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1

INTRODUCTION

Lake Mitchell was established in 1928 as the primary water source for the City of Mitchell. After
increasing water quality problems prompted the city to secure an alternate water source in 2003, it
now serves as a backup potable water supply for the City and the primary use is recreation. Residences
have been established around the lake and lake access is available to the public. Recreation has been
hindered by poor water quality, including frequent, severe algal blooms. FYRA Engineering has been
contracted for the Lake Mitchell Rehabilitation Project: Phase 1 to start the process for determining the
causes and solution(s) for Lake Mitchell’s water quality problems.
1.1

Project Scope

FYRA Engineering follows their Seven Steps of Lake Management process that has been developed
over the years through experience as water resources engineers. These steps reported below were
presented to the City of Mitchell and it was determined that Phase 1 will include steps 1 through 3, as
well as initiating the Community Based Planning (CBP) efforts. This technical memorandum (TM) has
been developed to document the work performed and the findings.

Figure 1 – FYRA Seven Steps of Lake Management
1.2

Water Quality History

Studies of Lake Mitchell reach back to 1966 where investigations of a supplemental water supply were
performed. Water quality issues of pollutant loading and algae blooms were published in 1985, and
numerous studies followed to address the water quality concerns. A timeline of the studies performed
and actions taken that pertain to water quality (or pollutant load reductions in the watershed) are
presented in Figure 2. A description of each study performed and their findings is location in Section
3.1.
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Figure 2 – Water Quality Related Studies and Actions Timeline
The drainage area for Lake Mitchell is over 350,000 acres, while the surface area is reported to be 693
acres in the most recent water level study. Typically, water quality is diminished in lakes with extremely
high ratios of watershed:lake area. With the larger watershed area, the volume of runoff and the
associated pollutant load is large relative to the lake’s capacity to assimilate and dilute the load to
prevent elevated in-lake concentrations. Desirable watershed:lake ratios will vary by climate and
landscape. In the Midwest, a lower ratio generally provides adequate water volume without
overwhelming lakes with sediment and nutrients. The Lake Mitchell watershed to lake area is over
500:1. While there are some advantages to designing reservoirs to control very large watersheds, it is
more favorable, from a water quality perspective, to have less drainage area relative to lake size than
is present for Lake Mitchell. While water, sediment, and phosphorus yields from the watershed are
relatively low on a per acre basis (see Section 5.2), the large drainage area leads to high pollutant loads
exported from watershed to the lake, which has contributed to water quality problems.
Water quality sampling data has been collected for Lake Mitchell and throughout the watershed
periodically since the early 1990s. Several parameters have been measured historically, including
phosphorus, which is typically the limiting food source for algae in most freshwater lakes, and
chlorophyll-a, which is a pigment that indicates the presence/density of algae in the water column.
Therefore, phosphorus and chlorophyll-a concentrations are commonly used to assess the water
quality of a lake and to set goals for improvement. The average phosphorus and chlorophyll-a
concentrations from 1991-2017 is provided in Table 1, as well as the most recent sampling data from
2017 is reported individually. A detailed summary of all sampling data utilized in this study is provided
in Section 3.2.
Table 1 – Lake Mitchell Phosphorus Sampling Results
1991-2017
Average

2017
Average

Total Phosphorus (g/L)

474

889

Chlorophyll-a (g/L)

41

80

Parameter

Lake sampling data shows that since the early 1990s, phosphorus concentrations have generally
ranged from 100 ug/L to over 1,200 mg/L, with an average concentration of 474 g/L. From 19911999 there was frequent sampling of the lake, with 51 samples collected over 9 years. The lake was
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then heavily sampled from 2001-2007 when it was being study for the alum application demonstration
project, with 170 samples collected over 7 years. Due to the scarcity of sampling data from 2008-2015,
with only 13 samples collected over 8 years, there is insufficient data to conclude if the increase in
average concentration to 889 g/L happened gradually, or if there was a marked shifted at some point
where conditions in the lake worsened. Similar increases were observed for chlorophyll-a.
In order to reduce the potential for algae growth, phosphorus concentrations should not exceed 60 to
80 g/L during the growing season. General goals were discussed for Lake Mitchell during the
community based planning process and reported in Section 2.2, and it is apparent that an order-ofmagnitude reduction will be required to substantially improve water quality and reduce the frequency
of algal blooms in Lake Mitchell. It will take tremendous investment and commitment from many
stakeholders to achieve this goal.

2

COMMUNITY BASED PLANNING

Public outreach is beneficial to any project to gain insight from stakeholders, receive guidance from
local experts, and help establish goals to produce an end-product that is acceptable to the public.
The CBP efforts for Phase I included the formation of two committees, conduct coordination
meetings with each committee and hold one public meeting. The content of the meetings with the
committees is outlined in the image below to illustrate the process that the committees took part in.
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2.1

Committees and Roles

The two committees formed were the Watershed Advisory Council (WAC) and Technical Advisory Team
(TAT). The WAC consists of interested local citizens that will be informed on lake and watershed
processes and concepts. They will help develop goals and provide insight on historical and current
lake issues and the local perception of different management strategies. The WAC will spread the
knowledge they gain to the community, and help build consensus and public support. They focused
their role on identifying nutrient reduction opportunities and developing public educational tools. The
members of the WAC are listed in Table 2.
Table 2 – Watershed Advisory Council
Name
Dave Bartel
Jeff Burg
Austin Clayes
Colin Kirkegaard
John McLeod
Mark Puetz
Justin Thiesse
Loren Van Overshelde
Darron Werkmeister

The TAT is comprised of local agencies and leaders with knowledge of technical and financial resources
in the area. The TAT understands the efforts taken to date and which items have been more successful
than others. The members of the TAT are listed in Table 3.
Table 3 – Technical Advisory Team
Name
Mike Blaalid (Chairman)
Steve Donovan
Kevin Erdmann
Paula Mazzer
Julie Olson
Becky Pitz
Nathan Powell
Bernie Schmucker
Dwight Scott
Brian Temple (Vice-Chairman)
Kevin Thurmans
Jeff Vander Wilt
7|Page
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2.2

Outcomes

Table 4 summarizes the outcomes of all committee meetings (see Appendix for available meeting
minutes).
Table 4 – Meeting Summary
Date

Meeting

March 7, 2017 (3:00 p.m.)

TAT (#1)

March 7, 2017 (6:00 p.m.)

WAC (#1)

April 26, 2017

WAC (#2)

April 27, 2017

TAT (#2)

May 25, 2017

WAC (#3)

June 7, 2017

TAT (#3)

October 11, 2017

FYRA Office Visit/Project Tour

December 5, 2017

WAC/TAT (#4)

January 9, 2018

Public Meeting

Through these meetings, the committees established the following vision statement for Lake Mitchell:
The Lake Mitchell Watershed will be innovatively and economically managed and locally
controlled to benefit the needs of landowners, agriculture, recreation and water quality. This
watershed will serve as a lasting example to improve the quality of life in our community.
Issues and concerns were identified and are listed in no particular order related to priority:
•
•
•
•
•
•
•
•
•
•
•
•

Storm sewer drains outlet into lake
Tree biomass
Algal blooms
Cattle in headwaters
Maintaining good relations with landowners
Community education
Watershed practices
Fishery and fishery habitat
Fish kills
Watercraft use (no-wake)
Post-project weed growth (vegetation management)
Bubblers used for swimming in canal

Lastly, three categories for goals and objectives were identified that would help gauge the water quality
of the lake. Numerical values were not assigned at this point and will be discussed further as additional
information is developed.
1. Algal Blooms – reduce the number and severity
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2. Public Health Warnings – reduce the number of days the lake was either closed or public
notice was issued for poor water quality
3. Clarity – increase water clarity to match other local lakes with perceived good water quality

3

BACKGROUND INFORMATION

Firesteel Creek and the Lake Mitchell watershed have been analyzed multiple times the past few
decades. Available information was reviewed to gain insight on the lake’s history, past study findings
(including recommendations and actions,) and to determine if and how historical information can be
utilized to develop a management plan for Lake Mitchell going forward. Key findings of past studies
are discussed in Section 3.1 and historical sampling data is summarized in Section 3.2.
3.1

Past Studies

Studies for Lake Mitchell available for review date back to 1966 when alternate/supplemental water
sources were being investigated. Water quality issues were first mentioned and analyzed in 1985 and
have continued to be the topic of interest for Lake Mitchell and the Firesteel Creek watershed since
then. A summary of all studies reviewed is presented in Table 5.
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Table 5 – Lake Mitchell Studies
Year

Title

Topic

Groundwater Supply for the
City of Mitchell

Groundwater as
supplemental water
source

1974

Firesteel Creek Water Supply
and Sediment Control

Investigation of
another reservoir
upstream of Lake
Mitchell

1983

Water Resources of Hanson
and Davison Counties -USGS

Groundwater/Aquifer
Study

1985

Firesteel Creek/Lake Mitchell
Water Quality Study Report

Water quality
monitoring and
assessment

1989

Firesteel Creek/Lake Mitchell
319 Work Plan (draft)

Nonpoint Source
Control Project plan

1966

Findings
No aquifer in the Mitchell area which could supply the city
with the quantity and quality of water desired was identified
without further investigation. Note: The water balance model
developed for the current study also indicated relatively low
influence of groundwater on the lake.
Surface water to Firesteel Creek is sufficient to meet the
City's water needs with the proposed reservoir in place
during non-drought years. Preliminary dam design data
presented. Note: The sediment control structure was never
implemented, possibly due to stated low erosion/sediment
delivery rates and high ratio of dissolved to sedimentattached phosphorus, as also observed in the current study.
Descriptions of glacial and bedrock aquifers in vicinity on
their water supply potential characteristics
Identified high nutrient and E. coli loadings leading to
eutrophication of Lake Mitchell. Concerns for nonpoint
source pollution in the watershed. Provided recommended
practices for the watershed and in-lake to reduce loading to
the lake.
Plan for implementation of control measures, schedule,
budget, evaluation, and operation and maintenance items.
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1997

Diagnostic Feasibility Study
(adopted as TMDL)

Water quality study
to address taste,
odor and algae
blooms

2002

Water Quality Assessment
and Modeling, Osgood and
Nurnberg

Lake Mitchell Water
Quality Improvement

2002

Lake Mitchell Alum
Treatment System Final

Recommendations
for the Alum

Water quality monitoring/AGNPS watershed modeling
indicate low sediment delivery. Few targeted cells with high
rates were the cropland with 5% slopes and greater.
Nutrient loads are high, most likely sources is animal
feeding operations. Algal growth can be limited by light or
short residence time of P. Recommends 50% P reduction
from BMPs at animal feeding areas and urban storm sewer
discharge treatment/rerouting. EPA Nonpoint Source 319
Project to implement recommendations followed (see
results in 2008 and 2010 final reports below).
- Study to evaluate in-lake options while watershed
measures are implemented
- TP concentrations indicate hyper-eutrophic conditions
- High watershed to lake ratio
- TP increases observed in summer without increase in flow,
indicates high internal loading is driver of summer and fall
algal blooms
- Average summer TP concentrations increasing from 1991
to 2001, however flow was not increasing
- Poor correlation between whole lake TP concentrations
and algae growth
- Better water clarity observed with higher flow (opposite of
general trends that decrease clarity with higher flow due to
higher TP loading)
- Higher correlation of TP and clarity and algae in the
upstream (shallow) portion of the lake and relationships
can be developed
- Developed model and predicted future conditions with
load reductions
- Provisional management objective to reach 90 ppb, which
equates to algal blooms 50% of the time was set
11 | P a g e
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Report and
Recommendations

Demonstration
Project

2006

Final Progress Report on
2003-2005 Alum
Demonstration Project

Results of the Alum
Demonstration
Project

2008

Section 319 Nonpoint Source
Pollution Control Program
Watershed Project Final
Report - Segment 1

Results of Firesteel
Creek/Lake Mitchell
Watershed Project Segment 1

- Three scenarios for an alum treatment systems were
developed
1. Alum injection only
2. Alum injection plus a whole lake application every
5 years
3. Annual whole lake applications
- Scenario 3 was recommended to move forward as the
Alum Demonstration Project
- Results of alum treatments
- 120k to 150k gallons of alum applied each year (20032005)
- Possible alum application occurred in 2006, but no
documentation of timing/rate was found.
- Updated bathymetry
- Average summer TP concentrations did not decrease with
alum treatments
- In-lake sediment P release rates (internal loading)
decreased
- Recommendations for continued alum treatments,
including continuous alum injection until watershed loads
can be controlled
- Recommended an 80% reduction in external loading
(above the 50% reduction recommended in the 1997
study)
- 10 years of implementation in watershed
- 15 Waste Storage Facilities (WSF)
- 12,483 acres of grazing management practices
- 4 alum applications (2003-2006?)
- 3 city storm sewers and 1 farm tile drain rerouted
- 9-10% total phosphorus load reduction
- $1.2 EPA funds plus $800k match
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2010

Section 319 Nonpoint Source
Pollution Control Program
Watershed Project Final
Report - Segment 2

2012

Lower James River Watershed
Five Year Strategic Plan

2014

Lake Mitchell Water Level
Management Report

Results of Firesteel
Creek/Lake Mitchell
Watershed Project Segment 2

Nonpoint source
pollution
management
measures to reduce
loadings in the
Lower James River
Watershed
Assessment of
alternatives to
drawdown lake levels
to establish shallow
vegetation

- 2 years and 4 months of implementation in watershed
- 3 Waste Storage Facilities (WSF)
- 2,500 acres of grazing management practices
- 320 acres of Riparian Area Management (RAM)
- 500 acres of cropland BMPs (seeding, wetlands, filters)
- 215 ft of shoreline stabilization
- Information and Education activities/presentations
- 4% phosphorus load reduction (4%)
- $440k total funds spent
- Project transferred to the Lower James River
Implementation Project
Identified BMPs and cost estimates to reduce phosphorus
loadings in the entire Lower James River Watershed.
Includes Firesteel Creek/Lake Mitchell watershed, which
enables watershed practices eligible for 319 funding

Developed seven alternatives for lowering the water surface
level in Lake Mitchell. Recommendations for using the
existing pump station piping to create a siphon were
provided.
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3.2

Available Sampling Data

Sampling data in the lake and watershed has been collected by several different agencies over the
years. Water quality data, lake level and stream flow data have all been gathered during different
periods of time. Table 6 presents the sampling data that was utilized for the modeling efforts of this
project.
Table 6 – Sampling Data Summary

Data

Source

Years

Water Level Elevation

City of Mitchell

1976-2017
1993-1994, 2001,2005,
2008-2009, 2013-2016
1991-1995
2002, 2005-2007,
2009-2010, 2015
1996-2001

SDDENR
Statewide Lake Assessment
Lake Mitchell Water
Quality Sampling

Mitchell Schools
Nurnberg, Osgood 2002
City of Mitchell

Firesteel Creek Water
Quality Sampling
Firesteel Creek Flow Rate
Groundwater Level

4

MODELING APPROACH

4.1

Phosphorus Loading

4.1.1

Watershed Loading

USGS

2016-2017
1993-1995, 2007,
2015-2016
1990-2017

SDDENR

1967-2017

SDDENR

Watershed models are developed to
identify pollutant sources and quantify
the pollutant loads associated with each
source.
The Spreadsheet Tool for
Estimating Pollutant Loads (STEPL) model
used for this project incorporates data
from the watershed and performs
hydrologic computations to quantify
annual flows and associated pollutant
loads.
Existing conditions can be
analyzed to identify high contributing
areas and/or sources (i.e., priority
areas/sources).
Implementation of
conservation measures to address these

Source: Gulf of Mexico Watershed
Nutrient Task Force

Figure 3 – General Watershed Schematic
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priority areas/sources has a large potential impact on water quality. One of the greatest benefits of a
watershed model is the ability to simulate load reductions from best management practices (BMPs).
The model can be used to determine the amount of BMPs required to reach load reduction goals in
the watershed.
The data utilized in the model includes the following standard data that is readily available to the
public through cataloged databases:
•
•
•
•
•

Soil information
Precipitation
Land use
Septic systems
Cattle head count

Additional investigation and data collection was performed to refine inputs and gather more specific
information that would impact the location and quantity of pollutant loading. This includes:
•
•
•
•
•

Registered CAFOs and NRCS info on grazing operations
Manure/fertilization management (from NRCS)
Existing conservation practices (no till, buffers, WSF from NRCS)
Tile drain info from NRCS
Flow and water quality sampling data

A hydrograph separation was performed on daily flows collected by the United States Geological
Survey (USGS) at the stream gage station near Mount Vernon to determine the ratio of surface water
runoff to baseflow in the watershed. It was determined that baseflow comprised 34% of the total
volume generated in the watershed. The STEPL model was refined to reflect the observed runoff and
baseflow contributions, which provides insight into proper best management practice selection and
placement. Flow and water quality sampling data was also used to develop estimates of existing
phosphorus loads and used to calibrate the STEPL model. Therefore, watershed load results are a very
accurate representation of phosphorus inputs to the lake that correspond with actual observed data.
The Lake Mitchell watershed was divided into 18 subwatersheds, each at the HUC 12 scale. Each
subwatershed is identified with the last 3 digits of its HUC12 ID in Figure 4. Data input into the STEPL
model for Lake Mitchell is summarized in the Appendix. Note that Subwatershed 703 contributes to
the Lake Mitchell only if Horseshoe Lake fills completely and spills over into the Mitchell Basin. This
has not occurred in 28 years of record evaluated as part of this study.
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Figure 4 – Lake Mitchell Subwatershed Map
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4.1.2

Internal Loading

Internal loading in a lake is the load produced from within the lake itself. Several factors can contribute
to internal loading. Shoreline erosion and resuspension of the lakebed sediment from wind, boating
or bottom feeding fish can contribute sediment and associated phosphorus into the water column.
Vegetation growth during the warm seasons and subsequent die-off and decay will also contribute to
nutrient releases into the water column. The release of sediment bound phosphorus during anoxic
conditions is another common, and often large, contributor to internal phosphorus loading when the
sediment phosphorus budget is heavily influenced by adsorption to ferric hydroxides.
Because Lake Mitchell exhibited high phosphorus concentrations for decades, it is highly likely that
lake sediments responded by precipitating phosphorus in forms that are not usually considered in
internal loading estimates/models for lakes exhibiting less eutrophication. These precipitates include
various forms of ferrous and calcium phosphates. When phosphorus levels are elevated to these
extremes, an equilibrium forms between these phosphorus precipitates and the lake water, which may
provide stabilize dissolved concentrations, albeit at levels too high to limit algal growth.
However, when management strategies, such as alum addition, are applied without considering such
precipitates, the temporary depression of dissolved phosphorus caused by alum can trigger dissolution
of lakebed precipitates. In turn, dissolving precipitates can replenish dissolved phosphorus
concentrations to pre-alum levels, unexpectedly, in a matter of weeks, resulting in disappointment with
the alum investment. Accordingly, the potential for internal loading from precipitate sources needs to
be understood to examine feasible short and long-term management options.
Source: Carter Lake Water Quality
Management Plan

Figure 5 – Sources of Internal Loading Diagram
The amount of sediment-bound phosphorus that is available for release by desorption was measured
for Lake Mitchell. Sediment core samples were collected in February 2015 through holes augured
through the ice, and the results were presented to the City of Lake Mitchell in a TM in November 2016
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(see Appendix). The sampling results using traditional sequential extraction methods indicate there
is approximately 34,500 lbs of sediment-bound phosphorus readily available for release by desorption.
Using updated bathymetric data and a larger than previously assumed lake area, available phosphorus
in the lake sediments has been updated to approximately 48,000 lbs. This information is utilized to
estimate the rate at which the sediment bound phosphorus is released into the water column to inform
the nutrient mass balance model during ordinary lake conditions dominated by high dissolved
phosphorus.
After the original sediment sampling, it was noted that due to the extremely high phosphorus
concentrations observed in Lake Mitchell, the sediment chemistry analysis performed likely
underestimates an important component of sediment-bound phosphorus that is available for release
into the water column. This is an atypical scenario that could not have been anticipated prior to the
previous phase/analysis. Generally, these types of precipitates play a minor role in internal loading
and can be ignored without consequence to the analysis.
Because Lake Mitchell sediments have very high concentrations of phosphorus and the sedimentation
rate is low, it is anticipated that internal loading would be augmented significantly by decades of
accumulated phosphorus precipitates. Accordingly, internal loading rates in response to management
strategies that lower dissolved phosphorus in the water column are likely to be much higher than those
predicted to occur by desorption (cited above) and could be the dominant internal loading mechanism.
This hypothesis is supported by the nutrient mass balance model that internal loading in Lake Mitchell
is higher than originally estimated using sediment coring analysis.
Understanding this potential requires specialized sequential sediment-phosphorus extraction methods
aimed at gaining better definition on how phosphorus is partitioned in the sediment. This information
is critical for identifying the most appropriate alternative(s) for internal loading inactivation/control,
and potential ramifications of this current source of uncertainty are discussed in Sections 5.2 and 9.1.2.
4.2

Water Budget and Nutrient Mass Balance

A water budget was developed to simulate/predict the lake level (and also volume) on a daily basis.
Once the water budget model was calibrated to produce accurate lake level and volume responses to
inflows and outflows, the associated phosphorus concentrations of the various pathways were added
to simulate nutrient fluxes and the nutrient mass balance.

18 | P a g e
www.fyraengineering.com

DRAFT Technical Memorandum for Lake Mitchell Rehabilitation Project: Phase 1

Figure 6 – Mass Balance Schematic
For Lake Mitchell, the water inflows include flow to the lake from Firesteel Creek, potential groundwater
inflows, historical pumping to the lake from the James River, and direct precipitation. Water outflows
include water lost to the atmosphere via evaporation from the lake surface, potential groundwater
outflows, historical municipal water use, irrigation water use, water use for a biofuels plant, and water
leaving the lake via the overflow spillway. Data input into the water budget for Lake Mitchell is
summarized in the Appendix.

Figure 7 – Water Budget Model Interface
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The water budget and nutrient mass balance is used to simulate historical water quality and predict
the lake’s response to potential future management strategies/alternatives. Data input into the
nutrient mass balance for Lake Mitchell is summarized in the Appendix. Alternatives to reduce internal
loading, as well as alternatives that reduce watershed loads to the lake are simulated by the mass
balance model. Ultimately, the mass balance model predicts in-lake phosphorus concentrations (at
daily, monthly, and annual averaging periods) in response to each (combination of) alternative(s), to
help determine what is required to reach the water quality goals.
Natural systems such as watersheds, streams, and lakes, are inherently variable. As such, they are
difficult to predict with precision. An addition benefit of the water budget and nutrient mass balance
model is that it considers the inherent variability of model inputs, and quantifies the degree of
uncertainty of model predictions. Although overall predictions of water quality and the lake’s response
to improvement alternatives is based on the calibrated value of model inputs and outputs, we can also
quantify the likelihood and degree to which results may vary. Uncertainty analysis and its utility are
further discussed in the model results (Section 5.2) and design refinement (Section 9.1.2) of this
memorandum.

Figure 8 – Nutrient Mass Balance Model Interface
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5

POLLUTANT LOADS AND LAKE RESPONSE

5.1

Data Analysis

To understand conditions in the lake and watershed, several different assessments were performed.
5.1.1

Lake

The annual average lake phosphorus concentrations were reported in Table 1. There are seasonal
changes evident throughout the period of record. Most important is the phosphorus concentration
during the growing seasons, generally May-September, when conditions are favorable for algae
growth. The monthly averages are depicted below. The 1991-2017 growing season average is at 530
g/L, with the 2017 average at 950 g/L. To place these concentrations into perspective, the growing
season goal should be to maintain phosphorus below a maximum of 90 g/L.

Figure 9 – Lake Mitchell Monthly Total Phosphorus Averages from 1991-2017
Past studies were also reviewed for information on the water quality of the lake. A search was done
specifically for any information related to erosion/sediment yield and sedimentation of the lake. There
are some inconsistent accounts of the water surface level and mean depths throughout the years,
however each study noted low rates sediment delivery from the watershed to the lake. The 1985 Water
Quality Study reported a sediment yield of 6.81 acre-ft/yr, would result in the loss of approximately
0.08% of the storage capacity each year. The 1997 Diagnostic and Feasibility Study reported model
results that indicated approximately 40,000 tons of sediment per year is delivered to the lake, which
would result in losing an average of one foot of depth every 61 years. The study continued to assess
water quality sampling data, which indicated that approximately 14,000 tons was entering the lake on
annual basis, only 35% of the modeled load.
Bathymetric surveys were conducted in 2003 and 2014 to determine the lake’s volume. Results
reported in Osgood 2006 determined the volume in 2003 was 8,927 acre-ft and the bathymetry data
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gathered in 2014 and processed by FYRA determined the volume was 8,477 acres. This results in a
volume loss of 450 acre-ft over 11 years, or a loss of approximately 0.5% of lake volume per year. In
an agricultural setting, this is considered a very low rate of sedimentation in a reservoir, but relatively
normal in the geographic setting. Based on these past study findings, bathymetric analyses, and the
relatively low levels of sediment-attached phosphorus in Firesteel Creek, it is evident that Lake Mitchell
is not receiving significantly higher sediment loads from the watershed that cause alarmingly high
rates of sedimentation.
5.1.2

Firesteel Creek

As mentioned in Section 4.1.1, a hydrograph separation was performed on the USGS gage data for
Firesteel Creek that determined the proportion of the flow in the stream that is baseflow is 34%.
Specifying the volume that is contributing to the lake as subsurface flow provides the understanding
of the importance of this pollutant pathway and lends understanding to the nature of phosphorus
export from the watershed.
Water quality sampling data reveal that a high portion of the total phosphorus in Firesteel Creek is in
the dissolved form in comparison to the sediment-attached form. Dissolved phosphorus is not
reduced by many common conservation practices designed to reduce erosion or trap sediment and
sediment-attached phosphorus. Dissolved phosphorus is readily available for biological uptake and
can be more difficult to reduce. The high ratio of dissolved phosphorus in Firesteel Creek could be
related to source of the phosphorus, the nature of the soils in the watershed, land management
practices, or a number of unknown conditions. An assessment of historical flow and sampling data
indicated that approximately 66% of the phosphorus delivered to Lake Mitchell from Firesteel Creek is
in the dissolved form.

Figure 10 – Firesteel Creek Total and Dissolved Phosphorus Inflow
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Being able to assess the USGS flow data in combination with the water quality data on the streams
provides valuable insight of the timing pollutant load delivery to the lake. The concentration duration
curves for total (Figure 11) and dissolved phosphorus (Figure 12) illustrate concentrations in relation
to the frequency of stream flow magnitudes. Figure 12 shows that lower concentrations of dissolved
phosphorus are found in the low/more commonly occurring flows (bottom right) and the
concentrations increase as the flow rate increases (top left). This indicates that the highest
concentrations of phosphorus are entering the lake during very high flow events. This is important to
consider when determining management practices and scenarios. Note that concentrations are also
high in times of low flow. This represents a phosphorus source that is continuous and not dependent
on rainfall runoff. Examples typically include wastewater discharges (if present), cattle in streams, or
some type of illicit/unidentified discharge. Although concentrations are high and this could degrade
water quality in Firesteel Creek, the total volume of flow to the lake is so low in this condition that the
contributions of phosphorus to Lake Mitchell during low flow conditions is not a primary driver of inlake phosphorus levels.

Figure 11 – Total Phosphorus Load Duration Curve for Firesteel Creek

23 | P a g e
www.fyraengineering.com

DRAFT Technical Memorandum for Lake Mitchell Rehabilitation Project: Phase 1

Figure 12 – Dissolved Phosphorus Load Duration Curve for Firesteel Creek
5.1.3

Watershed

The land use and stream conditions in the watershed have a direct impact on the pollutant loading.
The management of land also has a very large impact to loads; however, data availability limited the
ability to account for practices on an individual field scale within the scope of this project phase.
Coordination with the NRCS provided background of general practices and EQIP funds used in the
watershed, as well as documentation of the practices that were implemented under EPA 319
implementation. There are also thousands of miles of stream length in the watershed. While a detailed
inventory was not performed, based on conversations with the NRCS and understanding the soils and
hydrology in the area, estimates could be made on the amounts of stream bank erosion in the
watershed. Localized bank erosion occurs in places as a result of stream degradation and cattle access.
Figure 13 maps the locations of the streams in the watershed and the locations where they intersect
with pastureland. Only 20% of these stream lengths were assumed to be eroding and contributing to
the pollutant load.
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Table 7 – Watershed Information
Land Use Area (acres)

Subwatershed

Urban

Cropland

Pastureland

Forest

Barren Land

Stream bank
erosion (miles)

701

1,177

9,240

7,086

116

578

4.8

702

1,150

8,412

8,115

75

1,117

5.4

703

82

803

1,318

10

135

2.2

704

915

3,834

7,738

39

665

2.8

705

911

3,978

15,976

12

639

2.8

706

905

6,257

15,557

42

507

14.5

707

1,335

6,957

12,709

128

750

14.4

801

698

8,263

11,129

34

3,440

25.3

802

641

4,920

15,436

71

1,042

17.3

803

454

5,365

10,226

16

276

10.9

804

1,023

8,374

16,144

119

1,447

17.1

901

758

4,383

17,344

330

5,582

33.2

902

1,230

3,795

17,412

302

3,836

31.0

903

634

5,084

11,726

138

3,302

22.4

904

720

9,312

11,450

64

901

15.0

905

991

9,365

13,011

195

967

16.7

906

1,378

22,708

10,190

379

1,459

14.5

908

2,207

4,309

4,501

487

2,899

5.8

Total

17,209

125,361

207,069

2,558

29,542

256.3
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Figure 13 –Streams and Pasture
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The watershed is located on the James Lobe of glacial drift from the most recent ice age. As a result,
the native materials in the watershed are comprised of materials from the size of clays to boulders that
were ground up rock material transported from the Canadian shield. These materials have a significant
potential to contain native phosphorus which has not been evaluated. Distinguishing the extent to
which phosphorus loading from the watershed may be naturally or anthropogenically (i.e., by human
activities) sourced would help inform watershed management strategies. This would involve sampling
sediments in relatively undisturbed areas and comparing them with samples taken near human
activities, such as agriculture.
5.2

Pollutant Source Load Allocation

The watershed model was calibrated to the historical phosphorus load derived from observed flow
and water quality sampling. For the selected modeling period, this results in an annual total external
phosphorus load of 87,371 lbs. The subwatershed table below summarizes model results and indicates
the load is spread quite evenly throughout the watershed. Since some subwatersheds are larger than
others, Figure 14 depicts the load per acre to indicate if any subwatershed loading rates are higher
than others.
Table 8 – Total Annual Phosphorus Load by Subwatershed
Subwatershed

TP Load (lbs)

%

701

4,398

5%

702

4,264

5%

703

581

1%

704

2,665

3%

705

4,148

5%

706

5,290

6%

707

4,879

6%

801

5,287

6%

802

4,493

5%

803

3,904

4%

804

5,726

7%

901

5,341

6%

902

6,928

8%

903

5,454

6%

904

5,227

6%

905

5,931

7%

906

9,650

11%

908

3,204

4%

Total

87,371

100%
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Figure 14 – Watershed Total Phosphorus Loading Rates
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The calibrated phosphorus loading rate per acre ranges from 0.14 to 0.26 lbs/acre/yr. These rates were
confirmed using observed flow and water quality data, and are considered low relative to other areas
the Midwest. Commonly when waterbodies have poor water quality it is because they are received
loading rates greater than 1.5 lbs/acre/yr. This is an indicator that the high phosphorus loads exported
to the lake are more of a function of the large watershed than severe pollutant loading rates on a peracre basis. This also means that achieving significant reductions of phosphorus losses from the
watershed using upland best management practices will be challenging.
Table 9 reports loads from different sources throughout the watershed. While cropland is
approximately one third of the total land use area in the watershed, it accounts for 48% of the
phosphorus load to the lake. The runoff concentration from cropland is a function of soil phosphorus
levels, fertilizer application rates, and the density of animals from which manure is applied to fields.
STEPL refines estimates of the runoff concentration based on livestock density and calculates the
phosphorus load accordingly. Because of this, estimates of phosphorus loss from row crops are
dependent on manure practices but do not capture the spatial variation of soil phosphorus.
Phosphorus losses from pasture and streambank erosion, which is exacerbated if cattle have regular
access to streams, comprise approximately 47% of the watershed load.
Table 9 – Total Annual Watershed Phosphorus Load by Sources
Source

Surface (lbs)

Subsurface (lbs)

Total (lbs)

% Total

Urban

2,613

308

2,921

3%

Cropland

35,086

6,605

41,691

48%

Pastureland

23,403

7,999

31,403

36%

Forest

46

22

68

0%

Feedlots

185

0

185

0%

Septic

1,581

0

1,581

2%

Streambank

9,523

0

9,523

11%

Total

72,437

14,934

87,371

100%

Internal loading of phosphorus from the bottom of the lake is a significant contributor to water quality
problems in Lake Mitchell. Over time, phosphorus entering the lake from the watershed accumulates
in the sediment at the bottom of the lake, as does phosphorus from decaying plants and algae. Under
certain conditions, this phosphorus is released up into the water column, where it is available for uptake
and growth by algae. This phenomenon is driven by several factors, including sediment chemistry,
temperature/seasonality, and sometimes lack of dissolved oxygen at the sediment/water interface.
Because these factors are always changing, growing season internal loads vary widely (Figure 15). As
noted in Section 4.1.2, the estimated internal load, based on recent findings and increased
understanding of sediment chemistry dynamics, is 77,720 lbs/year, which is larger than the original
estimate obtained using the original sediment chemistry analysis. Internal loading is a highly complex
and variable process, and as such, predicted/estimated internal loading rates have some inherent
uncertainty associated with them. A combination of sediment sampling data and the mass balance
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model suggest that, on average, the internal load comprises 47% of the total phosphorus entering the
water column. Given the extreme conditions present in Lake Mitchell and the importance of internal
load estimates on the development/refinement of potential solutions, further study of lake sediment
chemistry is warranted and is discussed in Section 9.1.2.

Figure 15 – Growing Season Internal Loads
In summary, the breakdown of the total annual load to the lake is presented in Table 10. The annual
summary does not account for the seasonality of the of the loads and when they are delivered to the
lake. This is critical information in relation to the growing seasons, and that is accounted for in the
nutrient mass balance modeling performed and described below in Section 5.3.
Table 10 – Total Annual Phosphorus Load Breakdown
Origin

TP Load (lbs)

%

External - Surface

72,437

44%

External - Subsurface

14,934

9%

Internal

77,720

47%

165,091

100%

Total
5.3

Dynamic Simulations

The water budget and nutrient mass balance model can predict resulting water levels and in-lake
phosphorus concentrations in a dynamic manner, thereby representing short-term fluctuation and
timing of phosphorus loads and resulting water quality. The figures below represent the model’s ability
to simulate observed lake water levels and phosphorus concentrations on a daily basis. The ability to
simulate daily fluctuations provides useful information for assessing and managing the lake, such has
how frequently water level or quality goals are attained. Additionally, the model can be updated to
represent potential water quality improvement strategies and will predict how the lake will respond.
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This capability of the Lake Mitchell mass balance model was used in the development and assessment
of potential water quality improvements from watershed, near-lake, and in-lake alternatives.
Figure 16 represents the calibrated water budget for Lake Mitchell. Observations are shown as blue
dots with the model estimates shown in a solid red line. Average stage errors are less than 0.2-feet
throughout the modeling simulation, reflecting a well calibrated model that appears to show a good
understanding of the physical water budget of the lake.

Figure 16 – Modeled and Observed Lake Water Levels
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Figure 17 – Modeled and Observed Lake Phosphorus Concentrations
5.4

Load Reduction Goals

When assessing nutrient load reduction goals, it is important to consider key factors, such as timing,
scale, and costs. Figure 18 is intended to help guide the goal setting process. This is important because
the scale and function of any proposed management practices can be tailored to cyclical and seasonal
changes in nutrient load delivery and response of the lake.
The yellow bars along the lower x-axis illustrate heavier recreational use during the warmer summer
months. During these months, reducing algal blooms and improving water quality is especially
important. Outside those months, risk of algal blooms is lower due to weather patterns and reduced
water quality outside of the recreation season may be acceptable. The seasonal distribution of rainfall
is shown on the upper x-axis. This is important because the rainfall delivers high loads of phosphorus
to the lake just before the primary recreation season begins. The left y-axis shows the relative cost of
treating the lake for nutrients. The right y-axis shows the desired concentration levels to reach water
quality goals, highlighting the lower concentration values desired during the recreation season.
The image demonstrates that it is most important to focus management actions to address spring
runoff and growing season (i.e., summer) internal loads to increase the odds of attaining water quality
goals throughout the recreation season. The proposed management actions use this conceptual
strategy and are described in the remainder of this TM.
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Figure 18 – Lake Management Approach

6

MANAGEMENT PRACTICES ANALYSIS

The following set of strategies/alternatives was developed based on available information describing
the landscape surrounding Lake Mitchell, watershed and in-lake water quality data, and known
processes that occur within the lake. The goal of the strategies is to provide efficient, reliable and
timely benefits to water quality. While exact locations of the practices are not determined, the general
placement for the practices have been identified as:
•

Watershed-Based

•

Near-Lake

•

In-Lake

A general menu of practices is provided in Section 6.1, including each practice’s effectiveness towards
achieving goals, historical application in the watershed or lake, qualitative description of cost, and
design refinement needs that would be required to implement the practice
Additionally, a ‘Do Nothing’ alternative is described at the end of this section.
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6.1.

Watershed-Based Management Practices

6.1.1

Land Practice Improvements

Description – Changes in how land is managed can create positive changes in watershed hydrology
and water quality, as well as provide other ecological and environmental benefits. The challenge in
the Firesteel Creek watershed is implementing enough of the right practices in the right locations to
provide appreciable reductions in phosphorus delivery to Lake Mitchell. Most common agricultural
practices, such as no-till farming and terraces, are aimed at reducing erosion and sediment transport.
These are often employed in lake management plans because the majority of phosphorus entering a
lake is typically attached to eroded soil and sediments. Therefore, reducing sediment transport often
reduces nutrient loading to the lake. As explained in Section 5.1.2 above, approximately two-thirds of
the phosphorus entering Lake Mitchell is dissolved phosphorus rather than sediment-attached. For
this reason, land practice improvements considered should focus on addressing dissolved phosphorus
losses in addition to complementary sediment reduction practices. This includes addressing the source
of phosphorus by improving fertilizer and manure application practices, amending soils and/or
improving soil health, and enhancing structural BMPs with phosphorus sorbing materials (PSMs).
Ability to Assist in Achieving Goals – The large size of the watershed relative to the lake and the
consequences of this characteristic are well documented in this TM. Even with a vast increase in the
use of agricultural/soil conservation practices, the net effect on the lake would be not be immediately
noticed due to the long lag-time associate with reducing phosphorus leaching from soils. Furthermore,
extensive implementation of these practices will require a significant shift in culture, market forces,
and/or policy. A reasonable goal would be to continue to push forward with implementation of
watershed practices, monitor trends and successes, and adapt future management actions based on
successes and failures.
History in the Watershed – There has been focus on this watershed specifically since the 1997
Diagnostic and Feasibility Study identified the need to reduce the phosphorus load in the watershed
by 50%. There was a watershed coordinator specifically for Firesteel Creek that worked on
implementing the recommendations in the EPA 319 funded watershed improvement plan. All practices
installed under this effort are reported in Table 5. In 2010, the EPA 319 plan for Firesteel Creek was
combined with the Lower James River plan, since it is a subwatershed within the James River. This
changed the watershed coordinator from focusing solely on Firesteel Creek to a much larger area of
concern. As a result, the implementation of practices using EPA 319 funds greatly decreased.
NRCS has implemented standard EQIP incentives in the watershed, most commonly no-till. In early
2017, a more focused NWQI project with two Firesteel Creek subwatershed as priority watershed was
initiated. This project places priority on applications for EQIP funds within the NWQI priority
watersheds and increase the chances that the applicant is selected to receive funds. Since project
initiation, very few applications have been received. The WAC has started outreach efforts with
landowners in the watershed as a part of this project.
Qualitative Description of Cost – The cost of land improvement varies widely depending on what
practice measures are made and what the existing landscape is. There are a wide range of Federal
programs available largely through USDA-NRCS to cost-share in land practice improvements, but
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implementation relies on voluntary landowner participation. A watershed coordinator to assist USDANRCS employees in encouraging landowners and producers to participate and explain how these
changes will improve the bottom line for the producers would greatly facilitate BMP adoption.
How to Refine the Design – Soil and water quality sampling in the watershed would help allocate
phosphorus sources. A more detailed survey of farming operations and practices in the watershed
would provide information on locations of the sources. This information would help to target the
highest nutrient-yielding areas and where to focus initial efforts on landowner outreach.
6.1.2

Livestock Management Practices

Description – While all registered concentrated animal feeding operations (CAFOs) are required to have
proper storage facilities, concentrated number of smaller, unregulated animal feeding and grazing
operations are located in the watershed. Proper management of these operations should be
developed in a Comprehensive Nutrient Management Plan (CNMP) with the NRCS to assess and
possibly reduce the amount of manure potentially entering the waterways. Manure is not only a
source of bacteria, but also nutrients that are transported to Lake Mitchell. Common practices include
Waste Storage Facilities (WSF), grazing management (e.g., high-intensity rotational grazing), provision
of alternate water sources, and fencing to prevent direct access to streams.
Ability to Assist in Achieving Goals – In conversation with the NRCS, it was indicated that improvements
to cattle grazing practices are needed. Cattle often use the larger tributaries and main branches of
Firesteel Creek as a water source, which is a direct input of animal waste into the waterways. The
condition of the stream banks at cattle access points are also degraded and an additional source of
erosion and sediment-attached phosphorus to the lake. Alternate water sources away from the
streams and fencing to prevent cattle from accessing the stream would remove the direct input of
manure into the streams. Riparian restoration along the stream corridor, specifically at the cattle
entrances would vesting improve the condition of the stream. Conditions of pastureland was also
indicated to be in poor condition due to overgrazing, resulting in compacted, bare soils with low
infiltration rates and high phosphorus content that is susceptible to transport via surface runoff.
Grazing management practices and fencing/field rotations to increase vegetative cover would help
improve water quality and reduce the pollutant loading rates.
History in the Watershed – The 1997 Diagnostic and Feasibility Study placed heavy emphasis on
improving animal feedlots and cattle grazing operations to achieve pollutant load reductions. The
watershed coordinator efforts and EPA 319 funds went towards installing practices focused on
livestock, specifically large WSF facilities and grazing management. All practices installed under this
effort are reported in Table 5, and like land management above, implementation has not been as
focused in this watershed after it was combined with the Lower James River Plan.
Qualitative Description of Cost – Similar to land management practices, the cost of livestock
management practices varies widely. Implementation is voluntary by individual landowners and
producers in the watershed, but is encouraged and assisted (technically and financially) by USDANRCS. A watershed coordinator would help coordinate these practices, show how these changes will
improve the bottom line for the producers, and greatly increase the rate of implementation/adoption.
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How to Refine the Design – The 1997 Diagnostic and Feasibility Study sited concentrated feeding areas
and summer overgrazing as the primary sources of nutrients in the watershed. Nutrient source and
characterization methods can be performed to determine the origin of the phosphorus source and
determine whether cattle manure is a significant source of phosphorus to the lake. This procedure is
described in more detail is Section 9.1. There is also the potential that historical CAFOs prior to
implementing proper WSF could have very high phosphorus soils that continue to leach nutrients to
the creek. Site specific sampling can be conducted at historical sites identified through coordination
the NRCS to determine if there are any sites that need to be remediated.
6.1.3

Farm Ponds/Constructed Wetlands

Description – Farm ponds are earth embankment structures installed along tributaries to impound
water and help improve water quality by trapping sediment and sediment-attached phosphorus. As
discussed in 5.1.2, a large portion of the phosphorus observed in Firesteel Creek is in the dissolved
form. Therefore, farm ponds will not provide phosphorus removal as effectively in this watershed as in
one with high erosion rates and sediment-attached phosphorous.
Constructed wetlands can provide uptake of dissolved phosphorus via the growth of aquatic
vegetation and adsorption to wetland soils. Wetlands initially have relatively good removal rates;
however, over time phosphorus-binding decreases as the wetland soils “fill up” with phosphorus.
Additionally, phosphorus uptake diminishes as the plants mature and is then released as plants die
and decay. Research suggests the phosphors removal efficiency in wetlands begins to decrease after
5-10 years, and at times of vegetation die off, nutrients can be released from the decaying vegetation
and even be a contributing source of phosphorus to the watershed. With proper management and
harvesting of wetland vegetation, nutrient uptake can be sustained over time.
Ability to Assist in Achieving Goals – Farm ponds and constructed wetlands can be installed in
combination or individually. The pond upstream would provide trapping of the sediment-attached
phosphorus and release the water into the wetland to provide the nutrient uptake. The wetlands
should be accompanied by a maintenance plan that outlines vegetation harvesting requirements to
ensure that nutrient uptake is sustained. Farm ponds could be considered as an alternate water source
(described above), if they assist in moving the cattle farther away from the main branch streams that
are experiencing severe erosion. The ponds would provide some pollutant trapping, but being placed
directly on tributaries, they are still not the ideal location of an alternate water source.
History in the Watershed – Coordination with NRCS indicated there have been some farm ponds
installed under the EQIP program, but is not a heavily utilized practice since it involves more intensive
design and permitting. Neither alternative is currently commonly implemented.
Qualitative Description of Cost – EQIP funds will provide cost-share for farm ponds (payment rate of
approx. $2-$5 per cubic yard) and complete the design requirements, as well as assist in the permitting
process. Wetlands can also be coordinated with Ducks Unlimited for cost assistance. These larger
structures do have more substantial costs than land management practices, but the cost assistance
can make them financially feasible.
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How to Refine the Design – Similar to the practices above, sampling and a survey would help to target
the most effective locations to implement these practices.
6.1.4

Pothole Wetland Restoration

Description – Firesteel Creek and the Lake Mitchell watershed located in the Prairie Pothole Region of
the Upper Midwest/Northern Plains. As such, pothole depressions are a predominate feature of the
landscape. Prior to European settlement and dramatic transformation of the landscape to increase
agricultural production, these low-lying, closed depressions formed prairie wetlands. Today, many of
these depressions are drained and farmed with row crops. Restoring these potholes by promoting
establishment of perennial vegetation and eliminating any artificial drainage adds ecological diversity
to the landscape and increases retention of sediment and nutrients.
Ability to Assist in Achieving Goals – Phosphorus reduction potential of pothole wetland restoration
will vary by site. Farmed wetlands that currently have some means of artificial drainage (e.g., a surface
inlet to a drainage tile) receive adjacent runoff, which may be high in phosphorus, and pass it through
the tile system that discharges to surface water. Restoration of these potholes would eliminate this
pathway for phosphorus transport. Restoration of farmed potholes that are not artificially drained
would not provide the same level of benefit, since the depressions infiltrate and evaporation most of
the water they receive from the surrounding drainage area. One challenge of utilizing pothole
restoration to obtain significant phosphorus reduction is that there are many individual potholes, each
having relatively small drainage areas. Therefore, widespread implementation of many pothole
restorations would be necessary to treat an appreciable area of the watershed and obtain significant
reductions in phosphorus transport to the lake.
History in the Watershed – As part of the Firesteel Creek EPA 319 project, approximately 100 acres of
wetland restoration was implemented (with funding assistance from an outside source).
Qualitative Description of Cost – Capital costs of an individual pothole wetland restoration would
include a means of establishing perennial vegetation, and where applicable, “capping” surface inlets
and/or underlying artificial tile drainage systems. Costs to the landowner/producer would include land
acquisition (e.g., easements) and loss of agricultural production.
How to Refine the Design – Exact locations of pothole wetland restoration that would provide the most
benefit to water quality would need to be investigated further. Identifying locations of previous
wetlands from the National Wetland Inventory (NWI) maps that have been converted to agricultural
land would provide insight into favorable locations. Delineations of drainage areas and surveys of
artificial drainage methods would provide valuable information to help determine which locations
would have the biggest improvement to water quality.
6.2

Near-Lake Management Practices

6.2.1

Regional Detention

Description – Regional impoundments are larger structures that are placed on or along the main stem
of the creek to provide detention for larger drainage areas. The general principles for water quality
improvements are similar to farm ponds –to impound water and trap sediment-attached phosphorus.
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Regional structures store large volumes of water and can be used to alter the timing and the rate in
which water is released. Storage can be held on-line behind the impoundment or diverted into an offline detention cell. In the Firesteel Creek watershed, utilizing a retention structure near the lake
provides additional water quality benefits by facilitating a by-pass system (6.2.2) or phosphorus
inactivation of lake inflow (6.2.3) or both.
Ability to Assist in Achieving Goals – While regional impoundments could be installed throughout the
watershed on the main stems of Firesteel Creek, for this project, a structure is being considered
upstream near the lake for the purpose of altering the timing and volume of water delivered to Lake
Mitchell (also see Lake By-Pass System below). There are several different ways to configure this
alternative that would achieve different outcomes. Although a regional detention structure would not
completely solve the pollutant loading problem by itself, it could be used as a key design component
to achieve the goals of the other near-lake alternatives described below.
History in the Watershed – The 1974 Water Supply and Sediment Control study pursued the feasibility
of a large upstream impoundment above Lake Mitchell to help increase the water supply to the City
and help with sediment control and water quality in the lake. It was determined that it would be
feasible to implement, but it would not solve the City’s water needs during drought years and the
structure was not implemented.
Qualitative Description of Cost – The very wide range of cost would be associated with regional
detention structures dependent upon the design. Generally large volume of earth embankment and/or
excavation would be required for construction, as well as the structural components of the outlet
works. Cost to purchase land rights or easements would likely be a very large portion of the cost of
this alternative.
How to Refine the Design – To determine the best configuration of this alternative it must be assessed
in combinations with others to develop a preferred design. Then final design of the system for storage
volumes, embankment stability, outlet works sizing, etc. would require detailed hydrologic, hydraulic
and geotechnical investigations.
6.2.2

Large Wetland Complex

Description – As discussed Section 6.1.3, wetlands provide treatment of dissolved phosphorus through
nutrient update. A large wetland complex would consist of an expansive region of interconnected
wetlands through restoration of oxbows and/or online impoundments to create ponding water that
extends out into the floodplain.
Ability to Assist in Achieving Goals – A large wetland complex located near Lake Mitchell along the
mainstem of Firesteel Creek would likely achieve substantial nutrient uptake the beginning of its design
life. It would require a very large area to achieve significant removals and have a noticeable impact on
the lake’s water quality. Growth and die-off of such a large area of wetland vegetation would release
nutrients back into the system which would reduce the potential effectiveness of the wetland for
nutrient removal. A proper management plan could be developed that would sustain nutrient uptake
over time and potentially limit the release of nutrients. If implemented in conjunction with a retention
structure, placement of large wetland complex downstream would result in a more controlled system
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where flows would be attenuated and the retention time would increase. This would increase the time
to uptake nutrients and ultimately increase the effectiveness. A proper design could also provide the
ability to drain the wetland to allow for harvesting the wetland under dry conditions.
History in the Watershed – Wetland restorations have occurred, however nothing of this magnitude.
Qualitative Description of Cost – The greatest cost for this alternative would a function of the land
rights requirements, depending on if purchase would be required or only an easement. Because this
provides wildlife habitat conducive to hunting recreation, it is possible an easement could be granted.
Additional costs would be associated with earthwork and control structures. This is a conservation
method that would likely be eligible for grant or funding assistance.
How to Refine the Design – To determine the best configuration of this alternative it must be assessed
in combinations with others to develop a preferred design. Then final design of the system for storage
volumes, outlet works sizing, etc. would require detailed hydrologic and hydraulic investigations.
6.2.3

Lake By-Pass System

Description – The by-pass system is a concept for strategically passing flows from Firesteel Creek
around the lake. Open channel diversions, closed conduits (i.e., pipes), or a combination of the two
could by-pass stream flow during times of relatively high phosphorus concentration to minimize
phosphorus inputs to the lake. Lower nutrient flows (e.g., baseflow in Firesteel Creek or a slowed
release of water from the near-lake impoundment) would be allowed to enter the lake.
Ability to Assist in Achieving Goals – If the land acquisition/easements necessary for constructing the
by-pass features can be obtained, this alternative would significantly reduce phosphorus loads
entering Lake Mitchell from Firesteel Creek.
History in the Watershed – No documentation of past consideration of this alternative were discovered.
Qualitative Description of Cost – If a feasible design is possible (given required land acquisitions and
other design parameters) that by-passes the highest concentrations of nutrients around the lake or
stores, treats, and releases high nutrient flows in a controlled manner, the cost of the system may be
justifiable as an effective nutrient reduction strategy. The by-pass infrastructure (size and route),
acquisition of easements/land, and many other factors will dictate the cost of the system.
How to Refine the Design – Information on the source and timing of phosphorus flux, particularly in
runoff events, will be vital in refining the design of a by-pass system. The ability to capture and/or bypass enough of the peak and average annual phosphorus loads is the critical factor in determining the
feasibility and success of this reduction strategy/alternative.
6.2.4

Phosphorus Inactivation (Injection)

Description – Phosphorus inactivation can be achieved from products like aluminum sulfate (alum)
being injected into the water column. Alum is a naturally abundant compound that binds to
phosphorus and is commonly used in water treatment facilities. When introduced to a water column,
alum binds with phosphorus, forming a floc that settles to the lake bottom. The bound phosphorus is
no long available for uptake by algae. This alternative requires that an alum injection system is
constructed on site. This includes pumps, gages and storage tanks to contain alum on site.
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Ability to Assist in Achieving Goals – By adding alum to any nutrient-rich water, the process will help to
achieve goals. Alum is one of the few management practices that is capable of treating the dissolved
phosphorus portion of the load. If specific load reductions in the watershed are needed to achieve the
goals but are not obtained from watershed-based practices, alum injection can be used to reduce the
phosphorus load reaching the lake. It may be used in conjunction with watershed detention or lake
segmentation strategies. If watershed practices are successfully implemented, over time less alum will
be needed.
History in the Watershed – Alum injection has long been discussed as a potential management strategy,
primarily because of the size of the watershed and the daunting task of implementing enough effective
strategies to appreciably reduce nutrient exports from the watershed. The 2006 Osgood report
developed an alum injection system recommendation in conjunction with continued whole lake
treatments to reach the project goals. This recommendation was never implemented.
Qualitative Description of Cost – Comparatively, the application of alum is a very effective nutrient
reduction tool, often reducing more pounds of phosphorus per unit of cost than other strategies. The
installation of an injection system would be an upfront capital cost, with annual cost associated with
storing alum on site to be injected. Sensors on the injection system would control the dose rate so
that the proper amount of alum is applied.
How to Refine the Design – The dynamics of the watershed delivery of nutrients in normal baseflow
and runoff events needs to be better detailed so that an injection strategy can be designed. The timing
and dose of injections can be optimized to best achieve nutrient reduction goals in the lake and in the
inflow from the watershed.
6.3

In-Lake Management Practices

6.3.1

Localized Dredging

Description – Removal of lakebed material by dredging is often performed to increase lake depths and
volume. Increasing lake depths in shallow areas can help reduce the amount of wave-induced
resuspension of lake bottom sediments. Increases in overall lake volume can help dilute pollutants
and change the lake’s response to loading, however this may require significant removal volumes to
achieve any noticeable difference. Dredging can also be performed to target the soft sediments on
the very top layer of the lakebed that contain high nutrient concentrations as a result of years of
deposition of fine clay materials and decay and deposition of organic material on the lakebed. These
soft sediments are contributing to the internal loading of the lake and are often higher in nutrient
concentrations than the hardpan (original ground) that lies beneath it.
Ability to Assist in Achieving Goals – Localized dredging at Lake Mitchell could be performed to target
the removal of soft sediments that are contributing to the high internal loading rates. The locations
with the highest bio-available phosphorus concentrations in the soft sediments and low concentrations
in the underlying hardpan would be the best places to dredge. Dredging could also target the
shallower areas to reduce resuspension, but large-scale dredging to increase lake volumes (removing
more than just the soft sediments) is not recommended due the high cost and limited water quality
benefits.
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History in the Lake – The lake was dredged in 1986-1988 to remove approximately 550,000 cubic yard
of lakebed material.
Qualitative Description of Cost – The unit cost of dredging is often directly related to the volume of
material dredged and the proximity of the location to spoil the material. Hydraulic dredging often
ranges of $6-$20 per cubic yard, and an analysis should be performed to determine if it is the most
cost-effective way to reduce the internal loading rates. Mechanical dredging is another option and is
also highly variable in cost, and would require draining all or part of the lake to allow equipment to
work in the lake area itself.
How to Refine the Design – To determine if dredging to reduce internal loading rates is feasible, the
concentrations throughout the lake of the underlying hardpan by deep sediment coring would be
required (described in more detail under Section 9.1. This would identify the most suitable and costeffective locations to dredge.
6.3.2

Shallow Vegetation Management

Description – Increasing aquatic vegetation in a lake provides numerous benefits. For the purpose of
water quality, they provide direct competition with algae for the nutrients available in the lake, as well
as protecting the lakebed from resuspension. The management of shallow vegetation in the lake
includes the practice of lowering the water level in the lake during a growing season approximately 25 ft to help establish vegetation in the shallow areas primarily around the perimeter of the lake. The
most common method of controlling the lake level is modification of the dam outlet structure, but can
also be controlled with pumping.
Ability to Assist in Achieving Goals – There are relatively few areas of shallow depth in Lake Mitchell
aside from the perimeter and upper headwaters. This alternative is most effective in lakes with large
shallow areas that can be sacrificed to vegetation. However, establishing vegetation around the
perimeter and especially in the headwaters where nutrients could be intercepted are still highly
valuable. This alternative alone would not achieve the goals, but would contribute additional benefits
to any recommendation.
History in the Watershed – The ability to drawdown the lake level was assessed in the 2014 Lake Mitchell
Water Level Management report. Seven alternatives were assessed and is was recommended to utilize
the existing pump station piping to create a siphon to remove water from the lake. This would achieve
0.6 ft to 2.2 ft drawdown between September and November. Outlet works modifications that would
create deeper and longer sustained drawdowns would be preferred if feasible. While this was assessed
in the study and ruled out due, continued investigation of design alternatives could identify a more
feasible approach.
Qualitative Description of Cost – Costs for the siphon were estimated at $212,000 in 2014. If a feasible
outlet works design was develop, costs would be slightly higher.
How to Refine the Design – Continued investigation into outlet works design modifications, and
structural and hydraulic analysis could develop a more effective method of manage shallow aquatic
investigation.
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6.3.3

Lake Segmentation

Description – Portions of the lake can be segmented (i.e., separated from the main body of the lake) in
hopes of dedicating or sacrificing one portion of the lake for overall improvement of the main lake
area. This can be done with hard boundaries like rock jetties or curtains, or with buoying or other
softer methods, depending on the goals of lake segmentation. Benefits from lake segmentation would
generally be additional trapping, enhanced aquatic vegetation, rough fish management, and
potentially raising water levels to increase storage, retention time, and trapping efficiency.
Ability to Assist in Achieving Goals – With the recreational boating and residences around the lake, it
would be difficult to identify an area of the lake for segmentation that is acceptable all stakeholders.
If an acceptable alternative is identified, most likely in the upper reaches of the lake, a barrier could be
beneficial for helping increase aquatic vegetation establishment
History in the Watershed – No documentation of past consideration of this alternative were discovered.
Qualitative Description of Cost – An in-lake hard structure constructed in wet conditions could be a
relatively high cost relative to benefits achieved. It would likely range in the low millions of dollars.
How to Refine the Design – If a location was selected and acceptable to the stakeholders, no additional
information would be required. A further investigation into the design alternatives would need to be
performed.
6.3.4

Hypolimnetic Aeration or Withdrawal

Description – It is common for stratified lakes to experience anoxic conditions on the lakebed that
increase releases from the lakebed sediments and the resulting internal loading rate. Hypolimnetic
aeration is a method that installs bubblers on the lakebed to inject oxygenated air into the water
column, subsequently reducing the release of nutrients from the lakebed sediments. Hypolimnetic
withdrawal is a method that would extract the oxygen-deprived water near the lakebed that is typically
very high in phosphorus concentrations due to the internal loading. The water would be extracted
either by modifying the outlet works to install a pipe to gravity flow, siphon flow or via pumping.
Ability to Assist in Achieving Goals – It is currently unknown how significant an impact this would have
at Lake Mitchell. The stratification of the lake has not been intensively studied, and there are very few
sampling points of hypolimnion (near the bottom) in comparison with the epilimnion (lake surface) to
determine if the concentrations are substantially higher at the bottom of the lake. The limited relevant
data that has been collected historically suggests stratification is minimal and phosphorus
concentrations in the epilimnion and hypolimnion are similar. Additional sampling would help
determine the applicability and effectiveness of this potential alternative.
History in the Lake– Hypolimnetic aeration was listed in the 2002 Alum System, but not investigated in
detail.
Qualitative Description of Cost – The number of aerations systems that would be required in such a
large lake to improve oxygen content would likely be very high. This was not investigated in detail,
but commonly in large lakes this is not a cost-effective alternative. Potentially targeting the deepest
portions of the lake where anoxic conditions are most likely to occur may be an effective approach.
42 | P a g e
www.fyraengineering.com

DRAFT Technical Memorandum for Lake Mitchell Rehabilitation Project: Phase 1

The cost to incorporate a low-level gravity flow pipe would have to include costs for either excavating
the dam embankment or boring through, which would be expensive. The installation of a new pipe to
induce siphon flow would not be as expensive and could be pursued in more detail.
How to Refine the Design – To determine whether hypolimnetic aeration would provide cost effective
benefits, additional investigation into sizing a system, the impacts on stratification and modeling
potential internal load reductions would be required. To determine if hypolimnetic withdrawal would
provide cost effective benefits, more water column sampling at varying depths throughout the lake
would be required.
6.3.5

Phosphorus Inactivation (Whole-Lake)

Description – Phosphorus inactivation applied as a whole-lake treatment will bind with phosphorus in
the water column and the lakebed sediments. The compound that is used for this treatment could
include aluminum sulfate (similar to alum injection above), aluminum hydroxide or calcium hydroxide.
The inactivation compound is applied just below the water surface of a waterbody from a barge or
similar watercraft. It is sometimes applied with a buffer to prevent any swings in the pH of the lake.
As the compound sinks, it will bind to phosphorus and strip it from the water column. Other small
particles can also become bound together in the treatment process into larger aggregates called
“flocs” which sink more readily than individual particles. The floc will settle to the lake bottom and
create a very thin, unnoticeable layer. If the dose is sufficient to strip phosphorus from the water
column and still have available binding sites, the floc layer remaining on the lakebed will provide
reductions in the internal load by binding with some of the phosphorus released from lakebed
sediments.
Ability to Assist in Achieving Goals – Whole-lake treatments provide immediate stripping of water
column phosphorus and can be very effective in reducing lake phosphorus concentrations to the goal
when dosed properly. However, this is not a sustainable practice in Lake Mitchell without drastic
reductions in incoming phosphorus loads (internal and external). But it may be a useful component
of a plan to immediately change the water quality in the lake in a short amount of time to meet goals
during the heavy use season. Treatments to significantly inactivate the sediment bound phosphorus
currently available in the lake must be dosed to treat the phosphorus in the water column plus the
available phosphorus calculated from the sediment core analysis described in Section 4.1.2.
Alternately, the sediments can be dosed based on the rate in which the phosphorus is released, and
designed to last for a designated period of time. If the external loads that ultimately drive the
concentration in the lake and the buildup of phosphorus in the lakebed sediments were to be reduced,
then the required whole lake treatment volume and frequency would also be reduced.
History in the Watershed – There is history of whole lake alum treatments used for phosphorus
inactivation at Lake Mitchell. It was studied and recommended in 2002, with four applications
occurring from 2003-2006. The 2006 Progress Report on 2003-2005 Alum Applications presents the
results of the first three treatments and recommendations for moving forward. The figure below from
the report shows that the goal concentration of 90 ppb was never achieved.
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A very thorough review of the 2002 Alum Treatment System Report and Recommendations and the
progress report was performed. Some items of note include:
•

A dosing rate of 10 lbs of aluminum (Al) for every 1 lb of phosphorus (10:1) from the lake water
was applied. Because one gallon of liquid alum contains only 0.49 lbs of Al, this equates to 20
gallons of alum needed to remove 1 lb of phosphorus. Dose ratios from successful projects
have ranged from 4:1 to 100:1. FYRA would need to perform additional investigations to
determine if we concur with the dosing rate applied.

•

Based on their dosing rate, the volume of alum to treat the water column when the
concentration was at 250 ppb, just over the 50th percentile concentration of 241 ppb (as
reported in 2002) would be 139,000 gallons. The first treatment was rounded up to 150,000,
providing 11,000 gallons for a margin for error. Treatment doses were gradually reduced in
subsequent years to 120,000 gallons assuming lower phosphorus concentrations (exact values
not provided) after previous treatment(s). Recognizing that the City likely wanted projected
cost estimates over time, alum volumes should be revisited and dosed based on water column
sampling prior to the application and the alum volume should be adjusted accordingly.

•

Based on their dosing rate, the volume of alum applied would only have the residual 11,000
gallons of alum to treat any internal loading from lakebed sediments. A calculation was
performed to determine the volume of alum that would treat 1/5th of a 5-year dose (to be
applied over a 5-year period) would be 131,000 gallons of alum, but that was not added on to
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the recommended volume. The volumes applied during the demonstration project would not
have addressed any internal loading.
•

Unusual weather patterns were identified in the progress report. Two years experienced heavy
rain after/during applications, which undoubtedly limited the effectiveness of the alum
treatment by introducing new phosphorus to the lake shortly after alum application. It is also
possible that storm events interfered in stripping watershed column phosphorus and hindered
initial concentration reductions. Analysis of the historical data and application dosing suggests
that the original dosing rates were inadequate for control of internal release of phosphorus
from the bottom sediment, regardless of the post-application weather events.

Qualitative Description of Cost – The cost of whole lake treatments will be highly dependent upon the
dosing method, timing of application and intended result. To most efficiently treat the internal load,
the calculated dose should be applied at one time to reduce the volume going towards stripping the
water column phosphorus. It would likely be very expensive to treat all of the phosphorus in the
sediment calculated from the sediment core analysis at one point in time, but a large dose to treat the
rate of phosphorus release over a substantial period of time (5 to 10 years) would likely be the most
reasonable approach to take.
How to Refine the Design – Additional investigation will be needed to determine the most appropriate
chemical additive and associated dosing rate(s) for Lake Mitchell. More detailed sediment chemistry
is needed to select the most appropriate additive and dosing rate. As indicated above, water quality
samples prior to an application should be taken to properly dose the volume to strip the water column.
6.3.4

Algae Harvester

Description – Harvesting algae is an alternative approach to addressing the problem. While the
alternatives above are focused on preventing algae growth, if/when it does occur, harvesting algae is
a method to remove algae from a water body using a skimmer, which is a vehicle that is part watercraft
and part collection/storage oriented.
Ability to Assist in Achieving Goals – At Lake Mitchell, harvesting algae during the worst of the blooms
and/or on days with very high use (holidays), would be beneficial to the lake users. Removal would
improve aesthetics and could minimize the short-term effects of a bloom. It may also reduce the
amount of winter algae die off that re-releases nutrient back into the water column, but likely not
enough to make a significant difference in water quality.
History in the Watershed – No documentation of past consideration of this alternative were discovered.
Qualitative Description of Cost – This is a service that can be hired out or handled by purchasing a
skimmer. The City would have to operate and store the equipment. Each of these have an associated
cost that would add in the range of a few to several hundred thousand dollars.
How to Refine the Design – Investigate costs and feasibility, perhaps related to the draft (and required
water depth) needed for the harvester/skimmer.
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6.3.5

Pumping from James River

While it is feasible to consider pumping from the James River, due to the complications with water
rights and limited improvement in the water quality compared to Firesteel Creek, this was not pursued
during our investigation; although historical pumping from the James River was incorporated into the
water budget and nutrient mass balance model.
6.4

Do Nothing

An alternative in which no action is taken is known as a Do Nothing alternative. This option is useful
in comparing action alternatives to a baseline condition. In this case, the following can be expected
to happen if no action is taken at Lake Mitchell;
6.4.1

Water Quality

Water quality conditions have generally worsened over the years, hence the reason for this project.
Phosphorus concentrations and algal blooms were particularly high in 2015-2017, and the lake may
have reached a tipping point with respect to internal phosphorus loading. Those conditions would
continue and likely worsen unless nutrient loads, both from the watershed and from the bottom of the
lake, are not addressed. Algae blooms, while a function of several environmental factors other than
available nutrients, can be expected to continue and potentially worsen in terms of frequency, duration,
odor, etc. Toxic blue-green algae may also become more and more prevalent in the algae blooms,
especially during the heavy recreation season when temperatures are high. With blue-green algae
comes greater risks to public health and often result in lake closure to the public, as well as concerns
for residents with dogs and small children that could consume lake water.
Mass balance modeling of lake Mitchell confirms that if historical weather patterns and loading
conditions repeat, increased phosphorus concentrations can be expected. The graph below shows the
projected 365-day rolling average phosphorus concentration from present to 2030. Although actual
concentrations will vary due to unpredictable weather patterns, the long-term trends in water quality
are certain to degrade, and may be much worse than the projections if conditions from 2015-2017
persist. The frequency and severity of algal blooms will likely follow a similar trend, although the
relationship between phosphorus and algae is not linear, and other factors besides phosphorus are
important at times. The severe blooms experienced the last year or two can be expected to be a
regular occurrence in Lake Mitchell if phosphorus loads are not addressed.
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Figure 19 – Project Phosphorus Concentrations
6.4.2

Quality of Living

The quality of living in Mitchell and for lake users would continue to diminish (related to lake use and
the impact of the lake on the community) without action. The use of the lake would continue to be
limited and with reduced value. The lake would continue to underperform in terms of what positive
impact it could have on the community with reduced recreation benefits and the economic value that
comes with recreation such as outsiders spending money in Mitchell while visiting the lake.
6.4.3

Property Values

Property values of homes around the lake are likely to be significantly reduced with further diminished
water quality if the community lacks willingness to support improvements. This dynamic has been
well-documented across the country when comparing value of homes near lakes with varying water
qualities.
6.4.4

Restoration Costs

With a continued lack of action, the costs to improve water quality in the lake will escalate even further
for future generations to burden, reducing the chance that any future generation will undertake the
effort required. In summary, the Do-Nothing alternative will necessitate significantly reduced
expectations for recreational use of the lake.

7

FUTURE STRATEGIES

For determining a planning-level cost to achieve water quality goals, three strategies have been
developed with different combinations of management practices to provide concept level examples
to reaching projects goals (a scope item for this study.) The first discusses how to tackle the internal
load and water column phosphorus with in-lake approaches. The second and third strategies put an
47 | P a g e
www.fyraengineering.com

DRAFT Technical Memorandum for Lake Mitchell Rehabilitation Project: Phase 1

emphasis on the near-lake and watershed alternatives above. The final recommendation will have to
address both internal and external sources and combine efforts in all three locales to make this a
successful project. The strategies are not intended to serve as recommended projects, but rather to
develop three unique costs for the purpose of determining approximate capital investments that would
be necessary to reach project goals.
7.1

Strategy 1

Due to the size of the watershed and high phosphorus concentrations entering the lake via Firesteel
Creek, the potential for addressing water quality using only in-lake alternatives was
evaluated. Methods of internal load control include use of chemical additives such as alum, aluminum
hydroxide, or calcium hydroxide to bind with phosphorus and “lock” it in the sediments at the bottom
of the lake. Another option may be to dredge the soft sediment in the upper layers of sediment, which
is laden with higher concentrations of phosphorus. The best solution may require more detailed
sediment data to select the most feasible and cost-effective method and refine this approach. Due
to the nature of sediment chemistry and tremendously high sediment-phosphorus levels, liquid alum
may not be the best approach, but for a screening-level cost estimate, we have assumed internal load
control would be accomplished by a large, whole-lake alum application. Lakebed sediment
phosphorus levels and estimates of growing season release rates suggest that a whole-lake application
of up 2 million gallons of alum with a one-time cost of $6,000,000 may be required.

Figure 20 – Strategy 1 Model Results
Control of internal loading alone still results in high lake-wide phosphorus concentrations during and
after large runoff events from the watershed. The results in Figure 20 indicate good water quality
(2003) until the next spring (2004) when the rain events occur. As a result, even after controlling the
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internal load, annual applications of liquid alum would be required to “strip” phosphorus from the
water column in order to reach water quality goals during the summer recreation season. To treat the
lake after the high spring-time loads have reached the lake, as much as 182,000 gallons of alum may
be needed each year, equating to $435,000 annually; although this number will vary depending on
actual water quality at the time of application. The risk associated with relying on annual alum
applications to maintain water quality is high. Without the protection of the near-lake project
upstream of the lake, if a rain event occurs after the application, a flush of high phosphorus inflow
from the watershed would mix and/or replace the alum treated lake water and the benefits would not
be realized throughout the growing season. In addition, the longevity of the internal phosphorus
activation may be limited to 5, and certainly less than 10 years, due to large external loads. Therefore,
we include this strategy for comparative purposes, but do not recommend this approach as an isolated
strategy.
7.2

Strategy 2

Strategy 2 focuses on achieving the phosphorus concentration goals by a combination of near-lake
practices.
•

By-pass system

•

On-line retention structure

•

Alum injection

In order to reach water quality goals, the internal load also has to be addressed. Therefore, internal
load controls must be implemented in conjunction with the near-lake project. These are described in
more detail in Strategy 1 above. The near-lake project is a complex system that is designed to reduce
the volume of water and the associated pollutant load delivered to the lake, and to only allow relatively
low-phosphorus water to reach the lake on a regular basis. It presented on Sheet 1 and each
component is described below.
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By-Pass System – The by-pass system includes a diversion structure in the channel directly upstream
of the railroad tracks above the lake. This is an earth embankment that would extend the entire width
of the channel, several feet (4-5) above the lake’s water surface elevation. A low flow pipe at the lake’s
water surface would allow baseflow to be conveyed to the lake (also location of alum injection,
seeFigure 21). During rain events when stream flows start to increase, the diversion structure
temporarily ponds water and starts diverting it into a canal that would be excavated along the west
side of the railroad embankment. Prior to the canal reaching the tributary to the south, it would drop
into an inlet structure that feeds the water into a pipe. The pipe alignment runs through the lake,
weighted to the bottom, and over the dam or the existing concrete ogee spillway to siphon flow into
the creek below the dam.
The by-pass channel and pipe have limited flow capacities, and once that capacity is exceeded, flow
would begin overtopping a concrete weir incorporated into the earth embankment diversion structure
and be sent to Lake Mitchell. The overtopping flows would not be treated with alum, so limiting the
amount of time this happens will prevent large loading to the lake. This introduces the need for the
on-line retention structure to store large runoff events and minimize untreated releases to the lake.

Figure 21 – By-Pass System Concept Map
On-line Retention Structure – The on-line retention structure is an earthen embankment located (in
concept) directly on the main branch of Firesteel Creek. The exact location is flexible, however, the
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closer to the lake the more drainage area it will control. It will be a ‘dry’ structure, meaning there will
be no planned permanent pool impounded by the embankment. The structure will have a
gated/valved primary spillway pipe to allow regular base flows to pass through while holding back
higher storm flows (creating a temporary pool) to release at a slower rate through this pipe.
Attenuating the storm event runoff reduces the flow rate down to the capacity of the by-pass system,
allowing all the water held back by the structure to be diverted around the lake. Once the capacity of
the on-line retention structure is exceeded, it would overflow an auxiliary spillway through/over the
structure and released into the channel. These flows would exceed the capacity of the by-pass system
and would overtop the diversion structure, allowing untreated flows to the lake. The current design is
capable of holding enough water that it would only exceed its storage capacity approximately every
three to four years on average. This could be extended by elevating the dry dam, with a goal of a tenyear overtopping average, although costs would be higher than what are presented here.
The primary spillway pipe could include a gate or valve that could be opened and closed to enhance
performance of this strategy. One example would be to close the gate during late spring and allow
the structure to fill. During the summer, flows could be strategically released to help maintain water
levels. The structure should be completely drained by the end of the fall to ensure storage capacity is
available for the next spring. Controlling outflows from retention structure would also allow the ability
to optimize the performance of any downstream wetlands.
Including a large wetland complex within or downstream of the on-line retention structure is an option
to further improve nutrient reduction. Ultimately, the longevity of nutrient removal from wetlands is
limited and it could not be relied upon to sustainability reduce phosphorus loads without periodic
harvesting of wetland vegetation. Once the plants reached maturity and therefore exhibit reduced
nutrient removal, vegetation harvesting or complete excavation and removal of aquatic plants could
be performed to reset the plant life cycle. Since this would be an engineered system, the design could
account for drawdown and drying out the site to make wetland maintenance more feasible. There
are also some important secondary benefits to consider. The aquatic habitat created, and benefit to
wildlife and recreation are valuable features. It also brings a conservation component back to a heavily
engineered solution. This would likely have a positive impact on the funding opportunities that
(portions of) this project would be eligible for. It would be a great opportunity with engineered
controls in place to study and research the effectiveness of a wetland and different management
approaches. This also could help generate interest and potential funding.
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Figure 22 – On-Line Retention Concept Map
Alum Injection – An alum injection system would
be installed at the diversion structure (Figure 23)
where alum would be injected into the low flow
pipe that allows base flows through. The alum
binds with phosphorus in the water column,
delivering water with very low phosphorus
concentrations to the lake on a regular basis.
Only when the diversions structure is overtopped
will the lake receive water from Firesteel Creek
that has not been treated with alum. This pipe
should also have a gate on it to control the
Figure 23 – Alum Injection System Concept
amount of flow through and the amount of alum
that is expended in a year. A wetland or any other nutrient reducing strategies upstream of the
diversion structure would reduce the dose of alum injection and save on annual costs, dependent on
the effectiveness.
The mass balance model can predict how the lake would have responded to historical conditions with
the near-lake project in place. The near-lake project can only address the watershed load and will not
solve the problem unless the internal load and water column phosphorus are addressed. Therefore,
the near-lake project must be paired with internal load and water column phosphorus control. Internal
load control methods are described in Strategy 1, and the ability of the Strategy 2 to maintain project
goals is presented in Figure 24 below (blue line).
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Figure 24 – Strategy 2 Model Results
In extremely high rainfall years (such as 2010), the capacity of the near-lake system will be exceeded
and some untreated water will reach the lake. This is to be expected because the on-line retention
structure was designed with a capacity that would be overwhelmed approximately every three to four
years. It is not economically feasible to capture or bypass extreme flood peaks. Although large flood
events, like those that occurred in 2010, cause concentrations to exceed the water quality goal, the
lake seems to recover in subsequent years. The rate at which the lake recovers could also be improved
upon by management of the systems. For example, the timing and rate at which water is released
from the upstream detention structure could be managed to optimize lake levels and water quality.
Neither the mass balance model or annual alum injection cost estimates reflect this potential
management strategy, which would both improve water quality and reduce whole lake alum costs.
The ability to better control flow of treated water to the lake would help the lake recover from large
events. However, it may still be necessary to strip phosphorus from the water column with a wholelake alum application after extreme flood years, depending on how the lake responds to the large
pulse in external loading.
The preliminary construction cost estimates were developed to provide perspective for the level of
cost associated with this strategy (Table 11). Major contributors of costs were land rights required for
the on-line retention structure, HDPE pipe (submerged), earthwork, concrete and phosphorus
inactivation.
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Table 11 – Strategy 2 Construction Cost Estimate
Project Component

Cost

On-Line Retention/Wetland

$6,015,000

By-Pass System

$8,535,000

Alum Injection

$400,000

Internal Load Control

$6,000,000

20% Contingency

$4,190,000

Subtotal

$25,140,000

Consulting Services (20%)

$5,028,000

Total

$30,168,000

The alum injection system will have annual costs associated with supplying and storing alum on site.
An estimate was developed based on the model simulations below, that on average, the cost for alum
per year equate to approximately $176,000. Cost-savings approaches should be further investigated
to determine the least amount of low flow that needs to be sent to the lake to maintain the water level
and water quality. Additionally, some natural phosphorus retention strategies (e.g. iron) can be
explored in an effort to offset alum costs. As mentioned above, once the system has been
overwhelmed several times, it is possible that whole lake treatment(s) would be necessary. To account
for this possibility, it is assumed that every 4-5 years, on average, a whole-lake alum application that
costs $225,000 may be necessary accelerate water quality improvement after large runoff events.
However, the design and management of the near-lake strategies would strive to minimize the
likelihood and/or frequency of repeat alum applications. The optimum combination of these options
will be assessed in the subsequent phase.
7.3

Strategy 3

Strategy 3 focuses on the watershed-based practices described previously with a goal of achieving a
50% reduction of phosphorus exports from the watershed. Watershed practices do not address the
internal load, so internal sources must be reduced using controls described in Strategy 1. Based on
the characteristics of the watershed and the sources of phosphorus, a set of the most applicable
practices were selected to illustrate the extent of implementation that would be required. An example
combination of the practices (Table 12), and the associated quantities and costs were developed to
provide perspective of what it would take reach only a 50% load reduction (Table 13). The salary for a
watershed coordinator for 5 years was included to help increase the amount of implementation.
Table 12 – Watershed-Based Practices Example

Cropland

% Area
Treated
70%

Removal
Efficiency
29%

%
Reduction
9%

Conservation Tillage*

Cropland

20%

33%

3%

Grazing Management

Pasture
Streambank

70%
70%

30%
70%

6%
5%

Description

Land Use

Cover Crop

Fencing and Alternate Water Sources
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Buffers

Crop & Pasture

20%

40%

Grassed Waterways

Cropland
Crop & Pasture
Crop & Pasture
Cropland

30%
10%
15%
25%

20%
30%
50%
80%
Total

Watershed Ponds
Constructed Wetland
Pothole Wetland Restoration

6%
2%
1%
5%
11%
50%

*model assumes existing conditions with 50% in some form of conservation tillage, % area treated is in addition

Table 13 – Watershed-Based Practices Example Costs
Description

Quantity

Units

Unit Cost

Total

Cover Crop*

88,000

acres

$150

$13,200,000

Conservation Tillage*

25,000

acres

$60

$1,500,000

Grazing Management

145,000

acres

$20

$2,900,000

180

mile

$10,000

$1,800,000

Buffers

2,000

acres

$800

$1,600,000

Grassed Waterways

1,420

acres

$1,500

$2,130,000

Watershed Ponds
Constructed Wetland
Pothole Wetland Restoration
Watershed Coordinator Salary and
Information & Education Materials

210
310
10,400

each
each
acres

$25,000
$10,000
$2,000

$5,250,000
$3,100,000
$20,800,000

5

yrs

$60,000

$300,000

Fencing and Alternate Water Sources

Total

$52,580,000

*cost for 5 years of assumed cost-share
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Figure 25 – Strategy 3 Model Results
As discussed in Section 5.4 and shown with the dashed green line in the modeling results in Figure 25,
even a 50% reduction of watershed loads is not sufficient to reach water quality goals. Because internal
loading is almost half of the total phosphorus load to the lake, it must be controlled to meet
phosphorus goals during the recreation season. Therefore, 50% reduction of watershed loads was
paired with the methods described in Strategy 1 to control the internal load, which has an estimated
cost of $6,000,000. This is represented by the dark blue line, which is a significant improvement, but
still does not attain water quality goals during much of the recreation season in most years.
To meet water quality goals, it may be necessary to complement this strategy with annual whole lake
alum treatments, which would strip the water column after the heavy spring rains that cause spikes in
lake concentrations. To treat the lake after the high spring-time loads have reached the lake, as much
as 91,500 gallons of alum may be needed each year, equating to $225,000 annually; although this
number will vary depending on actual water quality at the time of application. The risk associated with
relying on annual alum applications to maintain water quality is high. Without the protection of the
near-lake project upstream of the lake (Strategy 2), if a rain event occurs after the application, a flush
of high phosphorus inflow from the watershed would mix and/or replace the alum treated lake water
and the benefits would not be realized throughout the growing season.
Watershed improvement practices are important in working towards sustainable water quality
improvement, and provide additional benefits such as improved soil health and increased ecological
and habitat diversity. However, implementation of these practices is largely voluntary, and many
current policies work against conservation incentives. Practices that take land out of production are
difficult to sell to landowners and producers, and the extremely large watershed will add to the
challenge of adopting enough of these practices to significantly reduce phosphorus loads to Lake
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Mitchell. While we encourage accelerating watershed efforts described in this strategy, we also
recognize its limitations: (i) extensive time required for full implementation, (ii) long lag-times between
implementation and realization of phosphorus reductions, and (iii) lack of the City’s ability to drive or
control these voluntary practices.
7.4

Operation and Maintenance

Concept level operation and maintenance costs were estimated for the purpose of the developing and
screening alternatives. Operation and maintenance costs were not developed in detail, but may have
a significant addition to lifetime costs and need to be investigated further.
7.5

Conclusion

Each strategy described above will have substantial initial and long-term costs, as well as risk
associated with achieving water quality goals. This is summarized below in the table below.
Table 14 – Strategy Summary

Initial
Investment
Description of
Initial Cost

Strategy 2
(Near-Lake + Internal
Load Control)

Strategy 3
(Watershed + Internal
Load Control)

$6,000,000

$30,168,000

$6,300,000

Retention/Wetland, ByPass, Injection System, and
Internal Load Control
implementation

Watershed Coordinator
Salary/Information &
Education Materials (5
yrs) and Internal Load
Control implementation

$176k/yr + $225k/4-5 yrs

$52 million + $225k/yr

Internal Load Control
implementation

Long-Term
Investment

Description of
Long- Term
Costs

Strategy 1
(Internal Load
Control)

$435k/yr

To meet goals, annual
whole lake alum
treatments to strip water
column phosphorus
every spring would likely
be required.

Annual alum injection
cost, optimize final design
to minimize annual cost
Whole lake alum
treatments if/when flood
events overtop retention
structure. Estimated once
every 4-5 yrs.

Implementation of
watershed conservation
practices installed over a
period of time,
dependent upon
landowner participation.
To meet goals, annual
whole lake alum
treatments to strip water
column phosphorus
every spring would likely
be required. Dose/cost
will decrease as
watershed conservation
is implemented over
time.
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Level of Risk

High: timing of annual
whole lake treatment
must be after spring
rains. If any large events
occur after treatment,
benefits will not be
realized throughout the
growing season.

Low: retention and bypass structure control the
watershed runoff,
reducing the frequency of
large influxes of untreated
water to the lake.

High: lack of control
over watershed
participation; timing of
whole lake treatment
must be after spring
rains. If any large events
occur after treatment,
benefits will not be
realized throughout the
growing season.

Given the risks associated with implementing Strategies 1 and 3 in isolation, Strategy 2 provides the
City with the most control over the water quality in Lake Mitchell in a reasonable time frame. Any
reductions that can be achieved in the watershed through conservation and best management
practices will help reduce long-term costs as they are implemented over time, and should be an effort
continued by private landowners and cost-share programs. In summary, it is recommended that the
City pursue the following items, which are summarized in Figure 26 below.
•

Continue/Refine Watershed-Based Restoration Efforts

•

Implement Internal Load Control

•

Install Near-Lake Project

The total cost that the City would be responsible for are those associated with Strategy 2. Coordinating
with stakeholder agencies to hire a watershed coordinator will also benefit cost reduction efforts for
long-term maintenance of Strategy 2. The approach to proceed and refine the design/associated costs
is detailed Section 9. To alleviate any concern with downstream impacts of the proposed by-pass
system, the phosphorus loads downstream of Lake Mitchell were investigated for baseline/existing
conditions and for post-project conditions (Figure 27). The combination of the improved water quality
of lake outflow and the phosphorus concentrations in by-pass flow result in nearly identical
phosphorus loads downstream. Over the design/simulation period, total phosphorus loads associated
with the recommended project result in a 1% increase, well within the range of uncertainty.
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Figure 26 – Recommendations Schematic
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Figure 27 – Cumulative Downstream Total Phosphorus Load

8

FUNDING

Preliminary research was performed to help identify available funding sources to supplement any
dollars put towards improving the lake by the City of Mitchell. Multiple programs to support
conservation practices in the watershed already exist and should be taken advantage of to the extent
possible by individual landowners. Additional larger-scale programs or grant opportunities have been
identified for consideration for future management strategy implementation.
Table 15 – Funding Opportunities
Source

USDA

Program

Collaborative
Conservation
Grant (CCG)

Other/Lead
Agency

Eligible Items

NRCS

Projects that will improve soil health,
water quality, provide habitat for local
wildlife, improve environmental and
economic performance of working
agricultural lands, assist communities
and groups to build and strengthen
local food projects that provide healthy
food and economic opportunities
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Regional
Conservation
Partnership
Program (RCPP)

NRCS (Critical
Conservation
Areas, State or
National level)

Projects for the restoration and
sustainable use of soil, water, wildlife
and related natural resources on
regional or watershed scales

Conservation
Innovation Grants
(CIG)

NRCS

Projects to stimulate the development
and adoption of innovative
conservation approaches and
technologies

SD Planning and
Development
District III

Special Purpose
Planning

---

State water plan applications

James River
Water
Development
District

Project Assistance

---

Watershed restoration projects

SD Dept. of Ag

Coordinated
Natural Resources
Conservation
Grants

County
Conservation
Districts

Conservation practices, potential
watershed coordinator

USFWS

Sport Fish
Restoration
Program

South Dakota
GFP

In-lake habitat and shoreline
restoration

Ducks Unlimited

Preserve Our
Prairies Initiative

South Dakota
State Office

Wetlands and grasslands in the Prairie
Pothole Region

SD Habitat
Conservation
Foundation, Inc.

South Dakota
Habitat
Conservation Fund

Match for Federal grant programs
designed to address specific natural
resource needs in South Dakota,
including RCPP.
Projects that address soil health and
water quality issues in an agricultural
landscape while creating wildlife
habitat.
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Watershed, wetlands and groundwater
ecology

South Dakota
Discovery Center

SDDENR

Small watershed protection outreach
project
319 mini-grants
Healthy watershed protection
Climate and watersheds

Clean Water State
Revolving Fund
(loan)

EXISTING COST SHARE PROGRAMS
319 - South
Central
Implementation
Project
EPA
Riparian Area
Management
(RAM)
Enhanced CRP
Deferred Grazing
James River
Program
Water
Development
Wells/Rural Water
District
Tap Program
Small Dams
EQIP
CSP
USDA

NWQI (Firesteel
Creek Project)

CRP
Pheasants
Forever

---

James River
Water
Development
District/
SDDENR
Watershed
Protection

Nonpoint source prevention and
mitigation
Primarily water/wastewater treatment
facilities

Conservation practices in the
watershed, education/outreach
Additional buffer area not covered by
CRP
CRP (supplemental cost share)
Grazing practices

--Alternate water source
Dams/sediment control
NRCS

Ag conservation practices in the
watershed

NRCS

Ag conservation
practices/enhancements in the
watershed

NRCS

Ag conservation practices in the
watershed (core and supporting
practices)

FSA

Filter strips, grassed waterways, trees,
pollinator plantings, and buffers for
wetlands
pollinator plots, tree plantings
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South Dakota
State Duck
Unlimited
Office

Ducks Unlimited

Misc. Grants

SD Dept. of
Revenue

South Dakota
Buffer Strip (2017
tax incentive)

Grassland establishment, (winter) cover
crops
Riparian buffer strips on lower reaches
of Firesteel Creek and W. Branch

USFWS

---

Rotational grazing, alternate water
source, fencing, seeding

SDGFP

---

Grassland establishment, fencing,
alternate water sources
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PROJECT PHASING – NEXT STEPS

Given the size, complexity and diverseness of the project, it will take, as a minimum, several years to
implement the initial phases and long-term operation and maintenance will be required in perpetuity.
While some the larger components of the project are designed and funding assistance is pursued,
there are some steps that can begin immediately. As early as this winter (2017-2018), design can begin
by refining the details of some remaining unknowns. This design refinement can begin while
consensus within the community continues to build to support the overall effort to implement major
components and make annual contributions towards water quality operation and maintenance
activities.
A first cut at project phasing are shown below;
Phase II

Early 2018

Design Refinement / Watershed Coordination / Dredging Design

Phase III

Early 2018

Grant/Funding Preparation

Phase IV

Summer, 2018

Phase II Implementation (Dredging/Potential Riser Mods)

Phase V

TBD

Future Phase Design and Implementation

The project phasing is designed as an adaptive implementation of the management practices. As
information is collected during the design refinement phase, the overall plan will be assessed and the
efficiency of the overall plan improved.
At the time of the publishing of this study, the recommended plan is a combination of continued
improvement of watershed practices, control of the internal load through dredging and phosphorus
inactivation and a combination of the detention/by-pass/alum injection near-lake project. As
additional information is obtained during watershed sampling and the preparation of the dredging
project, the goal is to reduce the scale/complexity and nutrient-reduction requirements of the
detention/by-pass system to reduce overall implementation costs.
9.1

Design Refinement (Phase II)

To refine the design elements of future implementation projects, some refined data collection should
be paired with other final design and permitting efforts to prepare the Phase I and future phase
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implementation projects to be as effective as they can be. Ultimately, the goal is to obtain enough
back up data to make future phases as efficient as they can be. For instance, if the internal load control
effort and information obtained in planned watershed sampling can eliminate the need for a by-pass
system, total project costs would be reduce significantly. The following efforts are proposed to be
included in this phase:
9.1.1

Develop Watershed Runoff Characteristics

To better understand better the timing of nutrient delivery within runoff events, we propose to gather
higher resolution streamflow phosphorus data within four or five runoff events. By sampling water
quality throughout several runoff hydrographs, we will better understand the timing of phosphorus
delivery. This information is important in designing management measures, particularly the near-lake
concepts described in Strategy 2. For sediment-attached phosphorus, the nutrient delivery is often
front-end loaded, meaning that the first part of the runoff “flushes” loose sediment and the nutrients
attached to it and through the remainder of the runoff hydrograph, the sediment, as a percentage of
the flow, is reduced. Given the larger portion of dissolved phosphorus observed in historical grab
samples from Firesteel Creek, it is important to understand how the nutrient delivery is distributed
through the runoff hydrograph. While it is anticipated that the nutrient delivery is more evenly
distributed compared to sediment-attached nutrients, far less information is available from former
research. Two sampling locations, one in the north and one in the east branches of Firesteel Creek,
would also help quantify potential differences in loading from these two parts of the watershed.
However, even one location on the main stem just upstream of the lake would provide the design
refinement information necessary for optimizing the efficiency of Strategy 2. Targeting phosphorus
hotspots throughout the watershed would require much higher spatial resolution (i.e., many more
sampling locations, which would increase costs of this effort substantially.
This information will provide for a more general understanding of nutrient delivery to the lake, and
allow regional detention basins and a lake by-pass system to be properly sized and designed. The
information would also provide additional insight in how to properly design potential alum systems.
9.1.2

Lakebed Soft Sediments Nutrient Availability

When obtaining sediment cores, often only the top sediments are analyzed for nutrient availability.
We propose a study to (re)analyze the soft sediments and at the same time, analyze the nutrient
availability in the lake hard pan. The goal is to determine the potential effects of some localized
dredging (6.2.3.1) and improve the potential effectiveness of alum applications. This will also allow an
opportunity to better partition the phosphorus precipitates in the soft sediments, specify/target
internal load inactivation methods, and refine internal loading estimates, as discussed in Section 5.2.
The largest potential source of uncertainty in the current mass balance model is the prediction of
phosphorus release from the sediments at the bottom of the lake. This is important because it impacts
internal load estimates and will be critical for designing the proposed solutions to meet water quality
goals. Projected water quality resulting from implementation of Strategy 2 provides an illustration of
how this uncertainty can affect design and why refinement of estimated internal loading rates is
important. As seen in Figure 24, Strategy 2 should produce in-lake phosphorus concentrations
consistently less than 90 ug/L throughout the recreation season. Actual phosphorus concentrations
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would certainly vary around (both above and below) the predicted line shown in Figure 24 depending
on the dynamics of release rates. The mass balance model addresses this uncertainty by describing
the variability of key model inputs and running the model a large number (thousands) of times order
to produce a “suite” of possible results (Figure 28) that are assigned a frequency of occurrence (i.e.,
probabilities).

Figure 28 – Phosphorus Concentrations with Uncertainty
The mass balance model indicates that the majority (approximately 60%) of all possible solutions result
in attaining the water quality goal after implementation of Strategy 2. In other words, the model
suggests there is a 60% probability that the water quality goal would be obtained by implementing
Strategy 2, and conversely, a 40% probability the resulting TP concentrations would be higher than
desired. This is an appropriate level of risk for moving forward with concept development; however,
it is too large for designing and implementing such an expensive solution. Collection of more detailed
sediment chemistry data would reduce the uncertainty related to internal loading by increasing the
accuracy of the internal loading model. The additional information will also increase the effectiveness
of internal phosphorus inactivation and confirm hypotheses presented above related to previous alum
treatment failures. The result would be a reduction of uncertainty illustrated in Figure 28, which
equates to increased probability of success (i.e., goal attainment) and reduced risk.
9.1.3

Available Nutrients In Water Column

Alum and other nutrient inactivation compounds must be designed in proper doses to be effective. If,
for example, alum is applied and is under-dosed, the nutrients removed from the water column during
the settling of the alum floc may take up the alum’s availability. For that reason, it is important to
understand the nutrients available in the water column and how that may compare to the lake’s overall
average nutrient concentration. This will help not only in alum dosing (6.3.5), but also in a potential
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outlet structure modification to the dam spillway riser (6.3.2). and the potential effectiveness of
hypolimnetic withdrawal (6.3.4) when refining the internal load control approach.
9.1.4

Watershed/Soil Phosphorus Characterization

Soil and sediment phosphorus characterization is needed to better understand the nature and source
of high dissolved phosphorus levels in Firesteel Creek. Sampling and comparing the soil chemistry of
upland soils, alluvial soils near streams, and sediments found within the stream bed, will help discern
how much of the phosphorus is due to naturally high soil phosphorus levels and/or soil-phosphorus
enrichment by historical agricultural practices. If a significant portion of the dissolved phosphorus is
found to be an inherent characteristic associated with geologic conditions in the watershed, the
challenge of meeting lake water quality goals through upland best management practices will be
compounded. Conversely, if soil analysis reveals human activities have significantly impacted soil
phosphorus characteristics, it indicates higher potential benefits associated with agricultural
conservation practices.
9.2

Watershed Coordination (Phase II)

Continue watershed-based efforts by continuing to implement land management practices wherever
possible.
9.2.1

Watershed Improvements

Through information obtained in Design Refinement Phase and watershed modeling efforts to date,
highlight management practices in the watershed that will continue to improve nutrient management
in the watershed and load reductions to the lake.
9.2.2

Hire Watershed Coordinator

Coordinate with local stakeholder agencies to hire a watershed coordinator. Grant assistance for the
salary of the position, as well as for information and education activities should be investigated. The
watershed coordinator will work with producers, stakeholder agencies and available funding sources
to encourage and facilitate the implementation of conservation practices in the watershed.
9.3

Internal Load Control (Phase II)

Further refinement of the internal load control approach is needed to determine the most costeffective and successful method to reduce the load to the lake from the soft sediments in the lake
bottom. This would include an investigation of a soft-sediment dredging project. This would focus
on removal of nutrient-rich soft sediments in Lake Mitchell. We would map, sample and assess the
volume of lake sediment removal as part of a dredging project (likely through the ice in winter) and
test the sediments and lake hardpan to determine potential progress on nutrient reduction from
internal loading. We would also assess the feasibility of mechanical vs. hydraulic dredging and the
possibility of a lake drawdown to do dredging. Additional items that would be investigated include
phosphorus inactivation of soft sediments, a lake drawdown that would potentially facilitate the ability
modify the riser and install a low-level drawdown or by-pass line through the riser, and hypolimnetic
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withdrawal. The most effective item or combination of items selected in coordination with the City
would be designed under this phase.
9.4

Grant/Funding Assessment (Phase III)

Given the results of this study and continued design refinement in Phase II, begin to meet with all
potential funding sources and determine which potential project components are eligible and likely to
attract funding for any project phases/components. Initial contact should begin in early 2018 as ongoing coordination would likely be required over a period of six months to a year to develop a
competitive funding application.

10

FUTURE IMPLEMENTATION COMPONENTS

Future implementation components may include the dredging project, modification of the dam riser
for incorporation of a by-pass or hypolimnetic intake system and the design and construction of the
detention/by-pass system. Progress and information obtained in the design refinement phase will
determine the schedule and scale of those efforts.
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