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Executive Summary

Section 303(d) of the Clean Water Act and EPA’s Water Quality Planning and Management
Regulations (40 CFR Part 130) requires states to develop TMDLs for water bodies that are not
meeting designated uses under technology-based controls. The TMDL process establishes the
allowable loading of pollutants or other quantifiable parameters for a water body based on the
relationship between pollution sources and instream conditions. By following the TMDL process,
states can establish water quality-based controls to reduce pollution from both point and non-point
sources and restore and maintain the quality of their water resources.

Once a TMDL is established, an Implementation Plan must be developed. The Implementation Plan
is designed to ensure that the management actions identified by the TMDL will be carried out. The
Implementation Plan provides information on management measures and regulatory controls;
timelines for implementation of management measures and attainment of water quality standards; a
monitoring plan designed to determine the effectiveness of implementation actions; and description
of adaptive management procedures.

In 2004 Deer Creek was listed by the Minnesota Pollution Control Agency (MPCA) as an impaired
stream for turbidity (a measure of cloudiness of water that affects aquatic life). Deer Creek has been
identified as a significant sediment loading tributary within the Nemadji River basin and ultimately
to Lake Superior (NRCS, 1996). Deer Creek is a small perennial tributary to the Nemadji River
located entirely in Carlton County, Minnesota with a drainage area of 5,063 acres. A majority of the
watershed (> 90%) is privately owned with the remainder in a state owned wildlife management area.
Most of the watershed is undeveloped with 52.9% of the watershed classified as forested, 22.3% as
wetlands, 13.4% as agricultural, 10.0% as grassland or scrubland and only 1.1% of the watershed as
low intensity development.

A sampling station located directly downstream of Highway 23 and 0.84 miles upstream from the
North Fork of the Nemadji River was used for the TMDL analysis. At the Hwy 23 sampling location
a total suspended solids (TSS) concentration of 4 mg/L corresponds to the 10 NTU turbidity
standard. Continuous flow measurements were combined with periodic sampling throughout the ice
free months between 2008 and 2010. Median TSS concentrations for the three year period were
recorded as 78.5 mg/L for high flow events (0-10% flow duration), 31.0 mg/L for moist conditions
(10-40% flow duration), 9.0 mg/L for mid-range flows (40-60% flow duration), 20.0 mg/L for dry
conditions (60-90% flow durations) and 23.5 mg/L for low flows (90-100% flow durations). The 4
mg/L TSS concentration has been applied to determine TMDL loading capacities, since it is the most
conservative surrogate concentration for the turbidity standard and the Hwy 23 sampling station is
most representative of the overall watershed.

The five flow rate categories were used to calculate the total suspended solid loading capacities and
allocations for Deer Creek (Table EX.1), based on the mid-point flow rate for each of the flow zones
and the 4 mg/L TSS concentration that corresponds to the 10 NTU standard. To meet the TMDL,
total daily loads at the Highway 23 station would have to be equal to or lower than 429 lbs/day for
high flows, 73 Ibs/day for moist conditions, 40 Ibs/day for mid-range flows, 40 Ibs/day for dry
conditions, and 27 lbs/day for low flows. This translates to corresponding daily load reductions of 99,
95, 56, 95 and 89 percent for the high, moist, mid, dry and low flow zones, respectively, to meet the
requirements of the TMDL.




Table EX.1 Total suspended solids loading capacities and allocations (AUID: 04010301-531)

Flow Zone
High ‘ Moist ‘ Mid ‘ Dry ‘ Low
Ibs/day

TOTAL DAILY LOADING CAPACITY 429 73 40 40 27
Wasteload Allocation

Permitted Wastewater Treatment Facilities 0 0 0 0 0

Communities Subject to MS4 NPDES Requirements 0 0 0 0 0

Construction and Industrial Stormwater 0.43 0.07 0.04 0.04 0.03
Load Allocation 385.8 65.8 35.8 35.8 24.4
Margin of Safety 42.9 7.3 4.0 4.0 2.7

Duration curves are a helpful visual tool to envision where the current data is plotting relative to the
target limit (4 mg/L) and how that relates to streamflow. The duration curve plots each flow
observation based on its percentile rank. A flow duration interval of 10% represents a value where
only 10% of the flow rates are higher represented on the graphic as “high flows”. A 90% interval
represents a low flow rate where 90% of measurements are higher, represented on the graphic as
“low flows”. A load duration curve was created for three years of combined data (2008-2010) at the
Lower Deer Creek station located near Hwy 23 (Figure EX.1), which shows that all recorded
measurements were above the turbidity standard and the higher loads in the moist and high flow
zones are the result of both increased flows and elevated TSS concentrations.

Major sources of turbidity in Deer Creek include failing “Red Clay Dam” structures and knickpoint
migration of stream channels and streambank slumping induced by adjustments in hydrology caused
by past watershed wide land use changes and possibly climate change. Destabilization of stream
banks from livestock grazing in riparian zones can have localized effects on water quality and the
presence of sediment volcanoes in the middle of the Deer Creek main stem providing a steady influx
of sediment from groundwater discharge points that are still contributing to the turbidity impairment
under low flow conditions. Silviculture activities are also expected to contribute to some of the
watershed land cover changes that affect hydrology and sediment loading in the Deer Creek
watershed. Watershed modeling indicates that significant water quality and stream channel changes
could result from changes to the current land use and land management within the watershed.
Simulation of an all forested land cover scenario for the Deer Creek watershed indicated there would
be reduction in total cumulative sediment yield of 16 to 20 percent from existing conditions, while
simulation of a non-forested (or complete conversion to open space) scenario indicate an increase in
total cumulative sediment yield from existing conditions of 20 percent for Deer Creek at Hwy. 23
and an increase of more than 60 percent for Deer Creek at CSAH 3.
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Deer Creek at Highway 23
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TSS load duration curve for Lower Deer Creek (2008-2010)
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1.0 Introduction

This document presents the Implementation Plan for the Bluff Creek Total Maximum Daily Load
(TMDL). Deer Creek is listed on the 2004 Minnesota Section 303(d) List of Impaired Waters due to
impairment for turbidity. A TMDL for Deer Creek has been developed and approved.

Section 303(d) of the Clean Water Act and EPA’s Water Quality Planning and Management
Regulations (40 CFR Part 130) requires states to develop TMDLs for water bodies that are not
meeting designated uses under technology-based controls. The TMDL process establishes the
allowable loading of pollutants or other quantifiable parameters for a water body based on the
relationship between pollution sources and instream conditions. By following the TMDL process,
states can establish water quality-based controls to reduce pollution from both point and non-point
sources and restore and maintain the quality of their water resources.

Once a TMDL is established, an Implementation Plan must be developed. The Implementation Plan
is designed to ensure that the management actions identified by the TMDL will be carried out. The
Implementation Plan provides information on management measures and regulatory controls;
timelines for implementation of management measures and attainment of water quality standards; a
monitoring plan designed to determine the effectiveness of implementation actions; and description
of adaptive management procedures.

1.1 Impairment Listing

Section 303(d) of the Clean Water Act provides authority for completing TMDLs to achieve state
water quality standards and/or designated uses. In 2004, Deer Creek was placed on the 303(d) list of
impaired waters for elevated turbidity levels (Table 1.1).

Table 1.1 Deer Creek watershed 303(d) impairments addressed in this report
Year Assessment Affected Pollutant or
Reach Description listed Unit ID Use Stressor
Deer Creek | Headwaters to Nemad;ji River 2004 04010301-531 Aquatic life Turbidity

Turbidity in water is caused by suspended sediment; organic material, dissolved salts, and stains that
scatter light in the water column making the water appear cloudy. Excess turbidity can degrade
aesthetic qualities of water bodies, increase the cost of treatment for drinking or food processing
uses, and can harm aquatic life. Aquatic organisms may have trouble finding food, gill function may
be affected, and spawning beds may be covered. In addition, greater thermal impacts may result from
increased sediment deposition in the stream.

1.2 Geographic Extent and Watershed Characteristics

Deer Creek is a small perennial tributary to the Nemadji River located entirely in Carlton County
Minnesota with a drainage area of 5,063 acres (Figure 1.1). Based on field investigations and review
of LIDAR data, the subwatersheds in the far northern portion of the watershed were determined to be
non-contributing under typical flow conditions. A majority of the land, (> 90%) is privately owned
land with the remainder in a state owned wildlife management area. No tribal lands are located in the
watershed. Deer Creek has been identified as a significant sediment loading tributary within the
Nemadji River basin and ultimately to Lake Superior (NRCS, 1996).
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Sediment carried into the Nemadji River from its tributaries is carried downstream to Superior
Harbor and eventually out into Lake Superior. From previous studies, the average annual sediment
load of the Nemadji River is well over 100,000 tons. Of that, 14 percent of all the silt and clay is
trapped in Superior Bay. About 74 percent is carried out into Lake Superior (NRCS, 1998b). It has
been estimated that 89 percent of the fines (silt- and clay- sized particles) eroded come from stream
bank and bluff erosion along tributary streams. The remaining 11 percent of fines originated from
watershed sources like roadside erosion and sheet and rill erosion. The majority (about 92 percent) of
all stream bank and bluff erosion occurs in the red-clay portion of the basin which included Deer
Creek (NRCS, 1998b).

From various investigations to date, the high sediment yield of the Nemadji River Basin appears to
be a result of changes in the hydrologic system and, possibly, climate change. Hydrologic changes
caused by human activities have resulted in increased volumes and rates of runoff and stream-flow.
These changes have resulted in higher stream-flow regimes that, in turn, have increased stream bank
and bluff erosion and slumping. The major human activities that have had a significant impact on the
hydrology of the basin are the early logging practices dating back to the mid 1800’s.

In the Mid 1800s, the Nemadji Basin was dominated by vast stands of White Pine and Red Pine.
Following logging, deciduous forests dominated by quaking aspen replaced the pine forests, a change
that would be expected to increase water yield (Koch et al., 1977). In the early 1900s forested areas
were replaced by agricultural lands peaking in the 1950s after which some agricultural lands were
converted to deciduous forest. Currently the three main land uses in the Deer Creek watershed are
deciduous forest, woody wetlands and pasture/hay (Table 1.2) representing 74% of the total area
according to land use data from the United States Geological Survey (USGS) 2006 National Land
Cover Database (2006NLCD; Fry et al., 2011). Overall 52.9% of the watershed is forested, 22.3% is
covered in wetlands, 13.4% is agricultural, 10.0% is grassland or scrubland and only 1.1% of the
watershed has low intensity development.

Table 1.2 2006 NLCD land use classification found in the Deer Creek watershed
Land Use Percent of watershed
Deciduous Forest 41.6%
Woody Wetlands 20.6%
Pasture/Hay 11.4%
Evergreen Forest 9.2%
Shrub/Scrub 7.1%

Mixed Forest 2.1%
Cultivated Crops 2.0%
Grassland/Herbaceous 1.7%
Emergent Herbaceous Wetlands 1.7%
Developed, Open Space 1.2%
Developed, Low Intensity 1.1%
Open Water 0.3%

The evolution of rivers and streams in the Nemadji Basin creates a certain amount of natural erosion
and sedimentation. Additionally, confined aquifer discharge through the lacustrine sediments along
the streams adds suspended sediment to the system. This has been documented in the Deer Creek and




Mud Creek subwatersheds.

Monitoring conducted by Nemadji River Basin Project (NRBP) staff in 2004 showed that total
suspended solids in Nemadji streams typically have total suspended solids (TSS) concentration less
than 40 mg/L, whereas Deer Creek was above 600 mg/L, a fifteen-fold difference (CCSWCD, 2005).

The root cause of turbidity in the upper Nemadji River is driven by erosion of inorganic cohesive-
sediment banks consisting of lacustrine clays and mixed clay till (clay-silt-very fine sands). Soils
mass movement, bluff and streambank erosion contribute the largest load of sediment to the Nemadji
River and Lake Superior harbor (Andrews et al., 1980; Banks and Brooks, 1996).




2.0 Turbidity TMDL Summary

2.1 Existing Water Quality and Standards

Turbidity standards in the state of Minnesota are defined based on an assigned water class. All waters
of Minnesota are allocated classes based on their suitability for the following beneficial uses:
Domestic consumption

Aquatic life and recreation

Industrial consumption

Agriculture and wildlife

Aesthetic enjoyment and navigation

Other uses

NS AR D=

Limited resource value

Deer Creek is listed in the Minn. Rules Ch. 7050.0470 classification as a 1B, 2A, 3B water body. A
turbidity standard is associated with each of the three classifications. Assessments of water quality
are usually based on Class 2 beneficial uses (aquatic life and recreation) given that other uses will
largely be protected if Class 2 standards are met. Class 2A waters are defined as:

Class 2A waters. The quality of Class 2A surface waters shall be such as to permit the
propagation and maintenance of a healthy community of cold 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. This class of
surface waters is also protected as a source of drinking water.

The turbidity standard for Class 2A waters is defined as:

Minn. Rules Ch. 7050.0222, turbidity water quality standard for Class 2A waters is 10
nephelometric turbidity units (NTUs). The designated use that this standard protects is
aquatic life. Impairment assessment procedures for turbidity are provided in the guidance
manual for determination of impairment (MPCA, 2007a). Essentially, impairment listings
occur when greater than ten percent of data points collected within the previous ten-year
period exceed the 10 NTU standard (or equivalent values for total suspended solids or
transparency tube data).

Turbidity, recorded using the optical properties of a water sample, is derived from suspended
sediments, organic material, dissolved salts and stains. This analysis focused primarily on the
suspended sediment and organic material components, as they appear to be the primary factors of
turbidity in this watershed. In order to evaluate and establish loads the surrogate measure of total
suspended solids (TSS) was used. This parameter shows a good correlation with turbidity, based on
regressions done on the monitoring data.

The Carlton County SWCD staff collected water quality information at five sites within the Deer
Creek watershed with continuous flow measurements recorded at two of those five sites (Figure 1.1).
Grab samples were also collected for TSS and turbidity lab measurements at the time of Sonde field
readings at the two flow gage stations. Continuous flow measurements were made using a hydraulic




pressure transducer recording continuous stream stage data. The five sites (shown in Figure 1.1)
include:

o Lower Deer Creek at State Highway 23 (S003-250) — Located 1 mile upstream from the
confluence with the Nemadji River and downstream of the sediment volcanoes. A USGS
streamflow station was operational near this location until 2001. In 2005 a continuous stream
stage recorder was installed and chemistry data was collected starting in 2008.

o Upper Deer Creek at CSAH 3 (S004-929) — Located upstream of the sediment volcanoes. A
continuous stream stage recorder was installed and chemistry data collection began in 2008.

e Tributary at CSAH 3 (S004-930) — The first of two sampling locations located on an
unnamed tributary to Deer Creek. Chemistry data collection began in 2008.

e Tributary at CSAH 6 (S004-931) — The second sampling location on the unnamed tributary.
Chemistry data collection began in 2008.

o Deer Creek at CSAH 6 (S004-932). — Lies midway between the upper and lower Deer Creek
sites and also downstream from the sediment volcanoes. Chemistry monitoring began at this
site in 2008.

Lab turbidity and TSS measurements were recorded from grab samples at the Upper and Lower Deer
Creek sites. The measurements were used to develop a NTU to TSS relationship. At the Lower Hwy
23 site (S003-250), grab sample data were available for years 2004 to 2010. At the upstream Hwy 3
site (S004-929), grab samples were available for years 2008 to 2010.

The NTU to TSS relationship was used to convert the 10 NTU standard to a TSS measurement for
the water quality duration curves. For the Hwy 3 sampling location the 10 NTU standard is converted
to a TSS concentration of 5 mg/L. At the Hwy 23 sampling location a concentration of 4 mg/L TSS
represents the 10 NTU standard. The 4 mg/L standard was used to determine TMDL loading
capacities since it is the most conservative surrogate concentration for the turbidity standard and the
Hwy 23 sampling station is most representative of the overall watershed.

2.2 Turbidity Sources

Conclusions regarding turbidity sources and current loading for the TMDL study were based largely
on previous research conducted on both Deer Creek and also the entire Nemadji River watershed.
Some of the research conducted is highlighted in this section. A simplified turbidity conceptual
model is presented in Figure 2.1 that shows several possible candidate sources in the Deer Creek
watershed. This figure illustrates both “external” and “internal” sources. Most nonpoint sources are
typically considered external in that they are located in the watershed outside of the stream channel
yet contribute TSS. Internal sources of TSS typically encompass processes that occur within the
channel (including the bed, banks and slumps) or the floodplain of a waterway or stream. Such
processes include channel and floodplain erosion or scour, bank slumping, and the presence of
sediment volcanoes. The components of this conceptual model, as they pertain to this watershed, are
evaluated below in a general way. The relative amounts of sediment loading from each of the primary
sources has been considered in more detail as a part of an evaluation of watershed modeling, GIS
terrain analysis and comparisons of the available water quality and quantity monitoring data (see
Section 3.0).
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Simplified turbidity conceptual model of candidate sources and potential pathways




Livestock in Riparian Zone

Livestock grazing in riparian areas can contribute to excess turbidity via soil runoff directly from
devegetated areas, resuspending of sediments by walking in the stream, and by destabilizing the
banks leading to increased bank erosion or slumping. Based on 2006 land use data, pasture or hay
covered areas encompass 11.4% of the Deer Creek watershed (Table 1.2). A recent study concluded
that grazing in the riparian areas of Deer Creek significantly reduced stream bank stability (Riedel et
al., 2006). Stream bank materials in the analyzed sections of Deer Creek were generally stable.
Instabilities were found in areas with reduced riparian vegetation and subsequent bank erosion
caused by cattle traffic. The introduction of hoof shear from cattle traffic resulted in the largest
decrease in stream bank stability even when compared to the loss of riparian vegetation (Riedel et al.,
2006). No confined animal feeding operations (CAFOs) that would require a permit are located in the
watershed.

Estimated water quality impact:

Due to the limited presence of livestock throughout the watershed, the overall sediment load
contribution from this source is minor or limited, but where present livestock impact to
streambanks can be significant.

Watershed wide land use changes

Land-cover condition within a watershed—specifically the amount and distribution of open lands
within a watershed—influence surface water quality within a watershed through effects on stream
peak flows, loss of base flow, sedimentation, erosion, turbidity, nutrient levels, and water
temperatures. These effects in turn can negatively impact stream biotic integrity, including the health
and distribution of fish and invertebrates and human benefits derived from streams. Stream channel
stability is dependent on stable flow regimes which match the capacity of the stream channel. In
addition to impairment of aquatic ecosystems, stream channel instability caused by increased peak
flows can also create societal costs in the form of increased culvert failure and maintenance needs
along with bank stabilization measures required to protect threatened structures.

Changes in vegetative cover from forestland, greater than 15 years old, to open land causes snow to
melt faster and higher rainfall runoff velocities. These have an impact on smaller peak flow events
as well as annual peak flows. These impacts begin to appear as the percentage of open land within a
watershed rises above 60 percent (Verry, 2000).

The Nemadji River basin as a whole has seen significant land use changes over the past two centuries
including timber harvesting in the 1800s, forest fires and the conversion of wooded coniferous forest
land to hay and pasture during the early 1900s. Land use changes between 2008 and 2010 in an area
of Deer Creek indicate that silviculture activities occur in the area, and depending on BMP
implementation, would be expected to change surface runoff and the resulting sediment contributions
to the streams during a period of time.

Broad land use changes have altered stream flows causing the channel base elevations to down cut
which in turn induced an array of knickpoint migrations throughout the basin resulting in mass
wasting and associated channel incision (Riedel et al., 2005; Magner, 2004). A full assessment of the
influence of incision in terms of turbidity is difficult. There is no specific monitoring data that
provides a breakdown of contributions for upland erosion versus these near-channel sources.
Headwater ditches are shorter than the natural channel and, thus, steeper in gradient. As such they
generally exhibit higher velocities and higher peak flows. Also, their geometry is such that there is
limited access to the floodplain. Therefore, the energy is confined to the channel. The net result is
increased potential for bank erosion. The land use changes have resulted in estimated increased




sedimentation rates into Lake Superior from 0.89 mm/year during pre-historic post glacial period to
2.00 mm/year from 1890 to 1955 (Kemp et al., 1978).

Estimated water quality impact from channel incision:

Nearly all of the stream reaches in the Deer Creek system are experiencing high levels of
channel incision and limited floodplain access so the overall sediment load contribution from
this effect is significant, especially in the lower reaches of the watershed.

The Deer Creek watershed is sparsely populated with the majority of the land cover and use in the
watershed associated with wooded areas. Changes to the existing land use/cover from wooded areas
would result in increased surface runoff contributing to the stream bank erosion currently present.
Examination of land use data provided by the USGS (NLCD2001 and NLCD2006) and the USDA
(2006-2010) showed no significant land use changes since 2001. It is not expected that urbanization,
and any associated MS4 permit requirements, will occur in the foreseeable future.

Estimated water quality impact from land use conversion:

Development is generally occurring in the upper watershed with limited single family
household homes throughout the watershed. In general, it is expected that land use
conversion to open space and/or developed conditions will significantly increase the
sediment loadings in the Deer Creek system.

Land cover changes were observed in the watershed through a comparison of aerial photographs
between the years 2008 and 2010. The removal of trees over a large, previously forested area was
incorporated into the watershed modeling to simulate how this land cover change would produce
exposed soils capable of contributing TSS to Deer Creek as well as changes to the watershed
hydrology. The timber harvest at this site followed the Minnesota Forest Resources Council (MFRC)
Forest Management Guidelines that are intended to protect water quality of nearby water bodies
(Bernu, 2012).

It is important to note that timber harvest does not represent a change in land use rather it is a
temporary land cover condition of a long term rotation of a forest. As a result, the impacts are
expected to be short term (5 to 15 years in a 40-year or longer rotation; Verry, 2000). Depending on
where the forest products are going, forest product certification can also drive this adherence to the
site level guidelines (currently estimated at 90% compliance). The collective forest product resources
on private land are substantial and will need to be used in a sustainable manner for the good of forest
industries and regional forest economics.

Estimated watershed impact:

Private timber harvests will continue driven by pulp prices, and landowner economics, and
likely in a random way without government coordination. Education for adherence to the
voluntary site level guidelines may be the best BMP for this source. Planting of “vacant land”
can be a BMP that will result in more of the watershed in a forested state to realize the
hydrologic benefit of mature forest. Updates of open land maps last updated in 2004 can be
critical to targeting this BMP.

Through the implementation of this TMDL, recommendations to landowners on how to best manage
land use and/or land cover changes will be made to minimize the impact on TSS loads.

Sediment Volcanoes

The sediment volcanoes in Deer Creek occur at the toe of 10 meter high slumps in the south-central




portion of the watershed (see Figure 1.1). Groundwater flow discharged at the surface expression of
the slump faults transport coarse sediments which are deposited near the discharge point, forming a
volcano-shape structure, and finer sediment which becomes suspended causing excess turbidity in the
creek (Mooers and Wattrus, 2005). Approximately 10 volcanoes have been observed between 2006
and 2008 discharging approximately 100 gallons per minute of groundwater to the creek (Mooers
and Wattrus, 2005). It is hypothesized that the sediment volcanoes formed in the Deer Creek
watershed in the early 1990s after the formation of a large beaver dam which ponded water up to 3
meters. The beaver dam was built and washed out a number of times between the early 1990’s to
2001 when it was removed by the Minnesota Department of Natural Resources. The elevated pore
water pressure could have increased the shear stress and/or decreased the shear strength along the
lower boundary of the clay. In a positive feedback process the dewatering of the aquifer caused
subsidence which leads to more slumping and more sediment being transported through the volcano.
The pond drainage could have also led to fracturing of a glacio-lacustrine clay confining layer over a
locally extensive aquifer (Mossberger, 2010).

Estimated water quality impact:

While the estimated sediment volcano loading represents a much smaller portion of the
observed sediment load, the water quality monitoring data indicates that the sediment
volcanoes are still contributing to the turbidity impairment under low flow conditions.

Failing “Red Clay Dam” Structures

The Red Clay Project was a 1970’s era project that encompassed watersheds in Northeast Minnesota
and Northern Wisconsin draining to Lake Superior. In Minnesota, efforts focused on sediment
retention structures in two subwatersheds of the Nemadji River Basin in Carlton County. Four
structures were constructed in the Deer Creek Watershed. The design life of these structures was 10-
25 years depending on the specific project and the design life has now been exceeded. Three of the
four structure sites in the Deer Creek watershed were assessed by a multi-agency team which found
failed metal pipes and, in one case, a breached structure (Site 4, Figure 3.1). Soil loss from this
breached structure site is approximately 8775 tons, and will continue to increase as the channel seeks
to stabilize itself. Potential soil loss from 2 other sites where the metal pipes are rusted out is 3,900
tons.

Estimated water quality impact:

These potential soil losses will result in significant additional sediment delivered to the
watershed stream system until the sites are stabilized. The SWCD has received funding for
sites in Deer Creek and Skunk Creek simultaneously to plan and implement stabilization
projects. This source is fixable but will require large amounts of funding and staff resources
to complete.

Cultivated Cropland

Cultivated cropland can contribute to excess turbidity via sheet/rill erosion of soil; destabilization of
banks (if inadequate buffers) leading to increased bank erosion; and also drainage alterations on
cropped land leading to increased flows causing bank/bed erosion. Based on the land use data from
2006, areas covered with cultivated crops represent only 2% of the watershed (Table 1.2).
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Estimated water quality impact:

While land use coverage indicates the presence of cultivated croplands the dominant
agricultural classification is pasture/hay management representing 11.4% of the watershed
resulting in minimal turbidity contributions from current row cropland.

Roadways/Culvert Crossings

Using the 30 m NLCD impervious surface dataset a total impervious area of 7.25 acres was
calculated representing only 0.1% of the total Deer Creek watershed. Impervious surfaces are mostly
identified as the county and state roads that cross within the watershed boundaries. Roadways can
contribute to excess turbidity directly via sediment delivery and indirectly via adaptations in
watershed boundaries leading to changes in runoff volumes that could cause increased bank/bed
erosion. Culvert crossings can increase erosion through slope changes and increased water velocities.

Estimated water quality impact:

Carlton County SWCD recently completed a culvert inventory to identify stream crossings and
culverts that block fish passage and/or contribute sediment or channel instability to the
stream. Results of the inventory have yet to be quantified, but some measure of impact is
expected. For example, a large channel bank slump is located downstream of the State
Highway 23 crossing that is a chronic source of sediment to the stream.

Permitted Point Sources

Point sources, for the purpose of this TMDL, are those facilities/entities that discharge or potentially
discharge solids to surface water or otherwise contribute to excess turbidity and require a National
Pollutant Discharge Elimination System (NPDES) permit from the MPCA. Typical point source
categories are: wastewater treatment facilities, construction activities, municipal and industrial
stormwater sources.

The only point sources that may apply to this watershed are construction and industrial stormwater
sources. No industrial or wastewater treatment plants discharge into Deer Creek and no
municipalities are subject to Municipal Separate Storm Sewer Systems (MS4) permit requirements.

Regarding construction, the MPCA issues construction permits for any construction activities
disturbing: one acre or more of soil; less than one acre of soil if that activity is part of a “larger
common plan of development or sale” that is greater than one acre; or less than one acre of soil, but
the MPCA determines that the activity poses a risk to water resources.

Estimated water quality impact:

Although stormwater runoff at construction sites that do not have adequate runoff controls
can be significant on a per acre basis (MPCA Stormwater web page, 2006), the source appears
to be a minor turbidity source in the Deer Creek watershed. Industrial stormwater sources are
not currently present in the watershed but, for the purpose of the TMDL, are treated similarly
to construction sources.

2.3 TMDL Results Summary
2.3.1 TMDL Allocations

A TMDL is a calculation of the maximum amount of pollutant that a waterbody can receive and still
meet water quality standards and/or designated uses. It is the sum of the loads of a single pollutant
from all contributing point and nonpoint sources. TMDLs consist of three main components: WLA,
LA, and MOS. In this case, the WLA includes two regulated stormwater sources combined into the
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construction and industrial permitted stormwater category. There are no permitted wastewater
facilities or municipalities subject to an MS4 Permit in the Deer Creek watershed. The LA, reported
as a single category, includes both watershed runoff and other sources. The third component, MOS,
is the part of the allocation that accounts for uncertainty in the development of the loads.

The three components (WLA, LA, and MOS) were calculated as a total maximum daily load of TSS.
As described in Section 2.1, TSS is used as a surrogate for turbidity based on a correlation between
the two. The methodology used to derive and express the TSS load components was based on the
duration curve approach. For each flow condition within the impaired reach, the total loading
capacity or “TMDL” was divided into its component WLA, LA, and MOS. The allocations were
distributed to the stormwater WLA category, as well as the LA, based on an even distribution of load
that corresponded with the contributing watershed area. It should be noted that this method implicitly
assumes that observed stream flows and flow regimes must remain constant over time.

Flow duration curves were developed for the Lower Deer Creek station for years 2008-2010. The
flow duration curves rank each flow based on its percentile rank. A flow duration interval of 10%
represents a value where only 10% of the flow rates are higher. A 90% interval represents a low flow
rate where 90% of measurements are higher. For development of the TMDL rates were divided into
five categories: high flows (0-10%), moist conditions (10-40%), mid-range flows (40-60%), dry
conditions (60-90%) and low flows 90-100%).

The five flow rate categories were used to calculate the total suspended solid loading capacities and
allocations for Deer Creek (Table 2.1). The total daily loading capacity was calculated using the mid-
point flow rate for each of the flow zones and the 4 mg/L TSS concentration which corresponds to
the 10 NTU standard, as described in Section 2.1. This analysis results in total daily load capacities
for the high, moist, mid, dry and low flow zones at the monitoring location. The monitoring location
represents 7.7 mi” of the total 7.9 mi” of watershed area therefore the loading capacities were
adjusted to the entire watershed. Using this adjustment the total daily load capacities for the entire
Deer Creek watershed were 429, 73, 40, 40 and 27 lbs/day for the high, moist, mid, dry and low flow
zones respectively. This loading capacity was then divided between MOS, WLA, and LA
components. In this analysis only MOS, LA, and construction and industrial stormwater activity
requirements were apportioned, resulting in 89.9% of the capacity allocated to non-point sources as a
load allocation requirements, 0.1% allocated to construction and industrial stormwater and 10%
applied to the MOS.

Table 2.1 Total suspended solids loading capacities and allocations (AUID: 04010301-531)
Flow Zone
High ‘ Moist ‘ Mid ‘ Dry ‘ Low
Ibs/day

TOTAL DAILY LOADING CAPACITY 429 73 40 40 27
Wasteload Allocation

Permitted Wastewater Treatment Facilities 0 0 0 0 0

Communities Subject to MS4 NPDES Requirements 0 0 0 0 0

Construction and Industrial Stormwater 0.43 0.07 0.04 0.04 0.03
Load Allocation 385.8 65.8 35.8 35.8 24.4
Margin of Safety 42.9 7.3 4.0 4.0 2.7
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Percent of total daily loading capacity

TOTAL DAILY LOADING CAPACITY 100% | 100% | 100% | 100% | 100%
Wasteload Allocation

Permitted Wastewater Treatment Facilities 0% 0% 0% 0% 0%

Communities Subject to MS4 NPDES Requirements 0% 0% 0% 0% 0%

Construction and Industrial Stormwater 0.1% 0.1% 0.1% 0.1% 0.1%
Load Allocation 89.9% | 89.9% | 89.9% | 89.9% | 89.9%
Margin of Safety 10% 10% 10% 10% 10%

2.3.2 Load and Water Quality Duration Curves

A load duration curve was created for three years of combined data (2008-2010) at the Lower Deer
Creek station located near Hwy 23 (Figure 2.2). Load duration curves plot the corresponding TSS
load (Ibs/day) calculated using the 15 minute interval flow rate (cfs) and TSS concentration (mg/L),
converted from the NTU turbidity measurement, against the flow percent rank (%) for each
measurement. At the Deer Creek Highway 23 station the highest TSS loads occurred during the high
and moist flow zones. Median loads over the three year period were calculated as 13314, 810, 94,
228, and 128 lbs/day for the high, moist, mid, dry and low flow zones respectively. The 10 NTU
standard was calculated by taking the product of the 4 mg/L. TSS equivalent and the flow rate at
various percentages. This curve is displayed with an orange line in Figure 2.2. Also present on Figure
2.2 are the 90" percentile and median loads for the 5 flow zones. All measurements recorded between
2008 and 2010, at the lower Deer Creek station, were above the turbidity standard.

The higher loads in the moist and high flow zones are the result of both increased flows and elevated
TSS concentrations (see Figure 2.3). Median concentrations for the three year period were recorded
as 79, 31, 9, 20 and 24 mg/L for the high moist, mid, dry and low flow zones, respectively. The

90 percentile TSS concentrations were 604, 74, 9, 78 and 38 mg/L for the high moist, mid, dry and
low flow zones respectively. Figure 2.3 also shows that the TSS observations in the three lower flow
zones were significantly higher than the TSS concentration that corresponds to the turbidity standard,
resulting in TSS loads that were also higher than the loading capacity (as shown in Figure 2.2) for the
mid-range to low flow conditions.
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Figure 2.2

TSS Load duration curve for Lower Deer Creek (2008-2010)
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Figure 2.3 TSS water quality duration curve for Lower Deer Creek (2008-2010)

2.3.3 Field Turbidity and Transparency Tube Station Comparison

Field turbidity measurements were made at all sampling locations displayed in Figure 1.1 between
2008 and 2010. Field turbidity duration curves in units of formazin nephelometric units (FNU) for
each site are shown in Figures 2.4 through 2.8. Median values for each flow regime at the various
locations are summarized in Table 2.2. Median turbidity values increase by at least 100% for four of
the five flow regimes between CSAH 3 and CSAH 6 on the Deer Creek main stem. This section of
Deer Creek contains sediment volcanoes which are a significant source of sediment in the watershed.
Values at all other locations are comparable to the CSAH 6 site. The downstream tributary site
experienced higher turbidity readings than the upstream site under most of the lower flow conditions
(see Table 2.2). Turbidity under high flow conditions is significantly higher at five of the monitoring
stations. No comparison was made between the field turbidity data and the turbidity standard given
that the field FNUs are not equal to the NTUs of the turbidity standard; however, the preponderance

of values well above 10 indicate high turbidity levels.

Figure 2.9 shows how the transparency tube readings varied at each site between 2008 and 2012. The
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results compare well with the conclusions of the field turbidity monitoring and confirm that the
sediment volcanoes significantly increase turbidity in the main stem. Figure 2.9 also shows that
other sources of sediment are significantly increasing turbidity from the upstream to downstream
direction on both the main stem and tributary to Deer Creek. In addition, higher flow conditions
appeared to exacerbate the turbidity levels at all of the sites, except for Deer Creek at CSAH 3, as the
lowest transparency levels shown in Figure 2.9 appeared to correlate with the years (2011 and 2012)
that experienced higher flow.

Table 2.2 Median field turbidity at each sampling location
Median Field Turbidity measurements (FNU)

High Moist Mid-Range Dry Low

Flow Conditions Flows Conditions Flows
Deer Creek at CSAH 3 57 14 25 14 21
Deer Creek at CSAH 6 113 51 40 59 42
Deer Creek at Highway 23 125 63 30 56 51
Tributary at CSAH 3 102 38 -- 50 13
Tributary at CSAH 6 114 90 83 49 42
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Figure 2.4 Field turbidity duration curve for Lower Deer Creek at CSAH 23 station (2008-2010)
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Upper Deer Creek at CSAH 3
Field Turbidity Water Quality Duration Curve (2008 - 2010 Monitoring Data)
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Figure 2.5 Field turbidity duration curve for Upper Deer Creek at CSAH 3 station (2008-2010)
Tributary at CSAH 3
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Figure 2.6 Field turbidity duration curve for Tributary to Deer Creek at CSAH 3
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Tributary at CSAH 6
Field Turbidity Water Quality Duration Curve (2008 - 2010 Monitoring Data)
Data Site: S004-931

10000 I
> All Data
+  Jun-Aug
+ >50% SF
1000 ~==-90th
Median
=)
=
L
2100 9% WFTL o b S ppo------------1 g -
:'_g S i —— 2%"&;“‘ 4
= = ¢
T
i 10 %
High Moist Mid-range Ory Low
Flows Conditions Flows Conditions Flows
1 i i t i i
0 10 20 30 40 50 60 70 80 90 100
Flow Duration Interval (%)
Figure 2.7 Field turbidity duration curve for Tributary to Deer Creek at CSAH 6

Deer Creek at CSAH 6
Field Turbidity Water Quality Duration Curve (2008 - 2010 Monitoring Data)
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Figure 2.8 Field turbidity duration curve for Deer Creek at CSAH 6
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Deer Creek Monitoring Station Transparency Tube Readings
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Figure 2.9 Transparency tube readings for Deer Creek monitoring stations

2.3.4 Loading Reductions

As indicated in Figures 2.2 and 2.3, the monitored 90" percentile TSS loading and water quality
concentrations are above the NTU standard to varying degrees for all of the combined years under all
flow conditions. As a result, varying levels of loading reductions are needed under each of five flow
conditions, which are being equally applied to all of the load allocation components. To meet the
requirements of the TMDL, daily load reductions of 99, 95, 56, 95 and 89 percent for the high, moist,
mid, dry and low flow zones respectively are required.

2.4 Overall Conclusions from Turbidity-Related Monitoring and
Sediment Sources Requiring Load Reductions

Some of the conclusions to be drawn from the project monitoring experience, data and assessments
discussed in Sections 2.1 through 2.3 are the following:

e Based on the available data, the turbidity impairments in the watershed are significant when
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viewed across the entire sampling season. Turbidity readings at the Deer Creek outflow
station (at Highway 23) are significantly higher than the 10 NTU standard for all parts of the
flow regime.

Median TSS loads at the Highway 23 station were recorded at 13314, 810, 94, 228, and 128
Ibs/day for the high moist, mid, dry and low flow zones respectively. To meet the
requirements of the TMDL, daily loads of 429, 73, 40, 40 and 27 1bs/day for the high, moist,
mid, dry and low flow zones respectively are required. To meet the requirements of the
TMDL, daily load reductions of 99, 95, 56, 95 and 89 percent for the high, moist, mid, dry
and low flow zones respectively are required.

The calculated Total Maximum Daily Load (TMDL) of TSS that serves as the loading
capacity for each reach is based on the TSS concentration equivalent to the 10 NTU standard.
For implementation planning purposes, an overall load reduction percentage can be made by
comparing the existing dataset to the listing/delisting criteria for turbidity. To meet the
requirements of the TMDL, daily load reductions between 56 and 99 percent will be needed,
depending on the flow condition.

Increased turbidity values were observed in all flow regimes between CSAH3 and CSAH6.
This section of Deer Creek contains the sediment volcanoes which are a significant source of
turbidity under low flow. As shown in Table 2.2, field turbidity was twice as high
downstream of the sediment volcanoes under low flows.

Primary sources contributing TSS within this watershed are mass-wasting and erosion of
slumping stream banks, headcut erosion at migrating knickpoints, watershed-wide land use
changes, and sediment volcanoes. Failing “Red Clay Dam” structures and livestock grazing
in riparian areas have also been previously identified as TSS sources. The relative amounts of
sediment loading from each of the primary sources has been considered in more detail as a
part of an evaluation of watershed modeling, GIS terrain analysis and comparisons of the
available water quality and quantity monitoring data (see Section 3.0). The watershed
modeling indicates that a significant portion of the increased sediment loading estimated for
the Deer Creek system can be attributed to near-channel sources of sediment.
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3.0 Implementation Objectives and Priority
Management

3.1 Implementation Objectives

A number of recommendations are made below to provide implementation strategies associated with
each of the significant sediment loading sources within the Deer Creek watershed. Detailed
watershed and groundwater modeling (presented in Table 3.1 and discussed in detail in Appendix A)
has also been completed in conjunction with the TMDL implementation planning effort to identify
and prioritize, more specifically, the types of BMPs that should be put into practice. Table 3.1 shows
that approximately one third of the increase in sediment loading estimated for the Deer Creek system
between the two monitoring stations can be attributed to near-channel sources of sediment. While the
estimated sediment volcano loading represents a much smaller portion of the cumulative sediment
load, as shown in Table 3.1, the water quality monitoring data discussed in Section 2.3.2 indicates
that the sediment volcanoes are still contributing to the turbidity impairment under low flow
conditions.

Table 3.1 Modeled and estimated sediment yield components (simulated for June, 2008 through
October, 2010).
o Contributing | Cumuiadve | Simulated Near- | (R
Monitoring Station - . . Channel Sediment .
Drainage Area Sediment Yield . Volcano Loading
Yield (tons)
(acres) (tons) (tons)
Deer Creek at CSAH 3 901 297 7 7
Deer Creek at Hwy. 23 5,063 2,626 732 35

The recommended implementation objectives are defined following a five-component framework for
evaluating the health of a stream system that has been adopted by the Minnesota Department of
Natural Resources (DNR) in their Watershed Assessment Tool
(http://www.dnr.state.mn.us/watershed tool/index.html). The five components are hydrology,
connectivity, biology, geomorphology, and water quality.

3.1.1 Hydrology

The objective is to attain a hydrologic regime that better supports geomorphic stability and ecological
function. To improve hydrological function in the watershed we plan on focusing on possible land
cover changes associated with silviculture and assure future land use planning considers hydrology
impacts. Increasing stream base flows and reducing storm event flows are specific recommendations.

Silviculture

Land cover changes between 2008 and 2010 in an area of Deer Creek point to the presence of
silviculture in the area. During silviculture operations it is recommended that appropriate BMPs are
implemented for each site and process. Carlton County SWCD is developing a logging BMP fact
sheet with input from the forestry committee of the Nemadji River Basin Project. Carlton County has
also zoned portions of the Deer Creek watershed to support forest management and minimize higher-
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density development (see Appendix B). The Red Clay Overlay District requirements apply to the
entire Deer Creek watershed.

Carlton County implements all recommendations of the MN Forest Resources Council Forest
Management Guidelines (FMGs), where applicable, for harvesting public lands in the Nemadji River
basin. Past recommendations to private landowners in the watershed have been made to carry no
more than 15% of ownership in forested cover types less than 15 years of age. This recommendation
has been difficult to follow for some private land owners that may have to subject the entire property
to harvesting due to economies of scale. In general, annual State Guideline Monitoring results in the
Nemadji basin have shown greater than 90 percent compliance with the implementation of the FMGs
for water quality and soil stabilization. Other projects within the watershed include Carlton County’s
pursuit of reestablishing long lived tree species. In addition, the NRCS Great Lakes Restoration
Initiative (GLRI) project to re-vegetate private land open areas, and scrublands, has specifically
targeted the Deer Creek watershed as an area for grants.

Watershed modeling completed for this study (and discussed in detail in Appendix A) has been used
to assess the relative impacts on surface runoff and sediment contributions under a range of land use
conditions. The results show that significant water quality and stream channel changes could result
from changes to the current land use and land management within the watershed. Simulation of an all
forested land cover scenario for the Deer Creek watershed indicated there would be reduction in total
cumulative sediment yield of 16 to 20 percent from existing conditions. Results from the non-
forested (or complete conversion to open space) simulation scenario indicate an increase in total
cumulative sediment yield from existing conditions of 20 percent for Deer Creek at Hwy. 23 and an
increase of more than 60 percent for Deer Creek at CSAH 3. Most of the elevated levels of changes
in predicted erosion rates for the five years of simulated land cover change corresponded with higher
runoff events that occurred each year during 2010, 2011 and 2012.

Watershed land use changes

Administered by the Zoning & Environmental Services office, Carlton County Zoning Ordinance #27
regulates a variety of shoreland activities to protect the integrity of the county’s water resources.
These activities include vegetation removal, grading and filling, and limiting impervious surfaces
within shoreland areas. Shoreland properties also have specific setbacks from the OHWL for
structures, sewer systems, and minimum lot area requirements for development.

Shoreland is defined by the Shoreland Management Overlay District which is comprised of the
surface waters listed on the Carlton County Public Waters Inventory Map of 1985.

The Shoreland Management Overlay District includes the Red Clay Overlay District which is
comprised of the entire basins of the St. Louis and Nemadji Rivers. The purpose is intended to
establish additional setback requirements that reflect the unstable and highly erodible soil
characteristics of several clayey soil associations within these basins. For example, a structure is
required to have a 30 foot setback from the top of a bluff in shoreland areas of the Nemadji River
watershed. Also, the allowed amount of cleared vegetation in a shoreland area is smaller within the
basins of the St. Louis and Nemadji Rivers, compared to the other basins in the county.

Carlton County Zoning Ordinance #27 regulation of clearing vegetation also applies to defined
shoreland being used for livestock watering. For example, if a shoreland stream is being used for
livestock watering in the Nemadji basin, a maximum of 40 feet of woody vegetation can be cleared
along the OHWL. The woody vegetation can be cleared and mowed or grazed, but no bare dirt may
exist.

22



Carlton County Zoning Ordinance #30 requires compliance inspections for individual sewage
treatment systems in shoreland areas anytime a zoning permit application is submitted to the Zoning
& Environmental services office.

Development projects with nonconformities, such as lots and structures not meeting current
ordinance standards, in the Shoreland Overlay District require an approved Shoreland Mitigation
Plan when completing the variance application process. A mitigation plan often includes planting
native vegetation buffers, controlling erosion and stormwater runoff.

Details on these activities are summarized in Appendix B or for more information contact the Carlton
County Zoning & Environmental Services Office.

The Carlton County Zoning and Environmental Services Office is responsible for the implementation
of the Carlton County Comprehensive Local Water Management Plan 2010-2020. The purpose of the
plan is to provide the citizens of Carlton County, local government, state agencies and federal
agencies with a strategic framework to manage its water and land resources.

3.1.2 Connectivity

The objective is to evaluate and restore the connectivity in the watershed system including fish
passage, sediment transport in the stream and overall stream stability. Connectivity includes issues of
vertical connectivity to groundwater and lateral connectivity to a stream’s floodplain.

Any replacement or addition of a stream crossing should be done in a manner that does not disrupt
aquatic passage and allows for sediment and wood debris transport. This can be achieved through
proper design that includes burying of culverts. In the Deer Creek watershed and much of the greater
Nemadji Watershed, special consideration should be made for rock grade control structure
installation where the culvert is currently acting as the grade control. Any replacement or addition of
a stream crossing on public waters is required to be authorized through a DNR Public Waters Work
Permit. MDNR’s design criteria for culvert crossings that allow for aquatic passage and maintain
stream stability should be followed. Typically, the best replacement for a stream crossing is a span
bridge. If that is not possible, the Stream Simulation (USFS, 2008) method is the next best option.

Culvert Inventory

A culvert inventory was recently completed to identify stream crossings and culverts that block fish
passage and/or contribute sediment or channel instability to the stream. The culvert inventory was a
USFWS Fish Passage Project, which targeted streams that a DNR Specialist identified as higher
value trout habitat, then extended the data collection to include other perennial stream/road crossings
in the Nemadji Watershed. Data was obtained from the top priority streams as well as a large
majority of the perennial streams in the Nemadji River watershed, including specific culverts within
the Deer Creek system. The data collected in the inventory includes culvert condition, stream
condition, and culvert-stream relationship (i.e. if the culvert is perched above the stream

bed). Results of the culvert inventory will be used to prioritize those structures that are in need of
replacement or repair.

Culvert Design Training

Develop and host workshop events on the inter-related topics of culvert design, fish passage/ biologic
connectivity and stream geomorphology impacts, specifically grade control and a shared
understanding of the design criteria that are being used by the road authorities to ensure that these
conveyances do not mobilize more sediment in the watershed.
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3.1.3 Biology

The biological objective is to improve the ecological function of the stream ecosystem through the
support of aquatic life use for cold water fish designated by Minnesota’s water quality standards (MN
R. 7050). This will be completed through the implementation of the objective of the four other
watershed system components, while also evaluating the ecological condition of the stream and
identifying functional needs for the ecosystem (pools, riffles, habitat, channel and bank stability,
etc.). Some natural channel design stream restoration which targets sediment reduction will also
improve habitat conditions.

3.1.4 Geomorphology

The objective is to restore and maintain channel stability of Deer Creek where necessary and
feasible. Stability is defined as maintaining the dimensions, pattern and profile of stream channels
so that the channel neither aggrades or degrades over time and is able to transport its water and
sediment. Deer Creek stability issues include areas of excess incision and deposition. Incised stream
reaches cannot access a floodplain during bankfull events. As a result, the banks, bed and bluff areas
continue to erode. Four areas are highlighted as necessary to restore geomorphological features
including livestock access to riparian areas and waterways, streambank destabilization and mass
wasting, failing dam structures and the presence of sediment volcanoes.

Livestock Access to Riparian Areas and Waterways

Livestock producers should continue to implement measures to protect riparian areas and waterways,
such as managing livestock access in riparian areas and providing off-site watering structures.
Previous studies have shown hoof stresses in the riparian areas as a significant source of stream bank
erosion in the Deer Creek watershed. Continuing the current practices of limiting livestock access to
these areas can reduce stresses and stabilize the banks. It is recommended that an update to the last
animal registration and county feedlot inventory conducted in 1996 be completed as a part of the
implementation phase.

Stream Channel Destabilization and Mass Wasting

Several streambank erosion and slumping features have been inventoried in the watershed and
documented with GIS terrain analysis and stream channel metrics. In addition, significant knickpoint
features were indicated with the LiDAR data (but were not field-verified) in the main stem and
primary tributary to Deer Creek that may have experienced significant erosion and are expected to be
subject to ongoing migration in the future. While the severity of these sites will continue to be
monitored in the future, the modeling completed for this study (see Appendix A) has been used to
assess the relative magnitude of the sediment contributions from each source area and LiDAR GIS
terrain analysis has also been used to prioritize areas for implementation. Activities intended to
address these sources of sediment are a high priority for the watershed and are discussed in more
detail in Section 3.2. As projects are developed to address the issue, a careful evaluation of flood
plain connectivity and potential for bluff stabilization should be incorporated into the design plans.
Natural Channel Restoration Design is a tool appropriate for these evaluations and also aid in stream
channel re-design to mitigate bank destabilization.

Failing Dam Structures

As discussed in Section 2.2, at least 3 out of the 4 Red Clay Dam structures are failing and in need of
repair in the Deer Creek watershed. The Carlton SWCD successfully obtained Clean Water Funds to
address these failing structures. Engineering plans will be developed for erosion control measures on
the three structures in the Deer Creek watershed in phase three of a three phase project. This activity
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is a high priority for the watershed.

Sediment Volcanoes

While several sediment volcanoes have been documented in the Deer Creek watershed, the
monitoring data indicates that the sediment volcano features shown in Figure 1.1 are likely a smaller
contribution to the turbidity impairment in this reach (see Table 3.1). The water quality and quantity
monitoring data, combined with the watershed and groundwater modeling completed for this study,
has been used to assess the relative contributions from the sediment volcanoes in the watershed and
evaluate whether there are feasible options to improve their influence over stream water quality.
Activities intended to address these sources of sediment are a high priority for the watershed and are
discussed in more detail in Section 3.2.

3.1.5 Water Quality

The water quality objective is to support aquatic life in a cold-water ecosystem by reducing sediment
concentration in Deer Creek to meet TMDL targets. This objective will be met through integrating
water quality activities with riparian and stream channel and bluff management for sediment control,
implementing and maintaining silviculture practices to limit the water quality effects of land use
changes in the watershed, and implementing construction and industrial stormwater management
practices.

Construction Stormwater Implementation

The wasteload allocation for stormwater discharges from sites where there is construction activities
reflects the number of construction sites > 1 acre expected to be active in the watershed at any one
time, and the Best Management Practices (BMPs) and other stormwater control measures that should
be implemented at the sites to limit the discharge of pollutants of concern. The BMPs and other
stormwater control measures that should be implemented at construction sites are defined in the
State's NPDES/SDS General Stormwater Permit for Construction Activity (MNR100001). If a
construction site owner/operator obtains coverage under the NPDES/SDS General Stormwater Permit
and properly selects, installs and maintains all BMPs required under the permit, including those
related to impaired waters discharges and any applicable additional requirements found in Appendix
A of the Construction General Permit, the stormwater discharges would be expected to be consistent
with the WLA in this TMDL. It should be noted that all local construction stormwater requirements
must also be met.

Industrial Stormwater Implementation

The wasteload allocation for stormwater discharges from sites where there is industrial activity
reflects the approximate area in the watershed for which NPDES industrial stormwater permit
coverage may be required, and the BMPs and other stormwater control measures that should be
implemented at the sites to limit the discharge of pollutants of concern. The BMPs and other
stormwater control measures that should be implemented at the industrial sites are defined in the
State's NPDES/SDS Industrial Stormwater Multi-Sector General Permit (MNRO050000) or
NPDES/SDS General Permit for Construction Sand & Gravel, Rock Quarrying and Hot Mix Asphalt
Production facilities (MNG490000). If a facility owner/operator obtains coverage under the
appropriate NPDES/SDS General Stormwater Permit and properly selects, installs and maintains all
BMPs required under the permit, the stormwater discharges would be expected to be consistent with
the WLA in this TMDL. It should be noted that all local stormwater management requirements must
also be met.

25



3.2 Evaluation of BMP Effectiveness and Priority Ranking for
Sediment Reduction Strategies

With limited time, staff and funding opportunities for restoration efforts, an attempt has been made to
determine what best management practices would be practical, economically feasible, and
environmentally effective in reducing turbidity loading in the Deer Creek watershed. This includes
consideration of the expected cost-effectiveness of best management practices that should be
undertaken, based on existing applicable knowledge. Table 3.2 provides a summary of the proposed
implementation activities and estimated costs for restoration in the Deer Creek watershed. In addition
to these implementation activities, it is expected that the Deer Creek Watershed Technical Team will
continue to meet and Carlton County will maintain educational and outreach information on their
website and conduct annual meetings with lake and stream groups. The following sections provide
more detail about considerations for addressing erosion from streambank slumping and sediment
volcano discharges to the stream.

3.2.1 Streambank Slumping

A GIS terrain analysis was conducted to evaluate the potential for streambank slumping in the Deer
Creek watershed and compared with information collected to field-verify the predictive capabilities
of the GIS analysis. The results of this analysis (shown in Figure 3.1) show the sites that possess
steep slopes combined with the highest percentiles for plan and profile curvatures. Figure 3.2 shows
how the streambank slumping sites correspond to the profiles of Deer Creek and the primary
tributary. In general, the slumps identified and located in the GIS analysis correspond with the stream
reaches that have higher gradient and would likely be undergoing more incision and active
degradation.

After incorporating stream channel metrics for near-bank stress with the slump characteristics, the
erosion potential from the streambank slumping source areas identified in GIS were subdivided into
three categories: high, medium and lower. It should be noted that the “lower” category of erosion
potential represents a high risk for erosion (because it corresponds with the highest percentiles in the
terrain analysis), but the volume of sediment erosion may not be as great as the higher risk
categories. Table 3.2 indicates corresponding implementation activities for each one of these three
categories of erosion potential, but in practice, it is anticipated that attempts to address each erosion
category will be more economical on a reach-by-reach basis.

Figure 3.1 also shows the locations of the red clay dam sites. There is an active migrating knickpoint
and significant channel degradation immediately downstream of Dam4 that will also need to be
addressed.

Figure 3.2 also shows that both Deer Creek and the primary tributary have the high potential for
significant knickpoints (at uncontrolled changes in grade) that are downstream of the area where
sediment volcanoes are located. Implementation of constructed rock riffles to control the grade and
address headcut erosion at both of the migrating knickpoints is a high priority (see Table 3.2).

Access to each of the slumps that were identified and prioritized in GIS will likely be difficult, which
may not warrant construction activities with heavy equipment. Several stream reaches are more likely
to self-stabilize if vegetation is managed. Trees may need to be thinned at locations that have already
slumped to provide greater sunlight to ground vegetation. Drainage patterns of failure areas should be
reviewed to store and/or redirect local drainage around eroding slopes as needed to reduce
concentrated flow over the bank. Grade control and energy dissipation is recommended for ravines
that are adjacent to slumps.
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In the lower portion of the watershed, control of groundwater seepage should also be considered.
Large slumps or slope failures adjacent to the creek should be stabilized and the creek redirected
away from the bank toe. The stabilized bank should be revegetated with native vegetation and
provided with erosion control. Erosion should be monitored to determine whether conditions are
worsening at each site.

3.2.2 Sediment Volcanoes

The discharge of water and sediment associated with the sediment volcanoes is a complex issue with
several confounding variables. Groundwater modeling has been completed to evaluate whether
restoring an impoundment at the site of the sediment volcanoes should be considered as a way of
reducing groundwater flow and entrainment of clay particles in the downstream flow.

Since access to the site of the sediment volcanoes is difficult, and there is a high potential for
significant land disturbance adjacent to the stream, it is recommended that the initial study of feasible
options to control sediment begin with the installation of drive point piezometers at the site. Four of
these piezometers would be installed in the stream bed near the sediment volcano, with two nests of
two. At each nest location, one piezometer would be installed at about 3 feet and one as deep as
possible. Head measurements would be collected to better understand the depth that would be
required for an impoundment at the site. These piezometers can also be sampled, if necessary, but
are only temporary and would likely need to be replaced if long-term evaluations are desired. The
costs associated with this field work are largely going to be driven by the need for planning and
consideration of safety issues. The estimated cost for completing this monitoring and the
development of a feasibility study is included in Table 3.2.

If drive point piezometers alone are inconclusive, piezometers and geologic borings could be
installed with a tripod drilling rig. This larger effort allows for going deeper and the ability to log
the geology in much greater detail than what currently exists. Two nests of two borings would again
be installed, similar to the drive point piezometers. Sediment from cores could also be sampled for
isotopes to compare sources. The same issues with planning and safety costs will need to be
considered for this option, as well.

Other options that could be considered to address the sediment volcanoes include larger, more
permanent wells that would flow or be pumped to reduce head at depth and in turn reduce upward
pressures at the stream bed that is suspending sediment or a French drain system that would collect
groundwater inflow at the stream bed in the area of the sediment volcanoes and discharge to a
location where it can be controlled or treated. Both of these options may not be feasible or worth the
costs unless data from one of the aforementioned options (above) indicate otherwise.
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Table 3.2 Proposed implementation activities, estimated costs and prioritization for Deer Creek restoration.
i . Labeled
Prlorlty / 1 Activity Estimated Cost? Pr<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>