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General Information
Proposal ID: 2027-544

Proposal Title: Balancing Budgets: Incorporating Sediment Phosphorus Strengthens Lake Management

Project Manager Information

Name: Erin Mittag
Organization: Science Museum of Minnesota - St. Croix Watershed Research Station
Office Telephone: (920) 379-1149

Email: emittag@smm.org

Project Basic Information

Project Summary: This project aims to fill a critical gap in lake nutrient budgets—sediment phosphorus burial and
release—helping managers better identify nutrient sources, prioritize actions, and restore Minnesota’s impaired lakes

ENRTF Funds Requested: $699,000
Proposed Project Completion: June 30, 2030

LCCMR Funding Category: Water (B)

Project Location

What is the best scale for describing where your work will take place?
Region(s): Central, Metro, SE, NE,

What is the best scale to describe the area impacted by your work?
Statewide

When will the work impact occur?
During the Project and In the Future



Narrative

Describe the opportunity or problem your proposal seeks to address. Include any relevant background information.

Excess nutrients, most notably phosphorus, fuel noxious algae and limit Minnesotans from recreating in more than 680
impaired lakes throughout the state, a list that grows each year. Effectively allocating limited resources to address a
problem of this magnitude requires accurate accounting of a lake’s phosphorus inputs and losses. However, managers
are often reliant on incomplete phosphorus budgets which do not fully account for sources and sinks within lake
sediments.

Sediments can release phosphorus into the lake through internal loading or remove phosphorus from the lake through
burial. Although Total Maximum Daily Load (TMDL) studies may attribute unexplained phosphorus in budgets to
sediment processes, they do not incorporate direct measurements of burial or release. Previous work by our team
shows that quantifying sediment processes is essential for evaluating the feasibility of TMDL studies. Without measured
rates of sediment phosphorus burial or flux, TMDLs may misidentify key phosphorus sources or sinks and produce
unrealistic estimates of future phosphorus enrichment or remediation. These uncertainties can lead to inaccurate
predictions of lake recovery timelines and less effective allocation of management resources.

Sediment processes represent one of the largest unknowns in lake management; improved tools and guidance are
needed to incorporate them into decision-making.

What is your proposed solution to the problem or opportunity discussed above? Introduce us to the work you are
seeking funding to do. You will be asked to expand on this proposed solution in Activities & Milestones.

Our team are experts in lake sediment research and are uniquely positioned to address this problem. We will quantify
sediment phosphorus burial and release through actual field measurements then incorporate this information into
existing TMDL studies. Thirty impaired lakes from the North Central Hardwood Forest will be chosen with collaborators
at state and tribal agencies and local watershed districts to ensure priority is given to lakes of greatest ecological and
economic significance where interventions have not produced expected results.

Directly incorporating sediment phosphorus measurements will clarify the pathways and magnitude of inputs and losses
within each lake. Additionally, we will relate sediment phosphorus dynamics to broader lake characteristics, such as
morphometry and stratification, to identify when sediments promote lake recovery and when they contribute to
elevated surface water phosphorus and degraded water quality. Project findings and resources will be widely shared
with stakeholders and lake practitioners. This information will improve lake managers' ability to evaluate the relative
importance of external versus internal phosphorus loading and determine the best restoration strategies based on this
balance. These insights are essential for identifying effective nutrient reduction strategies, estimating recovery
timelines, and setting management priorities.

What are the specific project outcomes as they relate to the public purpose of protection, conservation, preservation,
and enhancement of the state’s natural resources?

Refined phosphorus budgets for 30 nutrient-impaired lakes in the North Central Hardwood Forest ecoregion will provide
essential information to those working to manage some of Minnesota’s most important yet impaired lakes.

Improved understanding of the lake-level drivers of sediment phosphorus release and burial will enable inferences
about when sediments function as net sources or sinks of phosphorus and inform management resource allocation and
lake prioritization.

These results will provide guidance for managers incorporating sediment phosphorus processes into nutrient budgets
and where such efforts would be most effective. These resources will be responsive to lake characteristics and
management needs.






Activities and Milestones

Activity 1: Constrain lake phosphorus budgets by measuring phosphorus burial in sediments
Activity Budget: $216,477

Activity Description:

We will reduce the uncertainty in existing TMDL phosphorus budgets by quantifying sediment phosphorus burial and
estimating internal phosphorus loading across 30 Minnesota lakes in the North Central Hardwood Forest Ecoregion,
which contains over half the impaired lakes in the state.

We will conduct a rapid assessment of phosphorus burial in each lake by combining radiometric dating and phosphorus
inventories in the upper-most layers of sediment. We will validate this approach with high resolution burial
measurements in a subset of lakes. We will measure both total phosphorus and phosphorus fractions to evaluate how
phosphorus is retained in lake sediments. We will then incorporate burial measurements into lake-specific phosphorus
mass balance models using existing watershed load estimates and long-term monitoring data collected through existing
TMDL studies.

Using these models, we will calculate sediment phosphorus flux — the residual term required to balance the phosphorus
budget. This approach allows us to estimate internal loading across many lakes using cost-effective techniques and
existing monitoring infrastructure. By directly constraining burial rates, this activity will help reduce uncertainty in
phosphorus budgets and generate updated mass balance estimates for lakes needing to meet nutrient management
goals.

Activity Milestones:

Description Approximate
Completion Date
Coordinate with lake management organizations to select 30 lakes for sediment burial measurements July 31, 2027
Assemble existing TMDLs and phosphorus mass balance data June 30, 2028
Conduct and validate rapid assessments of phosphorus burial August 31, 2029
Incorporate burial into TMDL phosphorus budgets and estimate internal phosphorus loading December 31, 2029

Activity 2: Measure sediment phosphorus release across lake basins and evaluate the validity internal
loading estimates

Activity Budget: $310,085

Activity Description:

To determine how accurately the mass-balance residual estimates of internal loading from Activity 1 represent sediment
phosphorus release, we will directly measure rates of sediment phosphorus flux in a subset of 12 lakes using intact
sediment core incubations. In two of these lakes, we will sample multiple transects from shallow littoral zones to deep
basin habitats to capture spatial variability in sediment phosphorus release. Phosphorus flux is sensitive to oxygen, so
cores will be incubated under oxic and anoxic conditions. We will pair these data with high-resolution dissolved oxygen
measurements collected via sensor buoys to estimate lake-specific annual phosphorus release rates based on observed
bottom-water oxygen conditions.

We will next compare measured phosphorus release rates to the residual mass-balance estimates from Activity 1. If the
estimates accurately represent sediment phosphorus release, then phosphorus budgets constrained by burial
measurements provide an efficient tool for evaluating internal loading across lakes. Our spatial sampling will also
identify which lake zones and lake types contribute most strongly to internal phosphorus loading. This information will
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help managers determine where sediment processes are most likely to influence surface water phosphorus

concentrations and where management actions targeting internal loading may be most effective.

Activity Milestones:

Description

Approximate
Completion Date

Coordinate with lake management organizations to select a subset of 12 lakes for phosphorus flux

August 31, 2027

Deploy high-frequency sensor buoys

September 30, 2027

Measure sediment phosphorus flux using intact core incubations and calculate annual sediment
phosphorus release

August 31, 2029

Assess accuracy of internal loading estimates (Activity 1) by comparing to measured sediment
phosphorus release

December 31, 2029

Identify sediment and lake characteristics associated with high rates of internal phosphorus loading

February 28, 2030

Activity 3: Identify management implications of sediment phosphorus dynamics and develop guidance

for incorporating sediments into lake management
Activity Budget: $172,438

Activity Description:

In our final activity, we will synthesize burial measurements, mass balance estimates, and direct sediment flux
measurements to identify broader drivers of sediment phosphorus processes in North Central Hardwood Forest lakes.
By comparing sediment phosphorus burial and flux across lake morphometry, mixing regimes, and landscape
characteristics we will evaluate when sediment burial facilitates lake recovery and when phosphorus release likely

elevates surface water phosphorus concentrations and degrades water quality.

We will use these results to develop a risk framework that identifies lakes where internal phosphorus loading may limit
the effectiveness of watershed load reductions and where additional management strategies may be needed. Overall,
these findings will help managers across the state distinguish lakes likely to respond to watershed nutrient reductions

from those where sediment-focused interventions may be necessary.

Finally, we will share findings widely with stakeholders working to identify effective restoration strategies and targets for
Minnesota’s impaired lakes. Outcomes will include improved phosphorus budgets for 30 nutrient-impaired lakes with
ecological or economic significance, a rapid-assessment technique for incorporating measured phosphorus burial into
TMDLs, evaluation of whether residual mass balance approaches adequately represent internal loading, and guidance on
when incorporating sediments into budgets and prioritizing sediment-focused management may be most effective.

Activity Milestones:

Description

Approximate
Completion Date

Develop a statistical model to identify lake-level drivers of sediment phosphorus burial and release
rates

December 31, 2029

Translate findings into resources that guide the incorporation of sediment phosphorus processes into
management activities

June 30, 2030

Disseminate findings and resources

June 30, 2030

Draft at least one manuscript to publish findings in peer-reviewed journal

June 30, 2030

Translate project concepts and findings into outreach activity for Science Museum of Minnesota
visitors

June 30, 2030




Project Partners and Collaborators

Name Organization Role Receiving

Funds
Ranjan St Olaf College | TMDL data compilation, data management, and data analysis Yes
Muthukrishnan

Dissemination

Describe your plans for dissemination, presentation, documentation, or sharing of data, results, samples, physical
collections, and other products and how they will follow ENRTF Acknowledgement Requirements and Guidelines.
We aim to share data, findings, and resources in ways that directly support stakeholders in Minnesota working to meet
lake water quality goals. Our comprehensive plan for dissemination includes:

Public Meeting Presentations

Throughout the funding period, we will share findings and products with state and tribal resource management
agencies, soil and water conservation districts, watershed districts, and lake associations linked with our studied lakes.
These targeted presentations will allow for lake-specific information sharing and dialogue that aids the interpretation
and implementation of project findings.

Conference Presentations

Throughout the funding period, we will present project findings at management-oriented scientific conferences,
reaching a broad group of lake practitioners, researchers, and policymakers. Conferences will include the annual
meetings of the Minnesota Lake Management Society (2028, 2029) and the Minnesota Water Resources Conference
(2028, 2029).

Peer-reviewed publications

At the conclusion of the project, we will prepare and submit one or more manuscripts to peer-reviewed journals
relevant to our field. These publications will detail our methodology, findings, and implications ensuring that our
research is rigorously evaluated and accessible to the scientific community.

Public outreach and education

The Science Museum of Minnesota is a state leader in science outreach and education. We will work with our colleagues
to craft an activity that engages museum visitors of all ages in learning about lake nutrient cycling and what is being
done to address excess nutrients in Minnesota’s lakes.

All dissemination efforts related to this project will prominently acknowledge the support of the Environment and
Natural Resources Trust Fund (ENRTF) and the Legislative-Citizen Commission on Minnesota Resources (LCCMR). This
acknowledgment will be included in all forms of communication, including but not limited to:

Conference and Public Presentations: Oral and poster presentations at academic, professional, and public conferences
will include the ENRTF/LCCMR logo on presentation materials, and presenters will verbally acknowledge the funding
source.

Peer-Reviewed Publications and Reports: All scientific publications, technical reports, and white papers will include a
statement recognizing ENRTF/LCCMR support in the acknowledgments section.

Educational and Outreach Materials: Any educational resources, brochures, or outreach materials produced for
community engagement will display the ENRTF/LCCMR logo and a statement of gratitude for their support.
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By consistently recognizing ENRTF/LCCMR's contribution, we aim to highlight the critical role this funding plays in
advancing environmental research and stewardship in Minnesota.

Long-Term Implementation and Funding

Describe how the results will be implemented and how any ongoing effort will be funded. If not already addressed as
part of the project, how will findings, results, and products developed be implemented after project completion? If
additional work is needed, how will this work be funded?
Project outcomes—data, methods, findings, and guidance documentation—will be shared with lake managers
throughout the state to inform ongoing lake restoration activities. We will engage stakeholders through presentations

and meetings that allow for detailed discussion of implementation. Guidance documents will evolve in response to these
conversations to best meet manager needs. Additionally, we will work with Science Museum of Minnesota colleagues to
continually adapt education and outreach materials to meet the needs of diverse audiences.

Other ENRTF Appropriations Awarded in the Last Six Years

Habitats

Subd. 03ff

Name Appropriation Amount
Awarded

Salt Threatens Minnesota Water Quality and Fisheries | M.L. 2022, , Chp. 94, Art., Sec. 2, Subd. 04l $1,228,000

Didymo Il — The North Shore Threat Continues M.L. 2023, , Chp. 60, Art. 2, Sec. 2, Subd. 04k $394,000

Sharing Minnesota's Biggest Environmental M.L. 2023, , Chp. 60, Art. 2, Sec. 2, Subd. 05e $628,000

Investment

Reconstructing Historical Wild Rice to Understand Its M.L. 2024, , Chp. 83, Art., Sec. 2, Subd. 03b $200,000

Future

Uncovering the Past to Protect Minnesota’s Walleye M.L. 2024, , Chp. 83, Art., Sec. 2, Subd. 04m $1,121,000

Fisheries

Pristine to Green: Toxic Blooms Threaten Northern M.L. 2025, First Special Session, Chp. 1, Art. 2, Sec. 2, $1,362,000

Lakes Subd. 04c

Addressing 21st Century Challenges for the St. Croix M.L. 2025, First Special Session, Chp. 1, Art. 2, Sec. 2, $243,000
Subd. 04l

Superior Shores: Protecting Our Great Lakes Coastal M.L. 2025, First Special Session, Chp. 1, Art. 2, Sec. 2, $675,000

Project Manager and Organization Qualifications

Project Manager Name: Erin Mittag

Job Title: Postdoctoral Fellow

Provide description of the project manager’s qualifications to manage the proposed project.
Dr. Erin Mittag is well prepared to lead the “Balancing Budgets” project, bringing expertise in lake nutrient cycling,

demonstrated project management experience, and strong institutional and collaborative support. She completed her
doctoral dissertation at the University of Minnesota in 2024 in the Department of Ecology, Evolution, and Behavior. Her
research on nutrient sources and transformations in lakes and ponds in the Twin Cities Metropolitan Area reflects her

passion for Minnesota’s water resources and applied ecological research. A primary component of her dissertation
research involved laboratory incubations to explore the mechanisms and drivers of sediment phosphorus release in
highly altered systems. She additionally coordinated a diverse team of collaborators, laboratory technicians, and student
researchers to sample more than 40 sites over four years. Her research contributed to our understanding of nutrients in
highly impacted systems and had direct management implications. These efforts demonstrate her ability to manage
complex, multi-year field and laboratory efforts. Overall, Erin’s research experiences closely align with the proposed
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project, and she is deeply familiar with its related systems, methods, and concepts.

Erin is committed and prepared to share the proposed project’s findings with broad audiences. She has presented her
research at numerous state and national conferences and has worked with colleagues at the Science Museum of
Minnesota to find creative and engaging strategies that connect diverse audiences with ongoing science.

Erin will lead an experienced team of collaborators whose expertise spans project coordination, field sampling, data
management and analysis, and dissemination. The St Croix Watershed Research Station's established relationships with
state and tribal agencies and watershed districts will additionally support effective communication of project results.

Together, this combination of expertise, preparation, and collaboration positions Erin to successfully fulfill the proposed
project outcomes.

Organization: Science Museum of Minnesota - St. Croix Watershed Research Station

Organization Description:

The Science Museum of Minnesota (SMM) is a private, non-profit 501(c)3 institution dedicated to encouraging public
understanding of science through research and education. The St. Croix Watershed Research Station (SCWRS) the
environmental research center of the SMM with the mission to foster, through research and outreach, “a better
understanding of the ecological systems of the St. Croix River basin and watersheds worldwide.” The SCWRS supports an
active year-round program in environmental research and student training, guided by a dedicated in-house research
staff with direct ties to area universities and colleges. It collaborates closely with federal, tribal, state, and local agencies
with responsibility for managing Minnesota lakes and the St. Croix and upper Mississippi rivers. Its research has played a
central role in setting management policy for the St. Croix and Mississippi rivers, establishing water-quality standards for
Minnesota lakes, developing long-term monitoring plans for the National Park Service, and supporting management
plans for large and small lakes throughout the Midwest.



Budget Summary

Category / Subcategory Description Purpose Gen. | % # Class | $ Amount
Name or Type Ineli | Bene | FTE | ified
gible | fits Staff?
Personnel
Erin Mittag Project Management, Fieldwork, 26% | 2.58 $214,155
Incubations, Analysis, Reporting, Outreach
Adam Project Coordination, Fieldwork, Analysis, 26% | 0.15 X $23,091
Heathcote Reporting
Mark Edlund Project Coordination, Fieldwork, Outreach 26% | 0.24 $34,456
Lienne Sethna Fieldwork, 26% | 0.24 $27,519
Data management, Data analysis
Hailey Sauer Project coordination, Fieldwork, Incubations, 26% | 0.57 $54,499
Reporting
Field Technician Fieldwork, Sample analysis, Data Management 26% | 0.99 $58,505
I
SMM Writing blog posts, articles, and outreach materials 26% | 0.03 $2,001
Communications for project dissemination
Sub $414,226
Total
Contracts and
Services
SCWRS - Internal Sediment analytical costs: LOI, alpha dating, TP, P 0 $24,150
Analytical Lab services or fractions, freeze drying: $575.00 per short core for
fees 42 cores (30 rapid assessment; 12 to characterize
(uncommon) Pflux sediments)
SCWRS - Internal Phosphorus flux incubations: $2,650.00 per site for 0 $63,600
Analytical Lab services or 22 sites (12 lakes, with 3 transects with 2
fees additional sites for 2 lakes)
(uncommon)
St Olaf College -- | Subaward TMDL data compilation, data management, and 0.24 $31,648
Ranjan data analysis
Muthukrishnan
St Olaf College -- | Subaward Fieldwork, sample analysis, TMDL data 0.36 $12,513
Field Technician management
Il
SCWRS - Internal Sediment analytical costs: LOI, alpha dating, TP, P - $25,432
Analytical Lab services or fractions, freeze drying: $6,358.00 per long core
fees for 4 cores for validation of burial rapid assessment
(uncommon)




Sub $157,343
Total
Equipment,
Tools, and
Supplies
Equipment Sensor buoys High-frequency dissolved oxygen $72,000
monitoring; deployed to 16 sites (12
lakes with 2 lakes with 2 additional
along depth transect) @$4500
Tools and High-capacity SEAL sample tray To enable efficient analysis of P $90
Supplies incubation samples
Tools and Materials to create a sediment core demo and lake | Activity 3 milestone and outreach $327
Supplies nutrient activity
Sub $72,417
Total
Capital
Equipment
Sub -
Total
Acquisitions and
Stewardship
Sub -
Total
Travel In
Minnesota
Conference MN Water Resources conferences; 2 years, 3 Dissemination of results with $3,000
Registration persons @ $500 registration, no per diem or colleagues and water resource
Miles/ Meals/ | mileage managers
Lodging
Conference MN Lake Management Society annual symposium; | Dissemination of results with $834
Registration 2 years, 3 persons @ $90 registration, 50 miles, colleagues and water resource
Miles/ Meals/ | $49per diem x2 days managers
Lodging
Miles/ Meals/ | 10 Trips (3 days, 2 nights - 4 persons) - 800 Fieldwork to accomplish activity 1 $21,000
Lodging miles/trip, $60/day per diem, $0.725/mile,
$200/night lodging
Miles/ Meals/ | 7 Trips (3 days, 2 nights - 4 persons) - 800 Fieldwork to accomplish activity 2 $14,700
Lodging miles/trip, $60/day per diem, $0.725/mile,
$200/night lodging
Miles/ Meals/ | 7 Trips (1 days, 0 nights - 2 persons) - 800 Travel to complete activity 3; $4,480
Lodging miles/trip, $60/day per diem, $0.725/mile dissemination of results
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Sub $44,014
Total
Travel Outside
Minnesota
Conference $3000 for 1 person, 2 years Share project findings at a national $6,000
Registration conference with an emphasis on lake
Miles/ Meals/ management (e.g., the North
Lodging American Lake Management Society
or the Association for the Sciences of
Limnology and Oceanography)
Sub $6,000
Total
Printing and
Publication
Publication Publication: Page charges Activity 3 milestone and outreach $5,000
Sub $5,000
Total
Other Expenses
Sub -
Total
Grand $699,000
Total
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Classified Staff or Generally Ineligible Expenses

Category/Name Subcategory or Type | Description Justification Ineligible Expense or Classified Staff Request

Personnel - Adam Project Coordination, Fieldwork, Classified : This funding would be only for research conducted specific to this proposed
Heathcote Analysis, Reporting project. This is a partially grant-funded position.

Travel Outside Conference $3000 for 1 person, 2 years These conferences are attended by a broad group of lake practitioners, whose

Minnesota

Registration
Miles/Meals/Lodging

perspectives and feedback would strengthen our interpretation, communication, and
dissemination of findings. These conferences will additionally extend the reach and
impact of this work.
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Non ENRTF Funds

Category | Specific Source

Use

Status

Amount

State

State Sub
Total

Non-State

Non State
Sub Total

Funds
Total

Total Project Cost: $699,000

This amount accurately reflects total project cost?
Yes
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Attachments

Required Attachments

Visual Component
File: c09d7a89-de2.pdf

Alternate Text for Visual Component

This page shows that sediment phosphorus burial and release are unmeasured in the nutrient budgets, which lake
managers rely on when addressing lake nutrient impairment. This hinders effective lake management. This project will
measure burial and release rates in 30 lakes and reveal when sediments hinder or aid lake recovery....

Supplemental Attachments
Capital Project Questionnaire, Budget Supplements, Support Letter, Photos, Media, Other

Title File

SMM -- FY24 990 ec8b4dbc-2ac.pdf
SMM -- Financial Statements and Federal Awards Audit b35d08e2-ba9.pdf
SMM -- Proof of Active Standing fa8ecf95-c20.pdf
Support Letter -- St Olaf Collage 9edeafde-71b.pdf

Administrative Use

Does your project include restoration or acquisition of land rights?
No

Do you understand that travel expenses are only approved if they follow the "Commissioner's Plan" promulgated by
the Commissioner of Management of Budget or, for University of Minnesota projects, the University of Minnesota
plan?

Yes, | understand the Commissioner's Plan applies.

Does your project have potential for royalties, copyrights, patents, sale of products and assets, or revenue
generation?
No

Do you understand and acknowledge IP and revenue-return and sharing requirements in 116P.10?
N/A

Do you wish to request reinvestment of any revenues into your project instead of returning revenue to the ENRTF?
N/A

Does your project include original, hypothesis-driven research?
Yes

Does the organization have a fiscal agent for this project?
No

Does your project include the pre-design, design, construction, or renovation of a building, trail, campground, or other
fixed capital asset costing $10,000 or more or large-scale stream or wetland restoration?
No
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https://lccmrprojectmgmt.leg.mn/media/map/c09d7a89-de2.pdf
https://lccmrprojectmgmt.leg.mn/media/attachments/ec8b4dbc-2ac.pdf
https://lccmrprojectmgmt.leg.mn/media/attachments/b35d08e2-ba9.pdf
https://lccmrprojectmgmt.leg.mn/media/attachments/fa8ecf95-c20.pdf
https://lccmrprojectmgmt.leg.mn/media/attachments/9e4eafde-71b.pdf

Do you propose using an appropriation from the Environment and Natural Resources Trust Fund to conduct a project
that provides children's services (as defined in Minnesota Statutes section 299C.61 Subd.7 as "the provision of care,
treatment, education, training, instruction, or recreation to children")?

No

Provide the name(s) and organization(s) of additional individuals assisting in the completion of this proposal:

From the St. Croix Watershed Research Station: Hailey Sauer, Adam Heathcote, Lienne Sethna, and Mark Edlund.
From St Olaf Collage: Ranjan Muthukrishnan

Do you understand that a named service contract does not constitute a funder-designated subrecipient or approval of
a sole-source contract? In other words, a service contract entity is only approved if it has been selected according to
the contracting rules identified in state law and policy for organizations that receive ENRTF funds through direct
appropriations, or in the DNR’s reimbursement manual for non-state organizations. These rules may include
competitive bidding and prevailing wage requirements

N/A
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