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EPA TMDL Summary Table

EPA/MPCA Required Summar TMDL
Elements y Page #
Location Stearns County I-1
303(d) Listing Information | Waterbody: Pearl Lake MDNR ID 73-0037
Impaired Beneficial Use: Aquatic Recreation
Impairment/TMDL Pollutant of Concern: Excessive
Nutrients (Phosphorus) -1
Priority Ranking:
2008 Target Start, 2019 Target Completion
Original Listing Year: 2008
Applicable Water Quality MPCA Lake Eutrophication Standards (North
Standards/Numeric Central Hardwood Forest):
Targets
40 pg/L Total Phosphorus
14 pg/L Chlorophyll a I-4
1.4 m Secchi disc transparency
Source: Minnesota Rule 7050.0222 Subp. 4. Class 2B
Waters
Loading Capacity Total Phosphorus Loading Capacity for critical condition
(expressed as daily load)
Critical condition summary: MPCA eutrophication
standard is compared to the growing season (June
through September) average. Daily loading capacity for
critical condition is based on the total load during the 1-25
growing season.
Pearl Lake (kg/day)
3.86
Margin of Safety The margin of safety for this TMDL is set at five percent
I-25

(5%) of the total load capacity for each lake.
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EPA TMDL Summary Table

EPA/MPCA Required Summar TMDL
Elements y Page #
Seasonal Variation TP concentrations in the lakes vary significantly during
the growing season, generally worsening in mid- to late-
summer. The TMDL guideline for TP is defined as the
growing season mean concentration (MPCA, 2004). I-25
Accordingly, water quality scenarios (under different
management options) were evaluated in terms of the
mean growing season TP.
Wasteload Allocation Source Pearl Lake
(WLA)
WLA (kg/day)
WLA (kg/day)
I-25
Permitted 0
Dischargers
Reserve 0
Capacity
Load Allocation (LA) Source Pearl Lake
LA (kg/day)
Internal 1.75
Watershed 177 125
Atmospheric 0.14
Margin of Safety (MOS) Explicit: Five
Percent of Total 0.19
Pollutant '
Allocations
Monitoring The monitoring plan to track TMDL effectiveness is 1-26
described in Section 4.0 of this TMDL report.
Implementation The implementation strategies to achieve the load
reductions described in this TMDL are summarized in
Section 5.0 of this TMDL report. The total cost to 1-28
implement this TMDL is estimated to be approximately
$2,300,000.
Reasonable Assurance The overall implementation planning (Section 5.0) is
multifaceted, with various projects put into place over 34

the course of many years, allowing for monitoring and
reflection on project successes and the chance to
change course if progress is exceeding expectations or
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EPA TMDL Summary Table

EPA/MPCA Required Summar TMDL
Elements y Page #
is unsatisfactory.
Public Participation Public meetings, announcements, and meetings
regarding this TMDL have been conducted and 1-35

additional public meetings will be scheduled for 2010 to
discuss the results of this TMDL.
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Executive Summary

Pearl Lakg(DNR ID 73-0037) is currently listed on the Minnesota Pollution Control

Agen c y 6 s )(0I®P3034d) Impaired Waters List due to excessive nutrients
(phosphorus). Pearl Lake is located in Stearns County, Minnesota and is within the North
Central Hardwood Forest (NCHF) eegiion.PearlLakeis a relatively shallow, eutrophic
lake approximately750acres in size, with maximum depth ofl8.2feetand a mean depth of
8.2feet.The littoral area (area with a depth of 15 feet or less) is approximat€lacres

Pearl Lake curnetly supports a healthy fish community, and is managed for walleye and

northern pike The watershed is generally dominatedaugyiculturalland use.

The MPCA projected schedule for Total Maximum Daily Load (TMDL) report completion,

as indicated on Minnesstb6 s 303 (d) i mpaired waters |ist, i mp |
priority ranking of this TMDL. The Pearl Lake TMDL wascheduled to begiim 2008 and be

complete in 2@0. Rankingcriteria for scheduling TMDL projects include, but are not limited

to: imparment impacts on public health and aquatic life; public value of the impaired water
resourceljikelihood of completing the TMDL in an expedient manner, including a strong

base of existing data and restorability of the waterboelghnicalcapability and wiingness

locally to assist with each TMDlgndappropriate sequencing of TMDLs within a watershed

or basin. The histori¢agrowing season water qualifgr each lake is compared to the MPCA

lake eutrophication standards for tNEHF ecoregion below (TablEX-1).

Table EX-1 MPCA Lake Eutrophication Standards for North Central Hardwood Forest

Ecoregion
MPCA Lake < Pearl Li\/lke S Pearl Li/lke
. Eutrophication ummer-Mean ummer-Mean
Water Quality Standarr)ds (NCHF Water Quality in Water Quality
Parameter - 2008 2000-2009
Ecoregion)
Total Phosphorus 40 51 43
(Mg/L)
Chlorophyll a (ug/L) 14 15 17
Secchi disc (m) 1.4 2.3 2.0
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The TMDL equation is defined as follows:

TMDL = Wasteload Allocation (WLA) + Load Allocation (LA) + Margin of Safety
(MOS) + Reserve Capacity.

For Pearl Lake, the Load Capacityis 1,410kilograms (kg) of total phosphorus (TP) per
water year.
The TMDL equation used to derive this Load CapacityHearlLake is:

Expressed as water year (October 1 through September 30) totals:

TMDL =0kg TP (WLA) + 1,339kg TP (LA) +71kg TP (MOS) +0 kg (Reserve
Capacity) =1,410 kgper water year

Expressed in daily terms (water year)
TMDL = 0.0kg/d (WLA) + 3.67kg/d (LA) +0.19kg/d (MOS) +0.0 kg/d(Reserve
Capacity) =3.86kg/d, onaverage
To meet the overhload capacity of the lake (i.e., achieve an average summer total
phosphorus concentration of less than 40 pg/L), a 25% decrease in phosphorus load (based on
2008 existing conditions) will be required@his will be achieved througa combination of
exterral and internal phosphorus load reductions:a3)1% reduction of internal phosphorus
load inPearlLake through management Gurlyleaf pondweed and sediment phosphorus
loading and (2) bading from the tributary watershed will be reduce®b% throughbest

management practices (BMPs). Thés zeroNasteload Allocatiorior PearlLake.

The Explicit Margin of Safety is set at five percent (5%) of the overall loading capaiity
implicit margin of safety is also included in that internal load reductifortsfare typically
all-or-none activities (e.g., alum treatment to reduce all internal loading) and likely will

achieve reductions greater than that prescribed in this TMDL.

Phosphorus load reductions to Pearl Lake will be achieved by targeting mabimbeint
sources. The following summarizes phosphorus reductions that will be targeted in the

watershed:

e 20% reduction of phosphorus load from the watershed, includingdutipliancefor

all Subsurface Sewage Treatment Syste®&T(g adjacent to Pearl Lak

e 31% reduction of interngdhosphorugoading from lake sedimesand Curlyleaf

pondweed.
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1.0 Introduction

PearlLake (DNR ID73-0037) is located in StearnSounty Figure t1), and is within the
Upper Mississippi River BasiThe lake iswithin the Nath Central Hardwood Forest
(NCHF) Ecoregion FFigure 12). PearlLakeis a shallow, eutrophic lak&pproximately750
acres in size, with maximum depth ol8.2feetand a mean depth of 8.2 fe€he littoral
area (area with a depth of 15 feet or lesgjpproximately510 acresPearl| Lake currently

supports a healthy fish community, and is managed for walleye and northern pike

Pear | Lake is currently |listed on t2088 Mi nnesot a
303(d) Impaired Waters List due to excesshutrients (phosphorus) and requires a Total

Maxi mum Daily Load (TMDL) report. Pear | Lake wa
in 2008 The target start date for the TMDL rep®2008, and the target completion date is

2010.

The MPCAO6Gssph®odwelce efdflor TMDL compl etions, as ind
i mpaired waters |ist, i mplicitly reflects Minne
criteria for scheduling TMDL projects include, but are not limitedngpairment impacts on

public health and aquatic life; public value of the impaired water resolikedihood of

completing the TMDL in an expedient manner, including a strong base of existing data and

restorability of thewaterbody;technicalcapability and willingness locally tassist with the

TMDL; andappropriate sequencing of TMDLs within a watershed or basin.

Current monitoring and study of Pearl Lake is being conducted by the Sauk River Watershed
District, the Minnesota Pollution Control Agency (MPCA), and the Minnesota iDmpat of
Natural Resources (MDNR).
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Figure 1-1 Regional Features
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Figure 1-2 EPA Level lll Ecoregions in Minnesota
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2.0 Background Information

The following sections describe the water quality standards that are applicable to Pearl Lake,
as well as th general characteristics of the lake and its watershed.

2.1 Applicable Water Quality Standards

Impaired waters are listed and reported to the citizens of Minnesota and to the EPA in the
305(b) report and the 303(d) list, named after relevant sectioine @lean Water Act.
Assessment of waters for the 305(b) report identifies candidates for listing on the 303(d) list
of impaired waters. The purpose of the 303(d) list is to identify impaired water bodies for
which a plan(the TMDL T this documentvill be developed toemedy the pollution

problem(s)

The basis for assessing Minnesota lakes for impairment due to eutrophication includes the
narrative water quality standard and assessment factors in Minnesota Rules 7050.0150. The
MPCA has completed extensipéanning and research efforts to develop quantitative lake
eutrophication standards for lakes in different ecoregions of Minnesota that would result in
achievement of the goals described by the narrative water quality standards. To be listed as
impaired ly the MPCA, the monitoring data must show that the standards for both total
phosphorus (the causal factoand either chlorophykh or Secchi disc depth (the response
factors) are not metMPCA, 20073. Pearl Lakds listed based on the eutrophicationteria

for theNorth Central Hardwood Fore@CHF) ecoregion(Table 21).

Table 2-1 MPCA Lake Eutrophication Standards for Total Phosphorus, Chlorophyll a,
and Secchi Disc in NCHF Ecoregion.

Water Quality Parameter MPCA Lake Eutrophication Standard (NCHF
Ecoregion)
Total Phosphorus (ug/L) 40
Chlorophyll-a (ug/L) 14
Secchi disc (m) 1.4

Source: Minnesota Rule 7050.0222 Subp. 4. Class 2B Waters
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2.2 General Lake Characteristics

PearlLakeis a relatively shallow, eutrdyic lake with residences established along most of
the shoreline (a total of 118 residences). The watershed is predominantly agrictitieral
lake is polymictic, meaning the water column does not typically experience strong thermal
stratification and théake will partially or fully mix several times a year. Pehake is
approximately750acres in size, with maximum depth ol8.2feetand a mean depth of 8.2
feet. The littoral area (area with a depth of 15 feet or less) is approximat@wacregFigure
2-1). The outlet ofPearlLake isMill Creek, on the northern shore of the laRdill Creek is

also the only named tributary to Pearl Lake, and enters on the western shore. Pearl Lake
currently supports a healthy fish community described by tB&NK asbeing more diverse
than other lakes of similar productivity (MPCA 2009). Pearl Lake is managed for walleye,
primarily through stocking of walleye fingerlings. The lake is also managed for northern
pike. The MDNR is concerned about extirpation of blackcsimners, blacknose shiners,
banded killifish, and lowa darter, species that are currently present in Pearl Lake but have
difficulty tolerating eutrophic condition€€ommon carp, an exotic species, are known to be
in Pearl Lake, but the density of carp &t tknown. Carp can have a negative impact on water
guality due to their feeding habits, which can disturb lake sediments and increase internal

loading within the lake.

The DNR have conducted aquatic plant surveys of Pearl Lake in 2008 and 2009 ashmart of t

SLICE program. In 2008, 53% of the littoral area of the lake was covered with aquatic

vegetation. The two most abundant aquatic plants in Pearl Lake are muskijrassspp.)

and Curlyleaf pondweedPptamogeton crispysCurlyleaf pondweed is an exotpecies that

has invaded many Minnesota lakes, and is known to have a significant negative impact on

water quality when it grows in abundance. Curly
different from native plant species in that it experiences sigmifidée off in early summer.

Muskgrass is a native macedgae that resembles a higher plant. It begins growing in spring

when the water warms and continues growing through the fall. Muskgrass is also a favorite

food for waterfowl. Due to curieaf pondwe d 0 s ability to grow to nui
water surface and its potential impacts on water quality, Curlyleaf pondweed is considered a

very undesirable aquatic plant. By comparison, muskgrass is a much more desirable aquatic

plant.
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2.3 General Watershed Characteristics
Thesize of the Pearl Lakeatershed is approximately8,237acres £8.5square miles)Land
use percentages of tfearl Lakewatershed, based on the 2001 National Land Cover

Database (NLCD), are summarized as follows:

53% cultivated griculture
21% pasture and grassland
13% forest

7% opernwaterand wetland
6% developed

The 2001 NLCD classifications for the watershed are showigare 21.

Mill Creek and an unnamed creek are the primary sources of surface water inflows to Pear
Lake. A large portion of the Pearl Lake watershisdandlockedanddoes not contribute
surface flow to Pearl Lak& hesewatershed are located to the south and southeast of Pearl
Lake, and are identified iRigure 21. It is assumed that these areas do notrgourte

phosphorugo Pearl Lake

The land use percentages for watershed areas contributing surface flow (i.e., drain to either

Mill Creek or and unnamed creek) are summarized as follows:

46% cultivated agriculture
25% pasture and grassland
17% forest

7% openwaterand wetland
5% developed

Much of the shoreline of Pearl Lake is developed with lakeshore homes, which have
subsurface sewage treatment systems (SSTS). There are no municipal wastewater treatment
plants or other permitted dischargers in the wsdted. There are approximately 34 feedlots
within the portion of the Pearl Lake watershed that contributes surface water runoff to the

lake.

Pearl Lake has two main tributaries: Mill Creek is the largest, and drains an area of
approximately 5,758 acres toe west of Pearl Lake. An unnamed creek drains an area of
approximately 2,108 acres to the south of Pearl Lake. The combined area of the Mill Creek
and unnamed creek watersheds accounts for 81% of the watershed that contributes surface

flow to Pearl Lakethe remaining 19% of the watershed drains directly to the lake.
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Figure 2-1 National Landcover Dataset
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Figure 2-2 Pearl Lake Subwatersheds
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2.4 Previous and Ongoing Studies and Reports

Pear | Lake is a Sentinel L a ka&ning leskesih®@ MDNROs SLI
Changing Environment). The mission of SLICE is to monitor the condition of Minnesota lake

habitats and fish populations using key status indicators and respond appropriately to threats

to lake habitats and fish populations such that ti#ENR is successful at providing

sustainable fishing opportunities for the citizens of Minnesota. The SLICE program website

is http://www.dnr.state.mn.us/fisheries/slice/index.htifthe MDNRhas completed a four

page lake summary report for Pearl Lake as part of the SLICE program (MPCA 2009). The
report summarizes the status of water quality, aquatic vegetation, and the fisheries of Pearl
Lake up to year 2008. The MNDR collected additiondghda 2009, and plans to publish a

more extensive lake assessment report for Pearl Lake.

The data provided by the SLICE program provide important insights into how aquatic plants
affect annual changes in the water quality and ecology of Pearl Lake. Tihtcaglant

surveys conducted in 2008 and 2009 by the MDNR demonstrate thaleaflypondweed

growth can vary significantly each year and understanding pondweed dynamics is
complicated. Factors often attributed to observed pondweed growth differenceteinater
temperature, ice cover thickness, snow cover thickness, and wheff mecurs in the

spring. Curlyleaf biomass observed in a lake, to a large degree, is a function of how early
and vigorously the plant grows in the spring and when and to exttant the plant emerges
through the | ake surface (known as fitopping out
pondweed tops out is a reasonable indicator of biomass. The extent efeairpondweed

t hat | soufitoopgped. ¢suface)mn@ead ltaketinithe first evdeleof June

in 2008 and 2009 is shown Kigure 23. The extent of toppedut curlyleaf pondweed in

2009 (5.6 acres) is only a fraction of that observed in 2008 (170 acres). It should be noted
that there have been naklewide management activities conducted in Pearl Lake for the

control of curlyleaf pondweed.
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3.0 Excess Nutrient Impairments

The following sections summarize the water quality data for Pe&e Lefforts to model
water quality of the lake, and development of the phosphorus load and wasteload TMDL
allocations.

3.1 Pearl Lake Water Quality

Pearl Lake was assessed for nutrient impairment in 2007, and was listed as impaired in 2008.
At that time,both total phosphorus and chlorophglexceeded the full support thresholds,

while Secchi disc depth indicated full support; however, the summer mean Secchi disc
transparency had declined from 2000 to 2006, and Pearl Lake was proposed and subsequently
appoved for listing MPCA 2009. Additional data were collected in Pearl Lake in 2008 and
2009. Summer mean Secchi disc transparency met the water quality standard in 2000,2001,
2008 and 2009, but not in 20QBigure 31). In the last ten years (20eD09),summer mean

total phosphorus concentrations have exceeded the water quality standard three of the four
years data were collecteHigure 32). Similar to total phosphorus, sumrraverage

concentrations of chlorophyd exceeded the water quality standantee of the four years

data were collected~{gure 33). Mostrecently, 2009 had summawrerages below the total

phosphorus and chlorophylstandards

The concentration of total phosphorus in Pearl Lake can vary greatly in a given season.
Typically, con@ntrations of total phosphorus in late spring are in the range-2924/L,

and concentrations hold steady into early summer. In July, concentrations of total phosphorus
begin to rise, peaking in August or Septembdgg(re 34). Concentrations of total

phosphorus peaked as high as 82 pg/L and 76 pg/L in 2006 and 2008, respectively. The
summer of 2009 was different than other recent years in that total phosphorus concentrations
declined during early summer, reaching a low of 15 pg/L on June 25, 2009% 1@ oatoons

of total phosphorus began to increase in July, and continued to increase in August, just as in
previous years, but the summer mean total phosphorus concentration was 32 pg/L. By
comparison, the summer mean total phosphorus concentration in\2@081 pg/L, 65%

greater than in 20009.

The effect of external phosphorus loads on the differences observed in 2008 and 2009 is

somewhat difficult to determine because water quality data collected from Mill Creek and
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unnamed creek in 2008 did not meet gtyadissurance standards. As a result, phosphorus
concentration data are only available for the tributaries to Pearl Lake for 2009. However, the
rainfall data suggest that external loads were likely similar for 2008 and 2009. Rainfall totals
for water year 208 (10/1/20079/30/2008) and water year 2009 (10/1/2€080/2009) were

similar, at 22.0 inches and 27.9 inches, respectively.

One major difference observed in 2009 when compared to 2008 was that coverage-of curly
leaf pondweed was markedly lower. Cutbaf pondweed is a nonnative submerged aquatic
plant that has been introduced to many Minnesota lakes, and can grow to dominate and out
compete native aquatic plant communities. Studies have shownleaflpondweed can also
have negative impacts on watgrality of North American lakes by enhancing

eutrophication. Curhjleaf pondweed grows earlier and dies earlier in the year than native
plants. When the curiieaf pondweed dies in early summer, phosphorus that is stored in the
plant is released. A potdat secondary effect of curleaf pondweed die off is that bacteria

and other organisms feed on the dead plant matter, and consume oxygen as part of their
metabolic processes. With the deposition of decaying plant matter to the bottom of a lake,
oxygen lerels may be reduced at the sediment interface. This may trigger internal phosphorus

loading.
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3.2 TMDL Modeling Methodology
Watershed loadings and-lake concentrations of phosphorus were used to calibratelakérmodel
to determine source load impacts on water qualitd potential reductions in loading needed to meet

the water quality standard in Pearl Lake. The modeling methodology is detailed below.

3.2.1 Watershed, In-Lake, and Climate Data

Water quality data, including total and dissolved phosphorus concengtatiere collected in the two

main tributaries to Pearl Lake in 2008 and 2009. The two tributaries that were monitored are Mill Creek
(upstream of Pearl Lake) and the unnamed creek to the south of Pearl Lake. Water quality data was
collected near the outketo Pearl Lake for both creeks. Water quality data collected in 2008 and sent for
laboratory analyses did not meet quality control requirements. Therefore, 2009 water quality data for Mill
Creek and unnamed creek were used to estimate phosphorus ceiocenitidhese creeks for 2008.

Local precipitation was measured during skenmer monthsef 2008 and 2009 with a weather station

placed on the western shore of Pearl Lake. Additional climate data (precipitation, air temperature, relative
humidity, and wind speed) were obtained from the St. Cloud Regional Airport weather station, 16 miles

to the northeast.

Pearl Lakewasmonitored for the following parameteegther in the field othrough laboratory

analyss:
o Dissolvedoxygen specific conductancetempearture pH, andSecchidisc transparency

¢ Total phosphorustotal dissolvedphosphoruschlorophyll a

3.2.2 In-Lake Mass Balance Modeling

The following sections detail the-lake mass balance modeling for phosphorus. The methods for
estimating the externg@hosphorus loading for water year 2008 are described, as are the methods of
estimating the internal phosphorus loading anthke water quality modeling.

3.2.2.1 Subsurface Sewage Treatment Systems (SSTS) Loading
The total phosphorus loading from SSTStarl Lake was estimated by using the number of
shoreline residences on Pearl Lake along with ecoregion averages for seasonal versus permanent

structures, population per household type, percent conforming and failing systems, and an untreated
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phosphorusdad of 0.8845 kg/cap/year frofhe Detailed Assessment of Phosphorus Sources to
Minnesota Watershed8arr, 2004)

3.2.2.2 Direct Atmospheric Loading

The phosphorus load from direct precipitateomd atmospheric deposition to the surface of Pearl
Lakewasestimaed by multiplying thdake surface ageby an atmospheric loading rate0696 kg
P/aclyr, the rate for the Upper Mississippi Watershed in an average precipitation year (Barr 2004).

3.2.2.3 Watershed Loading (Water and Phosphorus)

The first sten modeling Pearl Lake water quality was to create a water balance. A dailgti&pe
water balance was generated for the-Eteing and summer months (M&eptemberpf 2008 and
2009:

Change in lake volume = Watershed Inflow + Direct Precipitati@vaporationi Outflow

The outflow of Pearl Lake was determined with a hydrologic rating curve that relates lake elevation
near the outlet with flow in Mill Creek immediately downstream of Pearl Lake. The elevation of
Pearl Lake was measured daily during summenths with an electronic pressure transducer that
logs water level. Average daily outflow (Figuresy was then calculated from lake elevation by using
the hydrologic rating curve. The daily direct precipitation to the surface of Pearl Lake was
determired by multiplying the daily precipitation measured with a weather station on the western
shore of Pearl Lake by the surface area of Pearl Lake. Daily evaporation was estimated using the
Meyer evaporation model (Meyer, 1944) and available climate datachdree in lake volume was
determined by measuring the change in lake elevation from one day to the next.
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Figure 3-5 Measured Flow at Pearl Lake Outlet

Flow was not measured in the tributaries to Pearl Lake (Mill Creek, an unnamed creek, and direct
wateshed); therefore, the total watershed inflow was determined by balancing the above water
balance equation. By dividing the total summer inflow in 2009 by the estimate of the total volume of
precipitation that fell on the watershed that contributes floRearl Lake, it was determined that the
water yield for the contributing watershed is approximagi9o.By comparison, the water yield for

the Upper Mississippi watershed in an average precipitation year is approximately 26% (Barr 2004).
The water yield diermined from the sprirgummer 2009 water balance was used to estimate the
amount of precipitation that becomes surface runoff in the watershed during the months of the year

when daily lake elevation monitoring data was unavailable (OctAbpeil).

Total phosphorus concentrations were measured in Mill Creek and unnamed creek in the spring and
summer months of 2008 and 2009. The data collected in Mill Creek and unnamed creek in 2008 did

not meet quality control criteria; therefore, 2009 total phosphorusfdat Mill Creek and unnamed
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creek (Table 3dl) was used as a substitute for 2008. The dissolved phosphorus concentrations were a
large percentage of the total phosphorus concentration for much of the year. At times, the dissolved
phosphorus fraction wasdigh as 84% of the total phosphorus fraction. The direct watershed to

Pearl Lake is similar in size and land use to unnamed creek, and was assumed to have the same total
phosphorus concentration in runoff as unnamed creek for the purpose of modelingwedity in

Pearl Lake.

Table 3-1 Total and Dissolved Phosphorus Concentrations (pg/L) in Mill Creek and Unnamed

Creek.
Sample Mill Creek Unnamed Creek
Date Total Dissolved Total Dissolved
3/17/2009 310 245 437 365
3/23/2009 500 235 2,150 1,150
4/16/2009 39 28 43 31
4/29/2009 43 30 49 29
5/12/2009 47 29 63 37
5/27/2009 80 59 30 12
6/11/2009 59 48 30 10
7/10/2009 113 95 32 11
7/15/2009 115 92 -- 12
8/6/2009 83 69 23 12
9/2/2009 87 58 24 14

3.2.24 Lake Modeling

Lake modeling to determine thercentration of phosphorus in the lake water column with a given
hydrologic and phosphorus load was conducted using a finite difference model and the assumption
that the lake is completely mixed. The finite difference model (Pilgrim et. al., 2007) used is

described by the following equation:

o %t~ Qout *C = K ¥V *Co) *AT
v

O =00

Where: C = phosphorus concentration in the lake, Co = initial phosphorus concentration or
concentration of previous time step, or phosphorus concentration from the previous time step, W =
phosphorus loading from exttnal sources, internal sources, and dry or wet deposition directly on the
lake, Qout = flow out of the lake, which is assumed to be equal to the seven day running average
inflow rate, K = net apparent settling velocity (units of 1/y, and KVCo=phosphoass hass by
settling). The net apparent settling velocity (K) can also be expressed in units of m/y if the average
lake depth is used in the settling loss equation.
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Using the water balance developed for water year 2008, the lake model was built uaguyedeand
estimated phosphorus inflow concentrations, estimates of direct deposition of phosphorus to the lake
surface, initial estimates of net apparent settling velocities, and initial estimates of internal loading

rates.

Net apparent settling rated internal loading rates were the primary calibration parameters for the
model. The net apparent settling rate was calibrated by selecting different values to match the
phosphorus decline rate in Pearl Lake in the spring or following a storm event. litiratead

phosphorus settling rate was 5.2/y (or 13.0 m/y) for 2008 and 2009. Observed water quality data
indicated year 2009 had less internal loading in Pearl Lake than other recent years, and was therefore

selected to calibrate the settling rate of phusps.

The internal load rate was then changed to improve the fit between the modeled and observed
concentrations of phosphorus in Pear Lake. The internal load rate changed throughout the growing
season and it is suspected that the change was a funttanydeaf growth and di@ff. The rate of
internal load change, suspected to be curlyleaboffi@nd decay, followed a consistent relationship
which could be described by a third order polynomiag(re 36). Although internal loading from
sedimentan change during year, the change observédguare 36 is not characteristic of
phosphorus release from sediments. The relationship descrilbéglire 36 should not be applied

to different years because the coverage of curlyleaf changes annuallak€heide average summer
internal load rate was 2.7 mgffday for 2008. Internal loading occurred for a total of 89 days in
2008, roughly starting on June 1 and ending August 31. In 2009, internal loading occurred for 61
days and the rate was 2.6 mdldh Internal loading occurred at a nearly constant rate in 2009,

suggesting that internal loading in 2009 was more indicative of phosphorus release from sediments.
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Figure 3-6 Internal Loading Function Describing Internal Loading in Pearl Lake in 2008

3.3 Modeling Results

The results of model calibration (for phosphorus only) are sHéigare 37. As described in the
previous section, the model includes estimates of atmospheric, internal, and watershed loads for
phosphorus and the corresponding watedsod hese inputs were applied to the water quality model
to predict phosphorus concerttoms in Pearl Lakeobservedduringthe 2008growing season. The
year 2008 was selected because it represardserageclimate yeawith a summemmean total

phosphors concentration that exceeds the water quality criterion.
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Figure 3-7 Pearl Lake Modeled and Measured Phosphorus for 2008 Growing Season

Water and total phosphorus loas the 2008 water year fd?earl Lakeare shown irfable 3-2.

Table 3-2 Water, Total Phosphorus, and Net Internal Load Budgets in Pearl Lake during the
2008 Water Year

External Water External Total Internal Total
Load Phosphorus Load Phosphorus Load

Calibration Year
(AF) (kg) (kg)

2008 14,538 809 923

With the use of the calibradewater quality model hie magnitude (e.g., loading)f different
phosphorusources contributingp PearlLake were determined anake summarized iRigure 38.
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Pearl Lake Annual Phosphorus Sources, 10/1/2007-9/30/2008 (kg)

Watershed, 770

Internal, 923

Direct
Precipitation,
51.1

SSTS, 39.8

Figure 3-8 Phosphorus Sources (kg) to Pearl Lake for Water Year 2008

The 2008 observesummermeantotal phosphorus concentration ®f pg/L is 11 pg/L above thet0

pg/L total phosphorus standarficcording to the calibrated water quality modeteduction of
approximately22% in the total phosphorus loading would be required to achievéGthg/L

standard irPearl Lake for 2008.
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3.4 Methodology for Load Allocations, Wasteload Allocations, and
Margin of Safety

A TMDL is defined as follows (EPAL999):

TMDL = WLA + LA + MOS + Reserve Capacity

Where:
WLA = Wasteload Allocation to Point Souice
LA = Load Allocation to NonPoint Sources
MOS = Margin of Safety

Reserve Capacity= Load set aside for future allocations from growth or changes

This section will define each of the terms in this equatiorPearlLake, and will discuss seasonal

variation and reasonable assurances.

The water quality standard requires compliance with the phosphorus criteria during the growing
season (June through September), which represents the critical condition and the time of the year
when the water quality crit& are not being met. As a result, this TMDL study presents annual
wasteload and load allocations that are based on the requirement of keeping the gszeasog
average totaphosphorus concentration Rearl Lakeat or below40 pg/L under average clinta
conditions. The TMDL was developed using the 2008 monitoring and climatic data and calibrated
model for the following reasons:

(1) Precipitation and hence watershed runoff was averagé0g
(2) External phosphorus loading is representative of average tocamsiiand
(3) Overall, 2008 was a poor water quality year for Pearl Lake and as such represents a more

conservative year upon which to derive load allocations.

It should be noted that watershed hydrologic load data were only available for 2008 and 2669 and

a result accurate load allocations could only be derived for those years.

3.4.1 Wasteload Allocations
No permitted dischargers are within the tributary watershed for Pearl Lake, and none are currently

anticipated in the future. Therefore, the totabpphorus wasteload allocation for Pearl Lake is zero.
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3.4.2 Load Allocations to Nonpoint Sources

The phosphorus load allocations feearlare attributable to the internal, atmospheric, and nonpoint
source (watershed) loadsttee lake. The following summarizes general reductions in phosphorus

loads from nonpoint sources and internal sources in order to achieve water quality standards for Pearl
Lake:

e 2% reduction from nonpoint external (watershed) sources; and

¢ 31% reduction in internal loading.

3.4.3 Margin of Safety

Under Section 303(d) of the Clean Water Act, a margin of safety is required as part of a TMDL. The
MOS accounts for the uncertainty that the allocations set in the TMDL will result in the water body
meeting the water quality standard. Thusexplicit MOS of 5 percemnf the total loading capacity

for Pearllake was used to account for uncertainty in the TMDL allocation process.

3.4.4 Reserve Capacity

Significant future development is nagxpected in the watershed afaahis study Existing land
use/land coveconditions can be considered representative of the future land use/land cover and
population conditions for the purposes of setting the TM&dd allocations and no reserve capacity

has been set aside fBearl Lake nonpoint sour¢ead allocations

3.5 Phosphorus TMDL Allocations for Pearl Lake

Load allocations were set so ttegarl Lakewill meetthe total phosphorus criterion 40 pg/L for

the NCHF EcoregionPhosphorus load estimates for the entire 2088&r year wereused o

determine the daily load and wasteload allocation$’&arl| Lake Table 33). The entire water year
was used to develop annual and daily load allocations to avoid underestimating phosphorus load
contributions from the tributary watersheds. The higlpéstsphorus concentrations were observed

in the spring, and hence, load allocations developed only for June through September would have

underestimated the contribution of external loads to the impairment status of Pearl Lake.
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3.6 Seasonal Variation

Totd phosphorus concentrations in the lakan vary significantly during the growing season. The

TMDL guideline for total phosphorus is defined as the growing season (June through September)

mean concentration (MPCA, 2007hb). Accordingly, water quality scemdéunder different

management options) were evaluated in terms of the growing season mean total phosphorus

concentration.

Table 3-3 Pearl Lake Total Phosphorus Wasteload and Load Allocations

Percent
. TMDL Wasteload Allocation Reo!ugtlon of
Existing TP Dail Existing TP
Load Annual ailly Load
Phosphorus Sources (kglyear) (kglyear) (kg/day) (Percent)
Permitted Dischargers 0 0 0 0
Total Wasteload Sources 0 0 0 0
TMDL Load Daily Percent
internal and Nonpoint Existing TP | Allocation TMDL Load Reduction of
Sources P Load Allocation Existing TP
(kg) (LA) (LA) Load
(kg) (kg/day) (Percent)
Internal Sources 923 640 175 31
Non-point watershed 810 648 1.77 20
sources
Atmospheric Sources 51.1 51.1 0.14 0
Total Load Sources 1,784 1,339 3.67 25
Margin of Safety (MOS) 0 71 0.19 0
Overall Source Total 1,784 1,410 3.86 25
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4.0 Monitoring Plan to Track TMDL Effectiveness

The water quality of Pearl Lake has been monitored infrequently over the past three decades. Water
guality data (phosphorus and TSS) were atéd in 2009 for Mill Creek and the unnamed creek.

The Sauk River Watershed District will coordinate continued monitoring of water quality in Pearl
Lake, as well as Mill Creek and the unnamed creek. For the years in which monitoring is conducted
(e.qg., jus prior to and after implementation) and with consideration of fund availability, water quality

measurements should be collected monthly in Pearl Lake from May through September.

e Secchi disc transparency

¢ Dissolved oxygen ((meter depth intervals)

e Temperatve (I-meter depth intervals)

¢ pH (I-meter depth intervals)

e Total phosphorus (surface, mitbpth, and near bottom)

¢ Dissolved phosphorus (surface, riddpth, and near bottom)

¢ Chlorophylla (surface only)

For years in which monitoring is conducted (e.g., jusor to and after implementation) watershed
monitoring (Mill Creek and the unnamed creek) should be conducted at a frequency of once every
two weeks for the period of April through November. The following parameters should be collected

from the watershecthonitoring locations:

¢ Total phosphorus
¢ Dissolved phosphorus
¢ Total suspended solids

e Flow

Curly-leaf pondweed, which is known to increase eutrophication in North American lakes, is
prevalent in Pearl Lake, but the extent and total biomass can vary froneantyhe next. Curly

leaf pondweed is unigue compared to native aquatic plants in that it grows under the ice and during
the spring when water temperatures are still cold. Ice thickness and snow depth may affect the
growth of curlyleaf pondweed by limihg the amount of light reaching the cutbaf pondweed.
Curly-leaf pondweed monitoring should be conducted as part of the implementation plan to

document the coverage and density of clelgf prior to and after implementation.
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For the years in which cly-leaf pondweed monitoring is conducted, a cddgf pondweed survey

should be conducted during the first half of June each year to monitor the growth effeirly

pondweed. At a minimum, surveys would utilize GPS to record the extent of wherdesifirly

pondweed is observed Atopping outod, or growing a
plant surveys could include density ratings or stem counts. To better define the growth-aficflie

curly-leaf, surveys could be conducted in late Jutgl early September in addition to the June

survey. If feasible, the pondweed surveys should be conducted the same year that water quality

monitoring is conducted.
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5.0 TMDL Implementation Strategies

The following sections summarize implementatiomtgies that should be implemented in order to
achieve reductions in phosphorus loading necessary to achieve water quality targets in Pearl Lake.
Overall, the implementation strategy should be adaptive. Implementation strategies should be
reevaluated andpdated as new data becomes available. Consideration should be given on how
implementation of upstream phosphorus reduction strategies may affect downstream phosphorus
sources (e.g. reductions in external loading may lead to a reduction in internal phigsiphbie long

term).

5.1 Annual Load Reductions

The TMDL implementation plan focuses on reduciexternalsources of phosphorus to the

watershed with additionabork to better estimate internal sources of phosphorus loadmgual
overalltotal loadreduwctions of 444 kg (25 %) iphosphorudoading in Pearl Lake isequired to

meet the total phosphorus growisgason average of 40 ug/L. Leestluction projects should be
implemented following a priority ranking system for the available nutrient redustrategies. lis
anticipated that it will take more than 20 years to implement all of the projects requirdudveac

the annual load reduction. Additional monitoring is also recommended to help ascertain the removal
efficiency of planned watershed meessito reduce phosphorus loading to the lake.

5.2 Sector-Specific Strategies
The following sections provide detailed implementation strategies associated with each of the

significant phosphorus loading sources within Pearl Lake and its watershed.

5.2.1 Public Education for Water Quality Protection

An extensivepublic education programhould be developeid informwatershed residesiof the
issues facingPearl Lake andheir roles in addressing these issues arehggage them in taking
action A public eduation program should promote a commurtilycommunity awareness and
clearly identify the contributiothat all communitiessuch asvaterfront property ownerand
agricultural producersAn educational program should be developed that integpatielic rdations
advertising marketing, civic engagement, public involvement, technical assistance, and ttaining

optimize nutrient reductions from all phosphorus loading sectors within the overall watershed.
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5.2.2 Environmental Planning for Urban, Rural and/or Seasonal Development

State and local governments should establish an integrated land and water resource planning process
that is environmentally conscientiousile ensumg planned and orderly growth with respect to land
drainage and sewer and water sereis . -imipactdev el opment 06 concepts need
for future land use plannind\ll new development, redevelopment, industrial, and construction

projects should be designed to maintain or improve existing developed hydrology and pollutant

loadings and fully comply with the local watershed and government authorities, National Pollutant

Discharge Elimination SystenNPDES, and antidegradation requirements.

All rural residential, commercial, @tustrial, and urban development projesit®uld be

comprehensively reviewed with respect to water and wastewater treatment requirements to protect
the environment. Developers should be required to include thedstkecovery expense of

installing the required water and wastewater treatment servicegfodavelopments and ensure that

these are built into the costs of the development.

Developers should be responsible for land drainage issues for new residential developments that
consider the nutrient impacts of the development and should buikindpact,environmentally
conscientious concepts into the design of the project, with the aim of reducing environmental service
costs to minimize pollution load$he state and/or local governmestiould establish regulations,

such as minimum sdtack distances fra shorelines for new developments, to prevent significant

disturbances which would result in increased erosion along lakes and waterways.

5.2.3 Treatment of Existing Stormwater Sources

Unmanaged stormwater can adversely affect water quality. In additiomnaged stormwater can
overwhelm streams and cause streambank scouring. It is expected that the MPCA will continue to
administer the requirements of the fedeCéan Water Actvhich call for better management of
stormwater through programs such as@uwastruction Stormwater Permand thelndustrial

Stormwater Permit

For existing sources of stormwater that are not subject to these permit programs, it is recommended
(when feasible) that lovimpact design principles be incorporated into all plans foevetbpment or
expansion and infrastructure or street replacement projects. Where it is not feasibleaffentiste

to improve the existing developed hydrology and pollutant loadings, government entities should

pursue other options for providing regiomaanagement of stormwater runoff.
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5.2.4 Ditch Cleaning

Judicial, private, and roadside ditch cleaning has the potential to contribute significant nutrient
loadings and exacerbate stream channel erosion due to leaching from dredge spoils and increasing
discharge rates and erosion of channel material. An assessment of the current and planned ditch
cleaning activities by each jurisdiction in the watershed, along with a review of their best
management practices, should be completed and evaluated for stracuiradnstructural

improvements and/or potential solutions for conflicts with jurisdictional requirements.

5.2.5 Livestock Access to Riparian Areas and Waterways

Drainage from confined livestock areas should be directed to retentiors bgsassed buffestrips,
constructedvetlands, olanother generally recommended nutrigatiuctionfeature This may be
particularly relevant to the Pearl Lake drainage because of the fairly high number of livestock
operations in the watershed.akure accumulated in cfined holding areas should be regularly

removed an@pplied to crop or pasture landsring appropriate seasons aatéppropriate

agronomic rated.ivestock producers should be encouraged through enhanced incentives, education,
and(when requirefiregulatons toimplement measures to protect riparian areas and waterways, such

as managing livestock access in riparian areagpamdding off-site watering structures.

Agriculture extension programs, as welladberpartnership programshould be usetb hep
agriculturalproducers assess teavironmental risk of their operationghe programs should also be

usedto provide advice on how to prevent the contamination of groundwateswafate water.

5.2.6 Soil Fertility and Manure Testing

Additional strateges that promote and support annual soil tessimguldbe developed to provide
agriculturalproducers with the toolsecessary to make sound agronomic, economic, and
environmental decision#ncentives foragriculturalproducers conducting soil testing aménure

testing should be considerdéinhanced education on the economic and environmental benefits of soil

and manure testing iscemmended

5.2.7 Agricultural Drainage

A review of agricultural land drainage networks on a watershed basis should beakadefithis
review should explore the feasibility of reducing theocity of flow in agricultural drainand
ditchesto allow particulate nutrients an opportunity to settle out. The use of nutrient trapglorg

basins along drains should be exploredietermine their effectiveness in reducing nutrient loading.
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This workwould include a review of the feasibility of acquiring marginal land emistructing new

wetlands, or restoring existingetland areaghat could serve asatural filters for draingewater.

5.2.8 Septic Field Maintenance and Alternatives to Septic Fields

A focused educational campaign should be undertaken to provide guidance to homeowners on how to
properly maintairseptic fields and how to recognize when they are failifige apprriatelocal

government authority should require mandatory inspection of private sewage treatment systems at the
time of saleThe sale of the property would be conditional on a properly functioning syBtetm.
statesand/or local governmenthould exploe thefunding optiors to recover the costs of conducting

anongoing comprehensive septic field inspection programnaaishtaining a septic field database.

5.2.9 Stream Channel Erosion

All new development, redevelopment, industrial, and construction gcpwbjects should be

designed to maintain or improve the existing hydrology (i.e. reduce peak flows). In addition,
opportunities for correcting existing channel and shoreline erosion sources should be investigated. A
protocol should be developed and folled to ensure that all assessments of erosion in the watershed
are comparable and can be prioritized.

5.2.10 Silviculture
Silviculture operations should implement BMPs that are appropriate for each site and process, based
on the recommendations Water Qulity in Forest Management: Best Management Practices in

Minnesotaor another statapproved forestry BMP guidebook.

5.2.11 Internal Load Reduction

Internal load reduction should be investigated as a means to reduce phosphorus levels in Pearl Lake.
Interral loading is a substantial portion of the total phosphorus load to Pearl Lake. Reductions of
external loading of phosphorus has the potential to lead to a long term reduction of internal loading

in Pearl Lake, however, it is not clear how long this precedl take or what the new lorggerm

equilibrium phosphorus level would be. Hence, internal load control is needed to redat imater

guality standards for phosphorus. Internal loading should also be reevaluated periodically as part of
the overall adptive management strategy. Additionally, the longevity of internal load reduction

technologies can be increased substantially if external loads are reduced.
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Internal load reduction can include reduction of phosphorus loading due to Curlyleaf pondweed, as
well as reduction of phosphorus that is released from lake sediments. The most common management
strategy for Curlyleaf pondweed is application of a chemical herbiBidire the MDNR will issue

a permit for the large scale treatment of a lake for Cuafyb®mndweed, aquatic plant management

plans are required and must be developed in conjunction with the MDNR. These plans detail the

current status of the aquatic plant community, along with specific treatment objectives and activities.

Reduction of phosphas that is released from lake sediments can be achieved through inactivation or
removal. Inactivation can be accomplished by the addition of a chemical such as alum, which will
bind with phosphorus in the sediment and prevent its release back into #recalatmn. Removal of
phosphorus can be accomplished with dredging of the sediment.

Management of biological factors can also lead to a reduction of internal phosphorus loading from
the sediment. Carp and bullhead are bottom feeding fish that disturdkéneddiment, causing
phosphorus to be recycled back into the water column. If carp are present in high numbers, they can
cause a significant increase in eutrophication in a shallow lake system. Additional attention should be

given to measuring the amouritcarp present in Pearl Lake during the next fisheries survey.

5.3 Evaluation of BMP Effectiveness and Priority Ranking for
Nutrient Reduction Strategies

SRWD will coordinateefforts to determine whalbestmanagement practices would peactical,
economially feasible, and environmentally effective in reducing nutrient loairieearl Lakeand

its watershed. As a first stepthe TMDL Implementation Plan should includereview @ the cost
effectiveness of m management practicésatshould be undertadn basedn existing applicable
knowledge BMP costeffectiveness, combined with information about local water quality

impairments and nutrient delivery to Pearl Lake and leveraged funding from outside sources, should
be used to finalize a priority ranldrsystem for implementing individual nutrient reduction strategies

throughout the watershed.

5.4 Implementation Cost

The Clean Water Legacy Act requires that a TMDL i
estimateso) of t he pPMos Statdtes 200Mmgettienm &4D.2Fhecosk tiel D L

implement the TMDL includes both external load and internal load control. The total cost to

implement this TMDL is estimated to be approximately $2,300,00ts estimate will be refined
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when the detailg implementation plan is developed, following approval of the TMDL st&dyne

detail regarding this preliminary cost estimate is provided below.

External load control could involve several best management practices to control erosion and
sediment transpo with runoff events, stream bank stabilization, and agricultural best management
practices. Another approach is to construct a pond or wetland to remove particulate phosphorus from
lake inflows. The cost to settle particulate phosphorus from Mill Creekilae unnamed creek is
dependent upon the watershed size and the desired retention time and removal requirements. A very
approximate estimate is that a pond with a 60-éco¢ wet detention volume will be required to

achieve adequate suspended sedimedtpnosphorus removal from the Mill Creek and unnamed

creek inflows (total watershed area of 7,866 acres). The cost to design and construct thefdft acre
pond is approximated from the following equation (Brown and Schuler, 18€9( thousands) =
24.5v% 7% where= construction, design and permitting cost and V = volume in the pond (cubic feet).
Using this equation and adjusting for inflation (4% annually), it is estimated that the cost to design
and construct this pond would be approximately $80Q,00@s does not include land acquisition

cost. This cost estimate should be used as a planning level estimate only.

The cost to treat the lake sediments with an alum treatment to inhibit phosphorus from the lake
sediments is estimated to be approximatellyp$0,000 ($1,300/ac for 750 acres). The cost to treat

curly-leaf pondweed is estimated to be $500,000 (treatment for 5 years for 150 acres of the lake).

Thisimplementation coststimate will be refined when the detailed implementation plan is

developedfollowing approval of the TMDL study.
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6.0 Reasonable Assurances

The following should be considered as reasonable assurance that implementation will occur and

result in nutrient load reductions Rearl Lakeoward meetingheir designated uses.

The Saik River Watershed District is the water management authority for Pearl Lake and is
gualified to implement corrective actions and achieve TMDL goals.

Watershed wide the SRW& SWCD pursue grants to help offset the cost to install BMPs.

The districtworks cooperatively with the local Soil Water Conservation Districts and the
National Resource Conservation Service to help landowners receive up to 75% cost share for
their projects. The cost share funds are also available to local municipalities for stormwater

mitigation and other BMPs.

The BMPs and othestrategieutlined in Sectiorb.0 have all been demonstrated to be
effective in reducing transport of pollutants to surface waters.

Monitoring will be conducted to track progress and guide adjustmeniiitmplementation

approach.

The Construction and Industrial Activities NPDES Permits requires permittees to provide
reasonable assurances that if an EdprovedTMDL has been developed, they must review
the adequacy of their stormwater pollution prevemgplans (SWPPP) to meet thitMDL's

WLA set for stormwater sources. If tB&@WPPHs not meeting the applicable requirements,
schedules and objectives of thMDL, they must modify theiSWPPR as appropriate,

within 18 months after the TMDL is approved.

All significant development, redevelopment, industrial, and construction projects need to be
designed to maintain or improve existing developed hydrology and pollutant loadings to fully
comply with the local watershed and government authorities, NPDES ndindleggradation

requirements.

An implementation plan will be finalized within one year following EPA approval of the
TMDL, which will identify specific BMP opportunities sufficient to achieve the sector
specific load reduction and associated adoption adket¢hdividual SWPPPs will be

modified accordingly following the recommendations of the implementation plan.

7.0 Public Participation
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In April 2008 the SRWD held a meeting with the Pearl Lake Associatialiscussmpaired waters,

the TMDL and procest compleé the TDML. In December 2008he SRWD held a public meeting

in Waite Parkio inform the general public about the TMDL study. The public meeting was listed on
the SRWDwebsite and in the local papers for two consecutive webkaddition, theSRWD has
discussed théve TMDL studies occurring within the District in annual newsletteffie SRWD's
Board of managers has discussed the TMDL's with the residents within their watersheOtheya.
stakeholders such as the Stearns SWCD have disctiis@dMDL with local landowners during
education events and their newslettérpublic meeting will be scheduled in the summer to fall 2010
timeframe to discuss the outcome of this TMDL with the residents of Pearl Lake and tributary

watersheds.
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TMDL Summary Table

TMDL Summary Table

EPA/MPCA
Required Element

Summary

TMDL Report
Section

Location

Southeastern portion of the Sauk River Watershed District in Stearns Co
Minnesota, in the Upper Mississippi River Basin. See Figute 2

Section 2

303(d) Listing
Information

Mill Creek, Headwaters to Sauk Riv@7010202537).

Mill Creek was added to the 303(d) list in 2006 due to excess bacteria
concentrations that impair aquatic recreation, as defined by Minnesota R
7050.0150. The TMDL for Mill Creek wasriginally prioritized to start in
2004 and be copleted by 2009.

Section 1

Applicable Water
Quality Standards
and
Numeric Targets

Criteria are defined iMinnesota Rule§050.0222 for Class 2B surface
waters: The quality of Class 2B surface waters shall be such as to permi
propagation and maintemaee of a healthy community of cool or warm wat
sport or commercial fish and associated aquatic life, and their habitats.
These waters shall be suitable for aquatic recreation of all kinds, includir
bathing, for which the waters may be usabléde numeic target for the reac
is in terms ofE. colii Not to exceed 126 organisms per 100 milliliters as a
geometric mean of not less than five samples representative of condition
within any calendar month, nor shall more than ten percent of all sample
takenduring any calendar month individually exceed 1,260 organisms pe
milliliters. The standard applies only between April 1 and October 31.

Section 3

Loading Capacity
expressed adaily
geometric mean

The loading capacity (the total maximum daily lo&lprovided across five
flow regimes:

Waste Margin of
Load Load Safety TMDL
(10°org. | (10°org. | (10°org. | (10°org.
Flow E. coli E. coli E. coli E. coli
Reach Interval per day) | perday) | perday) | per day)
High Flow 0 158 40 198
Wet 0 54.8 37.8 92.6
Mill Creek I \jid-Range 0 29.2 12.0 41.2
Dry 0 8.51 7.39 15.9
Low Flow 0 1.06 4.51 5.57

Section 5
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TMDL Summary Table

EPA/MPCA
Required Elements

Summary

TMDL Report
Section

Wasteload
Allocation

There are no permitted sources in the watershed allowed to discharge tg
surface waters. The Wasteload Allocatiepmresents the NPDES Construct
Permit.

Source Permit # Gross WLA (organisms/month)

NPDES MNR100001 |Construction storm water activities are
Construction considered in compliance with provisions
of the TMDL if: (1) they obtain a
ConstructionGeneral Permit under the
NPDES program(2) properly select, insta|
and maintain all BMPs required under th
permit, including any applicable addition
BMPs required in Appendix A of the
Construction General Permit for discharg
to impaired waters(3) or meet local
construction storm water requirements if
they are more restrictive than requireme
of the State General Permit.

Section 5

Load Allocation

The majority of the loading capacity is allocated to existing-permitted

sources. Proportional loads weterived by using the estimated percentag
contribution of each sourcexcluding illegal and nepermitted sources (e.g
feedlots without runoff controls and failing SSTS)Vet condition proportion
were applied to the High Flow and Wet regimes, drydittan proportions

were applied to Dry and Low Flow regimes and the average of wet and ¢
condition proportions were applied to the MRAnge regime.

Load Allocation (10° organismsE. coli/day)
High Mid - Low
Source Flow Wet Range Dry Flow
Riparian pastures 76 26 17 5.7 0.71
Non-riparian pastures 26 9.1 4.7 1.3 0.16
anoftcontros | O | O | O | 0o | 0
Applied Manure 31 11 5.5 15 0.19
Incorporated Manure 25 8.7 2.3 0 0
Septic systems (SSTS 0 0 0 0 0
Urban runoff 0.16 0.054 0.014 0 0
Wildlife 0.023 0.008 0.006 0.002 | 0.0003
Total 158 54.8 29.2 8.51 1.06

Section 5
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TMDL Summary Table

EPA/MPCA
Required Elements

Summary

TMDL Report
Section

Margin of Safety

The explicit MOS is the difference between the median and minimum log
values in each of the defined flow regimes. This accounts for thatiariin
flow for each regime.

Section 5.3

Seasonal Variation

Seasonal variation isccounted for by thase of a load duration curve to se
TMDLs over seasonal flow regimes. Thestream data usddr the source
assessment and the calculation of reegiiload reductions represents
observations across the range of seasonal and annual flow variation ang
loading conditions.

Section 5.4

Reasonable
Assurance

Reasonable assurance is provided by the cooperative efforts of the Saul
Watershed Districta watershedased organization with statutory
responsibility to protect and improve water quality of the water resources
the Sauk River watershed, which contains the listed reach and its tributal
watershed.The source reduction strategies detaileth@implementation
section have been shown to be effective in reducing pathogen transport
survival.

Section8

Monitoring

A detailed monitoring plan will be included in the Implementation Plan to
completed. Current monitoring in the watershed isqgrened by the Sauk
River Watershed District.

Section6

Implementation

This TMDL sets forth aummary of potential management measiares load
reduction strategiesMore detail will be provided in the Implementation Pl
to be completed. The estimatedst for the recommended implementation
activities is $700,000 to address loading from livestock and $950,000 to
address failing or illegal septic systems.

Section7

Public Participation

A public meetingvas heldn Waite Parkin December 2008 inform the
general public about the TMDL studyn addition,discussion of this TMDL
study has been included in the SRWD newsletter and in the Stearns SW
newsletter. A public meeting will be scheduled with the residents of the
Creek watershed to discugwetfindings of this TMDL (when approved) and

review the complimentary implementation plan.

Section9
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1.0 Executive Summary

Section 303(d) of the Clean Water Act requires that every two years all states publish a list of
streams and lakes that dotrmeet water quality standards. Waters placed on the list are considered
impaired. States are required to set Total Maximum Daily Loads (TMDLSs) for impaired waters in
order to define the maximum amount of pollutant a water can receive while maintaiegquality
standards and to determine the load reductions necessary to achieve water quality standards. A
TMDL is divided into a wasteload allocation for point sources, a load allocation for nonpoint sources

and natural background and a margin of safet

The Minnesota Pollution Control Agency (MPCA) has determined that Mill Creek from its
headwaters to the Sauk River (reachOB010202537) is impaired and does not meet Minnesota
water quality standards for pathogen indicator bacté&ia¢li). This rach was placed on the 303(d)
list in 2006 because monitoring data indicate thatoli levels typically exceed the monthly

geometric mean standard of 1B6coliorganisms per 100 mLE. coli bacteria is used in water

guality monitoring as an indicata@rganism to identify water that is contaminated with human or
animal waste and the accompanying disezmgsing organisms. Bacterial abundance in excess of the
water quality standards can pose a health risk to swimmers and bathers and can limit other

recreational uses.

Mill Creek is a tributary to the Sauk River, located in the southeastern portion of the Sauk River
watershed in central Minnesota. The creek flows into the Sauk River in the city of Rockville, 16
miles upstream of the confluence of the S&iker and the Mississippi River at Sauk Rapids. The

Mill Creek watershed is approximately 48 square miles in size, and land use in the watershed is

predominantly agricultural.

This TMDL study uses a population source inventory and assumed bacteridifitvadand delivery
ratios to estimate the sources of bacteria that contribute to the observed load in Mill Creek. This
analysis indicates that riparian pastures, surface applied manure, and feedlots without runoff controls

are likely the primary sourcexf E. coli contamination.

This TMDL study uses a load duration curve approach to determine the bacteria loading capacity of
Mill Creek under a variety of flow regimes. The duration curve is used to determine the general
allocations necessary to meet wageality standards. These allocations are then proportioned

between the legal sources based on the proportional loading determined from the source inventory.
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OverallE. coliload reductions of between 59% and 93% are required in order to meet watgr qualit
standards, depending on the flow conditiofifie primary implementation strategies recommended
to address th&. coliloading from primarily agricultural sources are agricultural best management

practices such as riparian pasture management, manurgemaeiat, and feedlot runoff protection.
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2.0 Background

2.1 Watershed Description

Mill Creek is a tributaryto the Sauk River, located in the southeastern portion of the Sauk River
watershed in central Minnesota (see FigwE) 2 Mill Creek flows into tle Sauk River in the city of
Rockville, 16 miles upstream of the confluence of the Sauk River and the Mississippi River at Sauk
Rapids. The Mill Creek watershed makes up 48 square miles of the approximatelyqlL@s8 mile
Sauk River watershed, and inckslPearl Lake and Grand Lake. Land use in the watershed is

predominantly agricultural.

The Mill Creek watershed is administered by the Sauk River Watershed District (SRWD), which is
working to identify impaired waters and improve the water quality througthe greater Sauk River
watershed. Monitoring data for the last ten years shows that the entire length of Mill Creek, from the
headwaters to the Sauk River at Rockville (ID 07010282) does not meet water quality standards

for E. coli bacteria. Thémpaired reach and its tributawatersheds are shown in Figli2€l.

A portion of the Mill Creek watershed, located to the south of Pearl Lake, does not contribute surface
flow to the creek during normal conditions. This subwatershed is approximatelgditade miles in

size, or 25% of the entire Mill Creek watershed area, and includes several small landlocked lakes.
The characteristics of this noncontributing area are similar to that of the Mill Creek watershed as a
whole. The remainder of this docuntemill discuss the characteristics of thatire Mill Creek

watershed (including the noncontributing subwatershed) unless it is clearly stated otherwise.
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Reserved for:

Figure 2-1 Mill Creek Watershed Location
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2.2 Land Use

Land use in the Mill Creek watslned is primarily agricultural. Land use data from the National

Land Cover Databas@01) was used to determine land use within the-walbersheds that are

tributary to Mill Creek, including the subwatershed that does not contribute surface flow to Mill

Creek. This land use data set was developed by the USGS land use/land cover classification system,
and describes the predominaypes of land use in the area. The major land use categories in the

Mill Creek watershed are shown in Figur€ 2and Figure 3.

Grassland and scrub (51/

Wetland (4%

Open water (8%

A

Barren (<0.1%

1

Developed
(5%)

Forested (16%

Pasture (17%

Cropland (45%

Figure 2-2 Mill Creek Watershed Proportional Land Use

The major land use categories (with the exception of developed land) ardistebuted across the

Mill Creek watershed. The majority of the developed land is located in and around the city of
Rockville, on the northern and downstream end of the watershed, and on the shores of Grand and
Pearl Lakes. Agricultural land uses occupy the bulk of the watershed, with cropland and pasture
together accounting for over 60% of the watershed area.
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Reservd for:

Figure 2-3 Mill Creek Watershed Land Use
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2.3 Stream Physical Characteristics

The headwaters of Mill Creek are approximately 2.9 miles \westhwest of Pearl Lake, where Mill
Creek originates from the wetland complex surrounding Goodners Lakendb@am of Pearl Lake,
Mill Creek flows for 7.5 miles though primarily agricultural areas before entering the Sauk River at
Rockville. Grand Lake, which is similar in size to Pearl Lake with a larger contributing watershed,
drains to Mill Creek throughraunnamed tributary 1.5 miles upstream of the confluence with the
Sauk River.

The riparian areas bordering Mill Creek are generally pasture or grassland upstream of Pearl Lake
and downstream of the tributary from Grand Lake. These riparian grasslandsmamigth from 50

to 200 feet on either side of the stream, and are generally either used for grazing cattle or are set
aside as buffer zones. Although in several locations Mill Creek is restricted to a relatively narrow
riparian corridor, there is no lence that Mill Creek itself has been ditched.

In the central segment of the stream reach (between Pearl Lake and Grand Lake) Mill Creek flows
through several large wetlands and forests that provide significant buffering and protection of the
creek from drect overland flow from cropland or developed areas. In this middle reach of the creek

there are few residences or farms located near the creek.

2.4 Field Monitoring

The SRWD has undertaken water quality monitoring of Mill Creek since 2003 as parinifian
diagnostic study and in support of the current TMDL study. Field data collection has included
monthly or weekly water quality sampling, both continuous and discrete flow measurements, and
field measurements of water clarity using turbidimeted mansparency tubes. This study will

focus only on measurements of flow and bacteria abundance (fecal coliforbh antl); a more
thorough presentation of the data for Mill Creelnisluded in the Lower Sauk River Diagnostic
Study (Bary 2006).

The steam monitoring locations with measurements of bacteria abundance within the Mill Creek
watershed arsummarized in Table-2 and shown in Figure-2. Bacteriadata have been collected

in units of both fecal coliform anHl. coli at various points along MiCreek and the tributary stream
from Grand Lake. The monitoring location with the longest period of record, spanning the widest
range of stream flow and climatic conditions, is at the mouth of Mill Creek in Rockville (station ID
S000444).
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Because therss not a sufficient data set for fecal coliform®rcoli data when considered

separately, measurements in both units are expressed here in t&nmbby using the conversion

suggested by the MPCA, as discussed in Section 3.2 (126 orgdhisiobequals 200 organisms

fecal coliform).

Table 2-1 Monitoring Locations in the Mill Creek Watershed (upstream to downstream)
Bacteria abundance as E. coli (organisms per 100 mL)
Observation Num.

Station ID Location Frequency & Dates Obs. Range Geomean
Unnamed inlet to Pearl .

S005-256 Lake at CSAH 8 Weekly in 2008 16 1-894 49
Mill Creek inlet to Pearl .

S004-163 Lake at CR-141 Weekly in 2008 22 1-540 67
Mill Creek outlet from Biweekly in 2007,

S004-164 Pearl Lake at CR-146 weekly in 2008 23 1-1296 29
Unnamed outlet from Occasional in 2005 .

S003-321 Grand Lake at Hubbert Ln. and 2007 6 177540 124

Unnamed trib. from Grand Occasional in 2005 .

S003-880 Lake at 230th St. and 2007 8 | 57121700 1 387

S003-882 | Mil Creek at230th st | Beeklyn2005and |y 1955 930 163
. 0

s003-681* | Mill Creek % mile south of Weekly in 2004 2 82 315 161

Rockville*
S003-881 Mill Creek at Mill St. Weekly |n Sept-Oct 5 | 6307 7,340 | 2,030
Biweekly in 2003 and
S000-444 Mill Creek at MN-23 2004, weekly in 2005, 58 81 10,580 330

2007 and 2008

Bold values are in exceedance of the chronic E. coli standard of 126 org. per 100 mL (see Section 3).

* Location S003-681 is identified as being 100 feet upstream of a manure release in 2004.

Paired measurements of stream flow and water quality (i.e., fecal colifoEnaol)) do not exist for

the majority of the data collected for Mill Creek after 2004 and at any of the monitodations

shown in Table 2L. The Lower Sauk River Diagnostitudy (Barr 2006), however, used

continuous and discrete flow measurements collected during 2004 an@2008 Creekto develop

a regression relationshigetween flow in the Sauk River (measured continuously at USGS station

05270500 near St. Cloud) afldw in Mill Creek (at location S00@44 in Rockville). This

relationship was used to estimate the flduration curve for Mill Creek (see Section 5) and to

estimate daily flows for days without instantaneous measurements of stream flow.
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3.0 Applicable Water Quality Standards
and Impairment Assessment

3.1 Significance of Fecal Coliform and E. coli

Fecal coliform bacteria are a group of bacteria found in the intestines and waste ebladed

animals. E. coliis a subgroup of fecal coliform and is sually always present along with fecal
coliform (MPCA, 2008). These bacteria are used in water quality monitoring as indicator organisms
to identify water that igontaminated with human or animal waste and the accompanying disease

causing organisms.

Feal coliform andE. colibacteria can enter surface water bodies through discharges of poorly or
untreated human waste, runoff from feedlots, agricultural lands and urban stormwater systems, and
direct deposition by wildlife or grazing animals. Proper sgavlieatment (both in municipal and

septic systems) and manure management practices tend to reduce bacterial contamination of surface

and groundwater.

3.2 Applicable Water Quality Standards

Mill Creek is classified as a Class 2B, 3C, 4A, 4B, 5, and 6 walée narrative standard for
Class2B (the most stringent classification that applies to Mill Creek) is defindtinmesota Rules
7050.0222:

The quality of Class 2B surface waters shall be such as to permit the propagation
and maintenance of a healthyramunity of cool or warm water sport or

commercial fish and associated aquatic life, and their habitats. These waters
shall be suitable for aquatic recreation of all kinds, including bathing, for which
the waters may be usable.

The numeric standard for Ga 2B is in terms oE. coli:

Not to exceed 126 organisms per 100 milliliters as a geometric mean of not less
than five samples representative of conditions within any calendar month, nor
shall more than ten percent of all samples taken during any calendath
individually exceed 1,260 organisms per 100 milliliters. The standard applies
only between April 1 and October 31.

Prior to 2008 the bacteria standard for Class 2B was expressed in terms of fecal coliform bacteria:

Not to exceed 200 organisms p&O0lmilliliters as a geometric mean of not less
than five samples within any calendar month, nor shall more than ten percent of
all samples taken during any calendar month individually exceed 2,000
organisms per 100 milliliters. The stdard applies only beveen Aprill and
October31.
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The change ithe standard from fecal coliform tB. coliwas driven by guidance from the US EPA
thatE. coliis a better indicator of the presence of waterborne pathdbanss fecal coliform

(MPCA, 2009). This conversionsasumes that, on average, 126/200 or @3%ecal coliforms are

E. coli. The instream water quality data for this TMDL study are in terms of both fecal coliform
(data collected in 2006 and earlier) a@adcoli (data collected in 2007 and later). Becathmre is

not a sufficient data set of either fecal coliformkorcoli data considered separately, measurements
in both units are expressed here in termE.ofoli by using the conversion suggested by the change
in the water quality standard (126 organss coli equals 200 organisms fecal coliform). Although
this method is not preferred for analysis of bacteria data (MR0B9), it is necessaifpr the

assessment of impairment in this case.

The TMDL all ocations presentedmbetrkel argebmasttdi «pHr
standard of 126 organisms per 100 mL. It is assumed that achieving the necessary reductions to meet
the chronic standard wil/l al dard of E2bQorganisexpere e d an c e ¢
100mL (MPCA, 2002).

3.3 Impairment Assessment

Observations of bacteria abundance have been collected on varying schedules at the different
monitoring locations in the Mill Creek watershed, as shawhable 21. Note from Table A that

the geometric mean and maximum obserkedoli abundance generally increases in Mill Creek
moving downstream from Pearl Lake. This indicates that bacteria loading to the stream is ongoing
throughout the watershed rather than concentrated at particular reach locations. In order to capture
the loading fom the entire watershed in this analysis, and because of the limited number of bacteria
data at other monitoring locations, this TMDL will use only the fecal coliformE&nebli data

(expressed in terms &. coli) from the monitoring location at the mitwof Mill Creek in Rockville
(station ID S00444). The period of record used to determine this TMDL is October 1, 1998 to
September 30, 2008.

During the period of record, the monthly geometric mEanoli abundancexceeded the chronic
standard of 12@rganisms per 100 mL for all months except April.eSadataareshown in

Figure3-1. Note that for the months of April and October there are fewer than five observations (the
minimum number of observations required to indicate impairment) within thedoef record.

E. coli levels in Mill Creek are consistently above the chronic standard throughout the period of
record, especially for the warmeather months of June through September where the majority of the

observations are in excess of 126 organipers100mL.
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In addition toE. colilevels consistently above the chronic standard, there are regular exceedances of
the acute standard of 1,260 organisms per 100 mL in Mill Creek. For the entire data set (n = 58),
149% of the observations (n = 8) were abdhis higher standard. These extreme bacteria levels are
typically caused by heavy precipitation events; however, extreme bacterial levels also result from

spills or other releases from treatment systems or containment facilities.

Bacteria data can alde interpreted based on the total load of bacteria in the stream, which is the
product of concentration times flow. The most commonly used method for this type of analysis is the
load-durationcurve which relates bacteria loading at a given flowhttw often aparticular flow is
exceeded in the stream. The ledutration curve is usefub assess whether loading conditions are a
function of stream flow or are independent from flow, as well as whether high bacteria loading
typically occurs during high dow flow conditions. The loadduration data for Mill Creek are

presented in Section 5 (Figure 5.2) and show tii@tmajority of the observed bacteria loading values
for Mill Creek in Rockville are above the chronic standard of 126 organisms per 100rrall flow
conditions, and that extremely high loading typically occurs duttieghigher flowconditions.

Further discussion on the development of ldaglation curves is given in Section 5.

1200

1000

Note: Hollow columns indicatenonths with fewer
than the five measurements required to indicate
impairment according taMinnesota Rules 7050

800

600

400

200 H Geometric mean standard:
126 organisms per 100 mL
n=3 n= n=10 n=4
0 T T )

April May June July August September October

Monthly Geometric Mean (organisms per 100 mL

Figure 3-1 Mill Creek Monthly E. coli Geometric Mean
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4.0 Source Assessment

4.1 Source Inventory

This section provides an inventory of the sources of bacteria within the Mill Creek watershed. These
sources are nepoint in nature; there are no known point sources of bacteria within the entire
tributary watershedf Mill Creek. The sources of bacteria in the watershed include livestock and
associated agricultural practices such as manure spreading and pastunafigfrom the City of

Rockville, septic systemgpets, and natural wildlife.

Although the Minnesotausface water quality standards and numeric targets are in teriscofi

and the available water quality data has been discussed here in tdEmsotif this source

assessment uses fecal coliform production and transport rates found in the liteltagiesssumed
thatE. coliloading from a range of sources can be estimated from loading data supplied in units of
fecal coliform. Anempirical relationship betweds. coliand fecal coliform (200 fecal coliform

units per 12€E. coliunits) abundance slerved by théiPCA (MPCA, 2007)can be used to convert
the fecal coliform loads t&. coliloads. The relative percent of the total fecal coliform loading from

a given source is assumed to be equal to the percent of th& tatli loading from that sawe.

The methodology for this source inventory and assessment is based on that fourBacténil
TMDL for the ClearwateRiver (Wenck 2009). The Clearwater River watershed is immediately
adjacent to the Mill Creek watershed to the sar has sinhé@r land use and agricultural practices

4.1.1 Septic Systems and Human Waste

Human waste can be a significant source of bacteria loading to surface waters, especially during dry
and low flow periods when human waste sources continue and there is hiblé tzi convey other

sources to surface water bodies. Septic systems (subsurface sewage treatment systems or SSTS) that
are not properly designed or maintained can allow untreated or partially treated sewage to flow into
surface waters. Emergency bypasf®m wastewater treatment facilities can also contribute

bacteria loading to streams and rivers during extreme high flow conditions.

There are no permitted surface water discharges from municipal or industrial wastewater treatment
facilities in the Mill Creek watershed. The wastewater treatment facility for the City of Rockville

discharges to the Sauk River and is outside of the area considered for this study.
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Census data (2000) indicate that the Mill Creek watershed has an estimated total populytié8 of
residing in 818 householdsde Figure 4.). When the portion of the watershed that does not
contribute surface flow to Mill Creek is excluded, the estimated population is 1,713 in 626

households. Population density is highest near the City of Rk

According to data collected by Stearns County Environmental Services, approximately 2% of the

septic systems in the county are allowing inadequately treated wastewater into county waterways
(Stearns2 0 0 9 ) . These systemtsr airghtofpiemed edestremds t oan
connected directlynto county tile drains or ditches. Straight pipe systems are illeggleumitted

systems according tdinnesota Rule3080 and constitute an imminent public health threat (IPHT).
Whentheseysst ems are di scovered as part of the county
must be upgraded to acceptable status within 90 days. An additional 17% of the septic systems in the
county are estimated to be failing, which means that fecal colifonteba is detectable in the soil

50feet from the system. Failing SSTS must be upgraded within 10 months of discovery.

Based on this population and SSTS data, there ar
failing systems in the contributing wexshed of Mill Creek. For this analysis, inadequately treated
wastewater will be assumed to represent the bacteria loading from 19% of the population in the
contributing watershed or 325 people. This is a conservative estimate since a portion of the

households in the watershed do not have SSTS but are connected to the City of Rockville wastewater
treatment system and most failing septic systems

directly contribute bacteria to surface waters.

4.1.2 Urban Stormwater Runoff and Pets

Untreated urban stormwater can have bacteria concentrations as high as or higher than runoff from
pastures andropland (USEPA2001), primarilyfrom pet waste. Although only a small portion

(3%) of the Mill Creek watershed devebped (see Figure-2 and Figure ), theCity of Rockville
directs much of its stormwater into Mill Creek. The tributary area for the storm sewer system likely

includes areas that are outside of the surface watershed of Mill Creek.

The total number of ge in the contributing watershed of Mill Creek is estimated from the American
Veterinary Medical Association values of 0.66 cats and 0.58 dogs per household. For the 626
households in the contributing watershed, there are an estimated 413 cats ands363/dsig from
these animals is conservatively assumed to be conveyed to surface waters with equal likelihood,

regardless of the location of the household within the watershed.
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Reserved for:

Figure 4-1 Mill Creek Watershed Human Population
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4.1.3 Livestock
In agricultural areas livestock are typically the primary source of bacteria loading, and runoff from
feedlots, pastures and cropland that has received manure application has the potential to be a

significant contributor of bacteria to surface water leadi

According to GIS data obtained from Stearns County Environmental Services, there are 78 feedlots
in the Mill Creek watershed with a total of 9,174 animal units. One animal unit represents one 1,000
Ib animal, the typical weight of a beef steer, stoolkv or horse. Of this total, 68 feedlots with a total

of 8,105 animal units are in the portion of the watershed that contributes surface flow to Mill Creek.
SeeFigure 42 for thelocations and relative sizes of the permitted feedlots in the Mill Creek
watershed. Beef and dairy cattle together account for the majority of the total animal units in the
contributing watershed.

Stearns County feedlot permitting records (Von Holdt, 2010b) indicate that the majority of the
feedlots in the Mill Creek watershede in compliance with the conditions of their permits and

manage manure adequately to avoid runoff problems. In the current permit cycle there have been 6
feedlots listed as noncompliant for having open lots with inadequate runoff controls. Thesky+ecent
noncompliant feedlots account for 10.5% of the total animal units in the entire Mill Creek watershed
(contributing and nofcontributing area). For this analysis the feedlot compliance data has been
further broken down to identify the fraction of eaghdnimal type residing on feedlots with

inadequate runoff controls.

Pastured livestock can deposit manure in or immediately adjacent to surface water bodies if the
pastures are not separated from streams and wetlands by fencing. Livestock managenmad jppract

the Mill Creek watershed suggest that livestock have frequent access to Mill Creek and its tributaries
in some locations, likely contributing the bacteria impairment. Analysis of the land use data

shown in Figure 22 indicates that approximate#i2% of thepasture in the contributing watershed is
riparian (within 1,000 feet of surface water bodies) and is therefore a potential source of bacteria
loading via surface runoff. This analysis assumes that 25% of all dairy cattle and 50% of all beef

cattle, horses and sheep are pastured, with 42% of all pastured animals in riparian areas.

4.1.4 Cropland Manure Application
Manure from livestock feedlots is applied to croplands either by surface application or liquid
incorporation. Large swine and dafgedlots typically collect liquid manure in containment

structures and use liquid incorporation to apply the manure to cropland, while smaller feedlots
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typically apply manure to field surfaces where it is worked into the soil with tillage equipment.
Steans County feedlot permitting records (Von Holdt, 2010b) provide estimates of the percentage of
livestock manure that is stored as liquid manure and incorporated, based on the permitted liquid
manure storage facilities. According to county staff (Von Hd®10b), smaller feedlots in the area
either stockpile manure until it can be applied and potentially incorporated or surface apply manure
directly following harvest and throughout the winter, with tillage either immediately after application
or in the @ring just prior to planting. This analysis uses assumed distributions of surface applied and
incorporated manure based on these observations.
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Reserved for:

Figure 4-2 Mill Creek Watershed Livestock Density
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4.1.5 Wildlife

The Minnesota Department ofatural Resources (DNR) compiles population estimates for various
native wildlife species at locations throughout Minnesota. The 2009 Farmland Wildlife Populations
estimate (DNR, 2009a) indicated that deer populations in the management unit that irfedulelds t
Creek watershed were 6 deer per square mile. The 2009 Migratory Bird Populations estimate (DNR,
2009b) indicated that breeding populations of ducks and Canada geese in areas with similar wetland
density as the Mill Creek watershed were 7.1 ducid 28 geese per square mile. This breeding
population estimate is representative of resident waterfowl populations in spring and early summer,

before juveniles reach maturity.

Mill Creek is closely connected with several wetland complexes and forestasl, @s shown in the

land use map for the watershdddgure 22). Wildlife are expected to be most concentrated in these
areas, and therefore their contributions to the overall bacteria loading in the watershed will likely be
transported relatively quicklinto the surface water. However, because of the relatively low

numbers of deer and waterfowl compared to the livestock in the watershed, the proportional bacteria

loading from wildlife is low.

4.2 Bacteria Source Loading

The TMDL for Mill Creek was deMeped using the load duration approach, as described in Section

5. In order to develop the linkage between watershed sources of bacteria and water quality targets,
this study will follow an approach that was initially developed for the southeast Minnmegpdaal

fecal coliformTMDL (MPCA, 2002) This approach was also used to developGlearwater River

TMDL (Wenck, 2009). In thisapproach it is necessary to; (1) estimate the amount of bacteria
potentially available for runoff from each source, andg@jess the potential for the bacteria to reach
surface waters under wet and dry conditions. This analysis results in the partitioning of the stream

load by source based on the total load estimated to reach surface waters under the given conditions.

4.2.1 Bacteria Available for Runoff

The data and assumptions discusige8ection 4.Tresult in total populations corresponding to

potential sources and estimates of total bacteria production. Because the available literature values
for bacteria production forarious sources are in terms of fecal coliform rather thacoli, total

fecal coliform loading will be used throughout these calculations. The resulting proportional loads,

however, are assumed to be equally applicabke. tooli loading.

C:\Documents and SettinddelissaLocal SettingsTemporary Internet Fila€ontent.OutlooklEDZUR98Pats | and 1l TMDL Entire Rpt_June 2010.doc -21



The total sotce-population inventory for the contributing watershed is shown in Taldleadong
with the estimated quantity of fecal coliform bacteria produced monthly. The results are summarized

in Figure 43. Livestock sources account for 98.9% of the bacteodyred in the watershed.

Once produced, fecal coliform bacteria is made available or applied on the land syrémseeral

different methods, especially for livestock sources. Taklesthowsthe fraction ofbacteria

generated bylifferent sourcesandapplication typeghat areavailable torunoff into Mill Creek and

its tributaries(for method used to calculate actual delivery, see Section 4.2 methodology

used here was recently appliedtive Bacterial TMDL for the Clearwater River (Wen@009) a

neighboring watershed in central Minnesofehe assumed availability and distribution between

various application methods represent the characteristics of the Mill Creek watershed, as discussed in
Sectiond.1. The total fecal coliform produced in theatershed is divided by application method
according to the assumptions in Tabl2;4the results are summarized in Figuré.4

Note that this analysis makes the simplifying assumption that all bacteria produced in the watershed
remains in the watershedror some sources (e.g., dairy cattle) all bacteria produced is assumed to be
available for runoff, whether via pastures or via manure applied to cropland. For some sources (e.g.,
humans), a portion of the bacteria produced is assumed to not be aviatableoff under any

circumstances, such as in adequately treated rural wastewater.
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Table 4-1 Estimated Population and Monthly Fecal Coliform Production by Source

Fecal Coliform Total Fecal Coliform
Animal Units Ofganisms per .Orgamsms
or Unit per Month Available per Month
Category Source Population (10g organisms)** (109 organisms)
Human Total population 1713 61.0 104,000
Cats 413 153 63,000
Urban Runoff
Dogs 363 153 55,400
Dairy cattle 3438 AU 2200 7,550,000
Beef cattle 2510 AU 3970 9,950,000
) Swine 1248 AU 2440 3,040,000
Livestock
Poultry 543 AU 1040 563,000
Horses & sheep 147 AU 12.8 1,880
Other livestock 220 AU 1040 228,000
Deer 217 15.3 3,310
. Canada geese 102 0.317 32.4
Wildlife
Ducks 257 0.159 40.8
Other wildlife Unknown Unknown 3,310*

* Unknown, estimated as equivalent to deer fecal coliform loading.
** Derived from literature values in Mulla et. al. (2001), USEPA (2001), and Alderisio and DeLuca (1999).

Beef cattle (46%

Figure 4-3 Fecal Coliform Production by Source

Swine (14%)

Dairy cattle (35%

Poultry (2.6%,
Horses & sheep (<0.14

Other livestock (1.1%
Humans (0.5%,
Urban runoff (0.5%

wildlife (<0.1%)
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Table 4-2 Assumed Fecal Coliform Availability by Application Method

Category | Application Method Assumed Availability* | Notes
Adequately treated rural 81% of humans Not available for runoff
wastewater

Human

Inadequately treated
rural wastewater

19% of humans

Properly managed pet

90% of pets

Not available for runoff

Urban waste
Runoff Improperly managed pet
0,
waste 10% of pets
. 10.5% of dairy cattle Total 25% dairy cattle pastured
Riparian pastures
(42%) 21% of beef cattle Total 50% beef cattle pastured
0
21% of horses/sheep Total 50% horses/sheep pastured
o 14.5% of dairy cattle Total 25% dairy cattle pastured
(NS%r;/-Or;panan pastures 29% of beef cattle Total 50% beef cattle pastured
29% of horses/sheep Total 50% horses/sheep pastured
15% of dairy cattle
Feedlots without 9.5% of beef cattle Based on Stearns Co.unty feedlot
adequate runoff controls 0 i records for noncompliant
q 1.5% of swine operations in 2009
40.5% of horses/sheep
. 14.5% of dairy cattle
Livestock
26% of beef cattle
) 28% of swine . )
Surface applied manure Remainder of available manure
10% of poultry
2.5% of horses/sheep
50% of other livestock
45.5% of dairy cattle Based on Stearns County
14.5% of beef cattle Environmental Services feedlot
70.5% of swine records for liquid manure storage,
Incorporated manure 0 poultry and other livestock values
90% of poultry adjusted based on known
7% of horses/sheep watershed conditions (Von Holdt,
50% of other livestock 2010Db)
100% of deer
- . 100% of Canada geese ) )
Wildlife Wildlife waste All bacteria available for runoff

100% of ducks
100% of other wildlife

* Based on SSTS and feedlot records from Stearns County Environmental Services (SSTS, 2009; Von Holdt,

2010b).
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Figure 4-4 Fecal Coliform Availability by Application Method

4.2.2 Bacteria Delivery Potential

Once the estimated total bacteria produced in the contributing portion of the Mill Creek watershed is
calculated and assigned to various application methods, final assumptions must be made on the
potential for each apigation method to deliver bacteria to surface waters. This analysis is adapted
from that used in the TMDL for the ClearwaRiver (Wenck 2009). The Clearwater River analysis
ranked each application method according to its risk of baadetimery andassigned a

corresponding delivery percentaggee Table 48). The delivery percentage represents the fraction

of the total available bacteria that is assumed to be transported to Mill Creek and its tributaries for a

given condition (wet or dry).

This andysis procedure reflects the conditions in the primarily agricultural watersheds in and
surrounding Mill Creek. The assumed dry weather application methods are inadequately treated
wastewater, livestock in riparian pastures, feedlots without runoff dsraral wildlife (especially

geese and ducks). All application methods are assumed to contribute bacteria to the stream in wet
weather, especially livestock in riparian pastures and feedlots without runoff controls.
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Table 4-3 Assumed Fecal Coliform Delivery Potential by Application Method

Assumed Delivery Potential*
Application Method Wet Conditions Dry Conditions
Inadequately treated wastewater Moderate (4%) Moderate (4%)
Improperly managed pet waste Moderate (4%) None
Riparian pastures (42%) Very high (8%) High (6%)
Non-riparian pastures (58%) Low (2%) Very low (1%)
Feedlots without runoff controls High (6%) Moderate (4%)
Surface applied manure Low (2%) Very low (1%)
Incorporated manure Very low (1%) None
. Moderate (4%) for waterfowl | Moderate (4%) for waterfowl
Wildlife waste
Very low (1%) for all other Very low (1%) for all other

* Adapted from values used in Wenck (2009).

4.2.3 Estimated Source Load Proportions

Total bacteria loading in the contributing Mill Creek weghed was estimated by multiplying the

total number of fecal coliform organisms available per month for each source by its corresponding
availability and delivery potential A comparison osources contributing tavet weatheland dry
weatheroading is iown in Figure 45 andFigure 46, respectively

Bacteria loading to Mill Creek is dominated by loading from riparian pastures dooithgvet and

dry weatherconditions but especially during dry weather conditions when bacteria are not
transported by sfgce runoff from most other sources but can be deposited directly in surface water
by livestock in riparian pastures. Feedlots without runoff controls are also a significant source of
bacteria loading to Mill Creek during all weather conditions. Focatiditions the loading from

inadequately treated wastewater, urban runoff, and the resident wildlife population are negligible.
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Figure 4-5 Bacteria Loading by Source for Wet Weather Conditions
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Figure 4-6 Bacteria Loading by Source for Dry Weather Conditions
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5.0 Bacterial TMDL

5.1 Flow-Duration Curve

As dicussed in Section 2pw measurements for Mill Creek were not available for an extended
period of record. To overcome this data limitation, the Lower Sauk Diagrstsitly (Bary 2006)
developed regression relationship between flow in the Sauk River (at USGSns@82¥ 0500 near
St. Cloud) and flow in Mill Creek (at location S0@@4 in Rockville). This relationship was used to
estimate flow in Mill Creek for the period of record availablettoe Sauk River (1909 to 2009).

These flow estimates were used to develop a-liomation curve for Mill Creek.

Because the applicable water quality standard for bacteria is applied monthly between April and
October, an April through October monthly flaluration curve was used in the development of this
TMDL. This curve was developed by calculating the average monthly flow in Mill Creek for the
months of April through October (based on the Sauk River USGS data) and ranking the resulting
values from highst to lowest. This curve depicts the percentage of time that the average flow in any
given month between April and October exceeds a particular value. For example, 40% of the months
in the April-October data set had average flows higher than 18 cfs.reBa#ing flowduration curve

for Mill Creek is showrnin Figure 51.
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Figure 5-1 Estimated April-October Monthly Flow Duration Curve for Mill Creek

5.2 Observed Load-Duration Data

Similar to the flowduration curve, the loadurationcurve relates bactie loading at a given flow to
how often thaflow valueis exceeded in the strearithe loadduration curve is developed by
calculating the total bacteria loading (in terms of organisms per month) associated with a given
observation by multiplying the obsved bacteria abundance by the flow. An example calculation is
shown below. Observed flow (in units of cubic feet per second) is multiplied by the ob&ereel
abundance (in units of organisms per 100 mL). The additional factors are needed tb woity¢or
water volume (from 10@nL to cubic feet) and time (from seconds to days). The resulting loading is

expressed in terms of organisms per day.

Observed flow and bacteria abundance:
9.5 (cfs) and 199 (E. coli organisms per 100 mL), data for August 5, 2003 converted to units of
E. coli from measurement of fecal coliform
E. coli load for interval:
95( cf 399 ( dr g/ 100mL) A 2)88A0a0 sed/dry)048.2 x F01° (org/day)
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