powers Lake's Observed and Calibrated Maal with a 75 Percent Reduction in

External Loads of Total Phosphorus and Total Nitrogn.

Modeled 75% External

Variable Observed .
Reduction
Total phosphorus (mg/L) 0.309 0.139
Total nitrogen (mg/L) 2.545 1.674
Conservative nutrient (Nitrogen, mg/L) 0.168 0.094
Chlorophyll-a (1g/L) 40.30 26.87
Secchi disk depth (m) 0.22 0.32
Carlson’s TSI phosphorus 86.82 75.26
Carlson’s TSI chlorophyll-a 66.86 62.88
Carlson’s TSI Secchi disk 81.74 76.36

Table 24. Powers Lake's Observed and Calibrated Maa with a 90 Percent Reduction in

External Loads of Total Phosphorus and Total Nitrogn.

Modeled 90% External

Variable Observed .
Reduction
Total phosphorus (mg/L) 0.309 0.087
Total nitrogen (mg/L) 2.545 1.475
Conservative nutrient (Nitrogen, mg/L) 0.168 0.068
Chlorophyll-a (1g/L) 40.30 20.24
Secchi disk depth (m) 0.22 0.40
Carlson’s TSI phosphorus 86.82 68.56
Carlson’s TSI chlorophyll-a 66.86 60.11
Carlson’s TSI Secchi disk 81.74 73.33
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Figure 15. Model-Predicted Lake Trophic Response &im Decreases in External Loads.

The model was then run again to assess differeatd®f reduction in external pollution
loads with a 50 percent reduction in internal ruttiload. This data is presented in Tables
25, 26 and 27, and Figure 16.

Table 25. Powers Lake's Observed and Calibrated Maal with a 50 Percent Reduction in
Internally Available Nutrients and 50 Percent Redudion in External Loads of Total
Nitrogen and Total Phosphorus.

: Modeled 50% Internal and
VRIS SigsEEe 50% External Reduction
Total phosphorus (mg/L) 0.309 0.049
Total nitrogen (mg/L) 2.545 0.689
Conservative nutrient (Nitrogen, mg/L)  0.168 0.033
Chlorophyll-a (1g/L) 40.30 14.01
Secchi disk depth (m) 0.22 1.16
Carlson’s TSI phosphorus 86.82 60.43
Carlson’s TSI chlorophyll-a 66.86 56.50
Carlson’s TSI Secchi disk 81.74 57.83
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Table 26. Powers Lake's Observed and Calibrated Maal with a 50 Percent Reduction in
Internally Available Nutrients and 75 Percent Redudion in External Loads of Total
Nitrogen and Total Phosphorus.

Modeled 50% Internal and

VElElE SoEEinEe 75% External Reduction
Total phosphorus (mg/L) 0.309 0.041

Total nitrogen (mg/L) 2.545 0.689
Conservative nutrient (Nitrogen, mg/L)  0.168 0.033
Chlorophyll-a {1g/L) 40.30 14.01

Secchi disk depth (m) 0.22 1.64
Carlson’s TSI phosphorus 86.82 57.68
Carlson’s TSI chlorophyll-a 66.86 55.02
Carlson’s TSI Secchi disk 81.74 52.91

Table 27. Powers Lake's Observed and Calibrated Maal with a 50 Percent Reduction in
Internally Available Nutrients and 90 Percent Redution in External Loads of Total
Nitrogen and Total Phosphorus.

: Modeled 50% Internal and
VEliElE SoEEinEe 90% External Reduction
Total phosphorus (mg/L) 0.309 0.038

Total nitrogen (mg/L) 2.545 0.532
Conservative nutrient (Nitrogen, mg/L)  0.168 0.024
Chlorophyll-a (1g/L) 40.30 11.29

Secchi disk depth (m) 0.22 1.93
Carlson’s TSI phosphorus 86.82 56.43
Carlson’s TSI chlorophyll-a 66.86 54.38
Carlson’s TSI Secchi disk 81.74 50.54
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Figure 16. Model-Predicted Lake Trophic Response \h Decreases in External Loads
of Total Nitrogen and Total Phosphorus and 50 Perc# Reduction in Internally
Available Total Nitrogen and Total Phosphorus.

The model results indicate that if it were posstbleeduce internal nutrient loading in

Powers Lake by 50 percent and external phosphoadkrig 75 percent, the average annual
total phosphorus and chlorophyll-a concentrationthe lake would decrease and Secchi disk
transparency depth would increase. Table 28 shioaveliserved and predicted 50 percent
internal load reduction and 75 percent external lealuction values used for constructing
the TMDL (Section 7.0).

Table 28. Observed Load and Predicted Load ReductioValues from BATHTUB
Model.

Predicted Load
Observed TP Predicted Predicted 75% after 50 %
TMDL Load. External + 50% Internal External Load Internal & 75 %
’ Reduction Reduction External
Internal (kg/yr) ,
(kglyr) (kglyr) Reductions
(kglyr)
Nutrients
(expressed and
P) and 5,245.4 -1,185.00 -2,156.55 1,903.85
Dissolved
Oxygen

Using the AGNPS model, it was determined that ip8rcent of the moderate to high
sediment and nutrient loading cells were addres®digh BMPs, then the sediment load
would decrease by 57 percent, and phosphorus loattwlecrease by 76 percent. This
exceeds the reduction determined necessary to teadesired trophic state and will allow
the lake to reach the chlorophyll-a TSI target eadfi55.02 determined in Section 3.1.



Powers Lake Nutrient/Dissolved Oxygen TMDL Final: September 2008
Page 31 of 44

5.3AGNPS Watershed Model

In 2004, the Powers Lake Watershed received ad@e8fi9 grant from the NDDoH to start
implementing conservation practices based on atrépat was written after the assessment.
As a part of this five year project, Agriculturabhpoint Source Model (AGNPS), was used
to determine the changes in landuse since the @88dssment. AGNPS, developed by the
United States Department of Agriculture, AgricudliResearch Service, was then used to
analyze and predict the effect single storm eveasbe expected to have on water quality in
a watershed.

The primary objectives for using the AGNPS 3.65 pladere to: 1) evaluate NPS
contributions within the watersheds; 2) identifitical pollutant source areas within the
watershed; and 3) evaluate potential pollutantggén, phosphorus, and sediment) reduction
estimates that can be achieved through the impletien of various BMP implementation
scenarios.

The AGNPS 3.65 model is a single event model thatttventy input parameters. Sixteen
parameters were used to calculate nutrient/sediméput, surface runoff and erosion. The
parameters used where receiving cell, aspect, 868, ,percent slope, slope shape, slope
length, Manning’s roughness coefficient, K-factBrfactor, P-factor, surface conditions
constant, soil texture, fertilizer inputs, pointste indicators, COD factor and channel
indicator.

The AGNPS 3.65 model was used in conjunction witlinéensive land use survey to
determine critical areas within the Powers Lake ék&ited. AGNPS also allows division into
subwatersheds (Figure 17). Criteria used durieddhduse assessment were percent cover
on cropland and pasture/range conditions. Thetgrieriwere used to determine the C factor
for each cell. The initial model was run using emtrconditions determined during the land
use assessment. A 25yr/24hr storm event (4.10-scheBurke County was applied to the
model to evaluate relative pollutant yields froncled0-acre cell. Each quarter, quarter of
land was given a cell number. Each cell represédiacres of land. The results for each
subwatershed were analyzed statistically. Critiedls were identified using the 25

percentile method. Phosphorus readily attachesitparticles for transport. Figure 16
shows those areas with moderate soil loss (3-#9€dc) and cells with high soil loss (>5.00
tons/ac).Cells with sediment phosphorous levelyal2o5 tons/ac were identified as critical
(Figure 19).

The model was run a second time depicting a bagt s@enario, in which all critical
cropland and pasture/rangeland cells were treaidBMPs. The BMPs used during the
second run were no till, nutrient management, pil@sd grazing and pasture/hayland
plantings. The BMPs were reflected within the mdamlemaking changes in the input
parameters.

Once nutrient loadings are decreased, algal biom#issecline, dissolved oxygen will
increase, and the overall trophic status of therxesr will improve.
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Figure 17. AGNPS Model Derived Flow Paths
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Critical Soil Loss Areas

] Soil loss between 3.00 and 4.99 tons/ac.

B Soil loss between 5.00-46.62 tons/ac.

Figure 18. AGNPS ldentified Moderate and High SoiLoss Areas.
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Critical Phosphorus
Loading Cells

B sediment Phosphorous Greater
Than 2.5 tons/ac.

Figure 19. AGNPS Identified Critical Phosphorus Loaling Cells.

5.4Dissolved Oxygen

Powers Lake is listed as fully supporting but theead for fish and aquatic biota designated
uses because dissolved oxygen levels are belo@&t#te’'s water quality standard. (see
Figure 7). AGNPS and BATHTUB models indicate thatessive nutrient loading is
responsible for the low dissolved oxygen levelBPawers Lake.

The cycling of nutrients in aquatic ecosystemsiigely determined by oxidation-reduction
(redox) potential and the distribution of dissoheg/gen and oxygen-demanding particles
(Dodds, 2002). Dissolved oxygen gas has a strdimgtaffor electrons, and thus influences
biogeochemical cycling and the biological availapibf nutrients to primary producers such
as algae. High levels of nutrients can lead toogication, which is defined as the increased
productivity of the system resulting in the undakle growth of algae and other aquatic
plants. In turn, eutrophication can lead to inceglsiological oxygen demand and oxygen
depletion due to the respiration of microbes tletodnpose the dead algae and other organic
material.
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AGNPS and BATHTUB models indicated that excessweient loading is responsible for
the low dissolved oxygen levels in Powers Lake. 28et1983) summarized, “The loading of
organic matter to the hypolimnion and sedimentgrotiuctive eutrophic lakes increases the
consumption of dissolved oxygen. As a result, tkigen content of the hypolimnion is
reduced progressively during the period of sumrtratifcation.”

Carpenter et al. (1998), has shown that nonpoimices of phosphorous lead to eutrophic
conditions for many lake/reservoirs across the LWOBe consequence of eutrophication is
oxygen depletions caused by decomposition of agaeaquatic plants. They also document
that a reduction in nutrients will eventually Ieadthe reversal of eutrophication and
attainment of designated beneficial uses. Howdherrates of recovery are variable among
lakes/reservoirs. This supports the North Dakapddtment of Health’'s viewpoint that
decreased nutrient loads at the watershed levetegillt in improved oxygen levels. The
concern is that this process takes a significarttuarnof time (5-15 years).

In Lake Erie, heavy loadings of phosphorous haygaicted the lake severely. Monitoring
and research from the 1960’s has shown that degztésgolimnetic dissolved oxygen levels
were responsible for large fish kills and large snaftdecaying algae. Binational programs to
reduce nutrients into the lake have resulted iovemvard trend of the oxygen depletion rate
since monitoring began in the 1970’s. The trendxyfgen depletion has lagged behind that
of phosphorous reduction, but this was expected.
Seehttp://www.epa.gov/glnpo/lakeerie/dostory.hyml

Nurnberg (1995, 1995a, 1996, 1997), developed eefrtbdt quantified duration (days) and
extent of lake oxygen depletion, referred to asmoxic factor (AF). This model showed
that AF is positively correlated with average anratal phosphorous (TP) concentrations.
The AF may also be used to quantify response terala¢d restoration measures which
makes it very useful for TMDL development. Nirnp€t996), developed several
regression models that show nutrients controkapitiic state indicators related to oxygen
and phytoplankton in lakes/reservoirs. These nsodelre developed from water quality
characteristics using a suite of North AmericarelakNDDoH has calculated the
morphometric parameters such as surface arga (4616 acres; 6.54 kn mean depth (z =
5.7 feet; 1.74 meters), and the ratio of the mengan depth to the surface area (24
0.73) for Powers Lake which show that these pararsetre within the range of lakes used
by Nurnberg (Table 20). Based on this informatidDDoH is confident that Nirnberg’s
empirical nutrient-oxygen relationship holds troe North Dakota lakes and reservoirs.
NDDoH is also confident that prescribed BMPs welluce external loading of nutrients to
Powers Lake which will reduce algae blooms andetioee increase oxygen levels over time.

Table 29. Range of Parameters within Nurnberg's Modl.

Variable Nurnberg Range
Z (meters) 1.6 — 200

A, (k) 5-8.2x10
z/IA, *° 0.14 —-48.1
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As a result of this direct influence, it is antiaipd that meeting the phosphorus load
reduction target in Powers Lake will address tlesalved oxygen impairment. A reduction
in total phosphorus load to Powers Lake would h@eeted to lower algal biomass levels in
the water column, thereby reducing the biologicalgen demand exerted by the
decomposition of these primary producers. Thectol in biological oxygen demand is
therefore assumed to result in attainment of tesalved oxygen water quality standard.

6.0 MARGIN OF SAFETY AND SEASONALITY

6.1 Margin of Safety

Section 303(d) of the Clean Water Act and EPA'sila@gns require that “TMDLs shall be
established at levels necessary to attain and aiaitite applicable narrative and numerical
water quality standards with seasonal variatiortsaamargin of safety which takes into
account any lack of knowledge concerning the refestip between effluent limitations and
water quality.” The margin of safety (MOS) carheit be incorporated into conservative
assumptions used to develop the TMDL (implicitpdded as a separate component of the
TMDL (explicit).

Assuming the current annual total phosphorus ledg245.4 kg/yr, a 75 percent external and
50 percent internal reduction is equivalent to 3,38 kg/yr and will be achieved through the
implementation of best management practices affg@gricultural land in the watershed.
An additional 5 percent load reduction, or 95.18/kgs being used to provide an additional
margin of safety to account for additional or nesponsive NPS sources. Additionally,
conservative assumptions were used within the Elons and models, as well as
determining the target TSI scores, thus addingititiyl to the margin of safety. Finally, the
area immediate to the lake, including the town @ivers Lake, was not included with the
rest of the subwatersheds in the allocation ponifaihis document (Section 8.0), due to the
fact it is difficult to calculate loading from thgnall area. The Section 319 project already
under implementation addresses nonpoint sourcatmsilfrom Powers Lake in terms of a
Stormwater Pollution Plan and most of the reshefdrea around the lake is undeveloped
and in some sort of herbaceous cover at this tiare; reduction in NPS pollution that
occurs in this area will add to the margin of safet this TMDL.

Also, since the impairments are nonpoint souragaiinire, and mostly derived from
agricultural sources, all TMDLs are linked to eather (see descriptions of each in Section
3.0). Phosphorus, because of its tendency totembil particles and organic matter, is
primarily transported in surface runoff with erodstiiments (USEPA, 1999a). Dissolved
oxygen can decline if nutrient and sediment loadshégh. A reduction focused on
phosphorus will improve the water quality in regatd sediment and dissolved oxygen as
well.

As an additional margin of safety during the impémation phase, a project implementation
plan will be developed to include concurrent andtpmplementation monitoring to
investigate the effectiveness of the TMDL contiasl to determine the attainment of the
targets. The project implementation plan is nadaticdocument, but an adaptive
management tool that will be used and modifiechassttuation necessitates throughout the
implementation phase.
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6.2 Seasonality

Section 303(d)(1)(C) of the Clean Water Act andh®. Environmental Protection Agency
(EPA's) regulations require that a TMDL be estdiddswith seasonal variations. The
Powers Lake TMDLs address seasonality becauseAl&IBUB model incorporates
seasonal differences in its prediction of annuarage total phosphorus concentrations.

7.0 TMDL

The tables below summarizes the nutrient, sedinaentdissolved oxygen TMDLs for Powers
Lake in terms of loading capacity, wasteload alfiores, load allocations, and a margin of safety.
The TMDL can be generically described by the foilogvequation:

TMDL =LC=WLA + LA+ MOS where:

LC loading capacity, or the greatest loading a viatgdy can receive without violating water
guality standards;

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

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

MOS margin of safety, or an accounting of uncertaattput the relationship between pollutant
loads and receiving water quality. The marginaiésy can be provided implicitly
through an alytical assumptions or explicitly bgerving a portion of loading capacity.

7.1 Nutrient TMDL

A Carlson’s chlorophyll-a TSI target of 55.02 wédmsen for the Powers Lake nutrient
TMDL target. Through the use of the BATHTUB modeklas determined that a 50 percent
internal load reduction along with a 75 perceneexdl load reduction in phosphorus is
required to restore the lake to the target troptate of eutrophic; this corresponds to a
chlorophyll-a TSI of 55.02 (Table 30).

Table 30. Observed and Predicted TSI Scores Assungira 75 Percent Reduction in
External and 50 Percent Reduction in Internal Phosporus Loading.

TSI Score Modeled
TSI Score 75% External, 50% Internal
Variable Observed Reduction
in P Loading
Carlson’s TSI for Phosphorus 86.82 57.68
Carlson’s TSI for Chlorophyll-a 66.86 55.02
Carlson’s TSI for Secchi Disk 81.74 52.91

TSI <40 = Oligotrophic (least productive)
TSI 40-50 = Mesotrophic

TSI 50-60 = Eutrophic

TSI > 60 = Hypereutrophic (most productive)
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Based on data collected in 2001, the existing drtota phosphorus load to Powers Lake is
estimated at 5245.4 kg/yr. Assuming a 75% reduodtiexternal phosphorus loading
combined with a 50% reduction in internal phospkdoading will result in Powers Lake
reaching a TMDL target total phosphorus concerraif0.041 mg [* and an
accompanying chlorophyll-a TSI target of 55.02, iDL or Loading Capacity is 1903.85
kg/yr. Assuming 5% of the loading capacity (95.12yK) is explicitly assigned to the MOS
and there are no point sources in the watershiedf, tie remaining loading capacity
(1808.66 kg/yr) is assigned to the load alloca(ibable 31).

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

of the Decision by the U.S. Court of Appeals fag th.C. Circuit in Friends of the Earth, Inc.
v. EPA et. al., No. 05-5015 (April 25, 2006) andolinations for NPDES Permits,” which
recommends that all TMDLs and associated load ailoes and wasteload allocations
include a daily time increment in conjunction witther appropriate temporal expressions
that may be necessary to implement the relevardgngaiality standard. While the
Department believes that the appropriate tempoyalession for phosphorus loading to lakes
and reservoirs is as an annual load, the phospAdid_ has also been expressed as a daily
load. In order to express this phosphorus TMDh dsily load the annual loading capacity
of 1903.85 kg/yr was divided by 365 days. Baseth@analysis, the phosphorus TMDL,
expressed as an average daily load, is 5.216 kgédhythe load allocation equal to 4.955
kg/day and the MOS equal to 0.261 kg/day.

Table 31. Summary of the Nutrient TMDL for Powers Lake.

Category reE (igg/sr? RElE Explanation
Existing Load (Total) 5,245.40 From observed data
External 2,875.40
Internal 2,370.00
Loading Capacity (Total) 1,903.85
External 718.85 75% reduction based on model
Internal 1,185.00 50% reduction based on model
Wasteload Allocation 0 No point sources
Load Allocation 1,808.66 Egrt_:;)%ilr?{a\g(;r:ﬁc%ipamty minus MOS is allocated to
MOS 9519 II\E/I)EJPISICIt five percent (5%) of total loading capacit

7.2 Dissolved Oxygen TMDL

It is expected that by attaining the nutrient loaduction target established for Powers Lake,
the dissolved oxygen impairment will be address&deduction in nutrient load to Powers
Lake would be expected to lower algal biomass keirethe water column, thereby reducing
the biological oxygen demand exerted by the decaitipa of these primary producers. The
reduction in the biological oxygen demand is therefassumed to result in attainment of the
of the State’s dissolved oxygen Water Quality Ssadd

8.0 ALLOCATION

Powers Lake’s watershed supports extensive agur@nrhere cropland constitutes a majority of
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the landuse. In order to determine more accuratbbre pollution loading was originating, and
to most effectively implement conservation pracjd@owers Lake was divided into five smaller
subwatersheds. These were labeled Northeast, \altks/, West, South, and Immediate (for
area immediately surrounding the lake, includirgtihwn of Powers Lake). For purposes of
loading, the first four subwatersheds were consdletUsing the AGNPS model, it was
determined that if 87 percent of the moderate ¢ Isioil erosion and nutrient loading cells were
addressed through best management practices (BMEsediment load would decrease by 57
percent, and phosphorus load would decrease bgrtémt. Both of these values are within the
reduction required by the above TMDL. Through datalysis it was determined that all
subwatersheds do not contribute equally (TablentBRagures 12, 13, and 14). In order to
allocate loads based on contributions, Table 32areasted. It should be noted that while
precipitation contributes 6.8% of the load, theie@o BMPs to address this issue. To account
for this portion of the load, each of the subwdteds was given an equal portion of the
precipitation load (1.7%), in addition to their own

Table 32. Observed Total Phosphorus Load and LoadIcation Divided by
Subwatershed.

Total Phosphorus| Percent of Total Flatilio) @ TR

. External Load

Tributary Mass Load (kg) External Load Allocation’
Observed (%) TP (kg)

Northeast (385035) 629.8 21.9 161.17
Lunds Valley
(385036) 976.6 34.0 243.80
West (385037) 349.4 12.1 9424
South (385038) 723.7 25.2 183'70
Precipitation 195.9 6.8 -
Total 2,875.4 100.00 682.91

! Based on individual subwatershed’s percent of lodd7% of total to account for precipitation load.

Table 33. Summary of Total Phosphorus Load, Reduain, and Allocation Amounts.

Load Allocation Amounts Total Phosphorus Load (kg)
Total Load (kg) 5,245.40
Observed Internal Load 2,370.00

50 Percent Internal TMDL Reduction + MOS 1,244.25
Internal Allocation 1,125.75
Observed External Load 2,875.40

75 Percent External TMDL Reduction +MOS 2,192.49
External Allocation 682.91

Total Allocation (Internal + External)-5% MOS 1,808.66
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TMDLs in this report are a plan to improve watealify by implementing BMPs through a
volunteer, incentive-based approach. This TMDL p&aput forth as a recommendation to what
needs to be accomplished for the Powers Lake amvaaitershed to meet and protect its
beneficial uses. Water quality monitoring shouldtowue to assess the effects of
recommendations made in this TMDL. Monitoring maglicate that loading capacity
recommendations be adjusted.

9.0 PUBLIC PARTICIPATION

To satisfy the public participation requirementtus TMDL, a hard copy of the TMDL for
Powers Lake and a request for comment was mailpdrt@ipating agencies, partners, and to
those who requested a copy. Those included im#ikng of a hard copy were:

* Powers Lake Watershed Committee

* Mountrail and Burk County Soil Conservation Distsic

* Mountrail and Burke County Water Resource Boards

* North Dakota Game and Fish Department

* Natural Resource Conservation Service (State, Malliand Burke County Field
Offices)

* U.S. Environmental Protection Agency, Region VIII

» U.S. Fish & Wildlife Service

In addition, the TMDL report was been posted onNloeth Dakota Department of Health,
Division of Water Quality web site attp://www.health.state.nd.us/wgA 30 day public notice
soliciting comment and participation was also beehblished in the following newspapers:

* The Bismarck Tribune.

* Minot Daily News

» Burke County Tribune

* Mountrail County Promoter

In response to the Department’s public notice, cemisiwere received from the US Fish and
Wildlife Service’s North Dakota Field Office, theSLEPA Region 8 and from Scott Elstad
with the North Dakota Game and Fish Departmentéform of hand written notes in the
margins of the draft report. A copy of the US ERANnd US Fish and Wildlife
Service’s.comments are provided in Appendices ERamdspectively. The Department’'s
response to comments are provided in Appendix G.

10.0 MONITORING
To insure that the implementation of BMPs will redyphosphorus levels and result in a
corresponding increase in dissolved oxygen, waiality monitoring will be conducted in

accordance with an approved Quality Assurance Eréjan (QAPP).

Specifically, monitoring will be conducted for &kriables that are currently causing
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impairments to the beneficial uses of the waterbdtigse include, but are not limited to
nutrients (i.e., nitrogen and phosphorus) and tlisslboxygen. Since a watershed restoration
plan (e.g. 319 PIP) has already been implementeditaring will be conducted in the
lake/reservoir according to the approved QAPP,iyegg two years after implementation and
extending five years after the implementation prbje complete.

11.0 TMDL IMPLEMENTATION STRATEGY

Implementation of TMDLSs is dependent upon the ality of Section 319 NPS funds or other
watershed restoration programs (e.g. USDA EQIPyealkas securing a local project sponsor
and the required matching funds. Provided thesethequirements are in place, a project
implementation plan (PIP) is developed in accordamith the TMDL and submitted to the ND
Nonpoint Source Pollution Task Force and US EPAafiproval. The implementation of the best
management practices contained in the NPS pollutianagement project is voluntary.
Therefore, success of any TMDL implementation proje ultimately dependent on the ability

of the local project sponsor to find cooperatingducers.

Monitoring is an important and required compondrdary PIP. As a part of the PIP, data are
collected to monitor and track the effects of BNiipiementation as well as to judge overall
project success. Quality Assurance Project Pladd*{@3) detail the strategy of how, when and
where monitoring will be conducted to gather theadeeeded to document the TMDL
implementation goal(s). As data are gathered aatyaed, watershed restoration tasks are
adapted to place BMPs where they will have thetgetdenefit to water quality.

Since Powers Lake has already moved into implertientaf conservations practices to reduce
nutrients in the watershed and improve the troptatus of the lake, a monitoring plan is
currently in place. (Appendix C)

12.0 ENDANGERED SPECIES ACT COMPLIANCE

The North Dakota Department of Health has reviethedist of Threatened and Endangered
Species in Burke and Mountrail Counties as proviojethe US Fish and Wildlife Service
(Appendix C). Although there are listed speciesent in the county they do not utilize the
waterbody that is targeted by this TMDL. It is, rifere, the Department’s best professional
judgment that the Powers Lake TMDL poses “No Adediffect” to those Threatened and
Endangered species listed for Burke and Mountrailr@ies. In a letter dated September 4, 2008
(Appendix F) which was sent in response to the epnt’s request for public comments on

the Powers Lake TMDL report, the US Fish and Wiéd&ervice concurred with the
Department’s conclusion.
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Appendix A

A Calibrated Trophic Response Model (BATHTUB) for Fowers Lake



Model Calibration:

OUTPUT FORMAT: 2 OPTION: 1
CASE: Calibrated Model
HYDRAULIC AND DISPERSION PARAMETERS:
NET RESIDENCE OVERFLOW  MEAN-PISPERSION----- EXCHANGE
INFLOW TIME RATE VELOCITY EBMATED NUMERIC RATE
SEG OUT HMS3/YR YRS M/YR KM/YRKM2/YR KM2/YR HMS3/YR
1 0 3.77 2.95874 .6 3.000. 14. 0.

OUTPUT FORMAT: 3 OPTION: 2
CASE: Calibrated Model
GROSS WATER BALANCE:

DRAINAGE AREA  ---- FLOWHM3/YR) ----  RUNOFF
ID T LOCATION KM2 MEANVARIANCE CV M/YR
1 1385035 19.430 1.1800E+00 .000 .059
2 1385036 88.100 1.5000E+00 .000 .017
3 1385037 14.300 .ADD0E+00 .000 .033
4 1 385038 8.420 1.3000E+00 .000 .154
5 4 385039 134.090 4.5800E+00 .000 .034
PRECIPITATION 6.530 1.95854E+00 .200 .300
EXTERNAL INFLOW 130.250 4.42000E+00 .000 .034
**TOTAL INFLOW 136.780 6.386154E+00 .061 .047
GAUGED OUTFLOW 134.090 4.58000E+00 .000 .034
UNGAUGED OUTFLOW 2.690 -.80868E+00 1.087 -.300
**TOTAL OUTFLOW 136.780 3.774768E+00 .232 .028
**EVAPORATION .000 2.612614E+00 .300 .000
*»**STORAGE INCREASE .000 .00@00E+00 .000 .000

GROSS MASS BALANCE BASED UPON ESTIMATED CONCENTRAINS
COMPONENT: TOTAL P

————— LOADING ---- --- VARINCE --- CONC EXPORT
ID T LOCATION KG/YR %(l) KG/YR**2 %(l) CV MG/M3 KG/KM2

11 385035 629.6 21.9 .000E+0® .000 547.5 324
2 1 385036 976.6 34.0 .000E+0® .000 651.1 11.1
3 1385037 349.4 12.2 .000E+0@ .000 732.4 244
41 385038 723.7 25.2 .000E+0® .000 556.7 86.0
5 4 385039 1416.2 49.3 .624E€80.1 .176 309.2 10.6

PRECIPITATION 1959 6.8 .959E+260.0 .500 100.0 30.0
EXTERNAL INFLOW 2679.3 93.2 .000E+00.0 .000 605.2 20.6
**TOTAL INFLOW 2875.2 100.0 .959E+0400.0 .034 450.2 21.0
GAUGED OUTFLOW 1416.2 49.3 .624E+650.1 .176 309.2 10.6
UNGAUGED OUTFLOW -249.2 -8.7 .839E+@y3.91.162 309.2 -92.6
**TOTAL OUTFLOW 1167.0 40.6 .787E+0B19.9 .240 309.2 8.5
**STORAGE INCREASE .0 .0 .000E+00.0 .OOO .0 .0

**NET RETENTION 1708.3 59.4 .834E+0869.0 .169 .0 .0




HYDRAULIC - TOTALP -----mem—-

OVERFLOW RESIDENCE  POOL RESIDENCE TURNOVERETENTION
RATE TIME CONC TIME RATIO COEF
M/YR YRS MG/M3 YRS - -
.58 29587 309.2 1.2009 .8325k941

GROSS MASS BALANCE BASED UPON ESTIMATED CONCENTRAINS
COMPONENT: TOTAL N

----- LOADING ---- --- VARIANCE --- CONC EXPORT
ID T LOCATION KG/YR %(l) KG/YR**2 %(l) CV MG/M3 KG/KM2

11 385035 2074.6 13.8 .000E+O0® .000 1804.0 106.8
2 1 385036 29415 19.6 .000E+0® .000 1961.0 33.4
3 1 385037 1029.5 6.9 .000E+0® .000 2158.2 72.0
41 385038 2407.6 16.1 .000E+O0® .000 1852.0 285.9
5 4 385039 11657.1 77.8 .791E+D4.2 .241 2545.2 86.9

PRECIPITATION 6530.0 43.6 .107E+(080.0 .500 3333.3 1000.0
EXTERNAL INFLOW 8453.2 56.4 .000E+00.0 .000 1909.5 64.9
**TOTAL INFLOW 14983.2 100.0 .107E+0&800.0 .218 2346.3 109.5
GAUGED OUTFLOW 11657.1 77.8 .791E+(0/A.2 .241 2545.2 86.9
UNGAUGED OUTFLOW -2051.4 -13.7 .629E+0599.0 1.223 2545.2 -762.6
**TOTAL OUTFLOW 9605.6 64.1 .566E+0%/3.1 .248 2545.2 70.2
**STORAGE INCREASE .0 .0 .000E+00.0 .OOO .0 .0

**NET RETENTION 5377.5 35.9 .629E+0B9.0 466 .0 .0

HYDRAULIC  -----memeeeee 0] -V Np——
OVERFLOW RESIDENCE ~ POOL RESIDENCE TURNOVERETENTION
RATE TIME CONC TIME RATIO COEF
MIYR YRS MG/M3 YRS - -
58 2.9587 25452 1.8968 .5273589

OUTPUT FORMAT: 6 OPTION: 1
CASE: Calibrated Model

T STATISTICS COMPARE OBSERVED AND PREDICTED MEANS
USING THE FOLLOWING ERROR TERMS:

1 = OBSERVED WATER QUALITY ERROR ONLY

2 =ERROR TYPICAL OF MODEL DEVELOPMENT DATA SET

3 = OBSERVED AND PREDICTED ERROR

SEGMENT: 1 deepest
OBSERVED ESTIMATED T STATISTICS
VARIABLE MEAN CV MEAN CV RATO 1 2 3

TOTALP MG/M3 309.0 .00 309.2 .18 0@. .00 .00 .00
TOTALN MG/M3 2545.0 .00 2545.2 .24 0@. .00 .00 .00
C.NUTRIENT MG/M3 167.7 .00 167.7 .20 0Q. .00 .00 .00
CHL-A MG/M3 40.3 .00 40.7 .2899. .00 -.03 -.03
SECCHI M 2 .00 .2 .2596. .00 -.16 -.18
ORGANICN MG/M3 181.0 .00 1815 .27 0a. .00 -.01 -.01
TP-ORTHO-P MG/M3 143.0 .00 143.2 .3200L. .00 .00 -.01




OUTPUT FORMAT: 7 OPTION: 1
CASE: Calibrated Model

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

SEGMENT: 1 deepest
----- VALUES ----- --- RANKS (Y6---
VARIABLE OBSERVED ESTIMATED OBSERVED ESWIATED

TOTALP MG/M3 309.00 309.22 98.198.1
TOTALN MG/M3 2545.00 2545.22  92.792.7
C.NUTRIENT MG/M3 167.65 167.70 97.397.3
CHL-A  MG/M3 40.30 40.70 97.197.2
SECCHI M .22 .23 1821
ORGANIC N MG/M3 181.00 181.49 3.0 3.0
TP-ORTHO-P MG/M3 143.00 143.23  95.095.0
ANTILOG PC-1 2034.08 2004.76 94.794.6
ANTILOG PC-2 3.73 3.87 15.016.7
(N-150)/P 775 7.75 124124
INORGANICN/P 1424 1424 23.023.0
TURBIDITY 1/M .20 .20 103 10.3

ZMIX * TURBIDITY 34 .34 2 .2

ZMIX | SECCHI 777 743 799777
CHL-A * SECCHI 887 936 42.145.2
CHL-A/TOTAL P A3 A3 26.1 26.6

FREQ(CHL-a>10) % 97.37 97.46 .0.0
FREQ(CHL-a>20) % 79.39 79.84 .0.0
FREQ(CHL-a>30) % 56.60 57.22 .0.0
FREQ(CHL-a>40) % 38.28 38.88 .0.0
CARLSON TSI-P 86.82 86.83 .0 .0
CARLSON TSI-CHLA 66.86 66.96 .0 .0
CARLSON TSI-SEC  81.82 81.18 .0.0

OUTPUT FORMAT: 8 OPTION: 1
CASE: Calibrated Model
PREDICTED CONCENTRATIONS:
VARIABLE SEGMENT--> 1

TOTALP MG/M3 309.22
TOTALN MG/M3 2545.22
C.NUTRIENT MG/M3  167.70
CHL-A MG/M3 40.70
SECCHI M .23
ORGANIC N MG/M3 181.49
TP-ORTHO-P MG/M3  143.23




Model: 0% Internal/ 90% External

OUTPUT FORMAT: 2 OPTION: 1
CASE: PONLK 90% | oad, Zero internal
HYDRAULI C AND DI SPERSI ON PARAMETERS:

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

| NFLOW TI ME RATE VELOCITY ESTI MATED NUMERI C RATE

SEG QUT HVB/ YR YRS M YR KM YR KMR/ YR KMR/ YR HWVB/ YR
1 0 4.43 1. 48326 1.2 6.1 1000. 27. 0.

QUTPUT FORMAT: 3 OPTION 2
CASE: PONLK 90% | oad, Zero internal
GROSS WATER BALANCE:

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

ID T LOCATI ON Kve MEAN  VARI ANCE cv M YR
1 1 385035 19. 430 1.150 .OO0O0E+00 .O000 . 059
2 1 385036 88. 100 1.500 .OO0OE+00 .O000 . 017
3 1 385037 14. 300 . 477 . 000E+00 . 000 . 033
4 1 385038 8.420 1.300 .O0O00E+00 .O000 . 154
5 4 385039 134. 090 4.580 .000E+00 .000 . 034
PRECI PI TATI ON 3. 840 . 000 .OOOE+00 .O000 . 000
EXTERNAL | NFLOW 130. 250 4.427 .000E+00 .000 . 034
***TOTAL | NFLOW 134. 090 4.427 .000E+00 .000 . 033
GAUGED OUTFLOW 134. 090 4.580 .000E+00 .000 . 034
UNGAUGED QUTFLOW . 000 -.153 .000E+00 .000 . 000
***TOTAL OQUTFLOW 134. 090 4.427 .000E+00 .000 . 033
*** EVAPORATI ON . 000 . 000 .O0OOE+00 .O000 . 000
*** STORACGE | NCREASE . 000 .000 .O0O0OE+00 .000 . 000

GROSS MASS BALANCE BASED UPON ESTI MATED CONCENTRATI ONS
COVPONENT: TOTAL P

----- LOADING ---- --- VAR ANCE --- CONC  EXPORT

ID T LOCATI ON KG YR %I1) KGYR*2 9I) oV MIMB KGE KMR
1 1 385035 629.6 22.5 .000E+00 0 .000 547.5 32. 4

2 1 385036 976.6 34.9 .000E+00 .0 .000 651.1 11.1

3 1 385037 349.4 12.5 .000E+00 .0 .000 732.4  24.4

4 1 385038 723.7 25.9 .000E+00 .0 .000 556.7 86. 0

5 4 385039 283.7 10.2 .352E+04 106.1 .209 62.0 2.1

PREC! Pl TATI ON 115.2 4.1 .332E+04 100.0 .500 .0 30.0
EXTERNAL | NFLOW 2679.3 95.9 .000E+00 .0 .000 605.2 20. 6
***TOTAL | NFLOW 2794.5 100.0 .332E+04 100.0 .021 631.2 20.8
GAUGED OUTFLOW 283.7 10.2 .352E+04 106.1 .209 62.0 2.1
UNGAUGED OUTFLOW -9.5 -.3 .393E+01 .1 .209 62.0 .0
***TOTAL OUTFLOW 274.3 9.8 .329E+04 99.2 .209 62. 0 2.0
*+* STORAGE | NCREASE .0 .0 . 000E+00 .0 .000 .0 .0
*%*NET RETENTI ON 2520.3 90.2 .627E+04 188.9 .031 .0 .0



HYDRAULI C  --=---cammcn-- TOTAL P = ceomemo -
OVERFLOW RES| DENCE POOL RESI DENCE TURNOVER RETENTI ON

RATE TI ME CONC TI ME RATI O CCEF
M YR YRS M& MB YRS - -
1.15 1. 4833 62.0 . 1456 6. 8695 . 9019

GROSS MASS BALANCE BASED UPON ESTI MATED CONCENTRATI ONS
COVPONENT: TOTAL N

----- LOADI NG ---- --- VARI ANCE --- CONC EXPORT
I D T LOCATI ON K@ YR %Il) KGVYR*2 % 1) cv MEJ MB KGE KM
1 1 385035 2074. 6 16.9 . 000E+00 0O .000 1804.0 106. 8
2 1 385036 2941.5 23.9 . 000E+00 .0 .000 1961.0 33.4
3 1 385037 1029.5 8.4 .000E+00 .0 .000 2158.2 72.0
4 1 385038 2407. 6 19.6 . 000E+00 .0 .000 1852.0 285.9
5 4 385039 3074. 6 25.0 .585E+06 15.9 .249 671.3 22.9
PRECI PI TATI ON 3840.0 31.2 .369E+07 100.0 .500 .0 1000.0
EXTERNAL | NFLOW 8453. 2 68.8 . 000E+00 .0 .000 1909.5 64.9
***TOTAL | NFLOW 12293.2 100.0 .369E+07 100.0 .156 2776.9 91.7
GAUGED OQUTFLOW 3074. 6 25.0 .585E+06 15.9 .249 671.3 22.9
UNGAUGED OQUTFLOW -102.7 -.8 .653E+03 .0 .249 671.3 .0
***TOTAL OUTFLOW 2971.9 24.2 . 547E+06 14.8 .249 671.3 22.2
*** STORAGE | NCREASE .0 .0 .000E+00 .0 .000 .0 .0
***NET RETENTI ON 9321.3 75.8 . 322E+07 87.4 .193 .0 .0
HYDRAULIC ~ ------mmmmaam- TOTAL N ----mmmemae oo
OVERFLOW RESI DENCE POOL RESI DENCE TURNOVER RETENTI ON
RATE TI VE CONC TI VE RATI O COEF
M YR YRS M& VB YRS - -
1.15 1.4833 671.3 . 3586 2.7888 . 7583
QUTPUT FORMAT: 4 OPTION 2
CASE: PONLK 90% | oad, Zero internal
SEGVENT BALANCE BASED UPON ESTI MATED CONCENTRATI ONS
COVPONENT: TOTAL P SEGMVENT: 1 deepest
--- FLOW--- --- LOAD --- CONC
ID T LOCATI ON HVB/ YR % K& YR % ME VB
1 1 385035 1.15 26.0 629. 6 22.5 547.5
2 1 385036 1.50 33.9 976. 6 34.9 651.1
3 1 385037 . 48 10.8 349. 4 12.5 732.4
4 1 385038 1.30 29. 4 723.7 25.9 556. 7
5 4 385039 4,58 103.5 283. 7 10.2 62.0
PRECI PI TATI ON .00 0 115.2 4.1 .0
EXTERNAL | NFLOW 4.43 100.0 2679. 3 95.9 605. 2
***TOTAL | NFLOW 4,43 100.0 2794.5 100.0 631.2
GAUGED QUTFLOW 4,58 103.5 283. 7 10.2 62.0
UNGAUGED QUTFLOW -.15 -3.5 -9.5 -.3 62.0
***TOTAL OUTFLOW 4.43 100.0 274.3 9.8 62.0
*** NET RETENTI ON .00 0 2520. 3 90. 2 .0
RESID. TIME = 1.483 YRS, OVERFLOW RATE = 1.2 MYR, DEPTH = 1.7 M



SEGVENT BALANCE BASED UPON ESTI MATED CONCENTRATI ONS
SEGVENT:

COVPONENT: TOTAL N

1 1 385035
2 1 385036
3 1 385037
4 1 385038
5 4 385039

HWVB/ YR

1 deepest
FLOW - - -

PRECI PI TATI ON
EXTERNAL | NFLOW
***TOTAL | NFLOW
GAUGED QUTFLOW
UNGAUGED OUTFLOW
***TOTAL OUTFLOW
***NET RETENTI ON

RESID. TIME =

OUTPUT FORMNAT:

6 OPTION:

1

CASE: PONLK 90% | oad, Zero internal

T STATI STI CS COVPARE OBSERVED AND PREDI CTED MEANS
USI NG THE FOLLOW NG ERROR TERMS:

1.483 YRS, OVERFLOW RATE =

1.2 MYR, DEPTH =

STATI STI CS

1 = OBSERVED WATER QUALI TY ERROR ONLY

2 = ERROR TYPI CAL OF MODEL DEVELOPMENT DATA SET

3 = OBSERVED AND PREDI CTED ERROR
SEGMENT: 1 deepest

OBSERVED ESTI MATED

VARI ABLE MEAN cv MEAN CV  RATIO
TOTAL P MZ M3 309.0 .00 62.0 .21 4.99
TOTAL N M& M3 2545.0 .00 671.3 25 3.79
C. NUTRI ENT M& M3 167.7 .00 35.6 . 23 4.71
CHL- A M& M3 40. 3 .00 19.4 .45 2.08
SECCHI M .2 .00 1.5 .34 .15
ORGANIC N M& M8 181.0 .00 613.5 .34 .30
TP- ORTHO- P M& MB 143.0 .00 35.1 .46 4.07



QUTPUT FORVAT:

7 OPTION:

1

CASE: PONLK 90% | oad, Zero internal

OBSERVED AND PREDI CTED DI AGNOSTI C VARI ABLES

RANKED AGAI NST CE MODEL DEVELOPMENT DATA SET

SEGMVENT: 1 deepest

RANKS (%)
OBSERVED ESTI MATED OBSERVED ESTI MATED

S VALUES - - -
VARI ABLE

TOTAL P MJ&M  309.00 61.
TOTAL N  MJ& M3  2545.00  671.
C. NUTRI ENT M M3 167. 65 35.
CHL- A MG VB 40. 30 19.
SECCHI M .22 1.
ORGANIC N MF M3 181.00  613.
TP- ORTHO- P M& VB 143. 00 35.
ANTI LOG PC- 1 2034.08  346.
ANTI LOG PC- 2 3.73 13.
(N- 150) / P 7.75 8.
I NORGANIC N / P 14. 24 2.
TURBIDITY  1/M .20

ZM X * TURBI DI TY .34 .
ZM X /| SECCHI 7.77 1.
CHL- A * SECCHI 8.87 28
CHL-A / TOTAL P .13

FREQ( CHL- a>10) % 97.37 77
FREQ( CHL- a>20) % 79. 39 35.
FREQ( CHL- a>30) % 56. 60 15.
FREQ( CHL- a>40) % 38. 28 6.
CARLSON TSI - P 86. 82 63.
CARLSON TSI - CHLA 66. 86 59.
CARLSON TSI - SEC 81. 82 54.

92.
76.



Model: 50% Internal/ 50% External

OUTPUT FORMAT: 2 OPTION: 1
CASE: 50% external 50% I nternal
HYDRAULI C AND DI SPERSI ON PARAMETERS:

NET RESI DENCE OVERFLOW MEAN - ---DI SPERSI ON- - - - - EXCHANGE
| NFLOW TI ME RATE VELOCITY ESTI MATED NUMERI C RATE
SEG QUT HVB/ YR YRS M YR KM YR KMR/ YR KMR/ YR HWVB/ YR
1 0 4.43 1. 48326 1.2 6.1 1000. 27. 0.

QUTPUT FORMAT: 3 OPTION 2
CASE: 50% external 50% I nternal
GROSS WATER BALANCE:

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

ID T LOCATI ON Kve MEAN  VARI ANCE cv M YR
1 1 385035 19. 430 1.150 .OO0O0E+00 .O000 . 059
2 1 385036 88. 100 1.500 .OO0OE+00 .O000 . 017
3 1 385037 14. 300 . 477 . 000E+00 . 000 . 033
4 1 385038 8.420 1.300 .O0O00E+00 .O000 . 154
5 4 385039 134. 090 4.580 .000E+00 .000 . 034
PRECI PI TATI ON 3. 840 . 000 .O0OOE+00 .O000 . 000
EXTERNAL | NFLOW 130. 250 4.427 .000E+00 .000 . 034
***TOTAL | NFLOW 134. 090 4.427 .000E+00 .000 . 033
GAUGED OUTFLOW 134. 090 4.580 .000E+00 .000 . 034
UNGAUGED QUTFLOW . 000 -.153 .000E+00 .000 . 000
***TOTAL OQUTFLOW 134. 090 4.427 .000E+00 .000 . 033
*** EVAPORATI ON . 000 .000 .O0OOE+00 .O000 . 000
*** STORACGE | NCREASE . 000 .000 .O0O0OE+00 .000 . 000

GROSS MASS BALANCE BASED UPON ESTI MATED CONCENTRATI ONS
COVPONENT: TOTAL P

----- LOADING ---- --- VAR ANCE --- CONC  EXPORT

ID T LOCATI ON KG YR %I1) KGYR*2 9I) oV MIMB KGE KMR
1 1 385035 315.1 21.7 .000E+00 0 .000 274.0 16. 2

2 1 385036 489.0 33.6 .000E+00 .0 .000 326.0 5.6

3 1 385037 174.6 12.0 .000E+00 .0 .000 366.0 12.2

4 1 385038 361.4 24.8 .000E+00 .0 .000 278.0  42.9

5 4 385039 278.1 19.1 .307E+04 92.5 .199 60. 7 2.1

PREC! Pl TATI ON 115. 2 7.9 .332E+04 100.0 .500 0 30. 0
EXTERNAL | NFLOW 1340.1 92.1 .000E+00 .0 .000 302.7 10. 3
***TOTAL | NFLOW 1455.3 100.0 .332E+04 100.0 .040 328.7 10.9
GAUGED OUTFLOW 278.1 19.1 .307E+04 92.5 .199 60. 7 2.1
UNGAUGED OUTFLOW -9.3 -.6 .342E+01 .1 .199 60. 7 .0
***TOTAL OUTFLOW 268.8 18.5 .287E+04 86.4 .199 60. 7 2.0
*+* STORAGE | NCREASE .0 .0 .000E+00 .0 .000 0 .0
*%*NET RETENTI ON 1186.5 81.5 .551E+04 166.1 .063 0 .0



HYDRAULI C
OVERFLOW RESI DENCE

-------------- TOTAL P =-ccemmemm -
POOL RESI DENCE TURNOVER RETENTI ON

RATE TI ME CONC TI ME RATI O CCEF
M YR YRS ME M3 YRS - -
1.15 1.4833 60. 7 . 2740 3. 6497 . 8153
GROSS MASS BALANCE BASED UPON ESTI MATED CONCENTRATI ONS
COVPONENT: TOTAL N
----- LOADI NG ---- --- VARIANCE ---
ID T LOCATI ON K@YR 9%I) KGYR*2 % 1)
1 1 385035 1037.3 12.9 . 000E+00 .0
2 1 385036 1471.5 18.2 . 000E+00 .0
3 1 385037 514. 7 6.4 .000E+00 .0
4 1 385038 1203. 8 14.9 . 000E+00 .0
5 4 385039 3206.5 39.7 .657E+06 17.8
PRECI PI TATI ON 3840.0 47.6 .369E+07 100.0
EXTERNAL | NFLOW 4227.3 52.4 . 000E+00 .0
*** TOTAL | NFLOW 8067.3 100.0 .369E+07 100.0
GAUGED OUTFLOW 3206.5 39.7 .657E+06 17.8
UNGAUGED OUTFLOW -107.1 -1.3 .733E+03 .0
*** TOTAL OUTFLOW 3099. 4 38.4 .614E+06 16. 7
*** STORAGE | NCREASE .0 .0 .O0O00E+00 .0
*** NET RETENTI ON 4967.9 61.6 .255E+07 69. 3
HYDRAULIC ~ -----emmeaeeo- TOTAL N ----emmeeme o -
OVERFLOW RESI DENCE POOL RESI DENCE TURNOVER RETENTI ON
RATE TI ME CONC TI ME RATI O CCEF
M YR YRS M& M3 YRS - -
1.15 1.4833 700. 1 . 5699 1.7548 . 6158
OQUTPUT FORMAT: 6 OPTION. 1
CASE: 50% external 50% I nternal
T STATI STI CS COVPARE OBSERVED AND PREDI CTED MEANS
USI NG THE FOLLON NG ERROR TERMS:
1 = OBSERVED WATER QUALI TY ERROR ONLY
2 = ERROR TYPI CAL OF MODEL DEVELOPMENT DATA SET
3 = OBSERVED AND PREDI CTED ERROR
SEGMVENT: 1 deepest
OBSERVED ESTI MATED
VARI ABLE MEAN cv MEAN cv RATI O 1
TOTAL P ME M3 309.0 .00 60. 7 .20 5.09 .00
TOTAL N ME M3 2545.0 .00 700. 1 .25 3.64 .00
C. NUTRI ENT M& M3 167.7 . 00 36. 6 22 4.58 . 00
CHL- A M& M3 40. 3 . 00 10. 6 . 36 3.82 . 00
SECCHI M .2 . 00 .6 .23 . 38 . 00
ORGANNC N ME M3 181.0 .00 412. 7 24 .44 .00
TP- ORTHO- P ME M3 143.0 .00 19. 4 38 7.36 .00

CONC  EXPORT
v MI M3 KGE KM
. 000 902.0 53.4
. 000 981.0 16. 7
.000 1079.0 36.0
. 000 926.0 143.0
. 253 700. 1 23.9
. 500 .0 1000.0
. 000 954.9 32.5
. 238 1822.3 60. 2
. 253 700. 1 23.9
. 253 700. 1 .0
. 253 700.1 23.1
. 000 .0 .0
. 322 .0 .0
STATI STI CS
2 3
6. 05 8.17
5.87 5.11
7.57 6.98
3. 87 3.73
-3.47 -4.30
-3.30 -3.41
5.45 5.27



OUTPUT FORNVAT:
CASE: 50% ext er nal

7 OPTION:

1

50% I nt er nal

OBSERVED AND PREDI CTED DI AGNOSTI C VARI ABLES

RANKED AGAI NST CE MODEL DEVELOPMENT DATA SET

SEGMVENT: 1 deepest

RANKS (%)
OBSERVED ESTI MATED OBSERVED ESTI MATED

VARI ABLE
TOTAL P M& M3
TOTAL N M& M3

C. NUTRI ENT M M3
CHL- A MG VB
SECCHI M
ORGANIC N MF M3
TP- ORTHO- P M& VB
ANTI LOG PC- 1

ANTI LOG PC- 2

(N- 150) / P

I NORGANIC N / P
TURBIDITY  1/M
ZM X * TURBI DI TY
ZM X /| SECCHI
CHL- A * SECCHI
CHL-A / TOTAL P
FREQ( CHL- a>10) %
FREQ( CHL- a>20) %
FREQ( CHL- a>30) %
FREQ( CHL- a>40) %
CARLSON TSI - P
CARLSON TSI - CHLA
CARLSON TSI - SEC

VALUES - - -
00 60.
00 700.
65 36.
30 10.
.22 .
00 412.
00 19.
08 337.
73 4
75 9.
24 6.
. 20
34 .
77 2.
87 6.
.13
37 41.
39 8.
60 2.
28
82 63.
86 53.
82 67.

20.
23.
42.



Model: 50% Internal/ 75% External

OUTPUT FORMAT: 2 OPTION: 1
CASE: 50% i nternal 75% External
HYDRAULI C AND DI SPERSI ON PARAMETERS:

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

| NFLOW TI ME RATE VELOCITY ESTI MATED NUMERI C RATE

SEG QUT HVB/ YR YRS M YR KM YR KMR/ YR KMR/ YR HWVB/ YR
1 0 3.77 2.95874 .6 3.0 1000. 14. 0.

QUTPUT FORMAT: 3 OPTION 2
CASE: 50% external 75% I nternal
GROSS WATER BALANCE:

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

ID T LOCATI ON Kve MEAN  VARI ANCE cv M YR
1 1 385035 19. 430 1.150 .OO0O0E+00 .O000 . 059
2 1 385036 88. 100 1.500 .OO0OE+00 .O000 . 017
3 1 385037 14. 300 . 477 . 000E+00 . 000 . 033
4 1 385038 8.420 1.300 .O0O00E+00 .O000 . 154
5 4 385039 134. 090 4.580 .000E+00 .000 . 034
PRECI PI TATI ON 6. 530 1.959 .154E+00 . 200 . 300
EXTERNAL | NFLOW 130. 250 4.427 .000E+00 .000 . 034
***TOTAL | NFLOW 136. 780 6.386 .154E+00 .061 . 047
GAUGED OUTFLOW 134. 090 4.580 .000E+00 .000 . 034
UNGAUGED QUTFLOW 2.690 -.806 .768E+00 1.087 -. 300
***TOTAL OQUTFLOW 136. 780 3.774 . 768E+00 . 232 . 028
*** EVAPORATI ON . 000 2.612 .614E+00 . 300 . 000
*** STORACGE | NCREASE . 000 .000 .O0O0OE+00 .000 . 000

GROSS MASS BALANCE BASED UPON ESTI MATED CONCENTRATI ONS
COVPONENT: TOTAL P

----- LOADING ---- --- VAR ANCE --- CONC  EXPORT

ID T LOCATI ON KG YR %I1) KGYR*2 9I) oV MIMB KGE KMR
1 1 385035 314.9 20.5 .000E+00 0 .000 273.8 16. 2

2 1 385036 489.0 3