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1. Project Overview

In 2019 the Roseau River Watershed District partnered with the MN DNR and Roseau County to
secure project funding to evaluate the restoration potential of the peatlands in the Lost River State
Forest.

Il Introduction
a. Project Area

Lost River State Forest is an 88.55 square mile public forest in northern Minnesota that has
unique peatland habitat. The State Forest is in Roseau County along the Minnesota-Manitoba border
and within the boundaries of the Roseau River Watershed District (Figure 1). The project area is public
property, managed and owned by the State Forest Service. Land next to the project boundaries is public
and privately owned vacant land and farmland. While the project area does provide some water storage
and filtering through the network of unique peatland habitat. Restoration of the existing drainage
systems will provide significant reduction in surface water outflow reducing flood potential which
influence neighboring public and private land.

Lost River State Forest
3
i
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Figure 1: Project area.
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Lost River State Forest encompasses two scientific and natural areas that are ranked as sites of
“Outstanding Biological Significance”: Sprague Creek Peatland and Pine Creek Peatland. The area is
known for birdwatching as it provides habitat for great gray owls, spruce grouse, northern hawk, saw-
whet owls, whip-poor-wills, three toed and black-backed woodpeckers, common ravens, magnolia
warblers, and others (MN DNR, 2023).

Peat forms in areas where excess moisture and persistent waterlogged conditions prevent the
complete decomposition of plant material. In these environments, the dead plant remains do not fully
decay but accumulate as peat due to the limited oxygen environment that prevents microorganism
activity (MN DNR, 1987). Besides water retention, these soils provide a sink for carbon in the
environment when wetted but release carbon when drained. In fact, thirty-seven percent of the
naturally stored carbon in Minnesota occurs in this unique ecosystem that covers only 10% of the state.
Peatland ecology is largely governed by the water flowing through them and disruption of this flow can
have profound impacts on the accumulation of peat, landforms, and vegetation.

Peatlands can be classified by several criteria including water chemistry, vegetation, and
landforms (MN DNR, 1987). Fens that are dominated by sedges, reeds, and grasslike plants and swamps
that are dominated by trees or tall shrubs withstanding or gently flowing water for part of the year
indicate a minerotrophic, or precipitation and groundwater fed peatland. Bogs that are dominated with
hummocky surface layer of mosses, predominately sphagnum moss, signify an ombrotrophic, or
precipitation fed peatland type. The peat in these peatlands can be further classified by the degree of
decomposition and by the botanical origin of the peat material (MN DNR, 1987).

b. Site History
i. Drainage Purpose and Affects

Like many large tracts of public land in northern Minnesota, this area consists of extensive
networks of ditches constructed in the early 1900’s to convey surface and subsurface water through the
project area to promote agricultural production. Currently agricultural production in this area is limited,
but the ditches continue to alter drainage in the area. The presence of a significant network of drainage
ditches provides an opportunity to restore the altered hydrology of the historic peatlands. Peatland
restoration can provide a variety of benefits including increased water storage, water quality, protection
of biodiversity, and a reduction in greenhouse gas emissions (Mrotzek, 2020). The project area provides
over 72 square miles of contiguous ditched peatland habit for the assessment of potential restoration
activities. This includes Judicial Ditch 61 (JD 61) and a series of lateral connecting ditches.

T

Figure 2. Early Ditch Construction — Beltrami County MN.
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Drainage of peatlands impacts aquatic and terrestrial habitats, contributes to the nutrient load
in downstream waters, and when drained, peatlands emit greenhouse gases into the atmosphere.
Flashy discharge caused by the ditches impacts habitat and infrastructure within and downstream of the
forest. Spoil piles associated with ditch creation have caused compaction of the soil resulting in a change
to the overall flow regime within the peatland.

Peat Loss
along ditch comridor

-

S —

Figure 3: Peat Loss Evidence from Lidar Shaded Relief Mapping
ii. Landuse

Prior to European settlement, the peatlands served as a migratory route for the Woodland
Caribou (Rangifer tarandus) and were home to the Chippewa Nation. In the 1890’s the earliest European
settlers arrived with the intent to farm the surrounding areas. As part of an initiative to expand
agricultural opportunities in Minnesota and attract more settlers to the area, the drainage system
(Judicial Ditch 61) was constructed between 1909-1912. The European settlers-built farms, logging
camps, and trapping outposts primarily in the uplands with the hopes of establishing areas for farming
and grazing operations within the drained peatland habitat of the present-day Lost River State Forest.
Agricultural production within this region was poor, resulting in insufficient tax dollars to reimburse the
ditch establishment bond held by Roseau County. To relieve the financial burden placed on the county,
the State of Minnesota acquired approximately 54,754 acres of forfeited and unsettled land, eventually
becoming the Lost River State Forest. Land use of privately held parcels adjacent to Lost River State
Forest are agricultural and recreational, these properties are leveed for drainage benefits of JD 61.
Existing land use and drainage rights of private lands are considered within the project purpose and
need.

Peatland areas impacted by the ditch system (JD61) experience an altered vegetative
community and an increased susceptibility to burning due to the lowering of the water table that allows
peat to oxidize and subside (Austin & Cooper, 2016. Turetsky et al., 2011). The dewatering caused by
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ditches can also change dissolved organic carbon (DOC) export from peatland habitats (Hribljan et al,
2014). Ditches isolate large areas of peatland from an upgradient water source when they are
constructed perpendicular to the land’s slope. Even one ditch running perpendicular to the slope of the
land can dewater a large area of peatland downslope from the ditch (Chimner et al., 2017 ).

Similar to the Lost River State Forest, the Winter Road Lake Peatland, located in Lake of the
Woods and Roseau counties, experienced disruption to flow in the early 1900's when a failed attempt to
drain the lands for agriculture left behind numerous drainage ditches. The Minnesota Department of
Natural Resources received funding from the ENRTF in 2011 to evaluate the effects of ditching on
peatland hydrology and habitat in the Winter Road Lake Peatland. Monitoring is ongoing but current
data collected has already confirmed that existing ditches are still altering the drainage despite limited
to no maintenance since their inception in the early 1900’s.

Lost River Forest existing drainage ditch system has altered both the hydrology and vegetation
within the project area. The altered hydrology due to drainage causes shrinkage of pore size which
decreases water retention and increases decomposition(Krause et all, 2021). The broken-down plant
material results in an increased nutrient load which is carried off site (Rezanezhad, 2016) with the
potential to influence local water bodies. This increase in nutrients and DOC results in increased
turbidity and water temperature, and results in decreased saturated oxygen(Simola 1983). This negative
feedback loop means that the problem will continue to worsen with time (Ahmad 2022).

Figure 4: Hay Creek Dredges

Within the Lost River Forest project area, Judicial Ditch 61 (JD 61) was constructed in the early
1900’s to drain the peatland and create areas for agricultural production. This effort was unsuccessful in
creating viable agricultural land. The ditch system has remained in place with periodic vegetative
maintenance, beaver dam removal, and repairs since the 1900’s. JD 61 has degraded the peatland
wetlands and surrounding terrestrial habitat through alteration of hydrology, ecology, and overall water
quality. In the early 1980’s hydrologic and geotechnical reviews were completed as part of the Flood
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Water Retention Program Flood Control Effectiveness instituted by the Lower Red River Watershed
Management Board and the MNDNR. Additional Geotechnical analysis was completed as recently as
2008 for recent phases of this project. Comparisons between historical reports and geotechnical logs
have identified the need for further data (Site). Additional data was collected as part of this study from
2020 to 2022 to fulfill these knowledge gaps.

c. Previous Studies

Organic deposits have traditionally been classified according to a genetic system that stresses
the origin of the deposit from a source or "mother vegetation" (H. Von Post 1862; L. Von Post and
Granlund 1926). Major properties of peat that are of ecological interest are botanical composition,
degree of decomposition (measured as humification, bulk density and fiber content), hydraulic
conductivity, cation exchange capacity. Derived from bogs or Sphagnum-dominated position, degree of
decomposition (measured as humification, bulk density, and fiber content), hydraulic conductivity,
organic deposits, and cation exchange capacity. The fiber is classified according to genetic content,
which forms the basis of the USDA system that stresses the origin of the soil taxonomy for organic soils "
(H. Von Post 1862; L. Von Post and hydrology. Granlund 1926).

Peat itself has many uses both in commercial use and non-extractive uses. Commercial use
includes energy production, horticultural uses, or the production of industrial commodities including
waxes and yeasts. Non-extractive uses of peatland include agriculture, forestry, wildlife management,
sewage treatment, preservation, recreation, and the production of energy crops (MN DNR, 1984). The
usefulness of peat prompted the MN peat inventory project to be formed in 1976. This program was
designed to evaluate the peat resource in Minnesota, study the impacts of peatland development,
develop reclamation rules, aid in commercial development in peatlands, and establish environmental
regulation around peatland development (MN DNR, 1987).

Due to the increased commercial and industrial uses of peatlands and an increased
understanding of the link between peatlands and the global carbon cycle, peatland restoration has
expanded over the past 30+ years (Chimner et al., 2017). The most important aspect of peatland
restoration is restoring the hydrologic regime, regardless of peatland type. Fens can be especially
challenging to restore due to differences in hydrologic patterns and processes and a chemical
composition that is strongly influenced by watershed characteristics (Chimner et al., 2010; Cooper et al
2010). Fen restoration requires elimination of features that limit groundwater recharge and connectivity
such as roads or berms that were created when digging drainage systems. Additionally, the wide range
of plant types in fens require special consideration.

d. Impact of Current Drainage Systems
i. Within and Adjacent to the Project Area

Within the Lost River Forest project area, much of the peat encountered at sample locations was
degraded. Which severely impedes water movement and prevents ground water from mixing with
mineral soil. This leads to the loss of soluble mineral plant nutrients available for plant growth and
eventually leads to expansion of ombrotrophic or bog type peatlands at the expense of minerotrophic or
fen type peatlands (Veery et al., 2011). This is observed as taller species succeed in drained areas at the
expense of low growing wet species.
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When the amount of drainage exceeds one-third the watershed area, streamflow peaks can
increase two to four times (Veery et al., 2011). This is relevant to properties adjacent to the Lost River
Forest as more frequent flooding of private and public land has occurred during precipitation events.
This correlation will worsen over time as peatlands continue to degrade. Land adjacent to the State
Forest is primarily impacted by excess water and reduced water quality at the confluence with the
Roseau River resulting from flashy discharges from the drainage network.

Flashy discharge is most notable on the western and southern limits of the study area. The
drainage system in this region consists of larger, deeper ditches, compared to laterals further to the
east. Impacts of flashy discharge consist of flooding, loss of drainage capacity for agricultural properties,
impaired water quality due to organic material transported downstream, and infrastructure damage.

Corollary to excess discharge, low flows during periods of drought or below average rainfall
impact the base flow of the Roseau River. Undrained peatlands meter discharge throughout the growing
season, providing shallow groundwater flow to the Roseau River and its tributaries. However, in drained
peatlands these groundwater characteristics are disrupted, exacerbating low flow conditions of
receiving waterways.

e. Project Goals
i. Within and Adjacent to the Project Area

This study aims to provide an assessment of the ditch system in its current condition that can be
compared to original design capacity along with peat core data and a vegetation inventory that can be
used in tracking restoration potential and successes. To evaluate the restoration potential of the unique
peatland habitat inside the Lost River State Forest that have been altered by JD 61, data collection and
analysis have occurred in two phases of field data collection in 2020-2022.

Wetland restoration requires analysis of both the physical characteristics of the wetlands and
the interconnection of public infrastructure or private lands to determine the potential of restoration
and develop restoration techniques that apply to the project. The goal of the project is to assess a
broad-scale project area and develop a methodology that can be replicated on similar watershed scale
wetland restoration projects throughout northern Minnesota.

Restoring hydrology to peatland communities within the Lost River State Forest would provide
ecological benefits to the plant communities and habitat through restoration of hydrologic connections
between peatlands and streams. The results of data analysis will be a report detailing areas suitable or
not suitable for restoration and potential restoration constraints due to impacts on infrastructure, road
systems or private property. Restoring hydrology will also help reduce transport of phosphates, nitrates
and suspended sediments through the existing drainage system into downstream Lost River and
ultimately the Roseau River.

V. Methods

Soil, vegetation, water level, and elevation data, as well as land use constraints were collected
and documented to determine the potential to restore hydrology to this large peatland in the Lost River
State Forest. Data collected in the field will be combined with publicly available spatial data that will be
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used to develop a decision matrix to identify BMP’s for use in the project area. The methodology used is
meant to be replicable to help guide future restoration projects in a similar habitat type.

Preliminary hydrologic and geotechnical reviews were completed in the early 1980s as part of
the Flood Water Retention Program Flood Control Effectiveness instituted by the Lower Red River
Watershed Management Board and the MNDNR. Geotechnical analysis as recent as 2008 has been
completed for recent phases of the project. This data will be utilized as historic and supportive data for
the project summary report. Comparison of historical reports and geotechnical logs have identified
trends within the project area that indicate the need for additional data prior to proposing restoration
measures.

The initial assessment of current conditions in the Lost River State Forest consisted of collecting
soil characteristics, water level, floristic diversity, elevation data, and restoration feasibility across the
ditch corridors in two separate phases.

a. Previous Projects
i. Habstritt/Norland/Marvin Lake Impoundment

The Habstritt/Norland/Marvin Lake Impoundment project purpose was to investigate three
impoundment locations determining project feasibility with the goal to provide flood protection for the
Roseau River and Roseau Lake and improvements of existing wildlife habitat. In 2008 the Roseau River
Watershed District commissioned additional geotechnical borings along the southern boundary of this
project’s study area for developing the Norland Flood Damage Reduction Project. The Norland
Impoundment was constructed in 2009, Habstritt and Marvin Lake were considered non-feasible to
construct. Although completed in 1981 and 2008, some of the project data collected was assessed in
this study which includes geotechnical data and hydraulic analysis.

b. Site Selection

Due to size of the Lost River State Forest, the scope of work in this application has been divided
into two (36 square mile) phases. A desktop review was completed to choose transect locations at each
one (1) foot contour that intersects each ditch segment. Some transect locations were moved, removed,
or consolidated due to site conditions (See Site Figure Appendix). Plot locations are located 10 meter
and 100 meters from the edge of ditch edge or edge of spoil piles or roadways to avoid biased sampling.
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Figure 5: Project Phased Sampling Plan

c. Vegetation Assessment
i. USACE

Vegetative abundance was inventoried using US Army Corps of Engineers and Minnesota
Wetland Delineation Standards where single plots in graduated sizes of 5 ft, 15 ft, and 30 ft were used.
Typical abundance measure includes basal area for tree species, percent areal cover, stem density, or
frequency based on point intercept sampling. Data was collected in a format that could be used in the
dominance test or prevalence index for hydrophytic vegetation.

Species Scientific Name Szl Comment | Stratum
Coverage

Canada Bluejoint Calamagrostis canadensis 60% H
Lake Sedge Carex lacustris 20% H
Crested Fern Dryopteris cristata 5% C
Red-osier Dogwood Cornus sericea 15% S
Meadow Willow Salix petiolaris 75% S
Lowland Pussywillow Salix discolor 5% S
Quaking Aspen Populus tremuloides 2% Sapling S

Figure 6: SB 3 Transect Location Vegetative Species Summary

Hydrophytic vegetation is defined by the Corps of Engineers as the community of macrophytes
that occurs in areas where inundation or soil saturation is either permanent or of sufficient frequency
and duration to exert a controlling influence on the plant species present (Corps of Engineers, 2010).
The assemblage of hydrophytic plant species in the Lost River State Forest will be used to evaluate the
level of soil saturation and localized peatland function and value. Vegetation data will provide a baseline
for comparing the effects of future restoration efforts in a large peatland area.
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Figure 7: Transect location in Phase Il of project in October of 2022.

d. Soil/Peat Assessment
i. Von Post Method

Degree of humification of the peatland types influences potential subsidence of peat. Bog peat,
comprised primarily of Sphagnum material, is generally less-well decomposed, less dense, and has larger
pore spaces than fen peat (Minkkinen and Laine; 1998, Bridgham et al., 1998; Hill et al., 2016).
Mechanical settling of peat during subsidence is greater in a matrix with larger pore sizes. Additionally,
lower bulk density permits greater saturated hydraulic conductivity (Rezanezhad et al., 2016). Thus,
ditch effectiveness increases with the decrease in the bulk density of surface peat (Boelter, 1972). The
slope and position of the ditch on the landscape also affects ditch effectiveness, e.g., affecting its ability
to capture upslope runoff, isolating the downslope side of the ditch from water inputs (Stewart and
Lance, 91 1991).

Goals of this study required describing the current state of peat and soil at specific transect
locations. The degree of humification was field determined utilizing the Van Post method in addition to
soil classification per the soil survey manual. The following section includes the methods used to assess
the peat and mineral soils encountered at transect locations.

Organic deposits have traditionally been classified according to a genetic system that stresses
the origin of the deposit from a source or "mother vegetation" (H. Von Post 1862; L. Von Post and
Granlund 1926). Decomposed peat holds less water and is signified by a high bulk density, or dense and
highly compressed soil. To assess the degree of decomposition in a peatland, the Von Post scale was
used as it has been shown to correlate well with hydraulic conductivity, fiber content and drainage
porosity of the soil (Verry et al., 2011). The Von Post Scale was employed as all transect point locations
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consistently during field data collection. The scale uses ten classes to define the degree of humification
where H1 refers to the least and H10 refers to the most decomposed peat material (Table 1).

Table 1: Von Post Humification Table

Nature of | Proposition
Degree of USDA SCS Water Sl Nature of Peat Decomposition
... e L. Expressed Extruded . .
Decomposition | Classification Residue Description
on Between
Squeezing Fingers
H1 Fibric Clear, None, Elastic | Unaltered, Underdecomposed
Colorless Fibrous,
H2 Fibric Almost Clear, | None Almost Unaltered | Almost
Yellowish Undecomposed
Brown
H3 Fibric Slightly None Most Remains Very Slightly
Turbid Easily Identifiable | Decomposed
Brown
H4 Hemic Turbid None Most Remains Slightly Decomposed
Brown Identifiable
H5 Hemic Slightly Very Little Bulk Remains Moderately Well
Turbid Difficult to Decomposed
Contains a Identify
Little Peat in
Suspension
H6 Hemic Muddy Much | One Third Bulk of Remains Well Decomposed
Peat in Unidentifiable
Suspension
H7 Sapric Strongly One Half Relatively Few Strongly
Muddy Identifiable Decomposed
Remains
H8 Sapric Thick Mud, Two Thirds Only Resistant Very Strongly
Little Free Roots, Fibers, and | Decomposed
Water Bark, Ect.,
Identifiable
H9 Sapric No Free Almost All Practically No Almost Completely
Water Identifiable Decomposed
Remains
H10 Sapric No Free All Completely Completely
Water Amorphous Decomposed

*- Degree of decomposition: Fibric = least decomposed, botanical origin easily identified, Hemic =
intermediate decomposition, botanical origin can usually be ID’d, sapric = most decomposed, botanical
origin cannot be ID’d (MN DNR 1984 pg. 4)
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Figure 8: Peat Sample and classification of transect Location Phase Il in October 2022.

In addition to the Von Post method some of the transect points were selected on mineral soils.
Soil profile descriptions were excavated with a hand soil probe and bucket auger using methods
determined in USDA 2017 Soil Survey Manual to define soil characteristics.

e. Topographic Assessment
i. Survey Methods and Standards

LiDAR elevation data from the MnGeo FTP server and surveyed field data was assessed.
Statewide LiDAR data was collected at a 1 m horizontal resolution between 2005 and 2012 by MNDNR
(MNDNR, 2017), LiDAR collection within Roseau County occurred in 2009. Field collected survey data
utilized MNDNR Stream Survey methods mentioned in methods section of this study. For each transect
location a site center point was previously selected from desktop analysis prior to site data collection .
Site center points were established on the centerline of a single ditch at 1-foot elevation intervals.
Analysis of elevation change in this study included review of methods similar to those in Williamson et
al. (2017), though with the goal of developing a BMP decision matrix based on existing conditions
modeling analysis.

Longitudinal Profile Survey methods included collecting elevation readings at points in the
thalweg to accurately describe the shape, depth, and lengths of bed features (e.g., pools, riffles, runs,
glides, cascades) along the profile. Water surface elevation readings were recorded at each station at
which thalweg elevation was measured. Data entry and analysis of the collected data was completed in
RiverMorph. Results of the data collection are included in Existing Condition Cross Section appendix.
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Channel Cross-Section Survey methods specifically recorded elevation data of slope breaks,
channel beds, water levels, channel banks, floodplains, bank full stage, bankfull depth, and special
features (beaver dams, etc.) Data from cross sections were entered in RiverMorph to determine
bankfull width, cross section area, and entrenchment ratio. This data will also help predict existing and
future stream bank erosion rates: near bank stress. Using 3D Analyst tools, 1 m LiDAR data in ArcGIS, in
addition to field collected survey data elevation profiles were created at each indicated cross section in

RiverMorph (Appendix __ ).

© Ground Points & Banidull Indicators

Elevation (ft)

a00

Meuset_Meuse Horizontal Distance (ft)
163 |z

Figure 9: Cross Section 11 Phase | Results of RiverMorph Data Export

f. Hydrologic Assessment
i. HEC/RAS

WSB used two existing models to assess the hydrology of the study area. The first model was
the HEC-HMS model of the Roseau River developed as part of the U.S. Army Corps of Engineers effort to
model tributaries to the Red River of the North. The original model was completed in 2013, but WSB
received a version updated in 2019 from the Roseau River Watershed District.

This HEC-HMS model had three basin models representing the Roseau River Watershed under
three different scenarios; A_1997Conditions, B_2019Conditions_AlIPrj_10Y, and
B_2019Conditions_AlIPrj_100Y. WSB wanted matrix scores to reflect the area’s sensitivity to floodplain
reconnection under moderate flood conditions, not major flood conditions, so all site selection analysis
is based on the B_2019Conditions_AlIPrj_10Y model and the Atlas 14 10 Year — 10 Day storm event

(hereafter 10-Year Event).

We first exported the subbasin boundaries and mapped them in GIS. WSB compared the
subbasins from the HEC-HMS model to the transects which were mapped in the field; each transect was
labeled with the subbasin that it was located in. WSB then ran the 10-Year Event model in order to get a

peak outflow for each subbasin.
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For the hydrologic analysis of the sites, WSB was looking for sites where the watershed was
producing a relatively high volume of runoff for the 10-year event. Large volumes of runoff from the
watershed indicate that there may be opportunity for additional water to be captured on the floodplain.
In order to scale runoff volume by watershed size, WSB divided the peak flow rate from each watershed
by the watershed area, giving watershed yield in cfs/sg. mile. Yield values were then scored with value
below 7 cfs/sq. mile being considered “low yield” (less hydrologic potential for restoration) and a score
of 1; yield values above 10 cfs/sq. mile are considered “high yield” (more hydrologic potential for
restoration) and a score of 3. Finally, each transect was given the score of the watershed where it was
located. Table 2 gives a summary of hydrologic scores by watershed name.

Table 2 - Hydrologic Score Summary Table
10 Year
Watershed Transect Watershed Peak Yield Score
Name Count Area (sq. mi) Outflow (cfs/ sq mi)
(cfs)
W33600 6 17.00 144.6 8.51 2
W22170 27 29.59 160.1 5.41 1
W36190 39 18.18 119.7 6.59 1
W24850 16 8.21 64.1 7.81 2
W34100_A 1 2.23 55.2 24.71 3
W34100_C 9 3.89 35.9 9.24 2
W34950 41 34.78 274.9 7.90 2
W36200 2 18.24 130.8 7.17 2

ii. Flow Analysis Using HEC-RAS

The second model WSB used to analyze hydraulic impacts was the HEC-RAS model that was
originally created to assess channel storage capacity and to generate inputs to the HEC-HMS basin
model discussed in section XX. The HEC-RAS model does not include all ditches analyzed in the field
survey; Figure XX shows the reach where the HEC-RAS model extent includes the project study area. The
HEC-RAS model geometry is cut from 2009 LiDAR and in several areas the existing berm structures are
visible in the model.

The steady-state flow rates were included and provided with the model and looked for the
largest flow rate contained by the existing berm. Removal of the berm will allow flow rates smaller than
this to access the floodplain, where previously these flows would have been constrained to the ditch. A
summary of the flow rates that would have additional access to the floodplain by cross section is
provided in Table XX.
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g. Existing Conditions
i. Existing Topographic Cross Sections

Elevation data was collected on entire 200 meter transect which included ditch cross sections,
elevation changes and changes in slope position. Plot locations were collected at 10-meter and 100-
meter locations from centerline. MNDNR Fisheries Stream Survey Manual — Stream Survey Methods (SP
No. 165 Version 2.1) was utilized to collect longitudinal and horizontal profile cross sections of the
project area.

Figure 10: Phase Il Cross Section Locations Figure

Much of the cross-sectional data results indicate various elevations of spoil piles which is a
direct result of depth and width of the early 1900 constructed ditches. Spoil material was placed
adjacent to excavated ditches. The spoil piles influence hydrologic conditions of adjacent peatlands
disconnecting surface water and subsurface water inputs, in addition to hydraulic scope and effect of
excavated ditches.

ii. Existing Vegetation Data

This analysis shows that freshwater forested/shrub peatlands are the dominant vegetative
community within each phase of the project when categorized by acreage. Four (4) vegetative
communities were predominant within both phases of the project area these include forested/shrub
peatland (1), shrub peatland (2), sedge peatland (3), and bog (4).
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Figure 11: Paludification of sloping ground in the Lost River peatland, northwestern Minnesota. The spring-fen mound has developed over a rise
in the mineral substrate, whereas the raised bog has grown over a depression (Almendinger et al. 1986).

Forested/Shrub peatlands were dominated by Tamarack (Larex laricina), and Black Spruce (Picea
marina), White Cedar (Thuja occidentalis), Paper Birch (Betula papyrifera), and Black Ash (Fraxinus
nigra) were commonly encountered at lower densities. Shrub Stratum within Forested peatlands
consisted of Bog Birch (Betula pumila), Slender Willow (Salix petiolaris) Sage-leaf Willow (Salix candida)
and Lowland Pussy Willow (Salix discolor). Sphagnum Mosses (Sphagnum spp.), Bog Wire Sedge (Carex
lasiocarpa) and Canada Bluejoint (Calamogrostis canadensis) were dominant in the Herbaceous stratum.

Shrub Peatland communities were dominated by Bog Birch (Betula papyrifera), Slender Willow
(Salix petiolaris), Balsam Willow (Salix pyrifolia), Sage-leaf Willow(Salix candida), stunted Tamarack
(Larix larcinia) and Lowland Pussywillow (Salix discolor). Herbaceous Stratum was dominated by Canada
Bluejoint (Calamogrostis canadensis). Bog Wire Sedge (Carex Lasiocarpa), Shrubby Cinquefoil (Dasiphora
fruticosa), and Lake Sedge (Carex lacustris).

Sedge Peatlands were comprised of Bog Wire Sedge (Carex lasiocarpa), Canada Bluejoint
(Calamogrostis canadensis), Lake Sedge (Carex lacustris), and Common Reedgrass (Phragmites australis).
Marsh Timothy (Muhlenbergia glomerata) Marsh Cinquefoil (Potentilla uliginosa), Bog Rosemary
(Andromeda polifolia), and Shrubby Cinquefoil (Dasiphora fruticosa) commonly occur within these
communities in low densities.

Bog communities were encountered near Marvin Lake, consisting of Sphagnum Moss
(Sphagnum spp.), Purple Pitcher Plant (Sarracenia purpurea), Shrubby Ciquefoil (Dasiphora fruticosa),
Bog Birch (Betula papyrifera), and Stunted Tamarack (Larix larcinia).
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Figure 12: Phase | Forested/ Shrub Peatland

Drainage impact on vegetative communities were pronounced in transects collected on
functionally draining reaches. Most evident at the 10-meter plots, however vegetative data at 100-
meter plots reflects similar yet less distinct drainage effect on species composition. In sedge and shrub
dominated peatlands at the 10-meter plots, plant communities on the non-spoiled/upgradient side of
the ditch exhibited higher density of invasive Reed Carnary Grass, lower species diversity within the
herbaceous stratum, and/or higher density and maturity of Lowland Pussy Willow. On the
downgradient/spoiled side of ditches, Reed Canary Grass and Cattails occurred adjacent to the spoil,
likely as a result of consolidated peat and surface water impounded by the spoiled material. Vegetative
communities at the 100-meter plots were typically absent of Cattail or Reed Canary monocultures, but
did have lower diversity of native vegetation or were dominated by one native grass or sedge species.

Forested plant communities on well drained transects exhibited stress closest to the ditch, this
was encountered at the 10-meter plots with unobstructed connection to the ditch as an absence, low
density, or stunted condition of tree species. Forested peatlands on non-spoiled side of the ditch
exhibited distinct community boundaries with herbaceous dominant communities close to the ditch,
transitioning to dense shrub communities and eventually transitioning to tree communities. Plots
located on the downgradient of the ditch spoil often encountered more robust mature trees and brush
at the 10-meter plot compared to their corollary 100-meter plot.

At transects located on ditches that were filled, by either natural accumulation or relict beaver
dams, vegetation was more indicative of non-drained peatland communities. Vegetation within the 10-
meter plots did show evidence of drainage effect, primarily lower species diversity or richness compared
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with undrained communities, however invasive species density was low or absent. Within the 100-meter
plots of these transects plant communities were comparable to undrained representative communities.

Ditch spoil was observed as not only affecting hydrologic characteristics that foster native plant
communities, but also promoted invasive vegetation and vigor of woody species. This was evident in
forested communities where Tamarack and Black Spruce were slowly developing or stunted along the
drainage corridor, while along the spoil these species were robust and mature. In Sedge and Shrub
dominated plant communities, Lowland Pussy Willow was dominant along the spoil banks. Spoil banks
which were used as local trails or were more frequently maintained by the drainage authority were
dominated by Reed Canary Grass, Canada Thistle, and various agronomic weeds, this likely due to stress
on woody species through human intervention.

Impacts of beaver dams on species composition was observed at several transects. Prolonged
inundation had the greatest impact on forested peatlands, often resulting in stress or loss of mature
trees. Succession of these plant communities consisted of shrub and graminoid species flourishing due
to increased sunlight. Shrub communities impounded by beaver activity exhibited stunting of woody
species with Bog Birch, Slender Willow, and Sage-leaf Willow being tolerant of standing water and
Lowland Pussy Willow densities greatly reduced. Sedge communities were most tolerant of inundation,
inundation was noted a factor allowing native vegetation to outcompete invasive Reed Canary Grass
along the ditch fringe. Beaver activity, while occurring in non-drained peatlands, has significant impact in
drained peatlands, as beaver use spoil banks to increase water level, and the ditch network increases
mobility to establish multiple dams.

iii. Soil and Peat Core Data

While these ditching projects largely failed to facilitate agricultural production (Bradof, 1992),
they have a continued effect on the structure and function of the peatland landscape (Gorham and
Wright, 1979). Ditches alter peatland hydrology, increasing air filled pore-space in the upper strata of
the peat matrix, in turn promoting rapid decomposition rates of the organic peat material with the
onset of aerobic microbial processing (Clymo, 1983). The removal of water from the pores in the peat
matrix also initiates compaction associated with the decreased buoyancy of the acrotelm (Hooijer et al.,
2012). The effect of these chemical and physical changes results in land subsidence.

Our field data collection results from phase | and Il resulted in support of the statements
described by both Bradof, 1992 and Hooijer, 2012 in many transect locations. Each 200 meter transect
includes transect data points at the 10-meter and 100-meter locations from the ditch centroid or
centerline. Commonly, degraded or decomposed peat was encountered at 10-meter locations where
the ditch system was incised, spoil piles were placed adjacent to the existing ditch, and water tables
were lower in elevation as a result of the ditch system. 100-meter locations also resulted in influences
from the ditch systems that included degraded peat conditions where the ditch system was incised, and
spoil piles were placed adjacent to the existing ditch. Visual and sampling results also indicated in
locations with lower water table elevations or loss of hydrology in these areas of influence from the
ditch system compaction of peat was encountered in these instances. Results of the peatland data
collection are located in the table appendix.
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iv. Landuse/Landownership

The Department of Natural Resources manages all parcels within the project area. Division of
Forestry is the major land manager, with parcels administered for the School Trust, Division of Wildlife
Management, and Division of Ecological and Water Resources having interests within the State Forest.
There are several Grant-in-aid (GIA) Trails, Forestry Roads, Public and Private Utility routes which exist
within the forest.

Recreation and timber harvest are the major land uses within the project area. Saleable timber
consists of pulp wood in the upland regions which can be harvested year-round, harvest within the
peatlands occurs during winter months and consists primarily of Tamarack and Black Spruce harvest for
fuelwood. Motorized recreation occurs along the GIA trails and forest roads, consisting of ATV and UTV
use during warmer weather and snowmobiles during winter months. The Lost River State Forest is
frequented by hunters, targeting Rough Grouse, White Tail Deer, and Black Bear. Bird watchers frequent
the project area, there are multiple viewing locations and signage provided by the Pine-to-Prairie Birding
Trail.

Figure 13: Drone Photo at Location SB-29 Facing West

Landuse and ownership was noted as a consideration for future restoration. Previous attempts to
restore hydrology within drained peatlands met resistance due to local concerns about loss of drainage,
loss of access, impacts to game species, and impacts to timber resources. The drainage authority, local
forest managers, trail groups, and local individuals were consulted to identify potential concerns or
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specific known issues. Input of these stakeholders was incorporated into the decision matrix, and input
will likely be sought in future phases of construction.

XV. Results

Results of the data collected in phases | and Il at each 200 meter transect includes transect data
points at the 10-meter and 100-meter locations from the ditch centroid or centerline. Commonly,
vegetative communities include low species diversity and degraded, decomposed and compacted peat
at 10-meter locations where the ditch system was incised, spoil piles were placed adjacent to the
existing ditch, and water tables were lower in elevation as a result of the ditch system.

100-meter locations also resulted in influences from the ditch systems that included degraded
peat conditions where the ditch system was incised, and spoil piles were placed adjacent to the existing
ditch. Visual and sampling results also indicated in locations with lower water table elevations or loss of
hydrology in these areas of influence from the ditch system compaction of peat was encountered in
these instances.

Steady-state flow rate modeling provides validation to the existing plant community and peat
assessments that current drainage ways are influencing adjacent peatlands. Areas in which spoil piles
were cast adjacent to the excavated ditches are acting as containment of surfacewater. Removal of the
berms will allow for reduced flow rates with access the adjacent floodplain, where previously these
flows have been constrained to the ditch system. In addition to addressing best management practices
for incised sections of the ditch system to allow for access to the adjacent floodplains.

Drainage impact on vegetative communities were pronounced in transects collected on
functionally draining reaches. Most evident at the 10-meter plots, however vegetative data at 100-
meter plots reflects similar yet less distinct drainage effect on species composition. In sedge and shrub
dominated peatlands at the 10-meter plots, plant communities on the non-spoiled/upgradient side of
the ditch showed higher density of invasive Reed Carnary Grass, lower species diversity within the
herbaceous stratum, and/or higher density and maturity of Lowland Pussy Willow. On the
downgradient/spoiled side of ditches, Reed Canary Grass and Cattails occurred adjacent to the spoil,
likely as a result of consolidated peat and surface water impounded by the spoiled material. Vegetative
communities at the 100-meter plots were typically absent of Cattail or Reed Canary monocultures, but
did have lower diversity of native vegetation or were dominated by one native grass or sedge species.

Ditch spoil was observed as not only affecting hydrologic characteristics that foster native plant
communities, but also promoted invasive vegetation and vigor of woody species. This was evident in
forested communities where Tamarack and Black Spruce were slowly developing or stunted along the
drainage corridor, while along the spoil these species were robust and mature. In Sedge and Shrub
dominated plant communities, Lowland Pussy Willow was dominant along the spoil banks. Spoil banks
which were used as local trails or were more frequently maintained by the drainage authority were
dominated by Reed Canary Grass, Canada Thistle, and various agronomic weeds, this likely due to stress
on woody species through human intervention.

Removing sections of spoil banks along the drainage system would allow surface water to
spread out across the peatlands, specifically following precipitation events and spring melt. This will
increase the residence time of surface water on the landscape when compared to artificial conveyance.
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Surface water flows when not confined to a distinct channel will flow more broadly across a gradually
sloping rough surface, comprised of either grasses/sedges, shrub, forested or combination of vegetated
expanses.

In addition to primary data collection, location of beaver dams was recorded within the limits of
the drainage system. Beaver populations were most notable in larger ditches with an abundance of
shrubs occurring along or adjacent to the spoil banks. Within the study area beavers typically construct a
dam perpendicular to the spoil berm, creating an “L” shape. Dams are commonly constructed in series,
with multiple dams along a single reach of ditch, the deepest pool in the series will host the lodge,
lodges are usually constructed against or atop the spoil bank. The network of ditch systems and the
vegetative composition found along the ditch banks and spoil provide significant habitat for beaver
production and allow this aquatic mammal to extend across a larger local range than they would if
ditches were absent. Beaver activity does occur within undrained peatlands; however, their density and
influence of dam construction is not as great when compared with drained peatlands.

As discussed throughout this study the existing ditch system has significant influences on the
peatlands throughout the Lost River Forest. Results of those influences are dependent on a number of
environmental factors and the historic construction of the ditch systems. The following sections will
discuss the implications of peatland degradation and recommendations for peatland restoration.

XVI. Discussion and Recommendations

The goal of the project was to assess the historical impact of legacy drainage ditches on the
peatlands of the Lost River Forest. This project included the investigation of the location, existing
conditions, level of degradation, and hydrology characteristics to help predict implementation of best
management practices and aid in the prioritization of restoration activities. Especially with the current
trends in climate change and its effects on peatlands. This study confirms the widespread degradation of
peat in addition to its effects on vegetative communities are caused in large part by 70 miles of ditch
system in the Lost River Forest located in Roseau River Watershed District.

Previous studies have proven these losses include a substantial proportion of peat oxidation to
CO2 which contribute to historic and ongoing net GHG emissions from the state of Minnesota.
Restoration practices that target re-establishing hydraulic flows across ditches systems would have a
significant impact on restoration of peatlands within the Lost River Forest. Results from the decision
matrix model which included existing condition inputs collected as part of this study throughout the Lost
River Forest project area have helped to provide insight on mapping and planning project restoration
implementation.

a. Decision Matrix for Implementation of BMP’s

The Decision matrix incorporates field collected data, and spatial data to determine a suite of
BMP’s based on access, available resources, and site characteristics. Data collected from the field has
been converted to a shapefile format, vegetation, elevation, and soil data has been combined with
existing GIS datasets to create a decision matrix. Final scoring of the decision matrix is based on a
number of factors which include existing vegetation, peat humification, slope, hydrology, access, land
use, and presence of spoil piles. BMPs are selected based on the overall final score.
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Review of a number of Best Management Practices that have been utilized in past projects by
the MNDNR and Roseau River Watershed District for wetland restoration within this region of
Minnesota in addition to feasibility for peatland restoration for this project area resulted in selection of
seven BMP’s. The BMPs proposed for restoration within the Lost River project area include no structure
needed, sheet pile structure, spoil pile breach, wood cross channel log structure, hinge cut trees, wood
weir, and rock weir. Proposed BMPs are commonly utilized by the watershed district, MNDNR, and
Forest Service on previous projects within the watershed.

Implementing BMP’s using available on-site materials is the preferred method for peatland
restoration for the Lost River Forest project. Use of onsite materials reduces the overall cost per BMP
and reduces the potential of compacting construction access corridors or introduction of invasive
vegetation. Use of artificial materials to construct sheet pile, rock or wood weir structures can be
incorporated in locations that lack available wood or spoil material. Artificial materials are typically
lighter to transport reducing potential compaction during mobilization, however microplastics from PVC
sheet piles has been noted as a resource concern in peatlands that have sensitive groundwater flow. Use
of denser materials, primarily riprap occurs in larger ditches at increased slope transitions or at
transitions from restored peatlands to adjacent roadways/infrastructure.

Results of the decision matrix included potential constraints of adjacent properties and
infrastructure landscape position. The decision matrix has been utilized to develop a restoration strategy
best suited to the health of peatlands, wetlands, hydrologic retention, and benefits of water quality.

b. Project Rehabilitation Phasing

The decision matrix model which included existing condition inputs throughout the Lost River
Forest project area has helped to provide insight on mapping and planning project implementation. The
initial phase of rehabilitation targets upper reaches of the ditch network and small laterals. These
segments of the drainage system are generally smaller in cross section and have varied degree of
function from a drainage context. Individual ditch reaches within this phase are generally far from
private lands, roadways, or high value saleable timber.

Secondary phase of rehabilitation consists of the intermediary ditches (similar to second order
streams) with larger cross section and drainage area than ditches in the initial phase. These ditches
typically have greater volumes of spoil and are closer to local roadways or trails.

Third phase would focus on the largest ditches within the state forest. These ditches are found
along or near local roadways and access corridors. The targeted rehabilitation within this phase has the
greatest influence on adjacent land use and has the greatest drainage area.

All phases can be further divided into sub-phases, based on available funding. Phasing is focused
on a top-down watershed scale approach, ensuring each future project progresses downstream of the
previous. This approach ensures both effectiveness of installed BMP’s and prevents the need to mobilize
equipment across a previously rehabilitated ditch system corridors.
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c. Long Term Implementation/Cost and Funding Sources

The long-term implementation of the project is to complete large scale peatland restoration
within the Lost River State Forest. The restoration of hydrology and vegetation of these wetland
complexes will provide many ecological and water quality benefits both within and downstream of the
Lost River State Forest.

Costs have been broken down into phases and proposed BMPs on an average range basis per
BMP. Factors included in each BMP range of cost include materials, location, accessibility, timing of
construction, existing conditions, equipment needed for construction (See table appendix).

Additional funding requests will be required for engineering and construction of peatland
restoration in the Lost River State Forest. Long-term monitoring and maintenance will be implemented
on future funded restoration projects to assure all constructed peatland restoration measures are
adequately functioning as designed in addition to monitoring the ecological and biological diversity of
the peatland and connected wetland complexes.

d. Road Map for Future Drained Peatland Rehabilitation

This methodology for field data collection combines wetland assessment, peat assessment and
stream assessment protocols, which are used nationwide for evaluating wetland and stream resources.
The ability to collect field data, input the data into the Decision Matrix and export suitable BMP’s can
accelerate an organization’s ability target and rehabilitate drained peatland complexes. Public, private,
and tribal organizations have expressed interest in restoring peatlands for the purposes of sequestering
GHG, restoring hydrology, restoring and preserving habitat, and preserving cultural resources.
Development of these tools and standard methodologies increase efficiency and reduce cost in
assessing peatlands with similar drained conditions. This study can be replicated on similar peatland
restoration projects throughout northern Minnesota for watershed scale restorations that provide
sustainable strategies to improve water quality, ecological integrity and resiliency to climatic change.
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