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Location Drainage Basin, Part of State, County, etc. 1

303(d) Listing Information | Describe the waterbody as it is identified on the State’s 303(d) 3
list:
Waterbody name, description and ID# for each river
segment, lake or wetland
Impaired Beneficial Use(s) - List use(s) with source citation(s)
Impairment/TMDL Pollutant(s) of Concern (e.g., hutrients:
phosphorus; biota: sediment)
Priority ranking of the waterbody (i.e. schedule)
- Original listing year
Applicable Water Quality | List all applicable WQS/Targets with source citations. If the TMDL 8
Standards/ Numeric is based on a target other than a numeric water quality criterion,
Targets a description of the process used to derive the target must be
included in the submittal.
Loading Capacity Identify the waterbody’s loading capacity for the applicable 48
(expressed as daily load) | pollutant. Identify the critical condition.
Wasteload Allocation Portion of the loading capacity allocated to existing and future 49
point sources [40 CFR §130.2(h)].
Load Allocation Identify the portion of the loading capacity allocated to existing 49
and future nonpoint sources and to natural background if
possible [40 CFR §130.2(g)].
Margin of Safety Include a MOS to account for any lack of knowledge concerning 48
the relationship between load and wasteload allocations and
water quality [CWA §303(d)(1)(C), 40 CFR §130.7(c)(1)].
Seasonal Variation Statute and regulations require that a TMDL be established with 49
consideration of seasonal variation. The method chosen for
including seasonal variation in the TMDL should be described
[CWA 8§303(d)(1)(C), 40 CFR §130.7(c)(1)]
Reasonable Assurance Summarize Reasonable Assurance 65
Monitoring See Section 7 67
Implementation 1. See Section 8 70
2. Cost estimate, see Section 8.3
The Clean Water Legacy Act requires that a TMDL include an
overall approximation (“...a range of estimates”) of the cost to
implement a TMDL and for point sources the estimated cost of
compliance with the TMDL [MN Statutes 2007, section 114D.25].
Public Participation - Public Comment Period (February 13, 2017 through March 15, 77

2017)

Summary of other key elements of public participation
process.

Document participation by regulated entities in TMDL
development, particularly regulated cities and industries with
stormwater and wastewater requirements.
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Executive Summary

The Clean Water Act, Section 303(d) requires Total Maximum Daily Loads (TMDLs) for surface waters
that do not meet, and maintain, applicable water quality standards (WQSs) necessary to support their
designated uses. A TMDL determines the maximum amount of a pollutant a receiving water body can
assimilate while still achieving WQSs. This TMDL study addresses stream and lake impairments in the
Minnesota portion of the Nemadji River Watershed, located in northeastern Minnesota, and tributary to
Lake Superior. The impairments are identified based on high levels of total suspended solids (TSS),
Escherichia coli (E. coli), and nutrients affecting aquatic life and aquatic recreation designated uses.
Eleven stream TMDLs and two lake TMDLs are provided: two stream E. coli TMDLs; nine stream TSS
TMDLs; and two phosphorus lake TMDLs.

The Nemadji River Watershed is primarily forested and includes many high quality coldwater streams.
Trout are found in many of the streams, in both the impaired and unimpaired reaches. TSS
concentrations vary across the watershed from low (<10 mg/L) to very high (>400 mg/L). The Nemad;i
River Watershed geology includes an old lake clay plain, also known as the “red clay zone” that covers
approximately one-third of the watershed. Disturbance of the clay soils in this zone contributes to the
naturally high turbidity and suspended sediment levels.

Potential sources of pollutants include watershed runoff, near-channel sources (e.g., bank failures,
channel erosion), septic systems and untreated wastewater, livestock, atmospheric deposition (lakes),
internal loading (lakes), wildlife, and pets. There are no permitted point sources in the watershed.

Sediment is the most significant cause of impairments in the watershed and is associated with highly
erodible lacustrine clay deposits and steep slopes. Naturally high erosion rates have increased due to
human activities including historical forest harvesting, forest fires, and agricultural expansion. The
majority of sediment exported from the Nemad;ji River is generated from mass wasting processes due to
slumps of valley walls as the streams downcut into erodible lacustrine sediment (Magner and Brooks
2008, NRCS 1998). Mass wasting (i.e., bank collapse) is also enhanced by artesian pressure and
groundwater discharges into the stream, where in some locations sediment “volcanoes” via
groundwater upwellings through the clay are present (Mooers and Wattrus 2005; EOR 2014).

The pollutant load capacity of the impaired streams was determined by load duration curves. These
curves represent the allowable pollutant load at any given flow condition. Water quality data are
compared with the load duration curves to determine load reduction needs. The nutrient loading
capacity for each impaired lake was calculated using BATHTUB, an empirical model of reservoir
eutrophication developed by the U.S. Army Corps of Engineers. The models were calibrated to existing
water quality data, and then were used to determine the phosphorus loading capacity of each lake. A
10% explicit margin of safety (MOS) was used for all TMDLs to account for uncertainty.

An implementation strategy is provided. The implementation strategy highlights an adaptive
management process to achieving WQSs and restoring beneficial uses. Public participation included
numerous meetings with watershed stakeholders to present and review data, discuss the TMDL
elements in greater detail, develop a preliminary list of management strategies, and allow for open
discussion of local issues of concern not addressed directly in the TMDL.
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The TMDL study is supported by previous work including the Nemadiji River Watershed Monitoring and
Assessment Report (MPCA 2014a), Nemadji River Watershed Stressor Identification Report (SID) (EOR
2014), and the Nemadiji River Watershed hydrology and water quality model (Tetra Tech 2016).
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1. Project Overview

1.1 Purpose

The Clean Water Act and U.S. Environmental Protection Agency (EPA) regulations, and the Minnesota
Clean Water Legacy Act, require that TMDLs be developed for waters that do not support their designated
uses. In simple terms, a TMDL is a study of how to attain and maintain WQSs in waters that are not
currently meeting them. This TMDL study addresses the approximately 276 square mile portion of the
Nemadji River Watershed that is located in Minnesota (U.S. Geological Survey Hydrologic Unit Code (HUC)-
804010301, Beartrap-Nemadiji River Watershed). The entire Nemadji River Watershed is 1,928 square
miles and is located in both Minnesota and Wisconsin. In this report, the phrase “Nemadiji River
Watershed” refers to the Minnesota portion of the watershed that covers portions of Carlton and Pine
counties.

The Nemadiji River Watershed is located in northeastern Minnesota, in the Lake Superior basin (Figure 1).
This TMDL report is a component of a larger effort led by the Minnesota Pollution Control Agency (MPCA)
to develop Watershed Restoration and Protection Strategies (WRAPS) for the Nemadji River Watershed.
Other components of this larger effort include the Nemadiji River Watershed Monitoring and Assessment
Report (MPCA 2014a), the Nemadiji River Watershed SID Report (EOR 2014), the Nemad;ji River watershed
hydrology and water quality model (Tetra Tech 2016), and the Nemadji River WRAPS to be completed in
2017.
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Figure 1. Nemadji River Watershed and impaired water bodies




1.2 Identification of Water Bodies

This TMDL report addresses impairments in 11 stream reaches (Table 1) and 2 lakes (Table 2) in the
Nemadji River Watershed. The impairments affect aquatic life and aquatic recreation designated uses. The
Blackhoof River (AUID (Assessment Unit Identification) 04010301-519) has been recommended for a
beneficial use designation change. Based on the anticipated beneficial use, fish and macroinvertebrates
will likely be considered impaired. However, this listing will occur at some future date. The remaining
impairments are on the draft 2014 CWA Section 303d (303d) list of impaired water bodies. The
impairments are identified based on high levels of turbidity or E. coli, aquatic macroinvertebrate or fish
bioassessments, and/or lake eutrophication biological indicators.

TSS standards were recently promulgated for the state of Minnesota (Minn. R. 7050.0222), replacing the
turbidity standard and future listings will be based on TSS instead of turbidity. However, existing turbidity
impairments will remain listed as turbidity impairments. The TMDLs developed to address the turbidity
impairments, including the turbidity TMDLs developed in this report, are based on the new TSS standards.

A TMDL for Deer Creek (AUID 04010301-531) of the Nemadiji River Watershed was completed and
approved by EPA in 2013 (Barr Engineering 2013). This TMDL was developed using the former turbidity
standard and addresses the aquatic life impairment due to fish bioassessment. The SID process completed
for Deer Creek indicated sediment was the primary pollutant affecting fish. See
https://www.pca.state.mn.us/sites/default/files/wg-ws5-04010301a.pdf. The TMDL under the old
standard is an effective approach to addressing the fish bioassessment impairment for Deer Creek. See
web link https://www.pca.state.mn.us/water/tmdl/deer-creek-turbidity-tmdl-project.

Table 1. Impaired streams

Classif- Year River AUID Affected Pollutant or
Reach Name Reach Description S . (04010301- | Designated
ication Listed Stressor
XXX) Use
Unnamed cr to Aquatic
Blackhoof River? 2A° - 519 Aquatic Life | Macroinvertebrate
Ellstrom Lk .
Bioassessments
Blackhoof River? Unnamed cr to 2A° - 519 Aguatic Life . Fishes
Ellstrom Lk Bioassessments
T48 R16W S33, west Aquatic
Clear Creek line to MN/WI 2A 2014 527 Aquatic Life | Macroinvertebrate
border Bioassessments
T48 R16W S33, west Fishes
Clear Creek line to MN/WI 2A 2014 527 Aquatic Life .
Bioassessments
border
T48 R16W S33, west
Clear Creek line to MN/WI 2A 2014 527 Aquatic Life TSSP
border
T47 R16W S6, west Fishes
Mud Creek line to MN/WI 2A 2014 537 Aquatic Life .
Bioassessments
border
T47 R16W S6, west
Mud Creek line to MN/WI 2A 2014 537 Aquatic Life TSSP
border
T46 R17W S33,
Nemadji River south line to 2A° 2004 757 Aquatic Life TSSP
Unnamed cr



https://www.pca.state.mn.us/sites/default/files/wq-ws5-04010301a.pdf
https://www.pca.state.mn.us/water/tmdl/deer-creek-turbidity-tmdl-project

Classif- Year River AUID Affected Pollutant or
Reach Name Reach Description oo . (04010301- | Designated
ication | Listed Stressor
XXX) Use
N Unnamed cr to Aquatic _ .
Nemadji River MN/WI border 2A 2014 758 Recreation Escherichia coli
Lo Unnamed cr to . b
Nemadji River MN/WI border 2A 2014 758 Aquatic Life TSS
Nemadji River, Stony Bk/Anderson Aquatic - .
South Fork Crto NetR 2A 2014 558 Recreation Escherichia col
Nemadji River, Stony Bk/Anderson I b
South Fork Crto Net R 2A 2014 558 Aquatic Life TSS
Unnamed cr to Aquatic
Rock Creek - 2A 2014 508 Aquatic Life | Macroinvertebrate
Nemadji R :
Bioassessments
Rock Creek Unnamed cr to 27 2014 508 AquaticLife | . FiShes
Nemadji R Bioassessments
Rock Creek Headwaters to oA | 2008 573 | Aquatic Life Tssp
Unnamed cr
Skunk Creek Unnamed cr to oA | 2014 502 | AquaticLife Tssb
Nemadji R
Unnamed creek Ereadwaters to Deer 2A 2014 532 Aquatic Life TSSP
Unnamed creek Unnamed cr to - Fishes
(Elim Creek) Skunk Cr 2A 2014 501 Aquatic Life Bioassessments

a. The Blackhoof River has been recommended for a beneficial use designation change. Based on the anticipated beneficial
use, fish and macroinvertebrates will likely be considered impaired. As of the date of this TMDL, the use change has not
yet been finalized.

b. These impairments are listed as turbidity impairments in the draft 2014 303d impaired waters list.

c. The classification is expected to change from Class 2A to 2B.

Note: Use changes are recommended due to the physical nature of the slower moving, warmer headwaters of these streams

and extensive biological investigations indicating dominance by warm water species. Should these changes become rule,

TMDLs will be developed. This TMDL report does not address proposed changes. Once use changes are approved, TMDLs will

be developed in the next watershed review cycle starting 2021.

Table 2. Lakes with aquatic recreation impairment due to nutrient/eutrophication biological indicators

+ Lake ID Year Listed
Net 58-0038-00 2014
Lac La Belle 09-0011-00 2014

1.3 Priority Ranking

The MPCA’s schedule for TMDL completions, as indicated on the 303(d) impaired waters list, reflects
Minnesota’s priority ranking of this TMDL. The MPCA has aligned TMDL priorities with the watershed
approach and WRAPS cycle. The schedule for TMDL completion corresponds to the WRAPS report
completion on the ten-year cycle. The MPCA developed a state plan, Minnesota’s TMDL Priority
Framework Report, to meet the needs of EPA’s national measure (WQ-27) under EPA’s Long-Term Vision
for Assessment, Restoration and Protection under the Clean Water Act Section 303(d) Program. As part of
these efforts, the MPCA identified water quality impaired segments, which will be addressed by TMDLs by
2022. The Nemadji River Watershed waters addressed by this TMDL are part of that MPCA prioritization
plan to meet EPA’s national measure.



https://www.pca.state.mn.us/sites/default/files/wq-iw1-54.pdf
https://www.pca.state.mn.us/sites/default/files/wq-iw1-54.pdf
https://www.epa.gov/sites/production/files/2015-07/documents/vision_303d_program_dec_2013.pdf

1.4 Stressor ldentification and Pollutants for TMDL Analysis

For the stream impairments, TMDLs are developed for load-based pollutants based on the 303d listings
and the Nemadji River Watershed SID Report (EOR 2014), referred to as the “SID” herein. The goal of SID is
to identify the factors that cause biological impairments (i.e., Aquatic Macroinvertebrate or Fishes
Bioassessments). The SID evaluated the following candidate causes: historic flow alteration, recent flow
alteration, physical habitat quality, habitat fragmentation, dissolved oxygen, water temperature, and
suspended solids/ turbidity (Table 3). TMDLs are developed to address the primary pollutant stressors
(Table 4). TSS TMDLs are developed for reaches where the primary stressor is historic and/or recent flow
alteration. TSS is a measure of suspended sediment; high TSS is typically an indication of channel
instability in this watershed, and the four reaches with flow alteration as a primary stressor also have TSS
as a primary stressor or a separate TSS impairment. TSS TMDLs are also developed for the turbidity
impairments, based on the recently promulgated TSS standards.

For the two reaches where the primary stressor is habitat fragmentation (Table 3, Elim Creek and
Blackhoof River), TMDLs are not provided. While these streams are listed as impaired, the cause is not
based on a pollutant. These stream reaches may be classified as EPA category 4C (impaired, but a TMDL
study is not required because the impairment is not caused by a pollutant) in future listings.

Phosphorus TMDLs are provided for the two lakes with agquatic recreation impairments based on
nutrient/eutrophication indicators. Phosphorus is often the principal limiting nutrient of primary

production in Minnesota lakes. Increases in phosphorus loads to a lake can lead to increases in algal
(measured as chlorophyll-a (chl-a)) growth, which in turn decreases water transparency (measured as
Secchi depth transparency).

Table 3. Summary of probable stressors to the biota impaired streams (EOR 2014)

Candidate Stressor Elim (-501) |Rock (-508) |Blackhoof (-519) |Clear (-527) |Deer (-531) | Mud (-537)
Historic flow alteration au X ad ad aad
Recent flow alteration au - u ?
Physical habitat ¥ XX u ad

Habitat fragmentation ad ad ?

Dissolved oxygen XX X X XX XX XX
Water temperature XX aa XX XX

Turbidity (TSS) X aa XX ad ad ad

U0 Primary stressor with strong supporting evidence
U Likely stressor with some supporting evidence
- Potentially a stressor with little supporting evidence

X Not likely a stressor with little supporting evidence
XX Supporting evidence indicates that it is not a stressor
? Insufficient evidence to assess




Table 4. TMDL pollutants for each impairment

Reach name (Of(;\{g;'gf :5##) Cause/indicator of impairment | TMDL pollutant
Streams
Blackhoof River 519 Aquatic _Macroinvertebrate and None?
Fishes Bioassessments
Aquatic Macroinvertebrate and
Clear Creek 527 Fishes Bioassessments TSS
Turbidity TSS
Fishes Bioassessments TSS
Mud Creek 537 Turbidity TsS
Nemadiji River (T46 R17W S33, south 757
line to Unnamed cr) Turbidity TSS
Nemadji River (Unnamed cr to 758 Escherichia coli E. coli
MN/WI border) Turbidity TSS
- Escherichia coli E. coli
Nemadiji River, South Fork 558 Turbidity 7SS
Rock Creek (Unnamed creek to 508 Aquatic Macroinvertebrate and
Nemadiji River) Fishes Bioassessments TSS
Rock Creek (headwaters to unnamed 573
creek) Turbidity TSS
Skunk Creek 502 Turbidity TSS
Unnamed creek (Headwaters to
Deer Cr) 532 Turbidity TSS
Unnamed creek (Elim Creek) 501 Fishes Bioassessments None?
Lakes
Nutrient/Eutrophication
Net 58-0038-00 Biological Indicators Phosphorus
Nutrient/Eutrophication
Lac La Belle 09-0011-00 Biological Indicators Phosphorus

a. While these streams are listed as impaired, the cause is not based on a pollutant. These stream reaches may be classified as EPA

category 4C (impaired, but a TMDL study is not required because the impairment is not caused by a pollutant) in future listings.




2. Applicable Water Quality Standards and
Numeric Water Quality Targets

WQSs are designed to protect designated uses. The standards consist of the designated uses, criteria to
protect the uses, and other provisions such as antidegradation policies that protect the water body.

2.1 Designated Uses

Use classifications are defined in Minn. R. 7050.0140, and water use classifications for individual water
bodies are provided in Minn. R. 7050.0470, 7050.0425, and 7050.0430. All of the impaired streams in this
report are classified as Class 1B, 2A, 3B, 3C, 4A, 4B, 5, and 6 waters. The lakes addressed in this report are
classified as Class 2B, 3C, 4A, 4B, 5, and 6 waters. This TMDL report addresses the water bodies that do not
meet the standards for Class 2 waters, which are protected for aquatic life and recreation designated uses.

Class 2A waters are protected for the propagation and maintenance of a healthy community of cold-
water sport or commercial fish and associated aquatic life and their habitats. Class 2B waters are
protected for the propagation and maintenance of a healthy community of cool or warm water sport or
commercial fish and associated aquatic life and their habitats. Both Class 2A and 2B waters are also
protected for aquatic recreation activities including bathing.

The Blackhoof River (unnamed creek to Ellstrom Lake) and the Nemadiji River (T46 R17W S33, south line to
unnamed creek) are currently classified as Class 2A water bodies; they have been recommended for a
beneficial use change to Class 2B water bodies. When the beneficial change is finalized, these streams will
be assessed against all Class 2B warm and cool water stream standards and specific TMDLs will be
developed and submitted if needed.

2.2 Water Quality Criteria

Water quality criteria for Class 2 waters are defined in Minn. R. 7050.0222. The pollutants addressed in
this TMDL are E. coli, TSS, and phosphorus. In Minnesota, E. coli is used as an indicator species of potential
water pathogens, and exceedances of the E. coli criteria indicate that a water body does not meet the
aquatic recreation designated use. Exceedances of the phosphorus criteria in lakes indicate that the lake
does not meet the aquatic recreation designated use. Exceedances of the TSS criteria indicate that a water
body does not meet the aquatic life designated use. The numeric water quality criteria for these three
parameters (Table 5, Table 6) will serve as targets for the applicable Nemadji River Watershed TMDLSs.

For lakes, in addition to meeting phosphorus standards, chl-a and Secchi transparency standards must be
met. In developing nutrient standards for Minnesota lakes (Minn. R. 7050), the MPCA evaluated data from
a large cross-section of lakes within each of the state’s ecoregions (MPCA 2005). Clear relationships were
established between the causal factor total phosphorus (TP) and the response variables chl-a and Secchi
transparency. Based on these relationships, it is expected that by meeting the phosphorus standard in
each lake, the chl-a and Secchi transparency standards (Table 6) will likewise be met.




Table 5. Water quality criteria for Escherichia coli and TSS in streams

WatTeyrpIZody Parameter Water Quality Criteria Standard
Class 2 (Aand B) | Escherichia | Not to exceed 126 organisms per 100 milliliters | < 126 organisms / 100 mL
streams coli as a geometric mean of not less than five water (monthly geometric
samples representative of conditions within mean)

any calendar month, nor shall more than 10% < 1,260 organisms / 100 mL
of all samples taken during any calendar month | water (individual sample)
individually exceed 1,260 organisms per 100
milliliters. The standard applies only between
April 1 and October 31
Class 2A streams | TSS @ 10 mg/L; TSS standards for Class 2A may be <10 mg/L TSS
exceeded for no more than 10% of the time.
This standard applies April 1 through
September 30.
a. A previous turbidity standard was replaced by the TSS standard in 2015. The previous turbidity standard for Class 2A surface
waters was 10 nephelometric turbidity units (NTUs) for protection of aquatic life. The previous turbidity standard could be
exceeded for no more than 10% of the time.

The turbidity WQS had been in use since the late 1960s. The standard had several weaknesses. The
standard was applied statewide (no ecoregion variations), was not concentration-based, and was not
amenable to load-based studies. Other issues included too much variation in measurements because of
particle composition in water, variation among meters, and poor quantitative documentation of what a
turbidity unit is. These weaknesses became a significant problem when the TMDL program became fully
realized in the early 2000s. Once the TMDL studies began, it became clear that the existing standard was
only indirectly related to biotic community health. TMDL development was challenging because the
studies needed to be developed using TSS, which has concentration-based units (mg/L). The MPCA TMDL
turbidity protocol discussed the relationship of the turbidity standard to a TSS conversion surrogate for
each TMDL and the inherent difficulties of managing that process. See
https://www.pca.state.mn.us/sites/default/files/wg-iw1-07.pdf

In contrast to the old turbidity standard, the current TSS criteria are regional in scope and based on a
combination of both biotic sensitivities to TSS concentrations and reference streams/least impacted
streams TSS conditions. See https://www.pca.state.mn.us/sites/default/files/wg-s6-11.pdf for more
discussion on the TSS standard.

Table 6. Eutrophication criteria for Class 2B lakes and reservoirs in Northern Lakes and Forests ecoregion

Parameter Wate_r anlity
Criteria
Phosphorus, total <30 pg/L
Chlorophyll-a <9pg/L
Secchi Transparency >2.0m

Summer averaged data applied June through September



https://www.pca.state.mn.us/sites/default/files/wq-iw1-07.pdf
https://www.pca.state.mn.us/sites/default/files/wq-s6-11.pdf

3. Watershed and Waterbody Characterization

The Nemad;ji River Watershed Monitoring and Assessment Report (MPCA 2014) provides a description of
the watershed, including discussions of the following: ecoregions, soils, land cover, surface hydrology,
precipitation trends, hydrogeology, groundwater quality, and wetlands. The Nemadji River SID Report
(EOR 2014) discusses the geologic red clay zone that covers approximately one-third of the watershed
(Figure 2). The red clay zone has a substantial impact on water quality in the Nemadji River; the clayey
soils consist of fine particles that do not readily settle out of the water column, leading to naturally high
turbidity and suspended sediment. Upwellings of groundwater through the clay (aka sediment volcanoes)
also contribute to turbidity. All of the streams for which sediment TMDLs are being written are located at
least partially in the red clay zone.
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Figure 2. Red clay zone (from Quaternary geology)




Dr. Howard Mooers and graduate students from the University of Minnesota, Duluth have investigated
sediment in the Nemadiji streams and the unique features of sediment volcanoes. The text below is
excerpted from the report, “Results of Deer Creek Groundwater Seepage Investigation, July 2015”:

“The sediments of the Nemadji River Basin consist of a thick sequence of lacustrine clays and clay tills
interbedded with thin nearshore lacustrine sediments composed of sand. These nearshore sands
communicate hydraulically with coarse sand and gravel sequences in the topographically higher
Thomson Moraine. Potentiometric head in the confined lacustrine sands therefore reflect the
elevation potential of groundwater in the moraine. There are two well-defined confined aquifers in
the study area, which are used extensively for domestic supplies of water. The uppermost of these
shallow water lacustrine sequences lies at an elevation of approximately 260 m (850 feet). The
potentiometric surface in this aquifer lies roughly 33 m (100 feet) above the top of the aquifer, and
artesian conditions can be found throughout the area. The groundwater discharge around the
perimeter of the former beaver pond on the Lundquist property, which is identified by the presence of
sand volcanoes, is occurring along discrete faults that cut through the entire thickness of the clay
sequence. The volume of sand discharged along with the water is difficult to determine. However, the
volume loss of sand from the aquifer buried at least 40 meters down is significant, and can be
estimated from the geometry of the collapsed rotational slumps. The overall drop across the faults is
approximately 5-6 meters over an area of 10,000 m2 for an estimated volume of 50,000 m3 (roughly a
cube 40 meters on a side). The volume of seepage is difficult to measure. Stream flow measurements
suggest about 100 gallons per minute, but the flow rate was likely much higher during the spring
recharge event in March and April.”

3.1 Lakes

Net Lake is a shallow lake located in the south-central portion of the Nemadji River Watershed (Figure 1).
The Net River flows through the lake. The watershed is large relative to the lake’s surface area (Table 7).
Lac La Belle is also a shallow lake, located in the northern portion of the watershed (Figure 1). There are
no prominent inlets to or outlets from the lake. Based on aerial imagery, Lac La Belle has more littoral
vegetation than Net Lake. Both are mostly open water. As shallow lakes, it is assumed no stratification
occurs in these lakes. No temperature and dissolved oxygen profiles are available.

A paleolimnological study of Net Lake and Lac La Belle (Edlund et al. 2016) reported on the collection and
analyses of single sediment cores from both lakes in order to reconstruct the historical record for
s