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Introduction
This River Restoration 2018 Conference was a follow-up to the Stream Science
Symposiums I and II held in 2014 and 2016. Where the Symposiums focused upon
research this Conference focused upon watershed assessment and protection and
stream restoration.
This Conference brought together the most up-to-date information on stream
restoration, and watershed assessment, prioritization and protection presented by
experts from around the country. The presentations encouraged discussion among
Regional managers to move away from a single objective approach towards a more
systems based approach in watershed management and stream restoration.
In a collaborative environment regional managers, researchers, Consultants, and
students met to learn about contemporary research and methods in stream restoration,
shared information on restoration projects, and discussed current and future challenges
to stream restoration and protection.
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This Conference was a significant success. There were 206 attendees including
registrants, sponsors, speakers and students representing local, state and federal
government, nonprofits, university researchers, students and private industry.
Attendees traveled to the event from across the United States, Canada and as distant as
Great Brittan and Ankara Turkey.
Attendees were offered two workshops, a tour of a local major restoration project, and
a host of exciting events. They heard presentations from sixteen speakers covering
topics ranging from; linking ecosystem components, stream channel response to
hydrologic alteration, stream sediment issues, and stream restoration with adaptive
implementation and management. The Conference concluded with a panel discussion
centering upon “How to more holistically restore our streams in the face of uncertainty?”

Photo: Monday Evening Event, “Stream Practitioners Pictionary”
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Workshops
Two workshops were held prior to the Conference beginning.
Workshop 1: Watershed Assessment of River Stability and Sediment Supply
(WARSSS)
Dave Rosgen, with Co-Presenter Brandon Rosgen, Wildland Hydrology
Course Description:
WARSSS is a methodology designed for field practitioners to quantitatively determine
cumulative watershed impacts affecting sediment yield leading to river
impairment. WARSSS identifies specific processes related to individual land uses by
location to quantify hillslope, hydrology and channel processes potentially contributing
disproportionate sediment supply. The method involves predicting bank erosion rates
as well as annual sediment yield
budgets.
The USEPA has peer-reviewed and
recommended
the WARSSS methodology for use in
establishing “clean sediment” TMDL’s
as a watershed-based assessment
protocol. The WARSSS textbook
(Rosgen, 2006) documents
the WARSSS methodology.
WARSSS is also used for river
restoration to identify the cause, extent
and location of river impairment, and is
also used for comprehensive watershed
management and planning, cumulative
effects analysis, fish habitat evaluation,
riparian grazing management, flood
studies and geomorphic studies.
The all-day workshop will describe the
various aspects of the procedure and its
application to water resource
management with a focus on urban
watersheds.

Photo: Dave Rosgen
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Workshop 2: The Effects of Hydromodification on River Channels. Why
Restoration to Memorable Times May Not be the Most Effective Strategy for a
Sustainable Future.
Bill Annable, University of Waterloo, Waterloo, ON Canada.
Course Description:
Many of our watersheds have undergone and continue to experience changes to their
hydrologic and sediment regimes, which complicates how we manage and restore
rivers. Attempts to restore pre-impact conditions to streams are often not achievable
because of watershed level changes in controlling conditions. Determining appropriate
characteristics for a quasi-equilibrium channel following irreversible changes in
hydrology and sediment supply/transport has not been well explored. In the absence
of this information, practitioners have transferred quasi-equilibrium characteristics
found within rural and wilderness settings to define future conditions of these highly
altered watercourses.
This Workshop will cover some
outstanding questions in regards to the
management and rehabilitation of rivers
within heavily altered watersheds: 1) Do
quasi-equilibrium river reaches exist
within watersheds subjected to
significant change? 2) If so, what are
their specific characteristics, and how do
they compare to rural or wilderness
settings in the same hydrophysiographic
region? 3) Are there central tendencies
common to both altered and rural fluvial
processes that can be prescribed to
mitigate the adverse effects of
irreversible landuse change? These
questions are the basis of the workshop
with data and restoration projects
applied with new trajectories to altered
state systems.

Photo: Bill Annable
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Keynote Speakers
Dave Rosgen,
Hydrologist/Geomorphologist, P.H.,
Ph.D., Principal of Wildland Hydrology in
Fort Collins, Colorado, gave the
Conference Banquet Keynote;
“Restoring Ecological and Geomorphic
Function on the Heartrock Ranch,
Idaho”. Dave also led the Stewart River
Restoration Tour, presented the
“Watershed Assessment of River
Stability and Sediment Supply
(WARSSS)” workshop, and participated
on the Conference panel discussion.

Phil Roni
Principal Scientist with Cramer Fish
Sciences (CFS) and an Affiliate
Professor at the University of
Washington School of Aquatic and
Fishery Sciences gave the Conference
opening Keynote; “Stream and
Watershed Restoration: Guidance
for Restoring Riverine Processes
and Fish Habitat”
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Janine Castro
Project Leader for the
Columbia River Fish and
Wildlife Conservation Office
(CRFWCO) in Vancouver,
Washington. Gave the Keynote;
“Streams without Biology:
How Physics Inadvertently
Usurped River Restoration”

Robert Barr
Research scientist (fluvial
geomorphology and hydrology) at
the Center for Earth and
Environmental Science at Indiana
University-Purdue University,
Indianapolis (IUPUI). Bob gave the
Keynote; “The Yellow River
Initiative – An Introduction to the
Kankakee River Problem and
Plan”.

River Restoration 2018, Conference Proceedings

11

Conference Presentation Abstracts
(Alphabetically by Presenter*)

PRESENTATION TITLE, Restoring Ecosystem Processes and Resilience in River
Systems
Dr. Luther Aadland, Minnesota Department of Natural Resources
River systems have been dramatically altered by land-use, climate and hydrologic
changes, channelization, fragmentation by dam construction, and water pollution. For
example, of Minnesota’s 84,705 miles of stream, an estimated 41,628 miles have been
channelized, 2,968 miles have been impounded, while thousands of barrier dams and
culverts block biotic migrations and recolonization. Similar changes globally have led
to catastrophic declines in water quality, stream stability and biodiversity. Freshwater
extinction rates far exceed those of other biomes. Biodiversity is an effective indicator
of ecosystem health and resilience in river systems since it is dependent on parameters
of hydrology, geomorphology, water quality, and connectivity. If allowed, river
ecosystems can self-recover from many disturbances but are often unable to recover
from past and ongoing human constraints. Many river projects have attempted to
address symptomatic issues such as poor habitat or bank erosion with localized,
structural solutions. Treatment of symptoms can be costly, temporary and, in some
cases, hinder geomorphic and ecosystem processes or create new problems. In
contrast, identification of underlying problems, relaxing human constraints to the
degree possible, and reestablishing long-term geomorphic and biological processes can
yield resilient, self-sustaining river ecosystems. Monitoring over broad spatial and
temporal scales is necessary to establish success. Case examples will be presented to
illustrate evaluated measures of ecosystem responses to river restoration and suggest
strategies towards resilient river ecosystems.

PRESENTATION TITLE, Has Stormwater Management Been Our Achilles Heel in
River Management?
Dr. Bill Annable, Associate Professor of Civil and Environmental Engineering,
University of Waterloo in Ontario, Canada
Stormwater management techniques have been employed to manage floodwaters since
at least the era of the Roman Empire. Techniques have evolved into an intricate
network of sewers, curb and gutters, ponds, swales and other infrastructure to route
water away from developed areas to receiving water bodies with the preponderance
being watercourses. Over the past century, impacts to watercourses from changing
landuse practices have become more clearly realized and stormwater management
strategies have been modified to address many of the hydrologic concerns. Such
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strategies have included: peak shaving, targeted velocities and durations to better
accommodate fish migration and flow release rates at or below critical shear stress
thresholds of bed and bank media to reduce channel erosion have become common
place.
The current and past strategies to manage altered flows have afforded little attention to
managing the continuum of bed material transport which represents half of Lane’s
balance in maintaining channel stability for any given watercourse. The presence of
oversized channels, oversized infrastructure (e.g. culverts), sediment detention ponds
(including forebays), on- and off-line stormwater management ponds, enhanced routing,
bridge spans to convey regulatory flood flows rather than spans to maintain riparian
corridor stability further exacerbate the sediment transport continuum – Stoke’s Law
remains valid and channels continue to degrade and exacerbate ongoing maintenance.
This becomes a particularly challenging obstacle when a proponent may be
contemplating either a river restoration or rehabilitation initiative. With both flow and
sediment regimes irrevocably altered from landuse change, rehabilitation offers greater
opportunities for design success, however, this approach in many cases may need to
alter both the historical geomorphic alignment and ecological targets of a given
watercourse.
If proponent’s expectations are to undertake river restoration approaches to
perpetuate historical channel alignments and ecological targets, stormwater
management strategies need to be notably reconstituted to include the continuum of
bed material transport. Fortunately, low impact development (LID) initiatives are
beginning to take hold in North America, which may be the first step along this pathway
continuum. It is an axiomatic notion in the fields of surface water chemistry and
contaminant hydrogeology that the most effective ways to mitigate contamination are
to first remove the sources of the contamination and then address the residual plume
effects. A similar analogy should apply in stormwater management where rain
harvesters could be installed in combination with depressional storage at the lot scale
of all new (and eventually matured) developments which would remove the first one to
two inches of precipitation while not interrupting the continuum of upland washload
transport. Stream and river corridors could then be configured (notably larger
floodplains) to accommodate the lower frequency higher magnitude flood events while
maintaining sediment continuity. Such approaches would further decrease the need for
other infrastructure (such as ponds) within a development envelope offsetting costs of
LID investments. This presentation will summarize many of the pitfalls in current
stormwater best management practices, effects upon river channels (which are
applicable to urban and rural watercourses) and mitigative strategies to re-establish
the bed material continuum.
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PRESENTATION TITLE, The Growing & Evolving Benefits of Stream Restoration –
From Resiliency to Stormwater BMP – How Will the Industry Continue to Adapt?
George Athanasakes, P.E. Stantec Consulting Services Inc.
Stream restoration continues to grow in popularity across the United States. The very
practice of stream restoration relies on adaptive management to ultimately implement
projects and set streams on the trajectory of sustainability. Interestingly, the profession
in general and the funding sources used to pay for stream restoration are also
undergoing an adaptive management process. Historically mitigation and/or fisheries
enhancement were the key drivers funding stream restoration projects. Now in many
areas across the US, the need for resilient communities and water quality
enhancements through the TMDL program has resulted in significant funding sources
for stream restoration projects.
This talk will explore the ever-evolving field of stream restoration and the adaptive
management that the profession is currently under from multiple perspectives.
Specifically, the evolution of funding sources for restoration implementation will be
discussed and examples of key drivers for funding stream restoration in different parts
of the country will be explored as well as the applicability of these funding approaches
to other areas. Specific examples of the benefits of stream restoration from a resiliency
and TMDL reduction perspective will be provided. The adaptive management of the
profession will also be discussed. Are we evolving to a profession that will be licensed
or will we be continuing on the current path? Are schools of thought for restoration
converging or diverging? How are the benefits of stream restoration evolving? These
questions will be explored from a practitioner’s perspective.
PRESENTATION TITLE, The Yellow River Initiative - An Introduction to the
Kankakee River Problem and Plan KEYNOTE
Bob Barr*, Indiana University-Purdue University Indianapolis. Siavash Beik,
Christopher B. Burke Engineering Inc.
The Kankakee River Basin is one of the most extensively modified watersheds in
Indiana. Since 1977 the Kankakee River Basin Commission (KRBC) has struggled to
balance drainage with sediment loss, flooding, and a long, increasing list of competing
uses. The never-ending cycle of dredging and clearing the river has become increasingly
unsustainable, and the politics of an interstate river basin more difficult. The KRBC has
never tried to manage the basin in a vacuum; the Kankakee may be the most studied
watershed in Indiana, but the questions have changed. For the last two decades, a
growing body of work has demonstrated that rivers need to be managed as systems.
The “patch here and dredge there” strategy doesn’t work. It simply moves the problem.
The KRBC has come to realize this paradigm shift. They have fought with budgets and
eroding sand dunes longer than anyone, and there is more sand than money. The KRBC
has now asked the question: “is there a better way to manage this river system?” There
River Restoration 2018, Conference Proceedings

14

are no easy answers, but the KRBC with the help and support of the Indiana Silver
Jackets is trying to come up with ways to better manage the Kankakee River basin. In
this presentation, we will discuss the most recent efforts of the KRBC to lay out and
initiate, with the help of Indiana Silver Jackets, a new path to better understand and
address the challenges facing the Kankakee River system – the Everglades of the North.
PRESENTATION TITLE, River channel responses to large increases in flows and
sediment supply
Dr. Patrick Belmont, Associate Professor Utah State University
Alluvial river channels adjust their width, depth, and slope over time in order to convey
the amount of water and sediment supplied from the watershed. Rivers throughout
Minnesota have experienced profound changes in flow and sediment supply over the
past few decades and are likely to experience further changes in the future. How have
rivers responded to these large changes? Why do we observe different responses in
different regions? What does this all mean for river policy, management and
restoration? We document that flows have increased considerably in many parts of the
state due to changes in both climate and artificial drainage. Next, we show that these
increases in flow have very different implications in terms of sediment supply
throughout the state because sediment-rating curves (discharge-suspended sediment
relationships) vary considerably throughout Minnesota. We find that the general shape
and the steepness of these relationships are primarily dictated by geology and
geomorphic history, while vertical offset of the relationships and suspended sediment
concentrations of low flows are influenced by land use. This finding should help us
prioritize locations where management and restoration actions can do the most good in
terms of sediment reductions. Lastly, we document very distinct responses to the
increases in flow and sediment supply in different parts of the state. For example, the Le
Sueur River contains a very distinct slope break (knick zone) approximately 40 km
from the mouth of the river. Above knick zone is low gradient, passively meandering
channel. Within the knick zone the channel is relatively high gradient, actively
meandering and rapidly incising. Thus, the knick zone reach has much stronger
response to the increases in flow. Similarly, the Minnesota River between Mankato and
Jordan is aggradational and highly dynamic with rapid meander migration rates,
frequent channel cutoffs, and has responded to increased flow and sediment supply by
increasing channel width considerably. In stark contrast, the Minnesota River between
Jordan to Fort Snelling is far less dynamic, with passive meanders and few natural
cutoffs because it has a relatively small supply of sediment. The Root River in
southeastern Minnesota has similarly distinct river reaches, but the legacy effects of
land use in the watershed manifest themselves in very different ways. Recognizing
these differences throughout Minnesota in the morphology of rivers and their
responses to increased flow and sediment supply allows us to establish more feasible
restoration goals. Some geomorphic settings require that we design for active, dynamic
channels. Stable channel design is more appropriate in other settings.
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PRESENTATION TITLE, Streams without Biology: How Physics Inadvertently
Usurped River Restoration. KEYNOTE
Dr. Janine Castro, Project Leader, US Fish and Wildlife Service, Vancouver,
Washington
The foundations of river restoration science rest comfortably in the fields of geology,
hydrology, and engineering. Lane’s stream balance equation from the mid-1950s taught
us that there is a dynamic equilibrium between the amount of stream flow, the slope of
the channel, and the amount and caliber of sediment. The Manning’s equation, circa
1890, still influences most stream restoration projects designed today. Inherent in that
famous equation are the variables of slope and hydraulic radius, and the everconfounding roughness coefficient – n. Biology, while completely absent in the stream
balance equation, makes a cameo appearance in the Manning’s equation buried in the
roughness factor. Arguably, two of the most influential equations that have shaped
contemporary river restoration design left out the power of biology. This would not be
a problem if we were designing and implementing river restoration in a Precambrian
world -- a world where green algae and fungi are the major biological players -- but in
today’s environment, biology cannot be ignored.
This talk will provide an overview of, and underpinning science for, the Stream
Evolution Triangle (SET) in which biology is included on an equal basis with geology
and hydrology as a driver of stream morphology. The SET broadly integrates concepts
geology, hydrology, and biology, and includes improved understanding of potential
morphological “stream states” at the reach scale following both natural and
anthropogenic disturbances. Rather than a deterministic approach, the SET recognizes
that similar events can result in various stream morphologies, while dissimilar events
can result in single, dominant stream morphology. The probability of a particular future
state is strongly predicated by the relative influence of geology, hydrology, and biology.
The SET assumes dynamic morphological evolution through time and recognizes
variable rates of change for both spatial and temporal scales, along with numerous
potential trajectories.
Having introduced the SET, evidence from completed projects will be presented as case
studies for application in innovative stream restoration. Potential utility of the SET in
stream restoration planning and design stems from improved understanding and
explanation of morphological “stream states”, explicitly including the role of biology,
which provides insights into appropriate restoration strategies to counter adverse
impacts from past disturbance, while building future resilience.

River Restoration 2018, Conference Proceedings

16

PRESENTATION TITLE, Applied Research Efforts to Improve the Design,
Implementation and Management of Ecological Restoration in North Carolina.
Dr. Barbara Doll, North Carolina State University.
Stream restoration is “big business” with over a billion dollars spent annually on
restoration projects across the US. North Carolina is recognized as a national leader in
stream restoration innovation, design and implementation. The rise of restoration in
N.C. was in part due to the leadership, creativity and innovation afforded by the
formation of the NC State University Stream Restoration Program (SRP) in the late 90’s.
A partnership of the Biological & Agricultural Engineering Department and NC Sea
Grant, the SRP is a team of faculty, staff, and students working to improve water quality
and aquatic ecology through research, demonstration projects, and education.
Following two decades of developing, testing, demonstrating and evaluating natural
channel design focused restoration practices; the SRP now focuses heavily on
evaluating the ecological performance and functional uplift and the metrics and tools
for gauging these outcomes. The SRP also offers a series of River Course workshops
with 4-6 short courses a year attended by more than 200 restoration professionals and
a biennial stream conference, EcoStream, which attracts 350-400 participants. Since
inception, the SRP has provided training and education to more than 6000
professionals in stream assessment, design, construction, modeling and monitoring.
Commonly stated goals for stream restoration include enhancing water quality,
improving aquatic habitat, stabilizing stream banks, establishing native riparian
vegetation and enhancing floodplain function. Many funding agencies have realized the
need to document and quantify functional performance of restoration efforts. The SRP
has partnered with state and federal agencies, local governments and non-profit
organizations to develop research projects focused on evaluating the ecological benefits,
including water quality for restoration efforts and to identify new and innovative
practices to maximize these ecological benefits. This presentation will feature several of
these efforts.
SRP assessed 157 restored, impaired and reference streams during 2006-2012 using
several rapid assessment tools. Macroinvertebrates were collected from 85 of the
restored streams and watershed assessment was conducted for a selection of streams.
Morphological design data and site-specific landscape factors were also compiled for 79
of the restored streams. Statistical analysis revealed that macroinvertebrate metrics
correlated with stream assessment variables and as expected, watershed condition
variables improved correlation in most cases. In addition, restored streams were found
to have morphologic conditions similar to reference streams, but exhibit greater
variability in aquatic habitat and bedform. Larger (wider) streams in steeper valleys
with larger substrate and un-developed watersheds have higher numbers of pollution
intolerant EPT taxa. Also, greater floodplain widths correlate with higher EPT taxa.
In partnership with the NC Division of Mitigation Services, NC’s in-lieu fee mitigation
program, and the Environmental Defense Fund, SRP is currently evaluating functional
River Restoration 2018, Conference Proceedings

17

uplift and physical and morphological adjustment of stream restoration projects in the
Piedmont region of NC. In addition, to assist the state’s Department of Environmental
Quality in developing proposed nutrient crediting protocols for stream restoration
projects, the SRP has conducted data collection, analysis and technical advice to
evaluate the three mechanisms of nutrient reduction currently being considered (i.e.
streambank erosion, hyporheic exchange and increased floodplain connectivity) in
order to develop nutrient crediting criteria that are based on sound science.

PRESENTATION TITLE, Stream Channel Succession and Sediment Dynamics: Black
Vermillion River, KS
Dr. Tim Keane, Principal Investigator Kansas State University
The Black Vermillion River drains approximately 410 square miles in northeastern
Kansas. The drainage basin of the Black Vermillion River lies within Ecoregion 47:
Western Corn Belt Plains. Surface materials are dominated by alluvium and glacial
drift/till. Conversion from native, warm-season tallgrass prairie to agricultural
production caused significant impacts to the river channel and riparian landscape.
Major channelization shortened the river by nearly 16 miles from pre-settlement
dimensions; this shortening combined with the construction of numerous flow-through
structures/dams have produced dramatic changes in discharge and sediment dynamics.
In 2007, nine monitored stream reaches were established within three main tributaries
of the Black Vermillion River of northeast Kansas. Each reach was surveyed and
assessed for channel stability. Subsequent surveys (2008-2010) were conducted along
with monitoring of streambank erosion, bed scour, and sediment size/distribution
shifts. Surveys allowed for geomorphic characterization, quantification of stability, and
identification of stream successional sequence. This work allowed correlation of
stream ‘state’ and in-channel sediment contributions, as well as prediction of future
erosion rates based upon progression of stream succession.
This presentation recounts our predictions of channel succession on the Black
Vermillion River and the coincident sediment yield associated with establishment of a
stable channel form at current bed elevations. Calculations assume that a stable
channel and floodplain at current bed elevation is the most acceptable design solution
in this tillage agriculture dominated landscape. Use of natural channel design
parameters allows for the prediction of stable channel form and sediment yields
associated with channel succession. Our measured erosion rates and basin-specific
bank erosion curves (Sass and Keane, 2012) allow prediction of the time frame for
stream channel succession. Such understanding is critical in determining not only how
but when to most effectively mitigate the myriad of instability consequences.
This work was supported by USDA CREES 406 Integrated Program (Grant#KS600399)
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PRESENTATION TITLE, Trick or Treat: Does Natural Channel Design Work to
Improve Stream Ecological Function?
Matt Kondratieff , Colorado Parks and Wildlife
Rivers that depart from natural channel forms can limit ecological recovery of aquatic
ecosystems and ultimately degrade habitat. Departures include channelization, loss of
floodplain connectivity, removal of wood, habitat fragmentation, and altered hydraulic
conditions. Monitoring results from fish populations occupying impaired rivers have
shown that recovery may require many decades before populations begin to stabilize
and even longer before populations show positive signs of recovery. Fish populations
occupying degraded river systems may continue to decline without active restoration
intervention, such as application of Natural Channel Design (NCD). Uncertainty exists
whether application of NCD result in improvements to ecological function that can last
over time. In Colorado and Montana, long-term monitoring of NCD projects provide
evidence that stream ecological functions have improved, such as increases in fish
biomass, density, and species diversity. In addition, NCD project monitoring spanning
up to 27 years have shown sustained improvement in fish populations over time.
Restoration of full ecological function as compared to reference quality sites has been
achieved in NCD project site in Montana but not Colorado
PRESENTATION TITLE, Stream Restoration: Does Restoring Structure Lead to
Function?
Dr. Sara McMillan, Associate Professor, Agricultural & Biological Engineering
Purdue University
Efforts are underway globally to improve water quality and other ecosystem services in
watersheds impacted by urbanization and agricultural production. Excess nutrients (i.e.,
nitrogen and phosphorus) create eutrophic conditions that threaten water supply for
human consumption as well as ecological health. It has long been recognized that the
interfaces between terrestrial and aquatic ecosystems are locations where nutrient
processing and removal is maximized. However, these river-floodplain systems are the
same environments that are the most severely degraded by human development,
including piped water conveyance, river network modifications for flood control,
agricultural production and infrastructure placement. Competing uses for land
necessitate innovative solutions that maximize biophysical processes to reduce nutrient
export. Stream and riparian restoration is one strategy that seeks to do so. Practices
enhance channel stability and geomorphic complexity by reconstructing stream
channels, planting riparian vegetation and connecting floodplains. The assumption is
that the structural changes to mimic natural systems will allow the development of
functional equivalencies as well. Our research shows that restoring stream-floodplain
connectivity results in greater inputs of sediments and nutrients with subsequent
impacts on nutrient biogeochemistry. This was particularly evident downstream of
impaired reaches, which highlights the need to optimize placement of practices for
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maximum impact. We also show that time lags exist in recovery of ecosystem function
following stream restoration, particularly related to biologically driven nutrient
retention. This is critical for monitoring programs aimed at measuring success and
ensuring sufficient time for restoration practices to achieve desired goals.

PRESENTATION TITLE, Stream and watershed restoration: guidance for restoring
riverine processes and fish habitat KEYNOTE
Dr. Philip Roni, Principal Scientist , Cramer Fish Sciences
Billions of dollars are spent annually in North America and Europe to restore rivers and
improve fish habitat. Unfortunately, many of these well-intentioned efforts fail to meet
their objectives because they ignore watershed processes or do not follow key steps
needed to adequately plan, implement and evaluate restoration. Here I provide an
overview of the eight key steps needed to plan restoration, assess watershed conditions,
identify restoration actions, select and prioritize restoration techniques and monitor
and evaluate their success. I provide examples of successful methods, analyses or
models used to address each of these key steps. Before assessing conditions or
identifying restoration opportunities, it is important to have a clearly defined
restoration or recovery goal. Assessment of watershed processes and habitat conditions
should include assessment of potential and current rates or conditions and identify the
causes of habitat degradation and loss. In selecting appropriate restoration actions, it is
important to be aware of whether the actions restore underlying processes or simply
improve habitat as well as the longevity, likelihood of success, and whether they
ameliorate the impacts of climate change. Several approaches exist for prioritizing
restoration actions at a regional, watershed, and reach scale. The most transparent and
repeatable approach for prioritizing restoration projects is multi-criteria decision
analysis (scoring system) that can incorporate quantitative and qualitative information
including scientific and socio-economic data. Monitoring of restoration projects needs
to be designed well before the projects are implemented and have clear testable
hypotheses and a rigorous study design. Unfortunately, many monitoring programs fail
not because of inadequate design, but because of poor implementation, quality control
and management – all factors that can usually be overcome by diligent project
management. The steps and considerations outlined in this presentation, if followed,
should ensure that restoration actions are effective at restoring watershed processes
and habitat.
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PRESENTATION TITLE, Restoring Ecological & Geomorphic Function on the
Heartrock Ranch, Idaho KEYNOTE
Dr. Dave Rosgen, Wildland Hydrology
A large-scale restoration following the Natural Channel Design approach was
implemented in 2011 near Sun Valley, Idaho, with primary goals of establishing coldwater fisheries and enhancing river stability (i.e., transporting sediment and
streamflows) and hydrological connectivity (longitudinal, lateral, vertical, and
temporal). Assessments related to both ecological and geomorphic functioning at
multiple spatial scales were conducted to direct the restoration by identifying limiting
factors for various species and their habitats, including large mammals, eagles, heron,
waterfowl, songbirds, and aquatic organisms. A downstream reference reach on Willow
Creek was used to represent the physical and biological potential of the impaired river
system.
Assessment results indicate that heavy, season-long livestock grazing, poor irrigation
practices, and direct channel impacts were responsible for numerous impairments,
including:
Ø Incised channels with disconnected floodplains
Ø Lack of sediment transport capacity due to overwide and shallow channel
Ø Poor pool quality
Ø Limited instream wood, undercut banks, and woody vegetation
Ø Invasion of fine sediments generated from accelerated streambank erosion
Ø No off-channel features for habitat complexity or diversity for terrestrial and
aquatic species
Ø Poor invertebrate habitat, spawning habitat, and gravels
Ø Elevated water temperatures
Ø Limited holding cover and habitat for juvenile and adult fish species during low
and high flows
The restoration involved constructing 13 miles of stream channels on previously
abandoned surfaces to reconnect channel/floodplain exchanges, transport sediment,
and regain an instream flow regime with a new water management plan. Oxbow lakes,
emergent wetlands, and off-channel food plots were created, and the toe wood
structure was implemented on newly constructed channels and for portions of the
braided Big Wood River to introduce instream wood and reduce excess sediment from
streambank erosion. A screened gravel substrate without fines from the excavation of
the oxbows was placed on constructed glides for spawning material, and a separate
mixture of cobble and gravel was placed in the created riffle, pool, and run bed features.
Invasive riparian species were eliminated, and native riparian vegetation was reestablished on previously overgrazed lands.
Monitoring results show that average stream discharge increased even during low
precipitation years, residual pool depth increased (< 0.18 m to > 0.9 m), spawning
substrates increased in size (0.11 mm to 19 mm), and estimated egg-to-fry trout
survival increased from less than 20% to more 90% based on the Fredle indices.
Invertebrate indices of restoration effectiveness were “positive”, and fish diversity
increased from three to seven species in the restored spring creeks, which matched
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species diversity in the post-restoration reference reach. For the two restored streams,
redd counts increased dramatically (7 to 161 and from 17 to 143). Likewise, the
electrofishing catch-per-unit-effort for wild trout increased dramatically (0.013 to
1.166 trout/m and 0.029 to 0.222 trout/m) for the two spring creeks as part of the
larger community-level response. According to ranch accounts, the restoration and
aquifer recharge approach increased hay production and reduced labor needs by
converting flood irrigation to sub-irrigation.
PRESENTATION TITLE, Sediment Sources, Baseline Sediment-Transport Rates
and the Effectiveness of Restoration Measures for Reducing Loads to Receiving
Waters
Dr. Andrew Simon, Cardno
The impact of erosion, transport and delivery of sediment to receiving-water bodies is
the focus of worldwide attention in efforts to protect drinking water, aquatic and
marine resources, and maintain reservoir capacity for water supply, flood control and
power generation. To adopt effective sediment-control measures to protect receiving
waters, it is not sufficient to only know the magnitude of the sediment load, but also the
major contributing sources. Potential sediment sources may include: uplands (from
overland flow and mass movements) including gullies, dirt roads, fields and channels
(bed and banks). There has long been an overemphasis on the role of uplands and fields
on sediment erosion and delivery at the expense of channel processes (e.g. Chesapeake
Bay, the Great Barrier Reef). This is largely due to institutional inertia that produces a
reliance on watershed models to predict sediment loads, notwithstanding that these
models cannot account for one of the most important sources today; streambanks.
A series of studies from the Chesapeake Bay Watershed show that streambank
sediments may account for 47-95% (mean of 71%) of sediment yields. In contrast,
based on watershed modeling, EPA suggests that only 30% is derived from
streambanks. For example, in southern Queensland, Australia, watershed modeling
showed that 60% of the suspended load delivered to the Great Barrier Reef from the
Burnett River was emanating from uplands, while just 8% of the 2.76 million tonnes/y
was generated from streambanks. A subsequent, detailed study of streambank erosion,
however, showed by both empirical and modeling approaches that streambank erosion
accounted for between 44% and 73% of the average, annual-suspended load.
The locus of sediment erosion has shifted from the uplands to the channel systems as
soil-conservation measures improved and rivers adjusted to influxes of agricultural
sediment and other anthropogenic activities. These periods of instability are marked by
increases in sediment-transport rates. Contributions from channel sources, particularly
streambanks can typically be in excess of 50% of the total suspended-sediment load.
Transport rates from stable or re-equilibrated systems, however, are used to determine
baseline or “reference” transport rates. Examples from various ecoregions are provided
and range over several orders of magnitude.
It is, therefore, critical to use the appropriate analytic tools if one hopes to be able to
accurately determine magnitudes of sediment delivery from various sources, and to
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determine effective sediment-reduction strategies. For streambanks, the dynamic
version of the Bank-Stability and Toe-Erosion Model (BSTEM) is used to simulate bank
erosion over extended flow periods. Used in combination with observations of the
longitudinal extent of failing banks, unit loadings (per m of channel length) are
extrapolated to determine bank-generated sediment loads. Predictions of important
load reductions along with the effectiveness and cost-effectiveness of a range of
restoration measures slope are quantified by comparing erosion rates for the same flow
series under “existing” and various restoration strategies. These may include direct
modification or protection of banks, riparian plantings, and changes in flow regime or
grade control. Examples are provided from the U.S., Australia and New Zealand.
PRESENTATION TITLE, Adaptive Management: Using Geomorphic Stream Stage
and Transition and Departure Conditions to Plan and Generate Restoration
Dr. W. Barry Southerland, National W2Q Fluvial Geomorphologist
Understanding stage, transition, and channel evolution is a fundamental necessity in
developing restoration practices considered to be natural channel restoration.
Developing alternative restoration that operates within the natural range of physical
variability based on models or analytical equations alone are at high risk of not meeting
physical stability, biological objectives and diversity. Avoiding visits to the field
involving critical measures of dimension pattern, profile and sediment studies to
identify stable morphological stream types and the departure therein will inevitably
have consequences. Adaptive management in river restoration is most completely
served with this planning paradigm intact. Validation of the current stable analog, aka
reference reach, in the similar hydrophysiographic region and fluvial landscape-valley
type is essential.
Throughout the Pacific Northwest and the Intermountain West structural practices
instead of geomorphic system and channel evolution based designs are still popular. In
some areas in the West, such as the Pacific Northwest a structure name has driven
design instead of natural stable dimensions, pattern, and profile associated with the
type and distribution of sediment load. In many instances success and even objectives
have become a moving target instead of identifying and serving the principle objectives
stated on permits and funding documentation. Impacts on water quality are
potentially a concern.
This paper discusses both river restoration successes and failures due to the
consequences of not completing an analysis of stage, transition, channel evolution and
departure analysis. In some instances extreme wood structures have been designed
without the consideration of riparian vegetation plan and practice. In other instances,
even when bank stability was stated as a design objective, extreme lateral recession
occurred next to structures and it was acceptable because it was considered a natural
process. In other instances, lack of consideration of the socio-economic landscape was
not considered in the planning process. Channel evolution, stage of adjustments, and
identification of a stable morphological geomorphic stream type within the given
hydrophysiographic region with valley landscape types are essential to base line
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adaptive management and riparian ecological stage and transition. These are prerequisites for appropriate and robust natural channel restoration.

PRESENTATION TITLE, Land Use Change impact on Channels
DR. Sandy Verry, Ellen River Partnership; Research Hydrologist Emeritus,
USDA Forest Service
River width is determined by watershed area, climate and stream type; but changes in
land use can cause a doubling of channel size along with a 400% increase in sediment
yield as channels evolve. The root causes are an increase in channel discharge resulting
from a desynchronization of snowmelt, soil compaction during wet weather logging and
changes in watershed roughness largely caused by the loss of mature trees. Channel
discharge increases 2 to 3 times over the 1 to 50-year frequency range. Compared with
land rebound from glacial melt, land use channel changes occur in mostly a 50-year
time span rather than thousands of years and are in the range of 1-ft vertical and 1-ft
horizontal per year compared with 1- or 2-mm per year for land rebound adjustments.
More frequent and larger storms caused by climate change may also cause channel
adjustments especially in narrow valleys with limited floodplains where bridges are a
better long-term bet than culverts.

PRESENTATION TITLE, Regional Sediment Data and Regional Curves: Increasing
Confidence in Designs through Competence, Capacity and Support
Alan Walker, Streamwalker Consulting, LLC and Consulting Agent/Project
Manager, Resource Institute, Inc.
Excess sediment in the stream corridor contributes to many issues in the watershed
including public water supplies, flooding, aquatic habitat, and impoundments/receiving
waters. Raising the awareness of the amount of sediment entering the stream systems
from stream bank erosion is not only a water quality issue, but a key component in the
assessment and proposed solutions to address this natural resource concern.
Field practitioners of natural channel design must incorporate two major data
resources into the process of assessment and design.
Field practitioners need local hydro-physiographic data to correlate regional curve data
for use in validating bankfull and sediment data as well as channel competence and
capacity for design alternatives evaluation. Collecting and analyzing sediment data
using USGS field techniques allows the development of regional sediment curves. The
sediment curves in conjunction with regional curve discharge data can be used in the
development of dimensionless sediment curve data for use in assessment and design.
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RIVERMorph™ software is an excellent tool for incorporating this data and evaluating
existing cross sections for competence and capacity as well as proposed cross sections.
Utilizing regional curve data and sediment data to design appropriate width/depth
ratios are vital components of successful stream restoration and/or stabilization
projects.

Photo: Networking, a desired Conference outcome
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Appendices
River Restoration 2018: Agenda
Sunday, October 28
Registration 10:00 p.m. – 4:00 p.m.
Workshop 1 - Watershed Assessment of River Stability and Sediment Supply
(WARSSS). Dave Rosgen, Wildland Hydrology.
12:30 p.m. – 3:30 p.m.
Workshop 2 - The Effects of Hydromodification on River Channels. Why
Restoration to Memorable Times May Not be Most effective strategy for a
sustainable future. Bill Annable, University of Waterloo, Waterloo, ON Canada.
12:30 p.m. – 3:30 p.m.
For more information on the workshops, please see website.
https://www.riverrestoration2018.com/workshops.html
Sunday Night - Barbeque & Social
3:30 p.m. – 9:00 p.m.
*Please plan to dress according to the weather and no private vehicle parking is permitted
Shuttles will be provided from both Superior Shores and Country Inn, Two Harbors
Service will begin at:
3:30 p.m. Superior Shores
4:00 p.m. Comfort Inn
Shuttles will run approximately every 15 minutes until
dinner, then resume after dinner as needed. Last bus
leaves at 9:00 p.m. and will make stops at both hotels
4:00 p.m. and 4:30 p.m. – Stewart River restoration tour
guided by North State Environmental, Wildland
Hydrology and Technical Service Area #3
4:30 p.m. – until dark – Fly casting lessons with
Minnesota Trout Unlimited
5:30 p.m. – Barbeque dinner with beverages provided by
Bent Paddle Brewery

Photo: Fly casting with TU
»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»
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»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»Monday, October 29th
7:00 a.m.
Registration (all day) and Breakfast Buffet – Served at Kamloops at
Superior Shores
8:00 a.m.
Welcome/Keynote Introduction
8:15 a.m.
Stream and Watershed Restoration: Guidance for Restoring Riverine
Processes and Fish Habitat. Phil Roni, Cramer Fisheries
9:15 a.m.
Session 1: Linking Ecosystem Components; What are the Factors
Impacting Ecology and Biological Health?
Moderator: Ian Chisholm
9:20 a.m.
Restoring Ecosystem Processes and Resilience in River Systems. Luther
Aadland, Minnesota Department of Natural Resources
10:00 a.m.

Break

10:25 a.m.
Trick or Treat: Does Natural Channel Design Work to Improve Stream
Ecological Function? Matt Kondratieff, Colorado Parks and Wildlife
11:05 a.m.
Stream Restoration: Does Restoring Structure Lead to Function? Sara
McMillan, Purdue University
11:50 a.m.

Lunch – served at Kamloops at Superior Shores

1:20 p.m.
Keynote introduction
1:25 p.m.
Streams without Biology: How Physics Inadvertently Usurped River
Restoration. Janine Castro, USFWS
2:25 p.m.
Session 2: Addressing Channel Response to Hydrologic Alteration
Sustainably. Moderator: Chris Freiberger
2:30 p.m.

Land Use Change Impact on Channels. Sandy Verry, Ellen River Partners

3:10 p.m.

Break

3:40 p.m.
River Channel Responses to Large Increases in Flows and Sediment
Supply. Patrick Belmont, Utah State University
4:20 p.m.
Has Stormwater Management Been Our Achilles Heel in River
Management? Bill Annable, University of Waterloo
5:00 p.m.
Poster Exhibition & Social Hour – Samples provided by Castle
Danger Brewery
6:15 p.m.

Banquet (on site);
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7:00 p.m.
Dinner Keynote. Restoring Ecological and Geomorphic Function on
the Heartrock Ranch, Idaho. Dave Rosgen, Wildland Hydrology
Social time and Stream Practitioners Pictionary to follow (upstairs dining room and bar
area)
»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»
»»»»»»»
Tuesday, October 30th
7:00 a.m.
Registration and Breakfast Buffet – at Kamloops at Superior Shores
8:00 a.m.
Welcome/Keynote Introduction
8:10 a.m.
The Yellow River Initiative – An Introduction to the Kankakee River
Problem and Plan. Bob Barr, Indiana University-Purdue University Indianapolis
9:10 a.m.
Session 3: Sediment in Rivers; Incorporating Process Understanding
in Restoration Design.
Moderator: Nick Proulx
9:15 a.m.
Regional Sediment Data and Regional Curves: Increasing Confidence in
Designs Through Competence, Capacity and Support. Alan Walker, StreamWalker
Consulting LLC
9:55 a.m.

Break

10:20 a.m.
Stream Channel Succession and Sediment Dynamics: Black Vermillion
River, KS. Tim Keane, Kansas State University
11:00 a.m.
Sediment Sources, Baseline Sediment – Transport Rates and the
Effectiveness of Restoration Measures for Reducing Loads to Receiving Waters.
Andrew Simon, Cardno
11:50 a.m.

Lunch – at Kamloops at Superior Shores

1:20 p.m.
Session 4: Stream Restoration; Adaptive Implementation and
Management.
Moderator: Karl Koller
1:25 p.m.
Applied Research Efforts to Improve the Design, Implementation and
Management of Ecological Restoration in North Carolina. Barbara Doll, North Carolina
State University.
2:05 p.m.
Adaptive Management: Using Geomorphic Stream Stage and Transition
and Departure Conditions to Plan and Generate Restoration. Barry Southerland, USDA,
NRCS
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2:45 p.m.
The Growing & Evolving Benefits of Stream Restoration – From Resiliency
to Stormwater BMP – How Will the Industry Continue to Adapt? George Athanasakes,
Stantec
3:25 p.m.

Break

3:50 p.m.
Panel Discussion (Janine Castro, Dave Rosgen, Bob Barr, Luther
Aadland, Patrick Belmont and Andrew Simons): How to more holistically restore
our streams in the face of uncertainty?
Moderator: Chris Freiberger
5:20 p.m.

Closing thoughts and raffle

Photo: Panel Discussion
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Curling and Dinner at the Two Harbors Curling Club
6:00 p.m. – 10:00 p.m.
If you plan to curl, please bring clean shoes and warm clothes you can stretch in.
Shuttles will be provided from both Superior Shores and Country Inn, Two Harbors
Service going to the Curling Club:
5:45 p.m. – 6:15 p.m. Superior Shores
6:00 p.m. – 6:30 p.m. Comfort Inn
Service leaving the Curling Club:
Shuttles will run approximately every 30 minutes after dinner or as needed. Last bus
leaves at 10:00 p.m. and will make stops at both hotels

Photo: Curling Club Event
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Speaker Biographies
(Alphabetically by Presenter)

Dr. Luther Aadland, Minnesota Department of Natural Resources
Dr. Luther Aadland received his Ph.D. from the University of North Dakota in 1987 and
has worked as a river scientist for the Minnesota Department of Natural Resources for
the past 31 years. His research and publications have included topics in the habitat and
hydrologic requirements of fish and invertebrates, fragmentation effects on biodiversity,
ecological responses to restoration, invasive species ecology, and river restoration
design and strategies. Of particular interest has been the reconnection and restoration
of critical habitat for sturgeon and other imperiled species.
Luther teaches courses on a variety of topics in fluvial geomorphology, stream ecology,
and restoration. His book, “Reconnecting River: Natural Channel Design in Dam Removal
and Fish Passage” details design approaches, challenges and benefits of project case
examples. He has designed numerous river restoration, dam removal, and nature-like
fish passage projects on river systems across the United States that have resulted in the
return of extirpated fish and mussel species, restored recreational fisheries and
improved public safety.

Dr. Bill Annable, Associate Professor of Civil and Environmental Engineering
University of Waterloo in Ontario, Canada
Dr. Bill Annable, PhD, PhD, PEng, PE, PGeo, is an Associate Professor of Civil and
Environmental Engineering at the University of Waterloo in Ontario, Canada. Bill has
been researching the hydraulic, sediment transport, morphologic and eco-hydraulic
characteristics and linkages of rivers across North American and Europe for the past 25
years. His principle areas of research focus on investigating the effects of
hydromodification due to land-use change on both urban and rural settings and the biophysical linkages between aquatic communities and their physical habitat conditions
(including hydraulics, sediment transport, and groundwater / surface water
interaction). In addition to theoretical and applied research, Dr. Annable has also been
designing, monitoring and supervising the construction of river rehabilitation projects
across North America totaling over 3,000 km of rivers studied and over 200km of river
channels rehabilitated. Bill has also been investigating with colleagues the ecohydraulic linkages of domesticated watersheds in Switzerland and Italy to assist with
developing rehabilitation strategies to effectively rehabilitate watercourses historically
effected by hydropeaking schemes.
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George Athanasakes, P.E. Stantec Consulting Services Inc.
George Athanasakes has a diverse background, which includes civil engineering, stream
restoration, and watershed planning. George has served as the Principal-in-Charge,
Project Manager and/or Design Engineer on over 100 stream restoration projects
incorporating a variety of restoration techniques. George’s services are often retained
to consult on stream restoration projects throughout the United States. In addition, he
has helped to bring innovation to the field of stream restoration by leading the
development of the RIVERMorph software, which is the industry standard for stream
restoration software throughout the United States and internationally.
George serves as the Ecosystem Restoration Services Leader for Stantec and is
responsible for leading Ecosystem Restoration for the firm throughout the United
States. George holds Bachelor’s of Science and Master’s of Engineering Degrees from the
University of Louisville. He is also a Registered Professional Engineer in several states.

Robert C. Barr Research Scientist, Center for Earth and Environmental Science
Department of Earth Sciences IUPUI
Robert Barr is a research scientist (fluvial geomorphology and hydrology) at the Center
for Earth and Environmental Science at IUPUI. His primary research focus is on
understanding the physical processes and form necessary to achieve and maintain
healthy stream systems in a changing landscape. Bob has participated in numerous
large-scale stream assessments, including the Yellow and Maumee Rivers in northern
Indiana, Eagle Creek and White Lick Creek in Central Indiana, and several small streams
in the Toiyabe and Toquima Mountain Ranges of north-central Nevada. Bob’s current
projects include the Indiana Fluvial Hazard Mitigation Program, the School Branch
National Water Quality Initiative, the Kankakee River Basin Restoration Initiative, and
the Indiana Silver Jackets low head dam initiative. In addition to his academic research
interests, Bob has served as a consulting hydrologist and fluvial geomorphologist for
over 12 years.

Dr. Patrick Belmont, Associate Professor Utah State University
Patrick Belmont is an Associate Professor of Hydrology and Geomorphology in the
Watershed Sciences Department. His research focuses on how water and sediment
move through watersheds. He is driven to understand how landscape systems have
evolved over geologic time and evaluate how that landscape context influences modern
processes and dynamics. This understanding is useful for predicting how human
activities affect terrestrial and riverine processes. The three main thrusts of his
research are a) mathematical modeling of hydrology, erosion and river channel change,
b) development of water and sediment budgets, and c) spatial analysis with a focus on
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high-resolution topography data. Dr. Belmont leads a nationally renowned research
group, working most prominently in Utah, Idaho, California, and Minnesota and a has
strong track record of translating his science into actionable management and policy
guidance, working directly with state and county-level agencies, industry and nonprofit environmental groups, and state legislators.

Dr. Janine Castro, USFWS
Janine Castro is the Project Leader for the Columbia River Fish and Wildlife
Conservation Office (CRFWCO) in Vancouver, Washington. It is the mission of the
CRFWCO to assist in determining the status of imperiled natural fish stocks, to evaluate
management measures for recovery and assist in the recovery of these stocks, and to
prevent future ESA listings. As the Project Leader, Janine provides leadership to a highly
diverse technical staff that address a wide variety of fisheries issues, including: (1) fish
passage and aquatic habitat restoration, (2) bull trout recovery and lamprey
conservation, (3) marking and tagging of nearly 40 million hatchery fish annually to
support tribal, recreational, and commercial mark-selective fisheries, (4) markrecapture studies of wild fish to determine occupancy, distribution, abundance, trends,
and population growth rates, and (5) providing analytical support to project design,
evaluation, and information management.
Janine provides national and international training on stream restoration, river science,
and public speaking for scientists. She has worked for the Fish and Wildlife Service for
18 years and spent the preceding 10 years working for the Natural Resources
Conservation Service. Janine is a co-founder of Science Talk, one of the five founding
members of River Restoration Northwest, an adjunct faculty in the Environmental
Sciences and Management Department at Portland State University, and the Technical
Director for the PSU River Restoration Professional Certificate Program.
Dr. Barbara Doll, North Carolina State University.
Barbara Doll is an Extension Specialist for North Carolina Sea Grant and an Extension
Assistant Professor in the Biological & Agricultural Engineering Department at NC State
University Barbara holds a Ph.D. in Biological and Agricultural Engineering and is a
licensed professional engineer who joined Sea Grant in 1992 to work on water quality
issues. Sea Grant is a federal/state program that promotes the wise use of coastal
resources. Much of Barbara’s current research and outreach focuses on ecological
restoration, reducing the impacts of nonpoint source pollution and assessing the
effectiveness of restoration practices. She has developed and implemented several
innovative stream restoration projects including the multi-million dollar, three-phase
project to restore Rocky Branch, a creek that runs a mile through the North Carolina
State University campus and is a tributary to the Neuse River.
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Barbara currently serves as the principal investigator for more than $1.2 million in
grant funding which supports outreach and research projects focused on evaluating the
performance of stream restoration efforts, developing new techniques for ecological
restoration, stormwater management and assisting communities with water quantity
and quality challenges. She manages a team of engineers and graduate students who are
funded by these projects. Barbara has authored a number of publications on stream
restoration and stormwater runoff, including publishing in professional journals such
as the Journal of the American Water Resources Association and WATER.
Prior to joining Sea Grant, Doll worked as a staff engineer for Soil and Material
Engineers in Raleigh, N.C. and as a research assistant in the Civil Engineering
department at NC State.
Dr. Tim Keane, Principal Investigator Kansas State University
Tim Keane, PhD, is Professor of Landscape Architecture and Commerce Bank
Distinguished Graduate Faculty at Kansas State University where he has served since
1984. His teaching has been repeatedly recognized with multiple departmental
"Teacher of the Year" awards, two college level "McElwee Teaching Awards" and three
endowed "Jarvis Chairs in Landscape Architecture" recognizing his teaching and service.
Keane's research, which focuses on fluvial geomorphology, stream channel stability and
sediment transport, and urban storm water management, has been acknowledged
through national awards from the USDA and the Council of Educators in Landscape
Architecture (CELA). Keane was awarded the inaugural Mary Jarvis Scholar of
Distinction faculty chair in Landscape Architecture (2010-2013). Keane's research has
been funded by state, federal and private agencies including the Kansas Conservation
Commission, KDHE, USDA, NSF and the Apache Foundation. Dr. Keane was one of the
founders of the College of Architecture, Planning and Design's interdisciplinary doctoral
program and has chaired three candidates to successful completion in the newly minted
program.
Matt Kondratieff , Colorado Parks and Wildlife
Matt Kondratieff is an Aquatic Research Scientist for Colorado Parks and Wildlife in Fort
Collins, CO. He completed his undergraduate work at U.C. Davis, received his Master’s
from Colorado State University and he worked for three years as a fisheries biologist for
Wyoming Game and Fish in Pinedale, WY. Matt has 12 years experience involving the
design, construction, and monitoring of natural channel design restoration projects in
Colorado. Recent research has focused on the biological response of aquatic organisms
to stream habitat restoration treatments. Additional research interests are focused on
the influence of in-channel structures, such as whitewater parks and water diversions,
on fish populations and fish passage.
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Dr. Sara McMillan, Associate Professor, Agricultural & Biological Engineering
Purdue University
Sara McMillan is an Associate Professor in Agricultural and Biological Engineering at
Purdue University. She received her Ph.D. in Environmental Science and Engineering
from the University of North Carolina at Chapel Hill and BS in Civil & Environmental
Engineering from the University of Iowa. Prior to coming to Purdue, she spent 5 years
as a professor at the University of North Carolina at Charlotte and several years
working as a professional engineer on the impacts of changing land use and climate on
water quality. Her research focuses on linking geomorphic structure with ecological
function in restoration projects. She integrates field-based experiments with modeling
to mitigate the hydrologic and water quality impacts of human development. Dr.
McMillan believes strongly in stakeholder-driven decision making and partners with
land owners, regulators, and non-profit agencies to maximize impact of her projects.
Her current research focuses on restoration to improve water quality and ecosystem
services including projects on green infrastructure, agricultural BMPs, and
stream/floodplain restoration.
Dr. Philip Roni, Principal Scientist, Cramer Fish Sciences
Dr. Philip Roni is a Principal Scientist with Cramer Fish Sciences (CFS) and an Affiliate
Professor at the University of Washington School of Aquatic and Fishery Sciences. He
has more than 25 years of experience as a fisheries research scientist and directs the
CFS Northwest science team where he focuses on designing, implementing and
publishing definitive studies on watershed restoration. He regularly teaches courses
and has published numerous papers on restoration science including the
comprehensive books “Stream and Watershed Restoration: a guide to restoring riverine
processes and habitat” (2013 Wiley-Blackwell) and “Monitoring Stream and Watershed
Restoration” (2005 AFS). Phil received a Presidential Early Career Award (2004) from
the US President and a Certificate of Achievement (2012) from the AFS for his
contributions to restoration science and monitoring and evaluation. He has both an M.S.
and a Ph.D. from the University of Washington.
Dr. Dave Rosgen, Wildland Hydrology
Hydrologist/Geomorphologist, P.H., Ph.D., Principal of Wildland Hydrology in Fort
Collins, Colorado, with field experience in river work spanning 50 years. Dave has
designed and implemented over 70 large-scale river restoration projects. Dave
developed a stream classification system, the BANCS streambank erosion model, the
FLOWSED/POWERSED sediment transport models, the WARSSS methodology for
cumulative watershed assessments, and a geomorphic approach to river restoration
using a Natural Channel Design methodology. Dave utilizes his extensive experience to
conduct short courses in watershed management, river morphology, restoration, and
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wildland hydrology applications. Dave has also authored two textbooks and over 70
reports and articles in research journals, symposia, and federal agency manuals.

Dr. Andrew Simon, Cardno
Dr. Andrew Simon is a Principal and Senior Geomorphologist at Cardno in Oxford,
Mississippi. He has 38 years of research experience, 16 years with the U.S. Geological
Survey and 16 years at the USDA-ARS, National Sedimentation Laboratory. His processbased research has been in in mechanistic analysis of unstable-channel systems,
streambank erosion, cohesive-sediment entrainment, the role of riparian vegetation,
“reference” sediment-transport rates for TMDLs, and river restoration. He is the author
of more than 100 technical publications, has edited several books and journals and is
the senior developer of the Bank-Stability and Toe-Erosion Model (BSTEM). His Cardno
team recently collaborated with the Corps of Engineers to integrate that model into
HEC-RAS. His field research has taken him to Australia, New Zealand, Europe, Asia and
across North America. Dr. Simon is also a Special Professor in the School of Geography
at the University of Nottingham, UK.

Dr. W. Barry Southerland, National W2Q Fluvial Geomorphologist
Barry works in Portland, OR as the National Fluvial Geomorphologist on the Water
Quality and Quantity Technology Development Team. He has served for 39 years in
various positions with the NRCS including: stream geomorphologist, watershed
planner-geomorphologist, soil conservationist and also in Pullman, WA as an NRCS-PhD
Graduate Studies student in fluvial geomorphologist while providing technical
assistance to USDA-NRCS. Thirty-six of his 39 years of total federal career service, has
been with the NRCS. Previous to 1991 most of his NRCS (SCS) work was at field office
positions such as soil conservationist, supervisory soil conservationist, team leader,
watershed hydrologist, and hydrologic unit (watershed) project coordinator in the
Western United States. Barry completed and received his Ph.D. (NRCS Graduate Studies
Program) in fluvial geomorphology at Washington State University. He has been a
Certified Professional in Erosion and Sediment Control (CPESC #514) for twenty-eight
years. Barry’s principle expertise is geomorphic river restoration: training, analysis,
planning, design, and implementation. He has analyzed, planned, designed and
constructed numerous river restoration projects and completed recommendations on
streams, including watershed-based fluvial, wood uses in rivers, and streambank
erosion studies. He has completed over 1.5 million acres of sedimentation studies in the
Western United States. Barry has walked and classified over 1300 miles of streams. He
teaches introductory, advanced fluvial geomorphology and geomorphic natural channel
design for USDA-NRCS. He is a trainer and lecturer at universities, professional societies,
and state sponsored courses. He is a technical paper contributing author of related
materials: National Engineering Handbook- Natural Channel Design 654, NEH 653,
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Stream Corridor Restoration: Principle, Processes, and Practices, Technical Notes, Utah
Farmer Stockman, Stream Notes, Rural Technology Initiatives, SVAP 2.0 and so forth.
Barry has completed in-depth statistical analysis and management recommendations of
fluvial geomorphology impacting rare and endangered species in riparian corridors. He
is a fly angler and a BSA Silver Beaver.

DR. Sandy Verry, Ellen River Partnership; Research Hydrologist Emeritus,
USDA Forest Service
I was a research hydrologist with the USFS, North Central Forest Experiment Station in
Grand Rapids starting in 1967 and retiring 35-years later as Chief Research Hydrologist
and sometimes Project Leader in 2004. During that time I worked closely with Ken
Brooks at the Univ. of MN as an Adjunct Professor from 1974 to 2004. From 2004 until
April of 2018 I was a Consulting Hydrologist with Ellen River Partners doing stream
restoration primarily in Michigan and Minnesota.
My wife Ellen and I enjoy camping and fishing with family and friends in Minnesota and
Colorado and spending time with grand kids and our 2-year old great granddaughter.
She has trained me as a reasonable Quilting Assistant as she, and others craft 30 to 40
quilts a year.

Alan Walker, Streamwalker Consulting, LLC and Consulting Agent/Project
Manager, Resource Institute, Inc.
Alan is the president of Streamwalker Consulting, LLC (formed in 2005) and is currently
assisting Resource Institute, Inc. as a consulting agent. As a consulting agent with
Resource Institute, Alan assists with project management activities.
Prior to his retirement from USDA-NRCS (Natural Resources Conservation Service) in
January 2017; Alan served 6 years as the Assistant State Conservationist for Field
Operations in Waynesville, NC. His major duties included: providing supervision,
guidance, and assistance to the 33 western counties in North Carolina as well as
supervising the district conservationists at the field office level, serving as a supervisor
to the area support staff and coordinating a well-balanced resource conservation
program to meet the objectives of customers in western NC. He was instrumental in
forming a pilot project with federal, state and a non-profit partner to accelerate EQIP
assistance in western North Carolina. This project was the Western NC Stream
Initiative that used a non-profit partner who worked with SWCD’s using state funds to
assist with engineering, permitting and construction oversight for stream projects.
Through FY2018 this partnership has leveraged over 24 million (federal 7 state funds
involving over 200,000 feet of streams in western NC.
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Alan completed Level 4 of the Rosgen courses in 1998 and has served as a field
assistant for Levels 1,2, & 3 Rosgen stream courses held in North Carolina since the late
1990’s. Alan has an interest in stream dynamics and is also involved in stream
restoration/stabilization projects using the natural channel design approach.
Alan spent two summers as a as student-trainee in McDowell and Rutherford Counties
and served as a soil conservationist in Yadkin, Sampson and Duplin Counties and prior
to serving 11 years as the District Conservationist in two locations; Alexander and
Alamance Counties. Prior to becoming the ASTC-FO he served 14 years as the Area
Resource Conservationist in Waynesville, NC.
Alan was born and raised on a beef cattle, tomatoes and tobacco farm in Haywood
County, North Carolina. He attended the University of Tennessee in Knoxville where he
was a member of the Alpha Gamma Rho fraternity and graduated with a Bachelor of
Science Degree in Plant and Soil Science in 1983.
Alan’s interests are the University of Tennessee Athletics (especially football), college
football, fly-fishing, golf and about anything out doors.
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Poster Abstracts
1. Rethinking the Red Clay Project: Restoration in the Nemadji
Melanie Bomier1, Will Bomier2
1Carlton

Soil and Water Conservation District, 2Carlton County Transportation

The Red Clay Project was a 1970’s era multi agency effort that encompassed
watersheds in the Lake Superior Basin portion of North East Minnesota and Northern
Wisconsin. Its goal was to reduce erosion in the Nemadji Watershed. In Minnesota,
efforts focused on sediment retention structures called Red Clay Dams in two sub
watersheds of the Nemadji River Basin: Skunk Creek and Deer Creek. Sixteen structures
were constructed in the Skunk Creek Watershed and four structures were constructed
in the Deer Creek Watershed. The design life of these structures was 10 – 25 years
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depending on the specific project, and they all have exceeded their designated lifespan.
Many of these structures are failing or have already failed.
In 2014 and again in 2016, the Carlton SWCD worked with Technical Service Area III
Engineers to complete two stream restorations using Rosgen methodology to address
failing or failed dams that were contributing large amounts of sediment into the
impaired Nemadji River Watershed. In 2018 we plan to start work on two more
restorations. Our goal is to reduce sediment and improve connectivity. The results of
these projects include an estimated reduction of over 2600 tons of sediment and almost
13 miles of stream connectivity restored.
2. Biodiversity as an indicator of success
Amy Childers1
1Minnesota

Department of Natural Resources River Ecology Unit
How can we measure the success of our river restoration efforts? One very clear,
tangible outcome is an increase in biodiversity. The diversity and abundance of fish and
mussel communities in river ecosystems has decreased significantly over the years.
Here are a few startling facts:
•

•
•
•
•

The extinction rate f2 (or North American freshwater species is estimated to be
5 times the rate of terrestrial species, which is comparable to that for tropical
rainforests. 1
Of the remaining 700 species of fishes in North American, 39% are considered
imperiled. 2
Sturgeons are the most imperiled group of species overall with 85% of the 27
species at risk of extinction, most of which are critically endangered. 3
The current population of lake sturgeon is estimated to be at less than 1% of
their historic abundance.
Freshwater mussels are among the most endangered group of organisms on the
planet with 74% of the known 300 species in North American considered
imperiled. 4

•
With numerous dam-related projects to draw from, dam removal and modification have
proven to have substantial benefits to biodiversity. An analysis of 32 dams throughout
Minnesota watersheds found that fish species richness decreased, on average, by 43%
upstream of the first complete barrier dam. The removal of 12 of these dams resulted
in the return of an average of 67% of the absent species. Of these removal projects, the
biological response at five are presented here.
Channel restoration projects have also proven to have beneficial impacts to biodiversity
and stream health. The two projects presented here, Lawndale Creek and Whitewater
River, were large projects that replaced channelized reaches with meandering channels,
designed using reference reach information. The result was a restoration of diverse
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substrates and habitats. The aquatic communities responded with increased diversity
and abundance of fish, especially the less tolerant fish species.
Ricciardi and Rasmussen 1999
Jelks et al. 2008
3 International Union for Conservation of Nature 2010
4 Williams et al. 1993
1
2

3. Monitoring bluff erosion rates using terrestrial laser scanning and Structurefrom-Motion photogrammetry on Minnesota’s North Shore streams
Elizabeth Curie1, Karen Gran1
1University

of Minnesota Duluth

Excess turbidity from increased fine sediment can degrade water quality and be
harmful to fish and other aquatic life. On Minnesota’s North Shore of Lake Superior,
there are several streams impaired by turbidity, often driven by erosion of stream
bluffs. We have been quantifying rates of erosion on North Shore bluffs, starting in 2011,
using terrestrial laser scanning (TLS). TLS allows for creation of 3D point cloud datasets
that result in cm-scale resolution models of topographic surfaces, which can then be
compared over time to quantify geomorphic change on bluffs. This project adds to
earlier monitoring data, by providing bluff erosion rates on both natural and stabilized
bluffs. We also use a new technique called Structure-from-Motion (SfM) to create point
cloud datasets from photographs collected with an unmanned aerial vehicle (UAV). This
method may provide a faster, more cost-effective way to collect high-resolution
topographic data of bluff surfaces. Results will include quantitative analysis using
CloudCompare, a 3D point cloud processing software, which will give volumes of
sediment eroded. We will compare the TLS and UAV methods to determine if SfM is a
viable alternative for monitoring bluff erosion rates. Work also includes a geotechnical
assessment of slope stability with the goal of developing a predictive model for stable
slope angle. The results from this work will assist in determining appropriate bluff
stabilization structure geometry, and may better inform stream restoration activities
along the North Shore.
4. Applied Methods for Targeting Fluvial Restoration Efforts
Tim Erickson1
1

Houston Engineering, Inc.

Many areas of the Upper Midwest face issues associated with unstable fluvial systems,
which are often tied to increased runoff. This poster will highlight methods that have
been applied across the state of Minnesota to assess the stability of fluvial systems and
target upland and in-channel solutions for restoring fluvial systems. Examples will be
highlighted from both urban and rural agricultural watersheds.
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5. Application of Dimensionless Sediment Rating Curves in Minnesota
Joel Groten1, Christopher Ellison1, and Karl Koller2
1US

Geological Survey, 2Minnesota Department of Natural Resources

Consistent and reliable sediment data are needed by Federal, State, and local
government agencies responsible for monitoring water quality, planning river
restoration, quantifying sediment budgets, and evaluating the effectiveness of sediment
reduction strategies. Heightened concerns about excessive sediment in rivers and the
challenge to reduce costs and eliminate data gaps has guided Federal and State interests
in pursuing alternative methods for measuring suspended and bedload sediment.
Simple and dependable data collection and estimation techniques are needed to
generate hydraulic and water-quality information for areas where data are unavailable
or difficult to collect.
The U.S. Geological Survey, in cooperation with the Minnesota Pollution Control Agency
and the Minnesota Department of Natural Resources, completed a study to evaluate the
use of dimensionless sediment rating curves (DSRCs) to accurately predict suspendedsediment concentrations (SSCs), bedload, and annual sediment loads for selected rivers
and streams. This study included the application of DSRC models developed for a small
group of streams located in Colorado to rivers in Minnesota. Regionally based DSRC
models for Minnesota also were developed and compared to DSRC models from
Colorado to evaluate which model provided more accurate predictions of SSCs and
bedload in Minnesota.
Results of data analyses indicate that DSRC models developed using data collected in
Minnesota were more effective at compensating for differences in individual stream
characteristics across a variety of basin sizes and flow regimes than DSRC models
developed using data collected for Colorado. Minnesota DSRC models retained a
substantial portion of the unique sediment signatures for most rivers, although
deviations were observed for streams with limited sediment supply and for rivers in
southeastern Minnesota, which had markedly larger regression exponents. The results
presented in this report indicate that regionally based DSRCs can be used to estimate
reasonably accurate values of SSC and bedload.
6. Developing a High Resolution Eco-Hydrologic Watershed Model for Three
Local Streams
Tom Hollenhorst1, Mary Moffett1
1 US

EPA, Office of Research and Development, Mid-Continent Ecology Division

We are working to populate and calibrate an eco-hydrologic model developed by the
EPA for three local watersheds (Keene, Kingsbury, and Talmadge. VELMA (Visualizing
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Ecosystem Land Management Assessments) is a spatially explicit ecohydrology model
that links hydrological and biogeochemical processes within watersheds. VELMA has
been used to assess the effects of forest harvest on streamflow, the effectiveness of
riparian and watershed management strategies on salmon recovery and the
effectiveness of alternative green infrastructure scenarios for protecting water quality.
To support the modeling efforts, we began streamflow monitoring in 2017 for both
Keene and Kingsbury with monitoring on Talmadge starting in 2018. Multiple water
level recorders were deployed in each watershed and set to record at 15-minute
intervals through the ice-free season. Flow is measured at different water flow levels to
develop discharge at various parts of the watershed from upstream to downstream. Air
and water temperature loggers have also been deployed in the upper and lower parts of
each watershed. We also monitor stream water for nutrients (N and P), suspended
solids, organic C, various anions and cations, and specific conductance monthly (April to
October) and one time in winter (February). Next steps for us will involve rain event
sampling. We are looking to find other data that identify and quantify vegetation
composition and biomass for various parts of these watersheds as well as hydrologic
data. The VELMA model can be used for environmental managers to provide
alternative scenarios and effects testing for many types of single event to chronic
changes at smaller sub-watershed and whole watershed scale. We’ll develop model
scenarios to compare the effects of land cover changes (e.g. loss of wetlands, or
increased imperviousness) in context of changing weather and precipitation.
7. A Nutrient’s downstream spiral
Terri Jicha1, Brian Hill1, Dustin Woodruff1
1 US

EPA, Office of Research and Development, Mid-Continent Ecology Division

Indicators of a stream’s ability to remove nutrients provide insights on watershed
integrity and stream habitat characteristics that are needed to help managers to restore
stream ecosystem services. We used the Tracer Addition Spiraling Characterization
Curve (TASCC) to measure the uptake length, velocity and rate over a range of nutrient
concentrations (max=1629 µg/L N-NO3, 1240 µg/L N-NH4, 2182 µg/L P-PO4) in
eighteen Twin Port streams. We found that nutrient concentrations alone do not
account for how in-stream nutrient removal functions respond to changes in habitat
conditions (no significant correlations). Streams with relatively complex in-channel
and riparian habitats and low discharge may have more capacity to remove nutrients
than flashy streams with hardened banks. Phosphorus uptake velocity was correlated
with riffle-run-pool habitat (r=0.99, p=0.02). Ammonium uptake length and areal rate
were correlated with stream velocity and discharge (r=0.63-0.94). Nitrate areal uptake
rate and velocity were also correlated with velocity and discharge (r=0.71-0.82).
Understanding features that promote in-stream nutrient removal can guide land use
and habitat restoration decisions. Functional assessments help resource managers
connect the restoration of habitat with the restoration of ecosystem services such as
clean water and fisheries. Our stream functional indicator research is helping identify
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and map streams in Twin Ports area for the types of in-stream habitat features needed
to enhance processing and removing excessive loads of nutrients.
8. Stream Mitigation - Developing Reference Curves to Inform Calculations of Lift
and Loss
Julia McCarthy1, Will Harman2, Cidney Jones3
1 US

Environmental Protection Agency Region 8, 2 Stream Mechanics, 3 EPR

Stream assessments can be used to support project planning, document successful
techniques, improve restoration designs, and inform stream permitting decisions. A
major challenge in implementing the Clean Water Act Section 404 permitting program
in stream systems lies in developing approaches to stream assessment and
crediting/debiting that are repeatable, objective and accurately characterize stream
function. Approaches need to be ecologically sound in characterizing functional lift at
restoration sites and functional loss at sites with permitted impacts when used to
inform crediting and debiting under the 2008 Mitigation Rule. The Wyoming Stream
Quantification Tool (WSQT) was developed to characterize changes in aquatic functions
using existing quantitative methods and is based on A Function-Based Framework for
Stream Assessment and Restoration Projects. The WSQT and framework organize stream
functions into categories (hydrology and hydraulics, geomorphology, physicochemical,
and biology) and outline parameters, metrics, and reference curves that can be used to
determine stream functional capacity within each category. Reference curves were
developed for each metric to relate field measurements to a range of condition via index
values of 0-1. These metric-level index values are then rolled up to provide parameter,
category and overall condition scores that can serve as a basis for calculating debits and
credits. Reference curves were developed using existing peer-reviewed literature
values, regional datasets and best professional judgement. This poster will outline the
general process for developing reference curves, as well as specific examples from the
WSQT.
9. Minnesota’s Culvert Assessment App and Database
Brian Nerbonne1
1 Minnesota

Department of Natural Resources

Culverts are ubiquitous features on the landscape. There are almost 65,000 public road
crossings over streams in Minnesota, and the majority utilize culverts to span streams.
Culverts can have significant negative impacts to streams if improperly designed or
installed. Fish passage can be impaired or blocked, sediment transport can be altered to
cause aggradation or degradation of the stream bed, and transport of debris such as
logs can be blocked. In Minnesota watersheds that have been assessed, approximately
70% of culvert crossings have at least one of these impacts. There is interest in
addressing these impacts through replacement or retrofitting of problem culverts, but
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effective use of limited resources requires a prioritization of where investment will be
most beneficial. The Minnesota Department of Natural Resources has created a mobile
application and database for the collection and storage of culvert assessments. This will
allow watershed-scale examination of problem culverts, both the severity of their
impact and the length of stream that they are affecting. The application and database
follow the protocol adopted by Minnesota’s Stream Practitioners, a statewide multiagency group of professionals working in the field of stream habitat. We hope that the
protocol, application, and database become the state standard for assessing culverts, so
that cooperative data collection can efficiently populate a database that allows
comprehensive evaluation of culverts.
10.

Three Mile Creek Dam Failure and Site Restoration

Stuart Kogge1, Scott Dierks1, Brian Majka1, Todd Bowen1, and Sam Prentice1
1 GEI

Consultants, Inc.
In the summer of 2013, an earthen berm dam on Three Mile Creek in the Millecoquins
River Watershed failed, sending approximately 6,000 to 8,000 cubic yards of material of
former impoundment and earthen berm material downstream. GEI Staff conducted
wetland impact assessments and sediment depths within the creek channel. Sediment
observations included notably black or anoxic sediment on banks, riffle features which
appeared to be buried by unnatural amounts of unconsolidated material, and excessive
amounts of sediment or sediment with nearly vertical sides along point bars or midchannel bars. River cross-sections were collected at four locations, aerial
reconnaissance was conducted with a Cessna aircraft, and depositional/erosional areas
were noted along the entire stretch of the Millecoquins River downstream of the Three
Mile Creek confluence.
After conducting a sediment transport study and assessing the biological impacts of the
dam failure, GEI convinced the Michigan DEQ on behalf of the client that restoration
work should be limited to habitat improvements solely on Three Mile Creek and no
further restoration work would be necessary on the Millecoquins River given the river’s
ability to transport fine sediment throughout the year and minimal to no negative
impacts on the habitat.
The approved habitat plan included sediment removal, plantings, seeding, live stake
installation, grade control, bank stabilization, and creating fish habitat structures. Given
the confined colluvial valley surrounding Three Mile Creek, all sediment removal was
completed by hand and hauled out of the ravine via sleds 0.16 cubic yards of sediment
at a time. Over the course of one month, GEI staff moved more than 205 cubic yards of
sediment by hand, equivalent to nearly 1,290 sleds worth of sediment. Following the
completion of sediment removal, newly exposed wetlands were seeded, blanketed and
planted with more than 5,600 native species to restore plant diversity and create stable
banks. Cedar and fir trees were harvested outside of the wetland areas and used to
build 10 separate habitat structures spanning 500 lineal feet of the creek. The
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structures provided overhead cover, scoured any remaining fine sediment out of the
existing pool, and stabilized the adjacent bank.
The outstanding technical and restoration expertise of the GEI team led the Michigan
DEQ to approve the violation of the dam breach two years early given the effective
design and implementation of all restoration efforts. This reduction in regulatory
expenditures saved the client thousands of dollars and allowed them to use their
member’s funds in other manners in the best interest of habitat conservation in
Michigan’s Upper Peninsula.
11.

Brent Run Creek Relocation and Wetland Creation

Brian Majka1, Stuart Kogge1, Scott Dierks1, Todd Bowen, and Sam Prentice1
1 GEI

Consultants, Inc.
This project, located in Montrose, Michigan, is a combined stream, threatened and
endangered species, wetland and floodplain impact and compensatory mitigation
project associated with the expansion of Brent Run Landfill. The original concept for the
project was developed in 2009 shortly after Waste Connections, Inc. (WCI) purchased
the landfill. At the time of purchase, the landfill had approximately four to five years of
waste storage volume remaining.
After several years of stream, wetland, woodland, and aquatic biota assessments,
negotiations and collaboration with government agencies, the Michigan DEQ issued a
final project approval in January 2014 to commence construction. The final approved
design proposed the creation of approximately 4,090 linear feet of new stream channel,
approximately 22.58 acres of wetland with a minimum of 15.74 acres of the total being
forested wetland, and relocation of state-listed endangered freshwater mussel species.
Project construction was completed in September of 2015. Additional wetland acreage
was created to ensure MDEQ compliance, the project is currently undergoing 10 years
of monitoring until 2026. Initial monitoring results indicate a stable channel in
dimension and profile, with adjustment to most outer bends and an increase in the
radius of curvature. Fine sediment transported downstream through the project site
has covered portions of the imported riffle stone, but has also led the inner berm
formation through several riffles. There was substantial consistency in fish assemblages
across survey periods with creek chub, common shiner, and rainbow darters as the
most abundant species. Multiple fish species, such as blackside darters and fantail
darters, which serve as hosts for the relocated state-listed mussel species (slippershell
and ellipse) were observed in the relocated channel following construction. Benthic
macroinvertebrates observed were more diverse during post-construction surveys than
pre-construction surveys in 2011. Mussel communities assessed to date are similar
between post- and pre-construction.
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12.

Using stream temperature data to assess restoration in the Stewart River
MN

Heidi M Rantala1, Ben Nicklay1, Mike Harris1, Karl Koller1
1 Minnesota

Department of Natural Resources

Monitoring restoration projects to assess success and guide future efforts is critical.
Stream temperature data are easy and inexpensive to collect and biologically relevant,
making them valuable to assessing restoration. We compared water temperature in the
Stewart River, MN, before and after a restoration project. The goals of this restoration
project included reconnecting the stream to its floodplain and promoting groundwater
exchange in the channel, as groundwater inputs are limited but can be locally important
to maintaining water temperatures that are suitable for trout. We compared mean
daily temperature data within the restored reach to a reference station upstream of the
restoration project both pre- and post-restoration. We also compared temperature
data longitudinally within the restored reach of the river. Stream temperature within
the restored reach relative to an upstream reference station varied spatially and
temporally. Within the restored reach, there was a restoration effect (~1 °C increase in
stream temperature post-restoration) at the upstream-most monitoring station. At the
downstream-most station there was no difference in stream temperature relative to the
reference station pre- versus post-restoration. Within the restored reach, daily
temperature increased from 0-0.2 °C from upstream to downstream, depending on the
year the data were assessed. Differences were likely related to varying shortwave
radiation, discharge, and sensible heat transfer. The results of this study indicate that
there was little change in stream temperature related to restoration activity, likely
because canopy cover was impacted by flooding prior to restoration. There was,
however, an increase in stream temperature in a spatially-limited reach of the stream
post-restoration. Efforts of future restoration projects should weigh the costs of tree
removal, restoration, and their effects on stream temperature in this region, given the
limited input of cool groundwater. This study emphasizes the importance of thoughtful
study design and collecting consistent data (pre- and post-) to understanding the
success of projects.
13.

Slowing the flow: Setting priorities and defining success in Lake Superior’s
south shore watersheds

Molly Wick1, 2, Michele Wheeler3, Tom Hollenhorst2, Jason Fischbach4, Nichol Martin3,
Tom Bernthal3, Faith Fitzpatrick5
Oak Ridge Institute for Science and Education, 2 US EPA, Office of Research and
Development, Mid-Continent Ecology Division, 3 Wisconsin Department of Natural
Resources, 4 University of Wisconsin Extension, 5 US Geological Survey
1

For over 60 years, watershed conservation efforts to improve water quality have
largely focused on restoring and protecting hydrology under the mantra “slow the flow”.
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This approach seeks to reduce peak flows with landscape scale watershed restoration
approaches that increase in-channel roughness, upland roughness, upland retention
and infiltration. As the frequency of high intensity storms increases, we are compelled
to improve methods to prioritize slow the flow efforts and measure success in the Lake
Superior basin in Wisconsin. Relying on an extensive literature review, we identified
metrics and associated thresholds for impacts to stream hydrology, and compiled the
best available datasets to evaluate those metrics. Storage is one of the most important
parameters in predicting peak flows. The recently-updated Wisconsin Wetland
Inventory along with the Wetland Functional Assessment, which describes wetland
functions like surface water detention based on geomorphological characteristics, allow
enhanced evaluation of subwatershed storage and opportunities to increase storage. In
addition, a Potentially Restorable Wetlands layer, available across the basin, identifies
probable historic wetlands based on soils and topography. Along with basin-wide data
on soils, stream slope, precipitation, and snowmelt; we can calculate subwatershed
peak discharges and compare them to the threshold where impacts start to be observed.
The availability of detailed land use data (NASS Cropland Data Layer, WiscLands2, etc.)
allow us to evaluate subwatershed open lands compared to peak flow impact
thresholds. With land use overlaid with land ownership data, we can identify actionable
opportunities for conservation as well as identify priority actions tailored to the
existing land use interests (agriculture, forestry, municipal, etc.) at the subwatershed
scale. The increasing availability of high-resolution, spatially resolved datasets allows
us to advance strategic efforts rooted in sound science to better implement and
evaluate slow the flow efforts in the Lake Superior basin.
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Recommendations
Recommendations For managers from Conference Discussions:
Workshops
Annable
• Traditional stormwater management may not reduce turbidity; a better
approach is to incorporate floodplain connectivity
• It’s not uncommon for Urban streams to have less than a one year return
period, which influences effective stream restorations
1) Connected floodplain is critical and the designed channel
dimensions will be less than a regional curve would indicate
2) Parallels to be drawn from this in Agricultural settings
Rosgen
• WARSSS is an effective procedure in dealing with sediment related
TMDL’s, developed to identify and treat the causes of impairment rather
than patching symptoms
• Master Plan framework examples provided for Waldo Canyon and
Blackfoot River. The framework includes:
1) Identify goals and involve stakeholders
2) Conduct assessments (geomorphic and ecological) at multiple
spatial and temporal scales
3) Develop and implement a master watershed plan with priorities
4) Monitor restoration effectiveness
Keynote Addresses
• It takes a multidisciplinary team with expertise of all different backgrounds to
complete stream restoration projects.
• Successful stream restoration requires broad objectives to address all
components of stream systems. Only addressing hydrology or sediment, can
result in a project that does not restore ecological functions of our steams. And
restoring the impaired use, including aquatic life, is a central requirement of the
Clean Water Act.
• Prioritization of work based on variables such as location in the watershed,
constraints, size of project, whether a project addresses the cause of the problem,
and likelihood of success is important. A high percentage of streams are
impaired, too many to restore all of them, so prioritizing is the only way to
become efficient in directing limited dollars.
• Comprehensive objectives for stream restoration projects should include
floodplain connectivity, lateral connectivity to the groundwater, restoring a
stable form with a diversity of habitat, water quality improvements (sediment,
nutrients, Dissolved oxygen, temperature), restored ecological functions and
sediment transport capacity and competence.
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•
•

Based on experiences, there should always be an assessment before restoration
is done.
Develop understanding of stream evolution, consider biology, hydrology, and
geology

Session 1 Linking Ecosystem Components
• Monitoring of restoration projects, including for biological response is an
important part of adaptive management. Streams systems are complex and
there is a need to continue to learn what is working and how to adapt.
• The channel form is not independent to its ecological and physical
processes. They are directly related.
• Thinking on a systems scale and strive for process based understanding.
Session 2 Addressing Channel Response to Hydrologic Alteration Sustainably
• Increases in run-off rates that have resulted from expanding landuse and
increases in drainage practices are one of the triggers of channel
instability. Practices to ‘slow the flow’ by incorporating BMP’s to retain more
land have positive benefits for infiltration, nutrient retention, soil retention and
can reduce external sediment sources and have a slight impact on in-channel
sediment. However, the high sediment loads in stream channels are typically
indicative of channel instability. Unstable channels exhibit accelerated erosion
rates due to the high sheer stress placed on their bed and banks during high flow
events, when a stream has incised into its bed, and therefore is unable to access
the floodplain. To see dramatic sediment reductions therefore requires that
streams be reconnected to their floodplains through channel restoration or the
stream evolution process to reduce this sheer stress. Therefore, floodplain
connectivity should be a major goal of river restoration.
• Floodplain connectivity can also mitigate some of the effects of increased
magnitude and frequency of large run-off events that will increase with climate
change.
Session 3 Sediment in Rivers; Incorporating Process Understanding in
Restoration Design
• Excess sediment has been one of the primary impairments to MN
streams. Sediment loads have increased with increasing landuse over time, and
the major source for sediment in many systems are near channel sources
• Developing regional sediment curves greatly improve assessment and stream
restoration design
• Assessments and new tools/technologies/techniques are improving our
understanding of sediment sources and sediment transport in the watershed.
Session 4 Stream Restoration; Adaptive Implementation and Management
• The science of River restoration has evolved over time and will continue to
change and grow. Continued communication is one of the keys to advancing the
science
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•
•

Case study explanations of outcome monitoring from river restoration and
mitigation provided, indicating we need good reference reaches
Stream restoration with floodplain connectivity has utility as a stormwater best
management practices in future.

Panel:
• It is important to discuss past restoration projects, discuss failures and talk
about lessons learned.
• A positive conference, both form and process views/positions are coming closer
than in the past and mixing together (panelists disagree less now than in the
past as they understand other’s methods).
• Buying up floodplains recommended as one of the best ways to invest in this
field of river restoration. It’s about excess sheer stress management and
allowing the river what it wants to do. Also, a recommendation to build a model
that’s able to connect upland processes with channel processes. Dam removal is
another opportunity. Watershed based master plans would help us get away
from piecemeal river restoration projects.
• Build in river and ecosystem function and process with restoration, not
traditional dam engineering which was about holding up or failing. We should
understand function and process with monitoring and performance standards.
• Try to evaluate potential projects on watershed basis instead of site by site. How
much value is one project when we are in a completely unstable system?
Assessment phase is where you need to understand cause and consequence of
impairments before you get to a conceptual design. Evaluate recovery potential,
possibly you can change management and the stream will recover itself.
• River restoration is a multidisciplinary type of science and biologists, ecologists,
hydrologists, geomorphologists and engineers have to learn the same language.
In the future, we should incorporate social sciences to better work with people
and provide better communication with public and landowners. Also, plant
ecologists are important for riparian vegetation success.
• Regarding addressing sediment in channels, if we have altered hydrology and
unstable stream channels, how do we prioritize. Some channels are naturally
unstable and there are systemic issues, and there is value in addressing
hydrology and storing water in the watershed. Discussion about addressing flow,
channel processes, and sediment transport. Need watershed based assessments
so we understand and can be most cost effective. Focus on objectives and what
are we trying to accomplish; then go back to the processes and limiting factors.
One size does not fit all.
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Conference Evaluation
Conference Evaluation Feedback Summery
Scored ratings 1-10 for conference logistics and content
• There were 58 evaluations filled out or roughly 30% of the attendees and
speakers
• Overall ratings ranged from 7-10, with 8’s and 9’s being the most common
• The venue and related rated logistics were the lower scoring metrics
• No major themes emerged in the ratings of the content, however length of
discussion, poster session and panel had a few lower scores. Some provided
further comment, but differed in the rationale.
Written comments
• Increase diversity in speakers and audience
• Conference accommodations were too small for the group
• Atmosphere was safe, open, approachable speakers, friendly, collegial
• Timing of the presentations and question period was appreciated
• Speakers most called out for having great presentations: Janine Castro, Bill
Annable, Allan Walker, Sara McMillian and Matt Kondratieff
• Requests to repeat the conference in the future
Conference Evaluation Scores
Scoring based on a scale of 1 to 10 with 1 being lowest possible score and 10 being best
possible score.
1. How would you rate your overall conference experience? Average Score 8.7
2. Please rate the following logistics:
Time of year:
Location:
Venue:
Length:
Catering:
Time for meals and breaks:
Events:

Average Score 7.4
Average Score 9.0
Average Score 8.3
Average Score 8.8
Average Score 7.4
Average Score 8.8
Average Score 8.9

3. Please rate the following content areas:
Sunday workshop:
Rosgen:
Average Score 8.1
Annable:
Average Score 8.6
Session topics:
Average Score 8.7
Keynote speakers:
Average Score 9.0
Session speakers:
Average Score 9.1
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Length of talks:
Time for discussion:
Panel discussion:
Posters:
Overall conference structure:

Average Score 9.0
Average Score 9.0
Average Score 9.0
Average Score 8.3
Average Score 9.2

Photo: Curling Club Event
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Eric
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Texas A&M University
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Utah State University
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Will
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Brian
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Bovee

Kevin

Lake Superior Steelhead Association
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Houston Engineering

Brady

Valerie
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Tim
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University of Minnesota
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Sakarya University
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Tim
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Lee

Jeff

Barr Engineering
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Patrick E.

Spicer Group
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MN DNR - Fisheries
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MN DNR - Ecological and Water Resources
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Morales

Jonathan

Middle Fork Crow River Watershed District
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Mustonen

Amy

MN Pollution Control Agency
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Rob
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Mark
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Neuman
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Nicklay
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Nistler
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Doug
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Northwick
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River Restoration 2018, Conference Proceedings

57

Passe

Derrick
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MN DNR - Fisheries

Piszczek

Paul

Wisconsin Department of Natural Resources
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