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Executive Summary

The purpose of this project is to address water quality concerns associated with
eutrophication in Pearl Lake (Minnesota DNR ID 03 -048600) located entirely within
Lake Eunice Township, Becker County. Currently no water quality diagnostic studies or
lake management plans are in place, leaving questionsOw/ | EUOw+ EOI z Uwi UOUUI
administration. This project includes three years of background study to develop a
i OUCEEUDPOOWOI woOOPOI ETT wOOwW/ 1 EUOQW+EOI ZUuwxT OU X
characteristics, and overall water quality. This body of knowledge allows m ore effective
management of lake resources in support of beneficial uses for Pearl Lake.

Pearl Lake (03048600) cover28lacres, and drains an area ofb77acres. This
watershed is entirely within the North Central Hardwood Forest Ecor egion. Pearl lake
is a publicly accessible water of the state, within the jurisdiction of the Pelican River
Watershed District; as publically accessible water, a DNR maintained asphalt ramp is
located on the southern end of the lake. Pearl Lake offers recreational opportunities and
aesthetic rewards for residents and visitors alike.

Fisheries surveys indicate strong populations of Walleye, Northern Pike,
Largemouth Bass, Bluegil, and Brown & Black Bullhead. Walleye are stocked by the
DNR on a biennial basis, due to a lack of appropriate spawning habitat and angler
harvest efficiencyd w EEOUEDOT wOOwWUT T w#- 1z Uw+EOI w( O OUOE
surveyed 2009, accessed iApril 2013), the lakez Northern Pike fishery is improving,
while the Bluegill population is stunting from angler preference, and the bullhead
prevalence is diminishing due to commercial fishing and young -of-year netting efforts.

Phosphorus is the primary OUUUDBDT QU wOi weOOETI UOQwi OUw/ T EUOw
shift. Nutrient loading is predominantly from internal loading  representing
approximately 49% of the phosphorous load into the lake. The watershed to lake
surface area is approximately 3:1, however thisrepresents the most pragmatically
treatable area of input into the lake.

Focusing on eliminating non -compliant septic systems alone can account for as
much as a10% reduction in phosphorus inputs into the lake. Some reductions through
agricultural bessmE OET | Ol OUwx UEEUDPEIT Uwp! , / ZUAWOEA WET wx C
cooperation with the Becker County Soil & Water Conservation District and Natural
Resource Conservation Distict. In lake treatment options would include alum
flocculation or aeration treatment s; however these treatments may not befeasible, or
may be cost prohibitive in nature.
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1.0 Introduction

1.1Project Overview

The purpose of this project is to address water quality concerns associated with
eutrophication in Pearl Lake (Minnesota DNR ID 03-048600), located within Lake
Eunice Township of Becker County, Minnesota. Without a current water quality
diagnostic study or active lake management plan in effect, future water quality
improvement projects do not have an established framework or overriding set of goals.
The Pearl Lake Diagnostic Study aims to present the background and options for water
guality enhancement efforts. This project includes a dissemination of nutrient loading
and summary of biological processes contributinT wUOOQw/ I EUOw+ EOI z UwbPEUI Uu
concerns to date. Additionally, a summary of appropriate implementation actions is
being developed in an effort to protect and improve water quality in Pearl Lake.

1.2Water Quality Problems

The primary water quality concer n in Pearl Lake is associated with eutrophication.
Water quality data collected in Pearl Lake indicates that the lake is currently meeting
total phosphorus (TP), Chlorophyll -a (Chl-a), and Secchilake eutrophication standards
through the summer average. However, there are recorded occurrences of each
parameter breaking compliance with the standards in each of the three years in the
study. Late season Secchi readings are consistentlyapproaching the lower limit for the
state standard for the North Central Ha rdwood Forest ecoregion (>1.4m).

Prior to this diagnostic study, very limited tributary watershed monitoring data had

been collected for this lake. Coinciding with limited data on hand, the Pelican River

Watershed District lacked a definitive understandi OT wOl w/ 1 EUOQw+ EOI z UwbEUI
pollutant loading dynamics. Concern from area residents was raised about the

significance of agricultural runoff into the lake leading to algal blooms and diminished

PEUI UWEOEUDPUab6w EEDUDOOE OO ayed hirebpar@etddrratit wp EUIT U
water levels in the recent past.

Through the course of the study, an invasive aquatic species was documented and

confirmed on Pearl Lake. Curly Leaf Pondweed was identified during a point -intercept

survey conducted in July of 2010.
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1.3 Resource Goals

Pelican River Watershed District Goals

The Pelican River Watershed District aims to maintain water quality & beneficial use of

Pearl Lake through the goal of maintaining average TP, Chl-a & Secchi readings in

compliance with the 12/2011 MPCA Lake Eutrophication Standards for the North -

Central Hardwood Forest Ecoregion Deep Lakes (MPCA, 2012). The Deep Lake

EEUIT OUPAEUDPOOwWI PUUwWPPUT w/ T EVUOZ Uwiwh ighedd WOER BDOU
standard than NCHF Shallow Lakes.

Episodically Pearl Lake does not meet one or more NCHF Ecoregionstandards for
water quality. This type of occurrence can be attributabl e to numerous reasons, some of
which are beyond reasonable control.

In 2003 the Pelican River Waterdied District adopted a management strategy of holding

the composite TSI for Pearlbelow 50, which is marginally mesotrophic in the Carlson

Trophic State Index. After the 2005 Revised Management Plan was developed, the

Pelican River Watershed District adopted a modified TSI Scale (Figure 1.3 which

determined lakestobe OODT OUUOxT PEOwWOI UOUUOxT PEOW?E0wUDUO
/' TEUOWOEOI wEOwWUT T wUPOI whPEUWEOOUPET Ul EwUOOWET wi

Through this diagnostic study, it has become evident that Pearl Lake does not fit well
within a TSI scale, as the individual parameters seem contradictive in application. In

2010 the mean growing season Secchi reading was 8.7 feet (TSI=45.94), TP averaged 29
pg/L (TSI 51.2), and chlorophyll-a averaged 11.5 pg/L (TSI1=54.5). Through the test
period of this study, as well as the 10 year average, Secchi readings have been
consistently higher than the TSI model would predict. TP readings are generally similar
with chlorophyll -a readings within the ten year averages.
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Low nutrients and algae, very clear water,
oxygen throughout the year at all depths, and
cold water, oxygen loving fisheries in deep
lakes.
good clarity, few and only moderate algae Big Floyd,
blooms, low plant growth; episodes of low Long,
oxygen may begin to limit fishery. Meadow,
Melissa,
increasing incidence of nuisance algae blooms, Big Detroit,
phosphorus levels in the 25-30 ppb range, Little Detroit,
moderate to nuisance plant growth, Munson, Fox,
transparencies under 10 feet during mid- Pearl,
summer; low oxygen in deep water imposes Johnson,
limitations on fish species. Reeves,
Little Floyd
high incidence of nuisance algae blooms,
luxuriant weed growth, summer transparencies North Floyd,
usually less than 7 feet, phosphorus levels often Muskrat,
over 35, shift to warm water fishery;  without Sallie
action deteriorating conditions will accelerate.
Algae scums probable, dominance of blue-green S:aﬁg;lr
algae, luxuriant aquatic plant growth; Abbey '
Undesirable for water-based recreation, Wine '
deteriorating or absent game fishery, high '
probability of further declines in quality.

Table 1.3The Pelican River Watershed District Modified TSI Rubric

Peal Lake Association Goals

The Pearl Lake Association is interested in maintaining beneficial recreational and
aesthetic values in line of a mesotrophic, rather than eutrophic designation. Recreaional
purposes such as fishing, boating, and birdwatching contribute to association utility in
Pearl Lake.

2.0 Lake and Watershed Characterization
2.1 Site Description

Pearl Lake (Minnesota DNR ID 03-048600 is located entire within Lake Eunice
Township, Becker County, Minnesota. LIDAR data was utilized to develop an accurate
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topographic model that was also used to define the 577 acre (0.9 square mileyatershed
contributing to Pearl Lake. Water generally dr ains from the northeast to the southwest
of the watershed, with an established run-out elevation of rut k t d@nmisly 7

Parameter
Surface Area (acres) 281.1
Average Depth (ft) 11.8
Maximum Depth (ft) 54
Volume (AF) 3313
Residence Time (years) Unknown (33.8
years)
Littoral Area (acres) 224.8
Littoral Area (%) 79.9
Watershed (acresof drainage) 577
Watershed : Lake Area Ratio, 2:1
exclusive area

Table 2.1 Pearl Lake morphometric and watershed characteristics

2.2 Lake History

Pearl is a Bl acre lake on the western edge of the upper Pelican River in Becker County,
Minnesota. The lake has a shoreline of 4.0 miles, and a NE/SW fetch of approximately
one mile. It contains about 3000 acre feet of water under average conditions. About 76
% of the lake is littoral (less than 15 feet). It has a maximum depth of 54 feet, and
exhibits a dimictic mixing pattern.

Pearl has a surface watershedf approximately 577 acres(exclusive of lake surface
area). Unlike other neighboring lakes in an outwash zone, Pearl lies perched on
morainal deposits. It is connected via a series of wetlands with Little Pearl Lake, and
other wetland complexes to the West, but is poorly connected with downstream lakes
and adjacent larger lakes of the main PelicanRiver outwash area.

Pearl Lake, as with many recreational lakes in Becker County adjacent to the city of
Detroit Lakes, has developed rapidly in recent history.

Page |6



2.2.1 Why a Diagnostic Study for Pearl Lake?

For the ten years between 1998 and 200%&eventy-six readings indicated Pl EUOz UwWE Y1 UET
annual clarity (Secchi) was 10.5 feet, but year to year variations were unwsually high,

ranging from 7.1 (1999) to 15.8 the following year. June clarity reached éigh of 33 feet

(2002) and was as low as 4eet (1999). Average midsummer (July and August)

readings ranged from 4.5 (2007) to 14.5 (2000). No timeline trend was apparent.

During the same period, average seasonal TP levels were measured 62 times wh an
average value of 31 ppb;and like the clarity observations described above the season to
season ranges in TP were considerable, from an average of 18 in 2000 to over 40 in 2006
and 2007. The median reading was 30 ppb, with several readings in excess of 50.

There was a general correspondence in the variations between the season average of
total phosphorus and clarity measures. However, using the trophic state model, there
is quite a large difference in the Trophic Status Indices predicted from TP and Secchi
measurements. In most yearsthis difference exceeded 10 index points, and put the
lake squarely in the mesotrophic state for clarity and eutrophic state for nutrient
(phosphorus).

Only 13 Chlorophyl -a observations were taken during the 19982007 period, soitis
difficult to ma ke generalizations; suffice it to say, the yearto-year variations
corresponded roughly to the TP and Secchi patterns. DO and Temperature
measurements taken during this same period suggested that there was some likelihood
of internal loading problems du ring the mid -summer months, July and August.

(OQwUT 1T wi EVUOCAWI YYYZUOWEOOx OEPOUUWEaAWOEOI UTl OUIT w
manipulations and near -shore wetland filling. Other reports, confirmed by PRWD,
involved overland flows to the lake fr om adjacent farmlands and pastures.

Through its permitting process the District also became aware of shoreland

management practices that are known to degrade lake water quality. These include
shoreline vegetation clearing, increased impervious surface in the shoreland district

and others. These problems are exacerbated by the development of some properties on
steep slopes that have been converted from cultivation or pasturage.

The District proposed this Clean Water Diagnostic and Feasibility pro ject for the
following reasons:

1. The erratic results from Pearl water qualityeasurements
2.311 wOEEOwWOI wEOUUI UxOOEI OEIl wel Upi 1 OwYEUDPOUU
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3.31T 1T woOPOI OPT OOEWUT E0UwbOUI UOEOQWOOEEDPOT wbUWE w
4, Th WUExDEWETI YI OOx Ol OUwOi w/ 1 EUOGz UwOEOI UT 6UI O
5 2001 wxUOEOI OEUPEWEUxT EOUwI OUw/ 1 EUOz UWwOEOIT U
6. 31T 1 wxOQUUPEPOPUAwWUT EQw/ 1 EUOwWwPUwO! EUPOT wWEwW?U

2.3 Drainage Patterns

Pearl Lake is a perched lake, formed in morainal deposition acting as an aquitard
between sandwiched glacial outwash layers. Due to the small scale of the watershed,
there are no other bodies of water upstream or downstream within the Pearl lake sub -
watershed. At its outlet, in years where the out flows, water integrates with a
freshwater emergent wetland, assumedto infiltrate into outwash plains into Rider Lake
or Loon Lake before adjoining outflow from the Pelican River system.

The Pearl Lake Watershedis divided into three distinct land drainage areas, including
an area to the west (199.6 acres), and a smaller drainage to the east (34.3 acres) as well as
the surrounding watershed (343.4 acres).

Legend

® EDAWQ Stations
I:I Pearl Lake Watershed
— LiDAR Contours

Watershed 1 - 199.6 ac

\ MNPCA_S006-402

Watershed 3 - 624.5 ac

PELICAN RIVER WATERSHED DISTRICT Wenck MAY 2013
s

Pearl Lake Watershed Map Figure 1

Figure 2.3 Map of the Pearl Lake direct watershed and subwatershed units
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2.4 Land Use

Land use data for the Pearl Lake watershed is presentedin Table 2.4, Figure 2.4.1, and
Figure 2.4.2 A significant portion of the remaining watershed cover is undeveloped
typical North -Central Hardwood Forest cover. However, this watershed has seen
substantial development in the recent past, as single family low density residential
development currently accounts for 13.3% of the watershed by surface area.

Pearl Lake Land Use

Acres % Cover
Water & Wetland 302.94 35.21%
NCHF 194.15 22.57%
Agriculture 175.95 20.45%
LD Residential 114.6 13.32%
Undeveloped, NF 55.98 6.51%
Transportation 16.7 2%

860.32 100.00%
Table 2.Distribution of Land Use @assification

~ NN A AN

years. Lake Eunice township (in which most of its watershed lies), experienced a 30%
growth in population between 2000 and 2010. Households have doubled in the same
period, and over 1/3 are held for seasonal occupancy.

Like other areas in Lake Eunice Township, the Pearl lake area has witnessed rapid
conversion of agricultural uses to development in lake -oriented second homes and
primary residences. In 1983 a very large part of the riparian shoreline was either
cultiva ted or grazed; there were only 2 riparian residences. By 2003 the riparian
agricultural practices were gone, and approximately 32 riparian residences were
present. In 2013, there are 57 such residences and an additional 21 second tier
residences (in the Shoreland District, within 1000 feet of the shoreline). There remain
ExxUORPOEUI Oawhl wEEUI UwOi wEUOUDYEUI EWOEOEwWPHU
shoreline remains undeveloped in several large tracts, though some of this area is not
suitable for development by virtue of poor drainage. Figure 2.4.1 compares aerial
photos from 1939, 1965, 1991, and 2003 to demonstrate this succession.
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Pearl Lake has dramatically changeder time in terms of lake
morphology as well as developmental character. In the past
decades Pearl Lake has rapidly gained shoreline reside
development and stabilized into the profile observed to
Historically, Pearl Lake lacked a Wealefined outlet, which hasdeto
variable water levels. Within the time frame of 2000 to 2010, a
defined outlet was created setting the-ount el evat i

above mean seal level.
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