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Abstract

An increase in the understanding of anthropogenic impacts related to our
waterways has spurred much interest in ecological stream restoration. Billions of dollars
are entering this field as societal and regulatory pressures are exerted upon municipalities
and developers. Research suggests that stream restoration projects only consider
aesthetics and economic growth as key goals rather than thinking of how the stream
functions holistically or ecologically. Additionally, research suggests that these funds are
greatly misused, funding only stream restoration projects where space, politics, and
infrastructure allow (Nilsson et al 2003, and Niezgoda and Johnson 2005). These
projects cater toward a naturalized condition. A variety of techniques and strategies are
deployed to achieve both project goals and objectives. These techniques and strategies
support the notion of a naturalized stream condition through their effective use and
aesthetics. Furthermore, research shows that goals and objectives for these projects can
be lumped in to four main categories: bank stabilization, erosion control, stormwater
management, and re-vegetation (Bernhardt and Palmer 2007). However, little is being
done by way of research and design study in the most severely degraded portions of these
streams—those that are concretized.

The goal of this study is to show how restoration might occur in concretized
waterways where a naturalized condition cannot fully accommodate the degree of

changes and demands that have been placed on the watershed by urbanization.



Objectives within this study focus on improvements to water quality and in-stream
habitat as well as accessibility and connectivity for communities. Through the review of
traditional stream restoration techniques, their hybridization, and deployment in
concretized streams this project shows how a highly degraded stream condition can be
augmented to perform similarly, ecologically, to its naturalized counterpart.

A catalog of traditional stream restoration techniques from both the United States
Department of Agriculture (USDA) and the United States Army Corp of Engineers
(USACE) is compiled to understand how these techniques are effective, their tectonics,
and positioning. Based on project goals and objectives the traditional techniques are
hybridized to broadly applicable concretized stream conditions—trapezoidal and vertical
embankments. From here, these hybrids are deployed within Sections 3 and 4A of the
Lower Mill Creek, Cincinnati, Ohio. Sectional and vignette drawings are used to
understand the materiality, connections, and interaction of they hybrid types. This
method of investigation yields a catalog of 30 hybrid interventions for the enhancement
of concretized waterways.

Finally, this study considers what could become of the Mill Creek if thought of as
a critical infrastructure—one that has to accommodate industrial and flood control
concerns as well as ecological and social concerns. One that is an asset to adjacent
communities, promotes revitalization, and is ecologically productive. This lens brings

about new layers upon which the Lower Mill Creek can be engaged and re-imagined.
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Chapter 1: Introduction

Degradation of waterways has severely impacted biological and ecological
function. Anthropogenic impacts such as: catchment area imperviousness, sediment and
erosion control inefficiencies, riparian buffer marginalization, channelization and
concretization, point source and diffuse pollution, have been examined and understood to
have negative impacts on freshwater riverine ecosystems (Giller 2005). Ecological
restoration efforts aim to recover damaged and degraded ecosystems through a wide
range of techniques and perspectives (Hobbs and Cramer 2008). This need is derived
from a greater understanding of the important ecological services these water systems
perform—habitat connection and cover, water purification, sequestration, food resources,
and aesthetic and recreational outlets (Giller 2005).

Too often stream restoration projects are approached through social and economic
lenses. Primary goals of bank stabilization, flood control, beautification, commercial
property redevelopment, and recreational or park development are identified and
measured for success. These projects rarely consider the ecological systems at work or
the value they have in terms of ecosystem services (Otto, et al 2004, and Palmer et al
2005). Areas where space allows: where floodplains can be expanded, banks re-graded
or re-engineered and planted, and where the public can re-engaged the water are typical

sites of these restoration projects (Bernhardt and Palmer 2007).



A chain is only as strong as its weakest link. This axiom expresses the nature of
the urban stream restoration approach. With billions of dollars of investment in projects
that return these systems to a naturalized condition, little is being explored in the
concretized sections of urban streams. Because these sections are extremely constrained,
by abutting development and infrastructures, the ability to intervene is seen as
insurmountable. This underutilization of constrained waterways is a result of regulatory
agency control, a utilitarian mindset that sees these channels as nothing but large
conveyance swales (Bernhardt and Palmer 2007), and lack of funding for what is
considered under-researched and therefore not practical to receive funds. This
conundrum has limited research into restoration of the most severely degraded stream
conditions. Jansson, et al (2007) identify several considerations for future research; one
being that “the potential to restore ecosystem processes under highly constrained
conditions” should be explicitly taken into account in our restoration efforts

This project is a positioned in response to two gaps in both literature and research
of ecological stream restoration. One, stream restoration practices are exclusively
deployed in areas where space, politics, and infrastructure allow. They take advantage of
and promote traditional restoration techniques that cater toward the natural. Two, there is
a definitive gap in how we think of and engage concretized streams. There is little
discourse and therefore research focused on these highly degraded channels.

The goal of this study is to show how restoration might occur in concretized
waterways where a naturalized condition cannot fully accommodate the degree of

changes and demands that have been placed on the watershed by urbanization.



Furthermore, if we think about these concretized waterways differently they might be
able to perform as well as naturalized stream restoration projects. Objectives within this
study focus on improvements to water quality and in-stream habitat as well as
accessibility and connectivity for residents and users. Through the review of traditional
stream restoration techniques, their hybridization, and deployment in concretized streams
this project shows how a highly degraded stream condition can be augmented to perform,
ecologically, similarly to its naturalized counterpart.

This study argues that the current stream restoration approach is performing only
three main functions: re-vegetation, environmental aesthetics, and flood control.
Through design studies, the project will show how new programmatic layers and design

interventions can further augment existing ecological conditions within the Lower Mill

Creek, Cincinnati, Ohio (see Figure 1).

Figure 1. Mill Creek at Ivorydale (Kordenbrock, 2012)
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Chapter 2: Literature Review

Restoration in Ecology

“The next century will, | believe, be the era of restoration in ecology”
- E.O. Wilson (1992)

Only until recently has restoration ecology, and more importantly, stream
restoration been considered a discipline or specific area of study. A timeline of stream
restoration is fitting in examining its history and potential future. In 1964 Fluvial
Processes in Geomorphology was published by Luna B. Leopold. This core text gave
rise to the concern and awareness of the accelerated changes in stream make-up, flow
dynamics, and biology. The establishment of the Clean Water Act in 1972 placed
regulations on pollutant discharges into navigable waters, maintained requirements for
water quality standards, funded construction of remediation projects (specifically
treatment plants), and gave the Environmental Protection Agency (EPA) authority to
control and set water quality and discharge requirements (Summary of the Clean Water
Act 2012). This Act put a new focus on water quality. It necessitated new ways of
understanding and acting on our water bodies. Early restoration ecologists and promoters
like Rosgen, Harvey and Watson produced the first wave of studies and guidelines
suggesting new methods by which rivers, streams and other water bodies should be
handled. These acts propelled ecological restoration into the minds of policy makers, city

officials, designers, public, and scientists across the globe. Continued refinement of



guidelines and handbooks has led to new strategies of application, but also critique of the
projects themselves, restoration goals, and techniques ("Beargrass Creek Revisited — A
Perspective on the Evolution of Stream Restoration over the Past 15 Years", and Hobbs
2006). These efforts have been part of a larger reaction and understanding of
anthropogenic impacts on our natural environment and how best manage them.
Population pressures have forced us to see, react to, and manage the damages we
have catalogued. As both a mediator and applier of restoration efforts, Restoration
Ecology fills the gap between forestry, wastewater technologies, reclamation, and other
fields related to the relief of disturbance. Current restoration approaches in urban streams
are largely constituted by reducing channel erosion and promotion of channel stability
(Bernhardt and Palmer 2007). Furthermore, Bernhardt and Palmer categorize
contemporary restoration efforts into four main groups: stormwater management, bank
stabilization, channel reconfiguration and grade control, and riparian replanting and
vegetation management (2007). Each is used depending on project goals and objectives.
Additionally, these restoration efforts take place laregely in highly developed
urban areas. A National River Restoration Science Synthesis (NRRSS) showed that
urban streams receive a disproportionate amount of funds for projects. In Maryland half
of all funds for restoration projects went to four of the twenty-three most densely
populated counties. These funds and associated projects were designed to maintain
infrastructures and edges along industrial and other high dollar properties in major urban

growth areas (Bernhardt 2007, and Bernhardt 2005).



Preventing lateral movement is seen as necessary for maintaining land values and
ensuring public safety. So, while restoration projects do contribute a performative layer
of vegetation that improves bio-diversity and enhances pollutant uptake, they are still
highly controlled, engineered systems. The vegetative layer thus serves a dual purpose, to
stabilize and enhance biodiversity while also serving as a publicly acceptable aesthetic
mask for what is still, at root, a highly engineered piece of stormwater infrastructure.
Could these systems perform in more robust ways if restoration engineering did not limit
itself to interventions that mimic “natural” aesthetics, but rather were open to a visual
language, which acknowledges that “restored” rivers and streams remain highly
engineered infrastructures?

Urban streams are plagued with constraints. Sites are hard to select for reasons
ranging from entitlement to access to clean up of brownfields. Nilsson et al. (2003) point
out “restoration options for urban streams are highly constrained by available land, urban
infrastructure, political pressures, and a lack of technical knowledge about how to apply
standard restoration techniques in urban settings” (Nilsson, et al. 2003; Niezgoda and
Johnson 2005). In many urban contexts, restoration managers must make concessions
“between the ideal restoration design for achieving management goals and the restoration
design that will fit within the available space” (Bernhardt and Palmer 2007).

Increasing concern within ecological stream restoration is the logic informing
reference imagery for restoration projects. “[...] selecting a reference condition based
purely on geomorphic features (e.g. Rosgen) must be done with extreme caution and

more sophisticated approaches are required that incorporate empirical data on water and



sediment flux through the target stream” (Kondolf 1995, Juracek and Fitzpatrick 2003,
and Shields, et al 2003). This is mainly attributed to the success and failure rates of re-
configured projects in urban catchment areas. This narrow focus only considers an ideal
state for the project, not taking in to account how ecological and geomorphologic
processes might impact the stream. Many projects are also assumed to work as well as
reference conditions and therefore reconfigurations have become common despite lack of
data on their effectiveness (Bernhardt and Palmer 2007). These results are due in large
part to assumptions made about the volume of the stream, fluctuations in water levels,
and theoretical conditions that are not measured or have yet to be substantiated.
However, new strategies for assessing success in stream restoration projects are being
developed and tested. Woolsey, et al explores new strategies for assessing success in
stream restoration projects. This paper outlined ecological and social objectives for
restoration. From here, Woolsey proposed several indicators of success for each
objective (2007). These objectives are considered as they relate to ecological
performance and success in stream restoration projects. Criticism of these approaches
and goals has come from both academic and professional circles the likes of Richard
Hobbs and David Fletcher. With rapid climate change and an increase in the application
and understanding of ecological principles new thoughts and ideas are being proposed.
Challenges to traditional techniques in ecological stream restoration (biotechnical
engineering, bank re-grading and stabilization, in-stream habitat structures, re-vegetation
strategies for terrestrial and riparian zones, and natural channel design (Otto, et al 2004))

has been put forth by Bernhardt, Thompson, and Palmer, among others. In Novel



ecosystems: theoretical and management aspects of the new ecological world order,
Richard Hobbs posits that most ecosystems have been touched, in one-way or another, by
humans. Because of the manipulation of ecosystems by humankind we need to
understand what values and role these novel ecologies play. Hobbs argues it is important
to support these well-established ecologies because of their stable state (2006). This
approach is interesting because it suggests that novel ecologies could be just as effective,
if not more effective, than naturalized ecologies introduced through re-vegetation. The
value comes from understanding why these systems are operating and to what extent they
can be valued in the larger successional picture (see Figure 2).

Similarly, David Fletcher’s Flood Control Freakologies: Los Angeles River
Watershed buttresses the idea that novel ecologies provide ecosystem services as well. In
his paper, Fletcher argues that the “freakologies” that exist in the Los Angeles River are
misunderstood, “we need to develop new narratives to understand and appreciate urban
watersheds and how they function: where the water flows, what flows in them, who uses,
owns, and manages them, how they function, what they are connected to, and what
ecologies exist in them” (2008). Furthermore, David Fletcher argues that the pervasive
desire to return it (the Los Angeles River) to its natural state is hopeless (see Figure 3).
This perspective is seminal to how we must retool and rethink these utilitarian structures.
With these theories in mind, there are a growing number of projects that have tried to
apply new technologies and scientific understanding to ameliorate the impacts we

humans have made on our planet.



Figure 2. Novel Ecologies (Kordenbrock, 2012)

Figure 3. Los Angeles River (http://inhabitat.com/the-la-river/, 2009) (Erik Gauger)
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Biologist and ecological designer John Todd is a pioneer in augmented ecological
systems. Since the 1970’s Todd’s work at the New Alchemy Institute has both developed
and tested biological theories of how ecological systems can solve some major human
issues. The application of biological research into technologies that help solve human
needs of food production and waste treatment has resulted in “living machines”. These
“machines” involve microorganisms, fish, and plants in a process to treat water, but also
serve as food production, fuel generation, waste conversion, water purification, chemical
detoxification, environmental restoration, and advanced ecologically engineered systems
(AEES) (Todd 2010, and Todd, et al 2003). Todd has designed projects such as the

Baima Canal Restorer in Fuzhou, China (see Figure 4).

Figure 4. Baima Canal Restorer (http://toddecological.com/company/, 2012)
10



The Baima Canal was considered one of the most polluted waterways in the City.
Through a series of plantings, aeration techniques, and an integrated floating walkway the
restorer decreased odors, total suspended solids, sludge accumulation, and nitrogen
loading while providing access to the waterway for the community (Todd 2010). The
consideration and exploration of both advanced theory and application prefigure the
potential for projects that have the capacity to use ecological processes in non-traditional
settings to help ameliorate anthropogenic impacts.

Landscape Architecture: A Changing Paradigm in How and Where We Operate

Landscape architecture is a discipline that operates at multiple scales, within
different territories, and with a diverse range of expertise (Hung 2011). As a profession,
landscape architecture is undergoing a shift in both territory and method of operation
(Georg 2011). Constructs such as Landscape Urbanism and Infrastructural Opportunism
are having a profound impact on our perception of ecological and infrastructural systems
and their capacity to act as an armature for accommodation of civic, industrial,
environmental and recreational goals. Traditionally, landscape architects are armed with
a tool kit of how to create engaging spaces, respond to culture, and be stewards of the
environment. These traditions are carried through in the work we do today, but have
begun to refocus our efforts in urbanized areas and with an ecological lens.

Discourse within landscape architecture has shifted to a focus on ecological
systems and infrastructure utilization as critical responses to urban sustainability. We
have come to realize that infrastructure (highways, energy production systems, rail, etc.)

has largely been responsible for city segmentation, underutilization of land, and a bias
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toward the automobile. The utilitarian nature of these systems is now in question. In
Infrastructural Urbanism, Stan Allen argues that infrastructure allows for the
participation of multiple authors, that these “give direction for future work in the city not
by the establishment of rules or codes, but by fixing points of service, access and
structure” (1999). The control of only several factors in these systems (service, access,
structure) allows for a multitude of other programmatic scenarios to play out alongside
and interact with these infrastructures. This allows them to be an infrastructure for a
number of networks and serve a number or purposes. Infrastructure becomes a datum
where a few points are fixed and thus, allows nearby networks to emerge, engage, and
interact with this critical support system.

To Allen’s point, channelized watercourses are of increasing interest because of
their proximity to newly identified redevelopment areas, ability to engage the public with
natural systems, and their capacity to provide ecosystem services as part of a larger
network. Additionally, these waterways attract billions of dollars each year. A study by
the NRRSS showed that urban streams receive a disproportionate amount of funds for
projects. Most of these funds were put to use to maintain infrastructures and edges along
industrial and other high dollar properties in major urban growth areas (Bernhardt and
Palmer 2007, and Bernhardt 2005). The restoration of these waters is crucial to plant and
animal biodiversity, water quality, aesthetic appreciation, and societal objectives to better
utilize dismissed and underutilized land.

In Jane Amidon’s, Big Nature, she argues for a sixth nature. Currently we are in a

landscape paradigm focused on restoration and reconciliation of nature—a fifth nature.
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But, what is next? Amidon argues that post-remediation motivations must included
productive, generative, and seductive concepts. These landscapes are carbon-eating, bio-
fuel producing algae farms, and are part public water garden, part civic park. They are
producers, living systems linked to supply and demand networks and responding to issues
of food security, energy sustainability, renewable energy, and climate change.
Furthermore, these new landscape projects must consider ecological function as part of
the urban experience (Amidon 2010).

In Jonathan Solomon’s, 13 Projects for the Sheridan Parkway, he highlights the
effects of New York City highways relative to communities. We understand that these
systems have segmented communities, lands stripped from the neighborhood, and land
greatly underutilized. Solomon envisions a proposal which integrates cultural
institutions, allows communities to populate and occupy underutilized areas that would
otherwise be left to lawnmowers sucking up funds from the local government for
maintenance (2004). He is calling for augmentation of these infrastructural systems—the
redesign of these highways so that they might function in multiple ways for multiple
users. Solomon’s ideas are important in that they position infrastructural systems as
flexible and adaptive; that these systems have served in limited capacity for many years
and as we reinvest in them we have the opportunity to inform how these systems perform

and provide a greater number of services beyond their once singular function.
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Chapter 3: Methodology I—Development of Hybrid Catalog

The project began with the review of both literature and design projects focused
on stream and river restoration. This survey was drawn from academic journals, design
competitions, and built projects. These were reviewed in order to identify primary
aspects of research and restoration actions in urban watersheds. From these sources
primary positions emerged: 1) current restoration projects focus on four main functions:
bank stabilization, flood control, channel reconfiguration, and aesthetics (replanting)
(Bernhardt and Palmer 2007) and therefore consider ecological function as a quinary
goal, and 2) there is little discourse, research, or investment focused on the most heavily
degraded and concretized portions of riverine systems. These findings formed the basis
for the research question: could an urban concretized stream channel be adapted and
modified in order to become a contributing component of an urban river restoration?

A key metric, the Index of Biological Integrity (IBI) rating, rates streams based on
current fish populations and diversity. This indicator is critical in understanding the
biology, health, and chemistry of streams. The IBI provides a starting point from which
designers and scientists can begin to react. Additionally, the Qualitative Habitat
Evaluation Index (QHEI) is a key measure of physical characteristics for habitat in
riverine ecosystems. The IBI and QHEI combined indicate allow us to better understand,

holistically, physical and biological conditions within the stream. These indicators are
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important in defining which zones may be in need of the most help and therefore
intervention.

Several sources were consulted to understand typical goals and objectives for
restoration projects. A design notebook was developed for the Willamette River in
Portland, Oregon. This notebook outlined the specific goals of the project. Within each
goal, objectives were identified in order to carry out the specific goal. Each objective
was then put through a series of questions about conditions along the river. Design
proposals were then referenced based on the objective and condition in which you were
designing. This notebook provided a series of objectives that focused on ecological
concerns like water quality and animal habitat as two key indicators of stream integrity
(Willamette Riverbank Design Notebook 2001).

Woolsey, et al also explores new strategies for assessing success in stream
restoration projects. This paper outlined ecological and social objectives for restoration.
From here, Woolsey proposed several indicators of success for each objective (2007).
These objectives are considered as they relate to ecological performance and success in
stream restoration projects. The most important objectives identified were those focusing
on ecological improvement. Indicators of this were increases in water quality, chemistry,
habitat, and biological diversity. These indicators are well accepted and used throughout
projects to assess their ecological success.

This study co-opts Woolsey’s objectives as they relate to water quality and in-
stream habitat improvements. Furthermore, the goals and objectives outlined in the

Willamette River Design Notebook provide a basis of understanding for this study.
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These objectives guide decision-making, and intervention type and deployment
throughout the previous diagrammatic efforts and subsequent case study.

From these sources, goals were defined using current ecological restoration
metrics. My goals for the project were: 1) investigate methods for improving in-stream
and connective habitat potential and quality, 2) investigate methods for improving water
quality, and 3) investigate ways to improve public access and connectivity. These goals
were identified as those most important for ecological performance and success of
streams. Successful stream systems are those that house a variety of biological diversity,
promote heterogeneity of channel and embankment conditions, aid in connecting to the
large landscape matrix of patches and corridors, and resolve ecological, political, and
economic interests. Additionally, long-term success relies on investment, pride, and care
enabled through public access, visibility and connectivity. My objective in setting forth
these goals is to project a catalogue of conceptual interventions for concretized streams.
My hope is that such a catalogue might serve as a basis for future decision making in
concretized situations.

To identify the primary techniques in traditional stream restoration a review of
strategies currently in use was conducted. Traditional techniques are those well
established in the stream restoration industry. These were sourced from the United States
Department of Agriculture’s (USDA) Natural Resource Conservation Service (NRCS)
National Engineering Handbook Part 653: Stream Corridor Restoration (NEH-653)
(United State of America, Stream Corridor Restoration: Principles, Process, and

Practices) and the United States Army Corps of Engineers (USACE), Institute for Water
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Resources (IWR) Management Measures Digital Library (MMDL) for Streams and
Rivers (USACE-IWR Managment Measures Digital Library). These two agencies and the
referenced documents promote and engage in water issues as they relate to safety,
security, and restoration of water systems. The analysis highlighted how these techniques
were effective, where they were typically used, and what they yielded. This review was
supplemented by additional literature review as to their effectiveness in restoration
projects. The traditional techniques were then categorized based on their ecological
function and ability to meet the goals and objectives of the project (see Appendix A).

The goals and objectives of the project guided which techniques had greatest
potential for application to a concretized channel. In a further effort to identify positive
techniques for application in concretized streams, three case studies were reviewed in
order to understand how interventions were developed and deployed within specific sites.
These case studies were selected because they each addressed similar concerns within
concretized streams albeit not fully the ecological capacity or performance. Case studies
included the Willamette River in Portland, Oregon, John Todd’s Canal Restorer, and the
Los Angeles River in Los Angeles, California.

A matrix of traditional techniques was developed (see Appendix A). This matrix
was intended to capture the most traditional stream restoration techniques and their
effective use. One of the major sources was the NEH-653. Furthermore, these
techniques have been deployed in projects throughout the country both by private entities
and government agencies. These industry and governmentally accepted techniques

provided the foundation for the matrix as well as an understanding of how each was used.
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The handbook also provided information on placement, rigidity, effects, and tectonics.
These techniques can be placed in two main categories: in-stream and streambank
techniques. From here each techniques were broken down based on their effective use,
where they were used, and what were typical results. Further investigation of the
techniques provided new information about their effective use and deployment. For
instance, in Effects of stream restoration on ecosystem functioning: detritus retentiveness
and decomposition, stream restoration techniques like the insertion of in-stream boulders
and woody debris illustrated that such strategies can successfully reverse heterotrophic
and coarse particulate organic matter (CPOM) depletion. Thus, these techniques
contribute to the efficient ecological functioning of impacted streams (Lepori, Palm,
Malmqvist 2005) (see Appendix A).

Photos of each technique were sourced to better understand where each technique
was used (deployed), what they looked like, and how they assembled. This method of
information collection also led to understanding who was using and advocating for some
techniques, i.e., lunker structures were developed in collaboration with trout fishing
organizations to improve recreational opportunities as well. Further investigation
through the USACE IWR MMDL for Streams and Rivers provided more in-depth
information. This data reviewed all the current techniques acceptable by the USACE for
ecological restoration projects. The MMDL also provided information on certain
techniques’ usefulness in specific conditions, installation standards, outputs (shading,
nesting), stream morphology (grade of stream, width, bank slope), and inputs (costs,

material, plants needed, concrete). This database was augmented by other allied
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organizations such as the US Environmental Protection Agency (USEPA), the NRCS
among others. Few techniques dealt directly with conditions similar to concretized
streams or bulkhead walls (vertical, steel encased walls).

Continued research on the various techniques was conducted through the review
of various articles (see Appendix B). Several studies buttressed concepts put forward in
the NEH-653. This was important to substantiate the effectiveness of several of the
traditional techniques. Other research established that rigid in-stream and streambank
interventions had negative effects on the long-term dynamics of the river. Although
created to recreate desired river morphology, protect banks, provide habitat cover,
increase vegetation, and manage stormwater these techniques created rigid channels with
their structural integrity lasting around ten years. The rigidity of these structures did not
allow them to respond to river dynamics. Current research suggests we should use fewer,
better-designed techniques for maximum benefit (Thompson 2002).

From here, techniques were categorized based on their ecological function. The
categories were based on both goals and objectives for this design project. Again, project
objectives included improved water quality, increased in-stream habitat, and improved
access and connectivity to population centers. In the process of categorization, some
techniques were found to have little ecological value. Rip-rap, for instance, possesses
little ecological value unless it is coupled with in-planting. In-planting is a strategy
commonly seen in restoration as a bank stabilization measure. The rip-rap prevents
lateral movement of the stream channel, similar to the concrete trapezoid channel.

However, when submerged it does allow for sedimentation and therefore potential plant
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propagation and shelter for invertebrates and mammals alike. In-planting helped rip-rap
edges to accommodate a broader range of functions while preventing erosion and lateral
movement. This type of categorization made clearer the intention of some of these
traditional stream restoration techniques.

The categorization provided conclusions as well. All of these techniques were
either structural or natural in their composition. They either dealt with wooden support
systems, steel mesh, and staking, or seeding, root-wad, and vegetation measures. These
techniques were also designed for restoration projects with ample space and assumed that
a naturalized condition was part of the project goal. It became apparent that these
techniques would need to find new ways of working and expressing themselves if they
were to function in more tightly constrained and/or armored sites.

After analysis, the highest potential techniques were collated into a master list.
This master list informed a series of hybrid design interventions that could be deployed in
concretized streams. This intervention catalog was developed as a visual/diagrammatic
matrix that considered cover, in-stream, bank-type, connective, and other projective
techniques to improve ecological performance of the stream. This initial catalog was
used as the primary guide for a hypothetical design of the concretized portions of the
lower Mill Creek Watershed in Cincinnati, Ohio. This portion of the project was intended
to investigate how these interventions would interact, and potentially change when
deployed within an actual site. Hypothetical interventions were deployed with the intent
of positively affecting water quality, and in-stream habitat, and with an eye toward

enhancing community access and connectivity.
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The next step was to prepare a series of diagrams that looked at the techniques
that aided in achieving the goals and objectives of this project. Within this study each
applicable technique was considered in light of a concretized condition. A disciplinary
approach was taken to vet ideas. The diagrams utilized the sectional information
gathered from personal observation and topographic survey information. These hybrids
explored ideas of canopy, floating structure, in-stream deflectors, combined-sewer
capture, vacant land utilization, guerilla-style interventions, and animal condos among
others. Each hybrid was then linked back to the traditional techniques that provided its
basis in order to help frame the reason and function for each hybrid intervention. This
provided better clarity to the hybrid. Intentions of each hybrid were also outlined based
on the traditional techniques used in each hybrid. For instance, a canopy structure with
hanging plant material acted similarly to the traditional technique of tree cover along
riparian corridors. Additionally, by anchoring vegetated mats or trellises within a vertical
channel section we might mimic the effects that live stakes, in-stream tree cover, brush
mattresses and lunker structures have on a traditional restoration project (see Figures 5, 6
and 7, and Appendix C for additional techniques). In many of these concretized
conditions, riparian zones do not exist. Therefore, an artificial canopy might be deployed
in regulating stream temperatures, and providing organic matter through suspended plant
material and cover for a variety of animals — just as tree cover does along natural riparian
corridor. This technique could be deployed in areas in order to provide greater habitat
connections to the larger landscape matrix. This approach was repeated for all the

hybrids.
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Material or Similar
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Vertical Wall Section: 108’ by 22’
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Partial cover for temperature gradient over stream
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Aeration of waters at certain depths and potential plant uptake

Figure 5. Hybrid Technique Diagram
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Figure 6. Hybrid Technique Diagram
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Hybridization of these
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Visual and spatial heterogeneity (experiential) | “

Figure 7. Hybrid Technique Diagram

The movement back and forth from diagram to traditional technique and linking
the new hybrids to the traditional techniques allowed for a better argument for each new
intervention type. This process of iteration and adaptation augmented by case study
review yielded over thirty hybrid techniques for use in these concretized streams—an
intervention catalog (see Figure 8). To resolve these questions, sectional and three-
dimensional studies were completed to investigate and understand how spatial and
biophysical interventions could be accommodated within different concretized stream
conditions—trapezoidal, vertical wall, crib wall and so forth. Working back and forth,
from intervention catalog to site conditions informed the new intervention types as well

as strategies—Ilong-term and short, high-value and low.
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Chapter 4: Methodology Il — Site Identification and Analysis

“The Mill Creek is an asset to our region, conveying a unique sense of place. Along its
28-mile length, you can enjoy scenic views, historic structure and wildlife, including soft-
shelled turtles and black-crowned night herons.”

- Bruce “Commodore” Kohler (2011)

Rationale for Case Study

A case study approach allows for further investigation of design interventions as
they relate to a specific context, place, and existing conditions. The Mill Creek, in
Cincinnati, Ohio fulfilled that role in this project. Portions of the Mill Creek fell victim
to concretization in the 1980’s by the USACE. Targeting the safety of highly
industrialized and valued properties, many of the concrete-lined channels reside in the
Lower Mill Creek (LMC)—river mile zero (at the Ohio River) to eight (north near
Ivorydale). These modifications have prevented major flooding and saved millions of
dollars of property from succumbing to flood damage. However, these sections lack
biodiversity, channel heterogeneity, and perhaps more importantly a vision for what they
can become.

The Mill Creek Design Case Study began with an analysis of existing stream
corridor and contextual conditions, current restoration projects, and edge conditions.
From this analysis criteria were developed for initially deploying the catalogue of hybrid
interventions. Given the goals and objectives of this study, | asked: what conditions are

best for locating these new hybrid interventions? Where does the greatest ecological/
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stream restoration potential exist? And, where are the opportunities for community
connection and access?
Cincinnati’s Mill Creek: An Unnatural History

The Mill Creek has seen better days. Since the establishment of Losantiville (the
original name of the City of Cincinnati) and a number of stations up the Makatewa
Valley the Mill Creek Valley had been mined and exploited. Christopher Gist, a British
explorer noted in 1751 that, “[the Mill Creek Valley] wants nothing but cultivation to
make it a most delightful country” (p.9). With these and other images in mind, the
marketing strategy became clear. John Cleves Symmes strategically changed the valley’s
name to Mill Creek to signify to settlers the potentials for manufacturing and processing
industries — flour, grist, and other mill-type operations. The taking of indigenous
peoples’ land and exploitation of resources in the valley began as early as the 1750°s with
military support sent to Losantiville to claim lands and protect new industries. From this
point on, the Mill Creek would bare the brunt of European settlement as they built
communities, cultivated lands, and processed goods for the community and export
(Hedeen 1994).

Throughout the next two centuries important industries such as breweries, soap
and chemical plants, slaughterhouses, stockyards, and mill’s lined much of the Mill
Creek. The constant dumping of wastes in to the Creek and out to the Ohio River made
for miserable conditions. Additionally, utilization of the Mill Creek as a source of
industrial process water taxed the environment even more. A water report from 1913

showed that the daily water usage for the fifteen slaughter and pack firms in the Mill
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Creek Valley totaled 311,000 gallons of domestic water, 12,000 gallons of well water,
and an additional 425,000 gallons of canal water for operations. 748,000 gallons of
heated, polluted, wretched, and bloody water issued into the Mill Creek daily. Rinse
water from wool-carding process plants also entered the Mill Creek. This bloody, dirty
rinse together with spent lime constituted a “foul-smelling greenish black liquid with
heavy sediment. The sum of effluent volumes recorded [...] discloses that each liquid
gallon flowing from the Mill Creek’s mouth in 1913 contained a cup of warm swill
contributed by thirty-six alcohol, meat, and animal by-product firms” (Hedeen 1994).
Additionally, the Valley served as the major transportation route out of the
Cincinnati basin. The steady slopes allowed for ease of navigation. From 1825 to 1845
the Miami-Erie Canal was constructed in an attempt to provide transportation of goods
from the Ohio River at Cincinnati up to Lake Erie at Toledo. This system ascended over
500 feet at its peak in northeastern Ohio through a series of locks. With this innovation,
businesses could use the canal for transport of goods and access to new markets. This
major engineering feat was soon dwarfed by steam-horses. As the rail industry enlarged
it followed similar routes to increase efficiencies. With these technological advances,
new industrial centers (like Lockland, some 14 miles north of the City) challenged the
city’s industries as some began to leave for higher ground. As development within the
Mill Creek Valley increased, its lush forests began to fall, natural floodways altered, and
edges filled with rubble and debris. With this drastic change in land cover, habitats were
severely altered and populations of both fish and birds decreased. The bountiful hunting

ground described by Symmes was reduced to a barren, lifeless landscape. Change in
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surface cover also contributed to increased flood events. Floods throughout the 19" and
20" centuries destroyed millions of homes and cost cities millions of dollars to restore
and rebuild. These events built upon the Flood Control Act of 1917—early legislation
following major floods in the Mississippi and Ohio River valleys enacted to control
flooding and protect high value land. Events shortly thereafter, most notably the flood of
1937, which reached a height of 80 feet, caused $17.6 million in damage and solidified
the reasoning and need for further flood control and prevention. At the time the
American Red Cross considered this disaster the second most costly in U.S. history, only
slightly less costly than World War I. Additionally, these policies and changes put in
place district regulatory bodies throughout the Country with the sole purpose of flood
control (Hedeen 1994).

In the years following the 1937 flood, legislation and flood control measures were
passed with profound public support. The Flood Control Act of 1937 authorized the
United States Army Corp of Engineers (USACE) to study and propose flood control
measures across the country. Some $178 million was appropriated in 1937 and 1938 for
projects that would help with flood control (Hedeen 1994). USACE would become the
authority and regulatory body through which study and plans for the Mill Creek
waterway would flow.

Through the middle of the century flood control dams were built on the Mill
Creek (the Great Barrier Dam at the Ohio River), along with channelization and
concretized amendments. The studies completed by USACE showed the advantages of

lining the Creek with concrete in several locations.
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“The Corps also conducted a study of a much larger channelization program
stretching from the barrier dam north through Reading. This $8 million dollar
project would eliminate flood damage over a greater area and thus produce annual
benefit of $54,300” (Hedeen 1994).

Although the recommendations from this study were not fully realized, portions
of the Creek were encased in concrete, fitted with crib walls, edges stabilized with rip-
rap, and its edges were re-graded to retain profitable land and businesses within the City.
This effort commenced in 1981 with the first of several phases of channelization of the
creek in order to enhance flood control around highly valued sections—the industrial
headquarters of Proctor and Gamble and major infrastructures (Interstate 75) near St.
Bernard.

Although flood control was deemed successful to the ACE and adjacent land
owners the effluent and quality of life within the Creek was still in disarray. With the
passing of the Clean Water Act in 1972, cities had to react to pollution control
regulations. Plans were made to separate both storm and sewage effluent at a cost of $1
billion over the next fifty to seventy-five years for the Mill Creek.

Current Restoration Efforts in the Mill Creek

Today, the Metropolitan Sewer District (MSD), Hamilton County and the City of
Cincinnati’s sanitary and storm systems managers, has been mandated to respond to the
Federal EPA’s Consent Decree to eliminate combined sewer overflows by “85% of the
14 billion gallons of combined sewer overflows (CSOs) and eliminate all sanitary sewer

overflows (SSOs), about 100 million gallons” (What’s the Problem?). The Consent
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Decree put forth regulations intended to control the volume of water making its way
downstream (decreasing downstream flood and effluent issues). This has pushed the
county and city to find new ways of handling increased volumes and pollution of water
bodies. Organizations such as the Mill Creek Restoration Project (now Groundwork
Cincinnati) have been working for decades on restoring sections of the Mill Creek.
Establishment of a trail/greenway has been the organizations biggest success and ongoing
project.

Additionally, The Mill Creek Watershed Council of Communities has been
working on the Mill Creek for decades. It has mainly focused upstream in the suburban
areas of Hamilton and Butler County. Many communities have made progress on some
of the Creek’s tributaries by restoring several of them to a naturalized condition.
Additionally, bio-swales, rain gardens, and other green infrastructure projects are being
supported and implemented by the MSD in partnership with communities, park agencies,
and the aforementioned Mill Creek advocacy organizations. Despite this progress, some
regulatory bodies are unwilling to work with communities, officials, and other
stakeholders on restoration attempts in the lower portions of the creek. Also, new
wastewater treatment plants in the Valley have greatly increased water quality and with
it, biodiversity. Sadly, all of this progress disappears when the water of the Mill Creek
reach the lower portion of the watershed (Hedeen 1994).

The fight for a clean and restored Mill Creek continues. The Mill Creek Yacht
Club, an advocate for recreation and environmental stewardship, holds clean-up events

and kayaks the Creek every month to keep eyes on it (see Figure 9).
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Figure 9. Paddling the Creek (Kordenbrock, 2012)

The Army Corps of Engineers is considering a new study of the watershed
including the terrestrial and riparian projects that have helped with water quality and
volume discharges into the Mill Creek. Additionally, the Mill Creek Watershed Action
Plan (WAP) has become the guiding document that local organizations, public agencies,
and advocacy groups’ reference for the improvement of the Mill Creek. With this plan,
endorsed by both the OEPA and Ohio Department of Natural Resources (ODNR), funds
can be leveraged through state and federal agencies. Still, project priority is placed on the
Upper Mill Creek. This working document has identified key projects for the restoration

of the Mill Creek, all within the Upper Mill Creek.
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Efforts to address the Lower Mill Creek watershed have been in the works for
several years. The Ohio-Kentucky-Indiana Regional Council of Governments has been
working on the Lower Mill Creek Action Plan along with members from the City Parks
Department, University of Cincinnati, and the MSD to improve waters within the most
severely degraded portions of the Creek. A recently completed draft of the Lower Mill
Creek Watershed Action Plan (LMWAP) has included an extensive inventory, analysis,
and understanding of the Lower Mill Creek (Lower Mill Creek Watershed Action Plan).
This targeted effort will allow the Committee and its endorsees to source funds for the
clean-up, restoration, and further study of the Mill Creek.

Site Selection

A previously developed network was utilized to begin interviews with key
constituents. A kayak trip of the Lower Mill Creek with scientists and watershed
planners proved to be the most resourceful (see Figures 10 and 11). Conversations as
well as reports, GIS data, and other resources were synthesized from these individuals.
The reports focused on both the larger Mill Creek Watershed as well as the Upper and

Lower portions.
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Figure 10. Mill Creek

Figure 11. Mill Creek
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However, the resources available for the Lower Mill Creek were less developed.
Watershed Action Plans for the Upper Mill Creek had been in development for several

years. Restoration of waters in this area had funds, and state and local support (see

Figure 12).

. Stream Restoration

@ Creenways, Parks and
Demonstration

Figure 12. Current Watershed Projects
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Concerted efforts and much investment in restoration were focused in the Upper
Mill Creek. How could we bring to light the importance of the Lower Mill Creek? A
Watershed Action Plan was in development for the Lower Mill Creek. However, little
attention was being paid to the most severely degraded portions—those concretized.
Based on the goal of this project it made my decision to engage the Lower Mill Creek
easier. This area had the only concretized portions of the creek and also the worst 1Bl
and QHEI scores. It was also home to two Superfund sites as well as 36 of the 39

combined sewer outfalls in the Lower Mill Creek (see Figure 13).

Congress Run

River Miles
1157

Characteristics

IBl: 12-32

Attainment. WWH and MWH
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Channelization

Concrete Shear Walls
Concrete Trapezoidal Channel
Crib Walls

Rip-rap/In planting

Low-head Dams
Infrastructure Abutments
Manufacturing & Industrial Uses

West Fork

Figure 13. Lower Mill Creek Watersheds
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The Lower Mill Creek had already been through analysis by local organizations.
Understanding the current situation was key to developing both the argument for
engaging concretized sections as well as being able to jump in to design efforts and site
specific analysis. However, analysis of current park and greenway systems was
analyzed. It became clear that a fragmented park and vegetation matrix proliferated the
Lower Mill Creek Valley, especially in the concretized sections. This revelation created
a more substantial argument for intervening in concretized sections.

As previously noted the Lower Mill Creek is highly industrialized and has been
the site of massive infrastructural projects because the Mill Creek Valley provided easily
navigable slopes to the north from the Ohio River. The Lower Mill Creek exhibits very
low biological diversity. A 2011 water quality report showed an Index of Biological
Integrity (IBI) ranging from 12 to 28. This range is low; IBI scores can range from 12
(indicating the lowest level of diversity) to 60 (indicating the highest level of diversity).
Over its length, the Lower Mill Creek (LMC) is designated a Modified Warm-water
Habitat indicating that its diversity is low and interaction with this water is highly
discouraged (Midwest Biological Institute 2012). Infrastructural crossings in the form of

bridge abutments and dams populate almost every mile of the LMC (see Figure 14).
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Figure 14. Lower Mill Creek Aerial

In an effort to identify more specific focus areas a set of site criteria was
developed to aid in locating sites for deploying the hybrids of the intervention catalog.
The criteria considered five points for potential intervention: 1) portions of the creek that
are devoid of life—providing the most difficult design challenges, 2) spatial
juxtapositions—those that exhibited stark contrasts in form and scale, 3) highly
industrialized contexts, 4) areas where contextual opportunities could be taken advantage

of—access points out of creek, and visual connections, and 5) sites that were
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typologically abundant throughout the creek and therefore broadly applicable. These five
points were predicated on personal observations as well as the ability to highlight key
moments along the Creek. These efforts also appeared to exhibit the highest level of
opportunity for design interventions and therefore would create a more robust and diverse
intervention catalog.

Focus areas were then identified based on five criteria: portions of stream devoid
of life, spatial juxtapositions, typologically abundant, highly industrialized, and
contextual opportunities (physical, psychological, and visual). Based on both personal
observation and aerial analysis two sections along the Lower Mill Creek were identified,
Section 4A (lIvorydale/Proctor and Gamble), and Section 3 (St. Bernard) (see Figure 15).
The numerical values, or names, of these sections refer to the USACE’s project sections

during the flood control prevention design and construction throughout the 1980’s.
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Figure 15. Focus Areas

Geographic Information System (GIS) data was obtained from the City of
Cincinnati Parks and Recreation Department and existing conditions were analyzed to
find the best situations in which to intervene. This data included parcels, streets, open
space, land cover, water systems, and utilities among others. This data coupled with
aerial imagery helped to clarify why these Sections were ideal for interventions.
Mapping of the existing park network quickly identified a lack of open space in the
Lower Mill Creek study area; especially those areas directly adjacent to the Mill Creek

(see Figure 16).
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Furthermore, an edge analysis was conducted and mapped via GIS. These
conditions were broken down into six categories or found conditions along the Lower
Mill Creek: cribwall with vegetation, minimal shearwall with vegetation, concrete
shearwall, concrete miniature wall and trapezoid, concrete trapezoid, rip-rap trapezoid
with vegetation, and complete vegetated/unimproved. This analysis found that 36
percent of the Lower Mill Creek was concretized. Typologically abundant, the
concretized sections, especially the concrete trapezoid (31%), would be key areas to
intervene (see Figure 17). Additionally, these areas are largely devoid of life unless
emergent plants have found holes or crevasses to reside in. These areas were also highly

visible from local transportation corridors, the ones they were protecting.

® Shearwall + Concrete (3%)
B Trapezoidal + Concrete (31%)

® Shearwall Trapezoidal + Concrete (2%)

_ Trapezoidal + Riprap and
~ Vegetation (19%0)

Vegetated (40%)

Cribwall + Vegetation (2%)

Minimal Shearwall + Vegetation (3%)

Figure 17. Edge Conditions of Lower Mill Creek
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Sections 4A and 3 were analyzed in order to understand their conditions,
anomalies, land uses, hydrology, existing vegetation, opportunity parcels, views, current
infrastructure and potential access points. This analysis allowed decisions to be made
about where to locate access points, in-stream, streambank, and infrastructural
interventions. Sectional and planimetric as-built information was obtained from the
USACE Louisville Office. Hybrid techniques were deployed and designed into these
existing sections in order to understand how they connected, performed, or needed to be
adjusted. Working within this sectional mode | found that new intervention types were
needed. By reengaging the hybrid diagrams, | found that new hybrids were needed as
new conditions and sections were designed.

In Section 4A we find Ivorydale, the home of Proctor and Gamble, a Fortune 500
company and major employer in the Cincinnati Metropolitan Area. This industrial
campus is still active and currently produces household cooking products. Based on both
personal observation and aerial imagery the tops of channels are heavily packed with
industrial buildings, silos, piping infrastructure, and rail lines creating a spatially
interesting and infrastructurally rich context. This area is devoid of life. There is a weak
riparian corridor or in-stream biodiversity throughout much of this Section. The only
plant and animal life resides in storm drain outlets that have filled with sediment over
time. This trapped sediment has allowed a number of novel ecologies to spring up in this

portion of the creek (see Figure 18).
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Figure 18. Section 4A Focus Area

This enriched the argument and objectives for creating a robust ecological
corridor for both recreation and ecological function. Additionally, edge conditions were
analyzed in order to understand the make-up of this section. Three types of concrete
channels are found within this section—concrete trapezoid, concrete vertical wall, and a

concrete hybrid of these two (see Figure 19).
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Figure 19. Edge Conditions in Section 4A

This section of the river experiences over ten infrastructure crossings. These take the
form of roads, utilities, and rail. As a result this portion of the river also contains
numerous abutments within the channel as well as a host of other support structures
which reside within the channel right-of-way. These create multiple opportunities for
interventions to play out within the stream channel. The presence of so much
infrastructure also opened up discussion of other hybrid types, thus creating a more

robust and inclusive intervention catalog. Continued analysis of opportunity parcels,
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those that are vacant, public, or educational/institutional uses, found that a large parcel

could be engaged and utilized as part of the interventions for Section 4A (see Figure 20).
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Figure 20. Analysis and Interventions

In Section 3 we find similarities, but the context is much different. Here, the
views, spatial condition, and uses are very different—they are open, visually accessible
and prominent as they hug highly-trafficked freeways and arterials. However, the
channel is composed mostly of the concrete trapezoid, constituting 90% of its edge
condition. Similar to Section 4A it too has little biodiversity save for a more robust

riparian corridor along its margins.
45



Again, GIS data was analyzed in order to understand existing conditions and
potentials. This Section was found to have many more connective opportunities. Salway
Park, one of the only public parks abutting the Mill Creek, resides in this section (see

Figures 21 and 22).
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Figure 21. Edge Conditions in Section 3

It is also home to a major access point to the Mill Creek Greenway, a path envisioned to
run the length of the Mill Creek for recreation and connective use. This site provided a
key linkage within the focus area and was utilized as such. Infrastructure crossings,

albeit less in number, were very prominent. These crossings are Mitchell Avenue and
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Clifton Avenue, two major arterials coming from neighboring residential areas. These
connections have potential for visitors and residents of surrounding areas to connect to

the proposed Mill Creek Greenway (see Figure 22).
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Figure 22. Analysis and Interventions

Section 3 is highly visible from Interstate 75. Trips along the creek as well as
frequent travel on this highway identified key visual connections into the Mill Creek.
Utilizing these view corridors became crucial to identifying where interventions would
take place for both ecological benefit and as a visual cue to the Mill Creek’s re-

development, an indication to viewers that there is something happening here. The
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potentials for signifying the presence of Mill Creek become very important in this focus
area. Both Section 4A and 3 were investigated through sectional and perspective
drawings. This effort allowed a better understanding of how the hybrid types could be
utilized in various conditions throughout each Section. This exploration also informed
and added new hybrids to the interventions catalog or allowed for more refined resolution
of previous hybrids.
Hybrid Deployment and Design Iterations

As part of understanding how each hybrid intervention would work, | conducted a
series of iterative sectional studies. These drawings reference the intervention catalog,
but also helped develop it. Sectional studies allowed multiple conditions to be designed
and explored. They also allowed for an increased understanding of how certain hybrid
interventions would react or adapt in certain conditions. The sectional studies were also
used in order to refine details of how each hybrid intervention would interface with one
another. This study also led to the understanding that certain hybrids could not be
deployed or had to be thought about in different ways in order for them to be used in
certain conditions—again, leading to new or refined hybrid interventions.

The sectional studies were also important in showing the dynamics of the Mill
Creek. Normal flow and 100-year flood elevations were used in every section to show
how the hybrid types would work with water dynamics. These sections helped develop
new strategies for some of the hybrid intervention types related to their materiality,

longevity, and use. In understanding the force and stress the stream would place on some
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of these hybrids, some were envisioned to fail or break-away. This decision prompted
me to question material choices and connections or intentional disconnections.

The project then moved into rendered images that provided more detail on what
hybrids looked like, how they functioned, and how they were deployed. This approach
opened up several questions about tectonics, management, adaptability, and materiality.
Moving between sectional study and rendering allowed these drawings to inform one
another. Design choices began to change and take on new features. The renderings also
capitalized on the layering of several hybrids— creating a hyper-ecological machine.
Renderings enabled me to situate myself within the space and to make design decisions
from the point of view of a potential user. Renderings are intended as seductive, but
sublime at the same time, acknowledging these sites industrial character while making
the site accessible to potential viewers.

Perspective drawings were then utilized in both sketch and detailed model
formats. These renderings collapsed hybrid interventions into one drawing as a way to
visualize, more clearly, what these areas would look like. These renderings allowed
design choices to be made and materiality investigated. They also allowed for better
visualization of what these hybrid techniques might look like. My goal was to evoke a
specific sense of place through certain design decisions. These drawings solicited many
new challenges as materiality, function, longevity, aesthetics, and maintenance were all

questioned
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Chapter 5: Project Outcomes

This project has explored design interventions at the diagrammatic level linking
traditional techniques with new hybrids. This catalog provides a variety of intervention
types ranging from short-term guerrilla-style to long-term interventions that require major
modifications or a high level of investment. The hybrid catalog currently projects 30
hybrids intended to improve ecological conditions through water quality and in-stream
habitat improvements. These hybrids also introduce the human element as part of longer-
term strategies of accessibility and community buy-in (see Figure 8).

Sectional studies allowed for greater resolution of the hybrid catalog. It used the
case study and its current sectional conditions to vet the concepts throughout the hybrid
catalog. It prompted questions about connections and materiality. This investigation led
to new hybrids as new conditions within the concretized stream were engaged. This
added robustness to the hybrid catalog. Additionally, sectional studies allowed for
investigation and consideration of water levels. Water systems are dynamic. Thus, they
need to be considered in various conditions—depth of pool, flow characteristics, and
relationship to edges and infrastructures. These considerations not only prompted
questions about longevity, materiality, break-away tolerances, stress on objects, and
permanence, but also how these elements ebb and flow with river dynamics (see Figures

23 through 28).
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Similarly, perspective drawings were used to collapse hybrid interventions into
one drawing as a way to visualize, more clearly, what these areas would look like and
how they would perform. These renderings allowed for further resolution of the hybrid
interventions—what do these look like, how are they layered, what are they made of, and
how users might engage these interventions. Here, my goal was to evoke a specific sense
of place through certain design decisions. These drawings solicited many new challenges
as materiality, function, longevity, aesthetics, and maintenance were all questioned (see

Figures 29 through 34).

Figure 29. Rendering
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Figure 33. Rendering
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Long-Term Intervention Plan

While the hybrid types are investigated at a site level the entire Lower Mill Creek
must be considered holistically with new strategies and hybrid interventions. A long-
term Intervention Plan was developed that relies both on the intervention catalog and
their deployment but also new strategies to create a productive and performative corridor.
Strategies ranging from utilization of opportunity parcels that line the creek for either
recreation space to remediation of waters through expanded riparian zone and diversion
wetlands were conceptualized for the Lower Mill Creek. This Intervention Plan is seen

as part of a growing landscape matrix along the Lower Mill Creek.
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One of the strategies utilizes existing riparian corridors and their associated plant
and animal life for birding purposes. This recreational activity populates the developed
open space areas as active program while allowing for plant and animal life to thrive.
This type of activity will help promote the Mill Creek and build upon its assets, existing
and proposed.A long-term vision must be established in order for the Lower Mill Creek

to achieve these objectives (see Figure 35).
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Chapter 6: Conclusions and Future Research

Conclusions

This study attempts to fill a gap in the literature around where stream restoration
occurs and the techniques traditionally used in stream restoration projects. We have
come to understand that traditional projects take place where space, politics, and
infrastructure allow, and perhaps more importantly promote a naturalized end-point
through strategies and techniques that reinforce a faux naturalized aesthetic. Funding
and research are targeting urban stream conditions. However, these funds are greatly
misused. Although many of the projects target ecological factors and guiding objectives
these projects can be lumped in to four main categories: bank stabilization, stormwater
management, erosion control and re-vegetation. Funding is not being applied is in the
most degraded stretches of urban stream systems—concretized channels. These riverine
systems are only as strong as their weakest link. Similarly, the Mill Creek is being
studied and projects are developed for its restoration. However, these projects are
focused in the Upper Mill Creek Watershed—areas were space, politics, and
infrastructure allow. With terrestrial and in-stream efforts upstream the Mill Creek has
begun to support new plant and animal life, house new program for residents, and educate
the public about its importance locally and regionally. With efforts upstream in the Mill
Creek watershed and ongoing support, we can begin to focus on those areas in need of

enhancement most.
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This project developed hybrid techniques influenced by traditional stream
restoration techniques. By understanding the way in which each technique was effective,
what it was made of, and how it performed, | was able to take those intentions and
modify them for conditions like those of the Mill Creek and other concretized streams.
This logic and conditional approach provided a thirty distinct hybrid intervention types,
that could be used in different situations—vertical wall to trapezoidal, concrete-lined to
crib wall.

Where | believe this project was particularly successful was in the process of
engaging a specific site throughout the development of the intervention catalog—the
hybrids. By working back and forth from site condition to hybrid intervention and its
application the catalog became more and more robust. Its development began to deal
with and question bathymetric options as well as potentials for CSO containment and
treatment. It also allowed for a higher degree of resolution in how these hybrids might
adhere, float, and engage with edges and river dynamics.

This project has taken a critical look at a major flaw in deployment and lack of
discourse in ecological stream restoration. It has provided a base from which additional
design studies and research can take place. It is important for this and similar projects to
be engaged and for allied professions to understand the need and work toward a common
goal. Although there is much effort and focus on ecological stream restoration in other
areas of urban stream systems we must consider the system holistically and with a variety

of strategies and approaches.
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Future Research

This project identified a key gap in stream restoration literature—Ilack of
discourse and vision for concretized streams. Throughout the project’s process it has
revealed an increasing number of gaps in both knowledge about, and arguments for,
enhancing concretized streams for ecological performance.

Although this project has developed an intervention catalog hinged on and
mimicking the effects and results of traditional stream restoration techniques this catalog
IS not yet exhaustive.

One exploration that was of high interest, but remained under-developed was in
the bathymetric potentials of the channel. Continued efforts could begin to engage
bathymetric modifications and in-stream structures that would mimic the complexity of
natural stream bathymetry to promote conditional and channel surface heterogeneity.
This investigation would allow for new potentials when improvements to the concrete
channel are considered. The explorations of the bathymetric modifications could be
informed by larger goals and objectives of aeration, differential pooling depths,
increasing habitat zones and so forth.

Another area of interest in the development of the intervention catalog is the
inclusion of a variety of additional conditions. While the study focused on three
concrete-lined conditions—vertical wall, trapezoid, and a hybrid of the two—additional
hybrids could be produced by designing with reference to specific adjacent land and

infrastructural conditions. This is a relevant exploration due to the complexity of riverine
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systems and the array of stabilization and flood control techniques used—not only
concrete.

Additional areas of research could begin to test hybrid techniques. This effort
requires an understanding of the basic operations of the hybrid, its intentions, and its
tectonics. Further development would explore materials, components, details, and
construction budgets for each hybrid type. Furthermore, coordination with local
authorities and funding agencies should be pursued to test and measure these hybrids.
John Todd has done similar experiments with his Canal Restorer project in Fuzhou,
China. There are current experiments with floating wetland cells in the Upper Mill
Creek. Similar approaches, funding mechanisms, and hybrids would allow for a better
understanding of how these interventions are designed, built, and deployed.

Another area in need of development is accessibility and associated development
of trails and park systems adjacent to the Mill Creek. Although the study dealt with the
Mill Creek channel almost exclusively, the highlighted access points could be further
investigated as to their potential. A vision could be put forth that would allow
communities to gain direct access through a variety of strategies—claiming vacant lots,
access easements, existing right-of-ways, and so on. What does this mean for
development in and around the Mill Creek over the next 25 years? Does industry move
out and communities replace these areas? If so, what happens to the Mill Creek and our
relationship to it? How do we break down the concrete and improve the channel to create

a robust landscape and infrastructural system throughout the Mill Creek Valley? This
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strategy could be developed through community charrettes in order to identify key needs,
access points, ideas of place-making, and most importantly to gain buy-in and support.

In closing, as designers we have the capacity to envision, project, prompt and
provoke what we see through evocative imagination and new futures. The ability to
respond to societal issues through intense research, beautiful narratives, and innovative

solutions provides hope for our cities and the people who occupy them.
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Appendix A: Traditional Techniques Spreadsheet
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71



HoogqpueH
uoQRICISIY JOPLUOD

JWos
Banpoagul pue sdwnis
a1 ‘@oeds Jnewwelboud

5315
Jam Buldip ‘uonenyul

uonejaban pides
wslueq saa|y seonpoud

Buyaed

weans Ayuabeiaqup se pazin Jo paueld pue paseaudu sadojs uo - |ednieu
10WW HMI-3OVSN 'Y Wiy Jepiwis Ui buideysas  s11qap Buddes ‘joauod H__.‘waﬁmns..“vhswﬁm touesg
upuaddy £59-HIAN SIEN aja0uod 's|emqud  Uoisoss ‘Ajjiqels yueq T SRIOU Y SSYIURG
ul s|euajew Buippagua
(Buryoed yaueag
@) UBOU0I Ul oM
Aoaqpue pinoa jey) saysecdde sanbjuyay
UOREI}SIY JOPLUOD Jayyo Joj asedasd
[ein3aniys/saibages ¥ . Buijue|d pue
weans Axusbeisgur g0 {ban @seasoul Juasasd |ednzey Suideus u
AW WMI-3WSN Y ss8) conn_usEu:.Mo: uoisala pue uoneIBIW Ideysueq
xpuaddy £59-HIN STUN Jo Budnos fuoisipyy 24N S1uEq Bujzijiqeas
J3Yuny Jo Juelnep
i |oajued uolsoua
‘suoisniyoud
130 pue m.:.uuubuu ‘Aysianip Hjueq woly Aeme moy (ooy f
W puaddy £53-HIN SIUN 15340330435 Jo 59043 25941 MOJj pue Jejqey SSEAUDU|  PBYIP TMoy MessEade |eimjeu -[) siopsysp B
' Ao BURGR {uoisol Hueq zIWIUIW PUE [BULEY JILISUCD Buim
LA Bujcy “jueq wouy uoisnicld
NoogpueH  Aemjem yaim aesbagu)
uoQel}sIY JOPLUOT (papuadsns 10 SaUNJINGS saizads A3y jo 3@
weang Ayuabeizju) Gugeoy ‘suawipnge Jeau ‘Bupsau ‘Bunsal jeyigey enge cm__uu:aa:am._.m__nco‘__w_w._o“ |einyanns wu._q“_uuu :_“w_m
AT 1~ N iseleys yrolfysniq/Be| |ood pue Jaacs paseassul 1qey LRyEys 1oj Aun|
AW EMI-IIVS ABYs Hrou/ysnaq/Bol jood p P
xipuaddy £59-HAN SN anoqe of Jejus
saungea)
BT
Buipueyua Jeyigel
BauME5 352104 SYASN vnﬁ..hm“__h. Luﬂuh usALIp 3153ds ysy f3s1xa sjood pue R a——
QWA ¥MIF0VSN T T Bupfsp A l|eusiod Je3iqey  papasu si Janed peaaAe Aeanieu saufysnia/Bey
xKpuaddy £59-HIN STEAN ~_c_‘.ﬂ._uE qum EE.uEuw PUE JBA0D PaSERIIUL BBYM SIBpUESW puR
w “_ounb Buipjoyess puaq weans Jualpesd mo|
(yadap J=aem “Aqo0jEn
4o Bunowe ujesad |anelb ujegaufyaa)0a
yam uado) mopase uoeIE 3e31qey |ood isjsuueys
v xipuaddy £59-HIN SOUN uBL J31EM ploy Al {Buln2 pue Guijood waojun ul AJisianp JeiRRU S[ISHIGISIEM iy
eyl saqeb panaa J)nelpiy pue [ein3anas
aunssaid Jo Buseway
Juswdojanap
puejjam Jo uoisuedxa
— Adegngu Joy seipedosd \esss jo : sauoz
‘gs-d (ydy) ubisag leruagod |eaifojoydiow |nyasn g aney ((pEuuMoIg uojsuedxa
[ENPIS3) puE JalEsap u |einjeu
JuoupEary |ealbojoag _:c.um:_.n_;u.w._ fuadosd 2SERIU! fymoub ueuedu 41) uonepawal puepam
E._a_.wuooc BUISERI! 40y {I3yng Weauls asealoul a)1s ‘yamoub uiejdpaoy
s,Joacqoud Juawdojasap
paydepy /pazipligAH s1nsay ECELGEETTE] adAL Swen =
5204N05 34 Syl Ued MoH anbiuysay Qo

EuqeH

Figure 38: Spreadsheet of Techniques

72



Heogqpuey
uonEeIN)SaY JOPLUOD

{puBfaunyangs
Jogque [eausn

soueseadde yuequiesuls
|einjeu pmolb

FETELTENY
ybiy jo seaue sajzads

weans Axuabeizgup .LMBEMuMM_J ”_w_“M“u sai3ads Apoom pue Juejd Apoom 153 pue uoiaajoud _E_..M._u::”“ S||emgLa 3|
OHW BII-oVSN g SIS SRINIERS  sqessiense tsuonipuos aeipswuny foyueq /%™
xpuaddy £59-HIN STEN ) 03 abepuadde |EJUBA JEBU BEI|IQEIS |EILA JEBU JO UodEI0Id
WO i SN, .-
Eﬂu Swﬂ-z n_u. 2 i _uac :_.u_a_u I J31em pue Juswys|gelss  aacudwy is1o0d o) s3UY IReU sbupueyd
As N r S 3004 40§ Jew apiaold |10s pue syueq Buluieiad eany Juiel
AWK M-S ut sbnyd :uonesbiw sjool ‘Jjejiqey ueuedu  ‘uonelabaa ysigeisa-al
xipuaddy £59-HIN SN |euzge| 1oy ALiom 33 e Wedy  .uor |
ybiy st |enuagod
JE3yIsIe IpIneNWnIoe
faup 51 3BY) 105 3snoy
‘SUCIQRS) LIBJEIIR|Y Wl ue yaym Aysnosod fuoiuazad
pajoenxa pue ‘uoneis ybiy yaim swusiueyaaw pue JuMLysqeSe
Jualuadxy shesuajepy Bugeoy {jauuey>s a0y [puueys ‘deadu oy fpoddns sesapow BuimbB  |eanjonas suoigeb
IDYSN 24 'spaysialem ul pasn saipadoud sjendoudde uewyy sadaags ‘sado|s deays Joagcud fleameu pagejaban
pue sueadQ ‘spuepap  |emdaduod {Buueyd oul aq 1snw sadojs asaym
JoYo sy¥da W sapmioud i Moy 3au3sal Ajjedadsa Tigubaqul adojs
xpuaddy £59-HIN SOHN  Ing SeauemOle 3Ry
apaoud spioa {uopenus
Juaund ul suocigeb
feah
Inoybnalyl sjana) Jajem
AeoqpueH o] aunsodxafucijepnuul {uoipisodap/dery uonejabana.
UOQBIC)SIY JOPLUOT : : iy pue uoiisodap
JO sj@az| Jejlwis Juswipas issauybnoy 3 sbugueyd
weans Axuabessguy juaLpas saniaoEn |esnjeu
.. Ul pasapio aq Aew sjueld |2uuBY> pue J3A0D 5 3s0d Jueuuop
JAWW YMI-3VSN v {uoijesnjews pue 1apio uonyejaban paseausul Moy sonpay isssuybnoy
xipuaddy £59-HIN SN suoie.mew pu P e P " |Buueys aseassul
* 4o uoissaudxa asnle g
!sjuawuequs u) sbnjd
oSG £5105 Jo jew Baainio
03 Siy3 Joj Ajljige s3anpay |etagew
uopelqqsay JopLluad i llo4 Uiy yimal
weans Auabessqu] o403 B3 IgsEaie  Jued jo JusiuysiqEIss Juejd asea.ou) 0 JUBWIPaS |BiniEU e
S : Paselua ul op J3qy 32Inb {2oUEqUnIsIp Jounu . v » J3qy INU0I0I
JIWW YIS unoJ02 UBd JBYM (iSl  UONREZIIgels ajesapow den fuoisass wouy 33301d
xipuaddy £59-HaN SN 1 Jeym list lUOREZIIGEIs 31ed3po
: se pakojdwsa aq siyy ues
ééaunydes Juawipas
AooqpueH ‘uoneyaban Gugnouds ‘aunjdes
uegesassy Jopiliod BONpUS 0] 32U uoRdo.d juaLipas ‘uciejaban ssamew
weans Axusbeizgur . HuUEq !JEIIgRY BPISWERIS r A |eanieu
- i u) sbnyd ‘juswaselus e uol Bon Bugnoads {yueq jo Jene2 ysnig
- u_m”_._nz ﬁ__.sm,wU(m_.. v Jsulebe |euaIRW P e angasjoud s1e|paww)
1p! 'Y £59-HIAN SDTEN |e33634 o BuLaie|
ipadepy /paziplgAl 5]nsay ECELGEEITE] adAy awen welbeig =
5204N05 34 SIYJ UED MOH anbjuyosa) o

iejqey

iques

Spreadsheet of Techni

Figure 39

73



|euzIeWw
aumynouby jo -3dag 's'n Buibuey pue sbn)d
os/ies yoogpuey |l {sjeisagew Jueyd (rm1= ‘saqy) Jea| Uancd

uonEISEY JOPLUCD i Buipeuey [ paemu)
weans Azuabeizgup HIYs uoi3aas ssop

enqey) uoelsben
ueuedu {syueq mau

AW dMI-30TSN ‘éusyy 3no awod Bulwy  Buunbyuod Hueq Jpngad

xipuaddy £59-HIN SIUN ued ‘saibajeqs asay) yum
UaRIPUS) ueq Jo ||yul

JUBq paJojuial j|am ‘mau
Buiessa Juswysigelss
Ban ¥anb isyueq
aeiaban pue pingas

spubosb

|RinIEU peqerston

awes pue ysiy
jojusunedaq eyse|y pue
'SPRYSIEIEM PUR SURRIQ

fainjanns

pajesbajul fjeuaew jueld

sauenb

PUE A0 YIUM H|em ybiy ui suop J| [9.Quol

uolsala pue yueq jo

‘)ios Bujpuig
pue uonejouad Jajem

|ednjeu  saqels anl|

,mm.._..nm__vu_—v__.“sm_ﬁm%ww(d papuadsns 1o Jew a1bban  uone: 35 J0) Jew Joos  Joj jead b jew Joou Buiag i .a v..? 2
H 3 ¥ remungangys pub BuiBuey Buia Iqey spisweans L
xpuaddy £59-HIN STEN il thuey BUINI 3=y SpE i ! )
épaydepy /pazipligAH s1nsay EENELGEEITE] adAL aweN weibeig =
anbuyaay Qo

saaunos 24 Syl UED MOH

iejqey

iques

Spreadsheet of Techn

Figure 40

74



Appendix B: List of Resources for Techniques
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Huang, Jung Chen, William J. Mitsch, and Li Zhang. "Ecological Restoration Design of a
Stream on a College Campus in Central Ohio.” Ecological Engineering 35.2
(2009): 329-40. Environment Complete. Web. 25 Sept. 2012.

Lepori, F., D. Palm, and B. Malmqvist. "Effects of Stream Restoration on Ecosystem
Functioning: Detritus Retentiveness and Decomposition.” Journal of Applied
Ecology 42.2 (2005): 228-38. Environment Complete. Web. 29 Oct. 2012.

Niezgoda S.L. & Johnson P.A. (2005) Improving the urban stream restoration effort:
identifying critical form and processes relationships. Environmental
Management, 35, 579-592.

North Carolina Stream Restoration Institute. N.p.: North Carolina Stream Restoration
Institute, n.d. Rivercourse Factsheets. NORTH CAROLINA COOPERATIVE
EXTENSION SERVICE, June 1999. Web. 27 Jan. 2013.
<http://www.bae.ncsu.edu/programs/extension/wqg/sri/rv-crs-1.pdf>.

Otto, Betsy, Kathleen McCormick, and Michael Lasse. Ecological Riverfront Design:
Restoring Rivers, Connecting Communities. Rep. no. 518-519. Chicago:
American Planning Association, 2004. Print.

United State of America. United State Department of Agriculture. Natural Resource
Conservation Service. Stream Corridor Restoration: Principles, Process, and
Practices. By Federal Interagency Stream Restoration Working Group. N.p.: n.p.,
1998. Web. 22 Jan. 2013.
<http://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb1044574.pdf>.

"USACE-IWR Managment Measures Digital Library." USACE-IWR Managment

Measures Digital Library. Institute of Water Resources, n.d. Web. 20 Jan. 2013.
<http://www.pmcl.com/mmdlI/MMMenu.asp>.
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Appendix C: Hybrid Technique Diagrams
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Hybridization of these
Restoration Technigues

| Top of Channel Cover
(fast growing, hearty material)

Riparian
Vegetation
(tree cover)

Short-term/
Low
Investment

Vertical Wall Section: 108’ by 22

INTENTIONS

Aids in landscape matrix connections (longitudinal)
Lengthen and thicken habitat corridors

Act as heat sink ta vary temperatures over stream
Intreduction of woody debris and ather organic matter

Figure 41. Shearwall Channel Hybrid Technique

Hybridization of these

Restoration Techniques
Lunker
: Structures
Floating Path w/Integrated
Planter or Similar Performative
Materials (silk, mesh, micron filter)
Riparian
Vegetation
(remeadiation)
Live
Cribwalls
. . Long-term/
Vertical Wall Section: 108’ by 22" High
Investment
INTENTIONS
Integrate with plantings for remediation potential
Provide cover for species (resting, nesting; different life stages) Aciive
Moves with water level (up/down) Recreation

Social element/engagement (Greenway extension)

Figure 42. Shearwall Channel Hybrid Technique
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Hybridization of these
Restoration Techniques

Grooves for Sedimentation
and Emergent Plant Ecology
(saw cut or core)

Vertical Wall Section: 108’ by 22"

INTENTIONS

Enhances existing plant structure and micro-invertebrate matrix
Populated by novel plant ecologies

Gauge stream height and subsequent novel “ecotone”

Low budget/guerilla-style

Artful expression

Figure 43. Shearwall Channel Hybrid Technique

Brugh
Mattress

Live Stakes

Short-term/
Low
Investment

Hybridization of these
Restoration Techniques

Canopy

Vertical Wall Section: 108’ by 22

INTENTIONS

Provide cover for temperature gradient over stream

If planted, or mimicking vines,, material could hang into stream
(introduce plant material to stream--see tree cover(LWD))

Figure 44. Shearwall Channel Hybrid Technique
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Riparian
Vegetation
(tree cover)

In-gtream
Tree Cover
(LWD)

Long-term/
High
Investmant



Hybridization of these
Restoration Technigues

Integrated Planter Box
or Similar Material for
retaining organic matter

Riparian
Vegatation
(tree cover)

Riparian
‘agetation
(remediation)

Streambank
Log/Rootwad
Revetment

A G SAASTY,
Vertical Wall Section: 108' by 22

Live Stakes

INTENTIONS
Aids in landscape matrix connections (longitudinal/vertical)
Potential water remediation

Spatial and habitat heterogenity within stream f::ln-lelmf
Coarse Particulate organic matter Investment

Habitat heterogeneity

Figure 45. Shearwall Channel Hybrid Technique

Hybridization of these
Restoration Technigues

O
| Wing

Deflector

Concrete Island
(kayak portage/gathering)

Lunker
Structure

In-steam
Boulders

T AT,

Riparian
Vegetation
(remediation)

Vertical Wall Section: 108' by 22

INTENTIONS
Deflecting flow for aeration and sediment drop
In-stream heterogeneity

Integrated vegetation either in total or partians ‘E’::I"'le"""
Cover for habitat, refuge, and other lifecycle necessities of species Iriresiniant

Dock/resting point for active users

Figure 46. Shearwall Channel Hybrid Technique
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Hybridization of these
Restoration Technigues

T~ Wing
Deflactor
Modified Bathymetry
(diversion channels +
sedimentation strategy)

Diversion
Channel

Two-Stage
Channel

Long-term/
High
Investment

Vertical Wall Section: 108’ by 22

INTENTIONS

Aids in landscape matrix connections (longitudinal)
Lengthen and thicken habitat corridors

Act as heat sink ta vary temperatures over stream
Intreduction of woody debris and ather organic matter

Figure 47. Shearwall Channel Hybrid Technique

Hybridization of these
Restoration Techniques

Riparian
Vegetation
(remadiation)

Combined Sewer Outlet

First Flush Catchment Area

(remediation of waters)
Diversion
Channel
Long-term/
High
Investment

L7
Vertical Wall Section: 108’ by 22"

INTENTIONS

Provide point of collection for CSO events

Settling of sediment

Remediation of polluted waters

Bathymetry is modified for other water quality benefits

Figure 48. Shearwall Channel Hybrid Technique
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Hybridization of these
Restoration Technigques

. . Riparian
Canopy w/Hanging Plant Material Vegetation
or Similar Performing Fabric (tree covar)
Riparian
Vegetation
(remediation)
‘ Live Stakes
V//
4 In-stream
Wide Trapezoid Section: 135 by 18.5 (T{::DC)"'“*'
INTENTIONS
Aids in landscape matrix connections (longitudinal)
Bird habitat and cover for small mammals Long-terrn/
Exposure of plant material to waters H?;r?. erm
Habitat refuge, cover, heterogeneity for various lifecycle needs Investment
Visual and spatial heterogeneity (experiential)

Figure 49. Trapezoidal Channel Hybrid Technique

Hybridization of these
Restoration Technigues

Riparian
Gangway SE Vegetation
(tree cover)
Overlock House of
(tensile or other
recovered material) Long-term/
High
Investmant
Wide Trapezoid Section: 135’ by 18.5
INTEMTIONS
Could be considered occupiable by both humans and non-humans
Hinged gangway approach allows structure to float Y Active
Visual and spatial heterogeneity (experiential) i i Recreation
Little cover over stream corridor for temperature variations/shade “ A "

Figure 50. Trapezoidal Channel Hybrid Technique
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Hybridization of these
Restoration Technigues

Riparian
Vagetation
(remediation)
Vegtated Mat ("Habimat”)
or Similar Filter Material

Streambank
| Log/Rootwad
Revetment

| N
/////////Mm/////mmm///% o

Wide Trapezoid Section: 135’ by 18.5 Lo

Investment

Live Stakes

INTENTIONS

Aids in landscape matrix connections (longitudinal)
Potential water remediation

Spatial and habitat heterogenity within stream corridor
Particulate organic matter potential

Variety of habitat conditions and cover (planting strategy)

Figure 51. Trapezoidal Channel Hybrid Technique

Hybridization of these
Restoration Technigues

Riparian
= Vegetation
(tree cover)

Porous In-stream
Deflector w/
Occupiable Terrace

| Wing
Deflactor

13

N

~/ 9

Wide Trapezoid Section: 135’ by 18.5

Vagetatad
Gabion

N

Long-term/
High
Investmeant

INTEMTIONS

Channel morphology and associated effects (long-term strategy)

Aid in landscape matrix connections (longitudinal) if planted

Filtering structure to provide habitat, refuge, and remediation of water
Linkage to community function/needs for additional program )
Visual and physical connection to stream a i '

Active

’I Recreation

Figure 52. Trapezoidal Channel Hybrid Technique
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Hybridization of these
Restoration Technigues

Floating Path w/Integrated
Planting Cell

Riparian
Vegetation
(remediation)

/ , \ Long-term/
:’{// // Itillvg:.‘ilmﬂnl
Wide Trapezoid Section: 135" by 18.5'

INTEMNTIONS

Integrate with plantings for remediation potential

Provide cover for species (resting, nesting: different life stages) Active
Maves with water level (up/down while navigating slope) Recreation

Social element/engagement (Greenway extension)

Figure 53. Trapezoidal Channel Hybrid Technique

Hybridization of these
Restoration Technigues

Floating Wetlands w/Rear Deflector
(inexpensive material and porous)

Riparian
Vegetation
(remediation)

?/// >/ o
Wide Trapezoid Section: 135" by 18.5' E’E:\::::

INTENTIONS

Integrate with plantings for remediation potential

Provide cover for species (resting. nesting; different life stages)
Moves with water level (up/down while navigating slope)
Successional plant maintenance regime

Light-weight Construction/Portable

Figure 54. Trapezoidal Channel Hybrid Technique
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Hybridization of these
Restoration Techniques

Riparian
Vegetation
(tree cover)

Soil Pillow/Plug Planting
(coconut roll)

Riparian
| Vegetation
(remediation)

Live Stakes

~

s

4 In-stream

Wide Trapezoid Section: 135 by 18.5 (TL'::DC)“V""
INTENTIONS a4
Aids in landscape matrix connections (longitudinal) I
Bird habitat and cover for small mammals sh /
Exposure of plant material to waters La:’n'mrm
Habitat refuge, cover, heterogeneity for various lifecycle needs Investment
Visual and spatial heterogeneity (experiential)

~

Figure 55. Trapezoidal Channel Hybrid Technique

Hybridization of these
Restoration Techniques

Divarsion
Channel

Adjacent Lot Expansion
(floodplain + diversion)

Long-term,
High
Invastmeant

Wide Trapezoid Section: 135’ by 18.5

INTENTIONS

Floodplain expansion

Aids in landscape matrix connections (longitudinal and vertical)
Help alleviate volume/peak flow concerns

Productive capacity/remediation

Incorporation into Greenway network

Figure 56. Trapezoidal Channel Hybrid Technique
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Hybridization of these
Restoration Technigques

Grooves/Plugs for Sedimentation

and Emergent Plant Ecology Riparian
(saw cut or core) 8 \egetation
| (wree cover)
Riparian
Vegetation
(remediation)
Live Stakes
: In-stream
Wide Trapezoid Section: 135 by 18.5 (TS:DC)"'“*'
INTENTIONS
Aids in landscape matrix connections (longitudinal) A
Bird habitat and cover for small mammals Short-term/
Exposure of plant material to waters ow
Hlahutat refuge, cover, helerogfznelty for various lifecycle needs Investmant
Visual and spatial heterogeneity (experiential)

Figure 57. Trapezoidal Channel Hybrid Technique

Hybridization of these
Restoration Technigques

R
__=,-"'|P‘ B )
z . R
Water Vanes ) .3% iparian
(varying heights + e
porous material) N\j'//,
N~ ——

g

Vegetation
(remediation)

Short-term/
Low
Investmant

N

Wide Trapezoid Section: 135’ by 18.5
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Figure 58. Trapezoidal Channel Hybrid Technique
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Hybridization of these
Restoration Technigques
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Figure 59. Trapezoidal Channel Hybrid Technique
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Figure 60. Trapezoidal Channel Hybrid Technique
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Hybridization of these
Restoration Technigques
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Figure 61. Trapezoidal Channel Hybrid Technique
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Figure 62. Trapezoidal Channel Hybrid Technique
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Hybridization of these
Restoration Technigues
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Figure 63. Hybrid Channel Hybrid Technique
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Figure 64. Hybrid Channel Hybrid Technique
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Hybridization of these
Restoration Technigues
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Provide cover for temperature gradient over stream

If planting, or mimicking vines, material should hang into stresm
(introduce plant material to stream--see tree cover (LWD))

Figure 65. Hybrid Channel Hybrid Technique

Hybridization of these
Restoration Technigues

Lunker
Structure

Stationary Pathway

Riparian
Vegetation
(remediation)

Streambank
Log/Rootwad
Revetment

7

\\

Short-term/
Trapezoidal + Vertical Wall Section: 108 by 17.5' Low
Investment
INTENTIOMNS —
Integrate with plantings for remediation potential
Provide cover for species (resting, nesting, different life stages)
Stationary with hanging plant material " Active
Habitat cover and temperature variation of water J i Recreation
Social element/engagement (Greenway extension) u | ”

Figure 66. Hybrid Channel Hybrid Technique
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