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ABSTRACT

The concept of “passive” river restoration after dam removal is to allow the
river to restore itself, within constraints such as localized bank erosion defense where
infrastructure or property boundaries are at risk. This restoration strategy encoun-
ters difficulties in an urban environment where virtually the entire stream corridor
is spatially constrained, and stream-bank protection is widely required. This raises
the question of the meaning of river restoration in urbanized settings. In such cases,
the sedimentary record can document paleohydrologic or paleogeomorphic evolu-
tion of the river system to better understand long-term response to the removal of
the dam. Secor Dam was a low-head weir on the Ottawa River flowing through the
City of Toledo, Ohio, and its outlying suburbs. The dam was constructed in 1928 and
removed in 2007 to enhance aquatic ecosystems, improve water quality, and avoid
liability concerns. Predam removal feasibility studies predicted the hydrological and
sedimentological responses for the dam removal and determined that reservoir sedi-
ments were not significantly contaminated. Postdam removal studies included trench-
ing, sediment coring, geochronology, and surveying. The buried, pre-1928 channel
was located and showed that watershed urbanization resulted in channel armoring.
Incision in the former reservoir exhumed a woody peat layer that was subsequently
shown to be a presettlement hydromorphic paleosol currently buried beneath 1.7 m
of legacy sediments, mostly deposited since ca. 1959. Today, the river flows through
an incised channel between fill terraces composed of legacy sediments. Additional
coring and survey work documented that the channel lateral migration rates aver-
aged 0.32 m/yr over the past ~80 yr, and that the meander wavelength is increas-
ing in response to dam removal. Using sediment budget concepts, significant channel
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bank erosion and lateral channel migration should be expected until this river system
reworks and removes accumulated legacy sediments currently in floodplain storage.
In this dam removal project, ‘“active’ restoration practices, such as riparian wetland
restoration, would have been more in accord with scientific understandings. That did
not happen in this case because of disagreements among different constituencies and
because of limitations of funding mechanisms.

INTRODUCTION

Dams have been removed, or proposed for removal, for
a variety of reasons, including public safety, liability issues,
ecosystem restoration, recreation enhancements, and aesthet-
ics (Evans et al., 2000a; Bednarek, 2001; Heinz Center, 2002;
Doyle et al., 2003). The recognition that dam removals are tools,
among other tools, in the overall goal of river restoration has
been slower to emerge, and it represents a focus of this paper.
Important steps in this growing understanding have included dis-
tinguishing between short-term and long-term fluvial response
to dam removal (Simons and Simons, 1991; Evans et al., 2000b;
Pizzuto, 2002; Doyle et al., 2002, 2003; Evans, 2007) and distin-
guishing between passive and active management practices for
reestablishment of equilibrium channel forms, called “late suc-
cessional channels” by Selle et al. (2007). In the latter context,
passive management practices are characterized by allowing the
channel to evolve from early successional, headcut-driven form
to an anticipated late successional form utilizing little, if any,
intervention (Selle et al., 2007). Active management practices,
in contrast, attempt to accelerate channel development and guide
it toward an anticipated late successional channel form (Selle et
al., 2007).

The concept of “river restoration” presupposes both that
some criterion or set of criteria about the existing conditions in
the river is unsuitable, and that some change or series of changes
is feasible that can ameliorate those unsuitable criteria. There
are many unspoken assumptions in this attempted definition;
for example, feasible changes might be interpreted by some as
economically and socially feasible (which might focus on short-
term results), while others might interpret feasible to mean self-
sustaining (with a long-term emphasis, and possibly with signifi-
cantly greater economic cost). This is not merely an exercise in
semantics because river restorations are societal decisions with
trade-offs (Thornton, 2003) where public perception is an impor-
tant component, most especially in the case of an urban river res-
toration and dam removal.

This paper is a description of how a passive urban river res-
toration project, centered around the removal of an obsolete low-
head dam, led first to disagreements about restoration strategies,
and then ultimately to additional research that documented the
magnitude of recent historical change in this particular river. To
summarize, this study reaffirms other recent findings that many
rivers in the United States are undergoing long-term systemic
changes due to human activity, resulting in channel instability
(Wolman, 1967; Costa, 1975; Jacobson and Coleman, 1986;

Evans et al., 2000c; Walter and Merritts, 2008; Bain et al., 2008;
Wilcock, 2008; DeWet et al., 2011). Those involved in urban river
restoration efforts need to be cognizant that short-term restora-
tion strategies will have temporary and possibly mixed results,
and that long-term strategies should be based on sediment bud-
get concepts. In addition, this particular restoration project was
complicated by the absence of a clearly articulated restoration
plan at the onset, involvement of multiple agencies with different
restoration goals, and an emphasis on short-term strategies driven
by requirements of funding sources. None of these issues should
detract from the fact that in this project the dam was successfully
removed and ecosystem improvements have been observed.

GEOLOGIC AND HYDROLOGIC BACKGROUND

The Ottawa River is located in northwestern Ohio and south-
eastern Michigan (Fig. 1). The low-gradient, 446 km? watershed
flows into Maumee Bay at the western edge of Lake Erie (Roberts
et al., 2007). The watershed is highly urbanized within its lower
reaches up to river kilometer (RK) 18 within the City of Toledo,
Ohio (2010 urban population of 287,208 people in an area of
218 km? or a population density of 1317 individuals/km?). Further
upstream (RK18 to RK40), the watershed is part of the outlying
suburbs surrounding the City of Toledo (2010 greater metropoli-
tan area population of 651,429 people in an area of 4193 km? or a
population density of 155 individuals/km?). Upstream of RK40,
the watershed is predominantly used for agricultural use (corn
and soybean row crops) or for mixed use (pasture, parkland, or
sand and gravel quarries) (Gottgens et al., 2004; Roberts et al.,
2007; Mannik-Smith Group, Inc., 2008; Gerwin, 2003). For the
purpose of this paper, the watershed up to RK40 will be referred
to as urban (making no distinction between urban and suburban).

The watershed geology consists of Devonian carbonate
bedrock (Coogan, 1996) overlain by multiple late Cenozoic till
sheets (Forsyth, 1973), ice-contact sand bodies such as glaciola-
custrine deltas (Anderhalt et al., 1984), and lacustrine sediments
representing multiple stages in the early history of Lake Erie
(Forsyth, 1973; Larson and Schaetzl, 2001). Ottawa River sedi-
ments are primarily silt and clay, sourced from the fine-grained
tills and glaciolacustrine sediments, but there is also a moderate
supply of sand, sourced from glaciolacustrine deltas, postglacial
beach ridges, and eolian dune fields.

Hydrologic data are available from U.S. Geological Sur-
vey (USGS) gauge station no. 04177000 located at RK17.3 at
the University of Toledo campus. There are continuous stage-
discharge records between 1945 and 1948 and from 1977
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to present (Fig. 2). The mean daily flow for this interval is
5.3 m?s7!, and discharges for the 10, 25, 50, and 100 yr floods
have been calculated as 91, 127, 170, and 219 m?s™', respectively
(Harris, 2008). The Ottawa River is characterized by “flashy”
discharges with relatively low base flows, high peak stormflows,
and very short lags-to-peak (Harris, 2008). Similar behavior in
other rivers in the region has been attributed to human activities
such as draining wetlands, installing agricultural field tile drains,
ditching, or channelizing tributaries (Baker et al., 2004). For the
Ottawa River, flashy discharge responses to rainfall events are
enhanced by the combination of agricultural impacts in the upper
parts of the drainage basin and urbanization of the lower parts of
the drainage basin (Webb, 2010).

Previous studies on the Ottawa River have shown a good
correspondence between discharge and suspended load (r* =
0.87), and estimate that bed-load volumes are 10%-35% of sus-
pended load volumes (Gallagher, 1978). Field bed-load measure-
ments over short intervals of time using a variety of bed-load
traps have documented highly variable bed-load transport, rang-
ing from zero to 6.3 kg/h, with a maximum (Q ) of 7 x 107 m’s™!
(Harris, 2008). Between Lake Erie and approximately RKS, the

Ottawa River is an extension of Lake Erie, with slopes approxi-
mately zero, and the channel substrate is dominantly silt and clay
(Fig. 3). Between approximately RK8 and RK26, the gradient of
the Ottawa River is ~0.7 m/km, and the channel substrate con-
sists of moderately sorted, fine- to medium-grained sand that is
armored with fine gravel (mostly bivalve shells and anthropo-
genic materials) and abundant particulate wood debris (Gottgens
et al., 2004; Harris, 2008). In the headwaters above RK26, the
gradient of the Ottawa River varies from 1 to 6 m/km, and the
channel substrates are fine- to medium-grained sand with abun-
dant particulate wood debris.

Within the urbanized portion of the drainage basin, the
stream banks are engineered up to approximately RK14. Between
approximately RK14 and RK34, the modern Ottawa River chan-
nel is incised ~2 m beneath its floodplain surface, creating the
appearance of fill terraces (Fig. 4). Because these fill terraces are
inundated at regular intervals, and because of other data about
the sediment ages, presented in this paper and previously (Evans
and Harris, 2008; Webb, 2010), the fill terraces are interpreted as
anthropogenic in origin. Within this reach of the Ottawa River,
evidence for active vertical and lateral bank erosion includes
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Figure 2. Hydrology data for the Ottawa River. (A) Daily mean streamflow from U.S. Geological Survey gauge
station #04177000 between 1945 and 1948 and 1977 and 2006. (B) Rating curve for the gauge station.

undercut banks, rotational slumps, toe-of-slope deposits, small
colluvial fans, small-scale soil avalanche or soil-fall deposits, and
loss of riparian zone trees through undercutting, tree-lean, and
tree-fall into the channel.

The recent land-use history can be summarized as follows.
Prior to arrival of European settlers in the early 1700s, this part
of northwestern Ohio was ~90% wetlands, wetland forest, and
wet prairie known as the “Great Black Swamp.” The technol-
ogy to initiate large-scale drainage modifications did not exist
until invention of steam-powered dredgers in the late 1800s
(Wilhelm, 1984). By 1879, approximately half of the region
had been deforested, and by 1900, almost all of the original for-
ests were gone, thousands of kilometers of drainage ditches had

been constructed, and networks of tile drains had been installed
in farm fields (Black Swamp Conservancy, 2009). Today, the
region retains only ~5% wetlands or wetland forests. The
cleared and drained wetlands became highly productive agricul-
tural land, and today the larger watersheds (Maumee River and
Sandusky River) are ~85% agricultural land, primarily corn and
soybean row crops. Soil erosion from farm fields is a major envi-
ronmental problem in NW Ohio and adjacent areas; for exam-
ple, the Maumee River watershed contributes ~1,000,000 m?
of mostly fine-grained sediment to the City of Toledo harbor
each year. Based on this evidence, it can be interpreted that
the Ottawa River transitioned from a “blackwater” (organic-
rich sediment) stream prior to European settlement to a
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Figure 3. Longitudinal profile for the Ottawa River between Lake Erie
(RKO) and the junction with Tenmile Creek and Schreiber Ditch at
RK34.5. The Secor Dam was located at RK18.3. m.s..—mean sea level.

“brownwater” (mineral-rich sediment) stream as a consequence
of land clearance activities.

The Ottawa River watershed differs somewhat from other
regional watersheds because its lower portion (below RK40)
has been affected by urbanization of the City of Toledo and sur-
rounding suburbs. An analysis by Webb (2010) has shown that
the population of outlying suburbs (Village of Ottawa Hills, City
of Sylvania, Sylvania Township) increased dramatically in the
suburbanization boom that occurred after the end of the Second
World War. For example, between 1950 and 1970, the population
of the Village of Ottawa Hills increased 86%, the population of
the City of Sylvania increased 400%, and the population of Syl-
vania Township increased 136% (Webb, 2010). Between 1970
and 2000, subsequent population increases have been apprecia-
bly less (7%, 56%, and 55%, respectively). These suburban pop-
ulation increases were accompanied by plating and development
of new subdivisions; for example, the total number of housing
units in the City of Sylvania increased 369% between 1950 and
1970, compared to a subsequent (1970-2000) increase of ~113%
(Webb, 2010).

METHODS

Fieldwork involved surveying, sediment coring using vari-
ous techniques, trenching, bed-load and suspended load sedi-
ment sampling, global positioning system (GPS) tracking of bed
forms, and specialized sampling for geochronology purposes.
Surveying involved pre- and post-dam-removal channel cross
sections at 17 locations (Fig. 1), using a Topcon GPT-3003W
total station. Differential GPS was used to locate each cross-
section pin location with a Trimble Pathfinder Pro® XRS base
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station unit. The location of each of the cross-section survey pins
was established by repeated surveying over a 10 mo period with
the Total Station and by direct measurement using differential
GPS. The Total Station survey error was +1 cm, both vertically
and horizontally. From repeated measurements over 10 mo, the
UTM position uncertainty of any point in a channel cross section
was determined to be 0.44 = 0.11 m (Harris, 2008). Each of the
17 channel cross sections was surveyed at least once prior to dam
removal and then approximately monthly during the 6 mo fol-
lowing dam removal, after which time the survey pins had to be
removed because of bank remediation efforts.

The types of sediment cores collected included 14 vibra-
cores using a 7.5-cm-diameter aluminum core barrel, and 52
push cores using either 5.1 cm polyvinyl chloride (PVC) pipe or
7.5-cm-diameter aluminum pipe (Fig. 1). The maximum recov-
ered sediment core length was 2.7 m. Trenching involved clear-
ing slumped material from the channel bank at three locations
(Fig. 1) and recording stratigraphic information and sampling
layers in the field. The maximum trenched interval was 2.6 m
depth. The base of each trench was extended downward by col-
lecting an additional sediment core. Given stratigraphic overlap
between trenches and cores, the composite stratigraphic interval
examined in this study was ~4.5 m thick. Finally, samples were
collected for “C and optically stimulated luminescence (OSL)
dating, as described in the following.

In the laboratory, each of the 66 sediment cores was split
lengthwise, and one half of the core was archived for future use.
The working half was cleaned, photographed, described strati-
graphically, and subsampled for grain-size analysis. Grain-size
analysis involved removing particulate organic materials and
shell debris, and then wet sieving to split sand and mud samples,
if necessary. Sand samples were washed and dried, and then
sieved through a nest of sieves using a sieve shaker apparatus.
Mud samples were dispersed in 5% sodium hexametaphosphate
solution, diluted to appropriate sediment concentrations, and
then evaluated using a Spectrex PC-2300 laser particle-size ana-
lyzer. Grain-size statistics were calculated following the meth-
odology of Folk and Ward (1957). Additional details are given
elsewhere (Gottgens et al., 2004; Roberts et al., 2007; Harris,
2008; Webb, 2010).

Geochronology methods included “C dating, OSL dat-
ing, and identifying the age of anthropogenic materials found in
trenches. Four peat samples were collected by sampling strati-
graphic horizons observed in trenching operations. These samples
were sent to Geochron Laboratories for conventional “C dating,
including 8"C corrections. Details of the sample treatment are
given in Webb (2010). The ages were converted to calendar yr
before present (cal. yr B.P.) using radiocarbon calibration pro-
gram Calib revision 5.0.2® (Stuiver and Reamer, 1993). This pro-
gram produces a probability distribution, and from this, a mean
and standard deviation (16) are herein reported. The OSL samples
were collected in the field from quartz-rich sandy layers exposed
in trenches. Six samples were collected by pounding metal pipes
20 cm in length and 2.5 cm in diameter into the stratigraphic layer
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Figure 4. Field photographs from before the Secor Dam removal. (A) Secor Dam at high-flow stage, looking upstream. (B) Secor
Dam reservoir looking upstream at high-flow stage. (C) Secor Dam at low-flow stage, looking upstream across the riffle-and-plunge
pool. (D) Secor Dam reservoir at low-flow stage, looking upstream. (E) Trapped debris and algae growth upstream of the dam. Water-
quality issues played a role in spurring efforts to remove the dam. (F) Fill terrace flanking the incised channel (AT—anthropogenic
terrace), near cross section 5 (Fig. 1).
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of interest. The pipes were then capped and excavated from the
trench exposure. Sample preparation involved working removal of
carbonates and organics, sieving the sediment, and several heavy
liquid separations to obtain the quartz fraction, etching the surface
of the grains, and then evaluating the luminescence using a Riso
TL/OSL-DA-15A/B luminescence reader at the USGS facility in
Denver, Colorado, using the methodology of Murray and Wintle
(2000). The sample preparation protocol is described in detail in
Webb (2010). Finally, the age of a glass bottle recovered from a
stratigraphic horizon exposed in one of the trenches was obtained
from its date stamp (Whitten, 2010), and several other anthropo-
genic materials could be generally matched to the interval of time
they were commercially in use.

REMOVAL OF SECOR DAM
Background

The Secor Dam was constructed in 1928 by the Village of
Ottawa Hills for recreational purposes. The Secor Dam was a
run-of-river dam or weir, 2.5 m tall and 17 m wide, constructed of
reinforced concrete (Fig. 4). An older structure of poorly known
history was removed from the site, and the river channel was
diverted at the time of construction of the Secor Dam. As part
of this study, the location of the pre-1928 channel was located
and cored to look at pre-urbanization channel substrates (see later
section). This extended project spanned preremoval feasibility
studies, an analysis of hydrological and sedimentological effects
during and immediately after dam removal on 16 November
2007, and follow-up analysis that focused on historical changes
in watershed hydrology. In addition, the process of obtaining
approval for the removal of the dam necessitated public hearings
and other public outreach and interaction. The removal was part
of a larger watershed effort to improve water quality and ecosys-
tem health, known as the Maumee River Remedial Action Plan
(Maumee River RAP). The efforts involved interagency coop-
eration among stakeholders, including the owner of the dam (the
Village of Ottawa Hills), the Toledo Metropolitan Area Council
of Governments (TMACOG), the Ohio Environmental Protec-
tion Agency (OEPA), the Ohio Department of Natural Resources
(ODNR), the Ohio Department of Transportation (ODOT), the
U.S. Army Corps of Engineers (COE), the University of Toledo
(UT), Bowling Green State University (BGSU), and a civic orga-
nization, Partners for Clean Streams (PCS).

Initial Impetus to Remove Secor Dam

The removal of Secor Dam was first suggested in 2001 by
the U.S. Fish and Wildlife Service as a means of restoring natural
flows, primarily for the purpose of removing a barrier to native
fish migration (Toledo Blade, 18 July 2001). The proposal, with
some public support, led the owner of the dam, the Village of
Ottawa Hills, to hold several public meetings and solicit public
comments. A number of other developments helped spur the pos-
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sibility of the Secor Dam removal. The first was the fact that dis-
cussion began almost simultaneously about removing the only
other low-head dam on the Ottawa River, which was privately
owned and located further upstream (7oledo Blade, 6 December
2001). This second dam, the Camp Miakonda Dam, was actu-
ally breached, thus posing a clear safety hazard, and was subse-
quently removed in January 2003. Removing both dams raised
the possibility of the Ottawa River becoming free-flowing along
its entire length again. The second development was linking
improvements in the water quality of the Ottawa River with the
larger regional watershed improvements mandated by the Mau-
mee River RAP (Toledo Blade, 30 April 2002). Both the Ottawa
River and Maumee River flow through the City of Toledo and
enter Lake Erie in close proximity. Improving the water qual-
ity of the Ottawa River by removing the dams would also be in
accord with the ongoing remediation of contaminated sediments
at a Superfund site (Hoffman Road Landfill) near the mouth of
the Ottawa River. As of 2010, this remediation has grown to a
$49 million effort involving dredging of ~200,000 m* of con-
taminated sediment (Toledo Blade, 6 May 2010). Finally, $2.5
million funding became available for river mouth dredging for
recreational boaters, gaining another constituency for improving
the overall health of the watershed.

The Village of Ottawa Hills was also actively interested in
the removal of Secor Dam from an environmental stewardship
perspective. They wanted to restore the river to unregulated flow
and remove the liability aspects of retaining the dam. The Village
of Ottawa Hills encouraged, but could not fund, the necessary
feasibility studies for the dam removal project. Specific concerns
were the extent of sediment contamination, and the hydrologi-
cal and sedimentological impacts of removing the dam. A group
of scientists from two state universities in the region (UT and
BGSU) completed these studies (Gottgens et al., 2004; Roberts
et al., 2007) supported by a grant from the ODNR Coastal Man-
agement Program.

Feasibility Studies

Pre-dam-removal feasibility studies were conducted in
2002-2003. One part of the study was a sediment-routing model
based on hydrologic analysis of seven channel cross sections
between RK17 and RK27 (including bankfull stage height and
bankfull width, and channel slope) and based on evaluation of
the channel substrate determined by grain-size analyses of sur-
ficial samples and short cores (Gottgens et al., 2004; Roberts et
al., 2007). After calculating boundary shear stress and entrain-
ment critical shear stress using the methods described elsewhere
(Evans et al., 2002), the sediment-routing model determined
transport modes for different grain-size class populations. The
results predicted that Secor Dam had trapped between 4500
and 9000 m* of mostly sandy sediment in the reach up to 1 km
upstream of the dam, and that the anticipated effects of the dam
removal would be deposition of most of these sands in a series of
pools immediately downstream (<1 km) of the dam.


http://reg.gsapubs.org/

Downloaded from reg.gsapubs.org on April 17, 2013

168

Another part of the feasibility study used the U.S. Army
Corps of Engineers Hydrologic Engineering Centers—River
Analysis System (HEC-RAS) to model flood-stage height and
lateral flood extent both prior to and subsequent to dam removal
for the 10, 25, 50, and 100 yr floods. Topography adjacent to the
channel was generated from light detection and ranging (LiDAR)
data with 0.3 m vertical resolution. The locations of features were
input from digital orthophotography with 0.6 m pixel dimensions
into ArcGIS. Following this, 400 valley cross sections oriented
perpendicular to the channel were generated at 100 m spacing.
The Ottawa River drainage basin was subdivided into 102 subba-
sins for the purpose of generating runoff curves for specific flood
events denoted previously. The results show relatively minor
impacts for removal of the dam (Gottgens et al., 2004; Roberts
et al., 2007). This is probably because certain bridges located
downstream of Secor Dam appear to have a greater impact on
constricting flow and creating backwaters than the role played by
the dam itself, a weir that had no flood-storage capacity.

Finally, geochemical analyses of Al, As, Cd, Cu, Fe, Ni,
Pb, Zn, PCBs (polychlorinated biphenyls), PAHs (polyaromatic
hydrocarbons), and petroleum hydrocarbons (C,, to C,)) were
conducted using standard techniques (Gottgens et al., 2004; Rob-
erts et al., 2007). The results showed a moderate level of metals
contamination, where As and Cd commonly exceeded thresh-
old effects levels (TEL), Ni and Pb occasionally exceeded TEL,
and As and Cd rarely exceeded probable effect levels (PEL).
Sediment PCB contamination was low (with rare samples that
exceeded TEL values). In contrast, PAH contamination com-
monly exceeded PEL values, and the river sediments were con-
sidered moderately contaminated by petroleum hydrocarbons
(Gottgens et al., 2004; Roberts et al., 2007). The observed higher
levels of PAHs and petroleum hydrocarbons in Ottawa River sed-
iments were attributed to gasoline, oil, and tar runoff from urban
streets and parking lots.

Decision to Remove Secor Dam

The feasibility studies found no significant sediment con-
tamination issues or potential harm from removing the dam.
After receipt of these feasibility studies in December 2004, the
Village of Ottawa Hills approved a village council resolution to
remove the dam.

Public hearings in March 2005 attracted a diverse range of
concerns and interests. Articulated concerns included worries that
removing the dam would make flooding worse, change water lev-
els, impact mosquito control efforts, or remobilize contaminants
(Toledo Blade, 31 March 2005). Most of these concerns could
be satisfactorily addressed based on the results of the feasibility
study. An unexpected line of questioning was whether or not the
existing low-head cement dam replicated the ecosystem impact
of porous wood debris dams constructed by beavers (Castor
canadensis), which used to be native to the area. Finally, some
opposed the removal project due to possible effects on property
values, taxes, or simply because they viewed it as an overstep by
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a governmental authority. Follow-up to these meetings included
exchanges of letters-to-the-editor of local newspapers and news
reports in the media for a period of 2 yr, until the dam was actu-
ally removed in November 2007. Nevertheless, following these
hearings, in April 2005 the Village of Ottawa Hills decided to
solicit bids to remove the dam (Toledo Blade, 5 April 2005).

This decision to remove the dam initiated two simultaneous
and linked discussions, the river restoration plan and the source
of funding. After a number of false starts, the funding issue was
resolved in the following way: The removal of the dam would
be accomplished by an independent contractor hired, supervised,
and paid for by the ODOT as part of a wetlands mitigation proj-
ect in exchange for wetland loss related to widening U.S. High-
way 24 adjacent to the Maumee River, in the same watershed.
The habitat restoration itself would be funded through an OEPA
Section 319 Non-Point Source Program grant, as administered
by TMACOG in conjunction with their efforts to improve water
quality in Maumee River RAP. TMACOG then consulted COE
for advice regarding stream-bank erosion mitigation.

Hydrologic Response to Dam Removal

The dam was breached on 19 November 2007 (Fig. S5A).
The sedimentological response to the dam removal included ero-
sion of the sandy bed-load deposits from the former reservoir
up to ~150 m upstream of the former dam, translation of sandy
bed-load downstream through the site of the former dam, and
deposition of most of the material in pools within ~100 m down-
stream of the former dam, as predicted (Evans and Harris, 2008).
In comparison to other dam removals, this response was more
localized because the reservoir sediments were primarily sands
with fluvial pavements (see later section).

Initially, a knick zone (diffuse knickpoint) formed near
the downstream end of the reservoir and migrated upstream
(Fig. 5B). The knick zone had an erosional relief of ~10 cm, and
it migrated upstream ~83 m within the first few hours before it
stalled upon a resistant layer, becoming a broad riffle. The resis-
tant layer was subsequently determined to be an exhumed peat
layer (Fig. 5C) representing the presettlement paleosol (see later
section). Upstream migration of the knick zone exposed underly-
ing sandy sediments in the former reservoir, and resulted in the
formation of several bed forms (Fig. 5D) that migrated down
channel and could be tracked using GPS at rates of <0.5 m/h
(Harris, 2008). An analysis of cross-section data allowed creation
of digital elevation models (DEMs) of the channel bed surface
topography prior to dam removal, 3 mo after dam removal, and
6 mo after dam removal. The difference indicates that a volume
of ~500 m* of mostly sand was eroded from the former reservoir
within about 3 mo of the dam removal (Harris, 2008), and a vol-
ume of ~800 m* of mostly sand was eroded within the first 6 mo.

Within the first 6 mo, sequential changes to channel cross
sections upstream of the former dam were consistent with pre-
dictions from channel evolution models: (1) incision of former
reservoir sediments, (2) channel widening facilitated by bank
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Figure 5. Field photographs of the Secor Dam removal and impacts. (A) Dam removal on 19 November 2007. (B) Upstream channel
incision and reservoir dewatering near cross section 6 (Fig. 1), showing exhumation of the peat layer (shown in C) and downstream
bed-form migration (shown in D). (C) Exhumed peat layer discovered to have wide lateral extent, near cross section 6 (Fig. 1).
(D) Tracking bed-form migration within the first days after the dam removal, near cross section 8 (Fig. 1). (E) Point bar at the down-
stream end of the inner bank immediately upstream of the dam prior to dam removal near cross section 9 (Fig. 1). (F) Point bar inci-
sion at the same location, 41 d after the dam removal.
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failures during continued incision, (3) channel aggradation and
incipient floodplain formation, and (4) quasi-equilibrium due to
bank consolidation and revegetation (Doyle et al., 2003; Evans,
2007). The Secor Dam removal differed in some details from
these models because the reservoir sediments were primar-
ily sands and because there was a preexisting low-stage chan-
nel through most of the reservoir sediments (Harris, 2008). For
example, in this case, incision began immediately throughout
the former reservoir, even though the dam was removed under
low-stage conditions, resulting in mobilization of sand as a series
of downstream-propagating bed forms, as described earlier, and
causing the channel to rapidly narrow. The initial phase of chan-
nel incision, reaching a maximum depth of >1.3 m, was essen-
tially completed within approximately the first week, and chan-
nel widening began within the first several weeks (Fig. 6A).
Within ~100 m downstream of the former dam, two pools
acted as sediment traps: the former foot-of-dam plunge pool and
a confluence bar pool at the junction of the Ottawa River and Hill
Ditch, a small tributary (Fig. 1). Both pools were significantly
infilled by the sandy sediment released from the former reservoir;
in addition, a gravel riffle between the two pools was significantly
modified by sand infilling the gravel matrix (Fig. 6B). Further
downstream, there were minimal changes between pre- and post-
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dam-removal channel cross sections, indicating that very little of
the reservoir sand reached as far downstream as cross sections
15-17 (Fig. 1). These survey results were verified by bed-load
and suspended load field measurements (Harris, 2008). In sum-
mary, the data suggest that most of the ~500 m* volume of sand
mobilized from the former reservoir in the first 3 mo was either
trapped in former pools immediately below the dam or trans-
ported completely through the study area during high-stage flows
when channel surveys or field measurements were not possible
(Harris, 2008).

There is evidence of improvements in aquatic ecosystems
due to removal of the dam that was a barrier to fish migration.
Preliminary results indicate 31 fish species moving upstream of
the former dam within the 24 mo after the dam removal, and at
least one fish species extending its range downstream (J.F. Gott-
gens, 2 October 2009, 19 November 2010, written communs.).

Remediation Following Dam Removal

As previously discussed, the successful removal of Secor Dam
involved multiple agency partners and funding sources. Through-
out the process of designing for and removing the dam, restora-
tion planning became complicated, with the different participants
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each having distinctive goals. For example, ODOT made it clear
that its goal was to remove the dam by the most economical
manner possible, regardless of restoration goals or concerns. In
addition, COE made it clear that restoration meant stream-bank
stabilization, although the COE staff members connected with
the project were strong advocates for a mix of soft- and hard-
stabilization structures instead of entirely hard stabilization
structures. Meanwhile, the scientists involved with monitoring
the hydrological, sedimentological, and ecological effects of
the removal were interested in maintaining the integrity of their
studies in the face of unpredictable management and construc-
tion activities. These concerns included possible construction
zone impact on several species of state-listed freshwater mussels.
Finally, the Village of Ottawa Hills and other government entities
were concerned with protection of infrastructure components.

In retrospect, it becomes clear that the various consultants
were divided into two basic philosophies. The dividing line
that was articulated involved perceived threats to infrastructure,
although these threats were never quantified to any degree. One
infrastructure concern was potential bank failure undermining
the Secor Road causeway and bridge (Fig. 1). Another was poten-
tial hillslope failure along Edgevale Road near the junction of the
Ottawa River and Hill Ditch (downstream of the former dam).
Finally, there was concern about buried sewer lines, the locations
of which were not well documented. One group of consultants
wished to anticipate all potential infrastructure problems with a
combination of hard and soft bank-erosion structures. The other
group of consultants wished for this river to have the opportunity
to adjust to changing conditions, including lateral migration of
the channel through the largely undeveloped floodplain in this
stretch of the river.

Ultimately, the decisive factor in these discussions was not
the science or policy, but the availability of funding resources for
the restoration efforts. There were time constraints on spending
the available funds, thus bolstering the argument that any poten-
tial threats to infrastructure had to be anticipated and addressed
immediately. Accordingly, the meander bend upstream of the
former dam was remediated as a longitudinal peaked stone-toe
protection structure (Derrick and Jones, 2010), one of the former
bulkhead walls of the former dam was retained, and the hillslope
below Edgevale Road was extensively riprapped. Subsequent
vegetative plantings were designed to help reduce any other sites
of potential bank erosion (Village of Ottawa Hills, 14 August
2008, personal commun.). The process by which these decisions
were made led to the follow-up studies discussed next.

POST-DAM-REMOVAL
PALEOGEOMORPHIC ANALYSIS

Historical Changes in Channel Substrate
The Ottawa River was diverted in 1928 to facilitate the con-

struction of the Secor Dam. Today, the former channel is buried
beneath 0.8-1.4 m of floodplain sediments adjacent to the exist-
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ing channel (Fig. 1). Historical engineering plans and existing
low areas in the modern topography were used in a successful
attempt to locate and vibracore the pre-1928 Ottawa River chan-
nel. In six attempts, five vibracores recovered pre-1928 channel
substrates, and four of these cored entirely through the channel
sediments (Fig. 7). Inspection of the vibracores reveals that the
pre-1928 channel was incised into underlying proximal flood-
plain deposits (inundite facies; see descriptions in Harris, 2008)
and that the channel was then partially infilled by fining-upward
point-bar deposits, prior to the engineered infilling of the former
channel in 1928.

There is a significant contrast in channel substrates between
the pre-1928 channel and modern channel (Fig. 8). The pre-1928
substrates are normally distributed (i.e., nearly symmetrical
skewness between +0.10¢ and —0.10¢), while the modern chan-
nel substrates are either strongly coarsely skewed (<—0.300), rep-
resenting fluvial pavements, or strongly finely skewed (>+0.300),
representing mud-infilled pools at low-stage flow conditions
(note: ¢ refers to Udden-Wentworth grain-size class intervals).
The most striking contrast is that fluvial pavements (channel
armoring) are common in the modern channel but entirely lacking
in the pre-1928 channel (Fig. 9). Channel armoring is evidence
of incision (Julien, 2002). This historical change is interpreted as
one of the impact of urbanization of the watershed, which was
most significant after the late 1940s, as discussed previously.
Specifically, urbanized drainage systems are contributing more
storm runoff to the Ottawa River, and channel degradation is the
response to this increase in transport conveyance capacity.

Channel Lateral Migration Rates

A vibracore from the upstream portion of the study area
cored through a complete point-bar sequence. This information
was used to track the changing location of one of the upstream
point bars. From the core location, it is likely that this point
bar was active prior to the diversion of the Ottawa River chan-
nel in 1928, but it was not part of the diversion itself. The dis-
tance between the core location and the base of the modern bar
is 225 m, representing a minimal mean channel migration rate
of 20.32 m yr' over the past 79 yr (Evans and Harris, 2008).
Evidence of continued lateral migration at this location, both
prior to and subsequent to dam removal, includes undercut
banks, slumps, toe-of-slope deposits, small colluvial fans, soil
avalanches, and tree-fall at the outer bank. The outer bank is
~2.5 m tall at this location, and it exposes the stratigraphy of
legacy sediments discussed in a later section.

Evidence for Post-Dam-Removal Sinuosity Changes

There were two unexpected results of the dam removal that
occurred at the first meander bend upstream of the former dam.
These included erosion at the upstream end of the outer bank
and erosion of the downstream end of the inner bank. This is
a counterintuitive pattern from the behavior of meandering
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Figure 7. Stratigraphy of the pre-1928 Ottawa River channel from vibracores. The channel was artificially infilled after the river was rerouted to
the Secor Dam. The cores are hung from the present ground-level datum, without showing minor variations in topography.

streams, where the zone of maximum boundary shear stress
should cross from the upstream side of the point bar on the inner
bank to the downstream side of the pool on the outer bank (Die-
trich and Smith, 1984). In fact, there was significant erosion on
the inner bank, where a point bar would be expected to form in
the restored river channel (Figs. 5E and SF). It appears that the
meander wavelength was changing, adjusting the position of the
point bar and cutbank.

The meander wavelength (P) is defined as the river path
length divided by the valley axis path length for specific reaches
of the river. Between RK18 and RK30, the meander wavelength
of the Ottawa River varies from 1.2 to 2.1. Prior to dam removal,
the reach encompassing Secor Dam (RK18 to RK19) had a
meander wavelength of 1.3. However, an evaluation of historical
documents shows that the pre-1928 Ottawa River in this reach

had a much higher meander wavelength (P = 2.0). It is possible
that the changes in height and position of the pre-1928 dam and
the Secor Dam (between 1928 and 2007) affected the stability
of the meander wavelength in this reach (resulting in an histori-
cal change from P = 2.0 to P = 1.3), and that the recent Secor
Dam removal is driving recent changes. However, these changes
were not permitted to develop naturally and were halted or at
least inhibited by bank stabilization structures imposed in 2008,
approximately 9 mo after the dam was removed.

Recognition of Presettlement Soil Horizon
As discussed previously, the erosional knick zone created

at the time of dam removal migrated upstream until it stalled
on a peat horizon exhumed in the bed of the stream (Fig. 10).
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Figure 9. Photographs comparing shallow cores from the modern channel (showing fluvial pavements) with the pre-1928
channel substrate from cores (scales in centimeters). (A—B) Push cores showing modern fluvial pavements from channel
armoring. (C-D) Portions of vibracores from the pre-1928 channel. The white line is the contact between the natural
channel substrate pre-1928 and the artificial infilling material after the Ottawa River was rerouted to the Secor Dam. Note

the lack of fluvial pavement in the pre-1928 substrates.
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This peat horizon was the focus of detailed study, with geo-
chemical profiles and textural relationships showing that it is
consistent with a prehistorical wetland soil or paleo-Histosol
(Webb, 2010). The peat layer is laterally continuous and could
be traced throughout the study area between all three trenches
and numerous cores. Based upon its lateral and vertical facies
associations and geochemical profile, the peat layer can be inter-
preted as a riparian wetland adjacent to the Ottawa River (Evans
and Harris, 2008). The peat layer has a suite of C and OSL
ages between 4889 + 179 cal. yr B.P. to 231 + 15 cal. yr B.P.
(Fig. 11), indicating that it spans the age from mid-Holocene
age until shortly before initial European land settlement in the
region (Webb, 2010).

The 4.5 m composite stratigraphic record shows that the peat
horizon overlies fluvial point-bar sequences (“pre—wetland fluvial
stage” in Fig. 11). The transition from clastic-rich fluvial deposits
to riparian wetlands about (5000 yr) coincides chronologically
with a rise to the highest lake levels of Lake Erie (Nipissing I and
II stages) that lasted from ca. 5.5 ka to 3.5 ka (Coakley, 1992;
Holcombe et al., 2003). Thus, this peat horizon can be interpreted
as the result of rising groundwater tables in the region due to the
base-level rise of Lake Erie at this time, and the appearance of
these wetlands along the Ottawa River can be linked to the for-

- mud-filled burrows

sand with Fe-oxide grain coating

cross-bedded 1959 flood layer
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mation of the Great Black Swamp throughout northwestern Ohio
and portions of southeastern Michigan.

Overlying the peat, there is a succession of carbonaceous
muds, silts, and sands, with abundant woody debris. The car-
bonaceous muds with thin interbedded silt and sand layers are
interpreted as deposits from overbank flooding into the riparian
wetland, diluting the organic content of the wetland soils. The
transition stratigraphically upward from organic-rich sediment
to mineral-rich sediment suggests that the riparian wetland was
sequentially buried beneath clastic sediment. Other studies inter-
pret similar changes as the transition from “blackwater” (organic-
rich) streams to “brownwater” (mineral-rich) streams (Kroes and
Hupp, 2010). Although such a transition could be the result of
channel migration of the Ottawa River over time, it is suggestive
that the uppermost sand layer has an OSL age of 231 + 15 cal. yr
B.P., which is approximately the time of arrival of European set-
tlers in the region. It is likely that land clearance at this time was
responsible for fluvial aggradation and infilling of adjacent ripar-
ian wetlands.

Within the “channel instability stage” (Fig. 11) and strati-
graphically superimposed on these older interbedded clastic and
organic deposits are two prominent sand layers that can be traced
laterally through all three trenches and numerous cores. The first

sand-mud flood couplets

carbonaceous muds

Figure 10. Field photographs of the stra-
tigraphy of one of the trenches. (A) Peat
(hydromorphic paleosol) overlain by sand
with Fe-oxide grain coatings and carbo-
naceous muds. The upstream knick-zone
migration after the dam was removed
stalled on this resistant layer, and it
formed a riffle. The presence of the peat
is interpreted to represent the transition
from blackwater (organic-sediment rich)
streams prior to land clearance to brown-
water (mineral-sediment rich) streams
after land clearance. (B) Flood couplets
representing floodplain aggradation. The
cross-bedded sand layer has optically
stimulated luminescence (OSL) ages
indicating it is the historic 1959 flood.
Overlying this sand is 1.7 m of silty sedi-
ment representing high rates of vertical
accretion during watershed urbanization.
Scale bars are 10 cm increments.

example of repeated
sand-mud flood couplets
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sand layer scours approximately 40 cm into the underlying depos-
its, contains pebbles, and contains anthropogenic debris includ-
ing a layer of railroad ties (Fig. 11). Organic debris in this sand
has a "*C age of 83 + 121 cal. yr B.P. This sand layer is interpreted
as the flood layer from the historic flood of 1913, which devas-
tated much of the region. The second sand layer has a suite of
OSL dates ranging from —4 + 5 cal. yr B.P.to -9 =5 cal. yr B.P,
in other words between calendar years 1954 and 1959. Historical
flood records point to a major flooding event that occurred dur-
ing January 1959, after a storm that involved 3.7 cm rainfall on
frozen ground. The historic 1959 flood submerged floodplains,
roads, the decking of major highway and railroad bridges, and
caused significant flood damage throughout the region (Toledo
Blade, 21 January 1959).

Overlying the historic 1959 flood horizon, there is a
1.3—1.7-m-thick interval of mostly yellowish silts that are orga-
nized into repetitive fining-upward sequences of thin sands, silts,
and thin capping muds (“fill-terrace stage” in Fig. 11). These
deposits are interpreted as post-1959 historical flood horizons.
The flood horizons contain anthropogenic materials, including
a glass bottle with a 1967 date stamp and plastic debris con-
sistent with post-1970s ages (Webb, 2010). We interpret this
upper package of clastic floodplain sediment to represent verti-
cal accretion of the floodplains, creating the present fill-terrace
morphology. The minimum floodplain sedimentation rates for
this section are between 2.85 cm yr' and 3.15 cm yr', which
are approximately three orders of magnitude higher than pre-
settlement rates (Webb, 2010). Indirect evidence in support of
these extraordinarily high floodplain aggradation rates includes
the multiple sets of adventitious roots of floodplain trees that are
now exposed in channel cutbanks.

DISCUSSION
Historical Changes in Rivers

Numerous previous studies have considered human impacts
on rivers in eastern North America. Generally speaking, there are
at least three and possibly four partly overlapping phases in the
historical development of these human impacts: (1) a phase that
began in the early 1600s on the East Coast and by the mid-1800s
had reached the Upper Mississippi Valley region, consisting of the
effects of land clearance for agriculture and other development
activities such as constructing milldams by European settlers;
(2) a phase that began in the mid-1900s consisting of the effects
of soil conservation practices on stream sediment loads; and (3) a
phase that saw its greatest effects after the mid-1900s, consisting
of the effects of urbanization on watershed hydrology and stream
sediment budgets. The fourth component, which remains poorly
understood, would have preceded all of these, and consists of the
way in which the “presettlement” land management practices of
Native Americans affected rivers and/or how variations in the
populations of beavers affected watershed hydrology. Each will
be considered in the following.

Evans et al.

The arrival of European settlers in eastern North America
starting in the 1600s had two effects: (1) significant increases
in watershed sediment supply due to upland deforestation and
land clearance for agriculture (Jacobson and Coleman, 1986),
and (2) the concurrent increase in intrabasinal sediment storage
(alluvium and colluvium) from a variety of processes including
the relative base-level rise from construction of large numbers of
milldams (Walter and Merritts, 2008) and/or the accelerated sub-
sidence and infilling of impacted riparian wetlands (Kroes and
Hupp, 2010). It has been argued that the result was inundation,
burial, and sequestration of presettlement riparian wetlands, lead-
ing to the development of silt-rich, broad floodplains with incised,
laterally migrating channels, i.e., the classical meandering form
(Walter and Merritts, 2008), although disagreements exist (Bain
et al., 2008; Wilcock, 2008). From a sediment budget viewpoint,
sediment input overwhelmed the transport conveyance capacity
of the fluvial system, causing the accumulation of sediment vol-
umes within the drainage basin (i.e., as intrabasinal storage in the
form of alluvium or colluvium). Intrabasinal storage due to such
anthropogenic causes has also been termed “legacy sediments.”

Sediment budgets have been further impacted by recent
(generally <50 yr) land-use changes, driven by both economic
and social factors. In some regions, watershed sediment inputs
have significantly declined due to abandonment of agricultural
fields and subsequent reforestation (Wolman, 1967; Costa, 1975;
Jacobson and Coleman, 1986). In other areas, agricultural soil
erosion has declined as a result of improved soil conservation
practices (Trimble and Lund, 1982; Kuhnle et al., 1996). While
these changes in agricultural land use have profound impacts
on sediment supply, recent studies have shown that these have
been accompanied by minimal changes in streamflow (Cruise et
al., 2010). However, these reductions in watershed-scale sedi-
ment inputs are not necessarily matched by reductions in stream
sediment loads or sediment yield (Knox, 1987). The implication
is that these streams are maintaining sediment loads and com-
pensating for reduced upland soil erosion inputs by eroding or
reworking intrabasinal storage. Examples include the decou-
pling of reservoir sedimentation rates from current land-use
practices (Evans et al., 2000c) and the persistence of high sedi-
ment yields despite significant soil conservation efforts (Faulkner
and Mclntyre, 1996). These studies highlight the need to apply
sediment budget concepts to understanding watershed changes
(Evans et al., 2000c; Allmendinger et al., 2007).

Finally, urbanization represents a special case for sediment
budgets. During the urbanization of a drainage basin, the initial
soil erosion effects of land clearance and housing construction
can produce sediment input rates that are orders of magnitude
higher than the equivalent effect from agricultural fields (Wol-
man and Schink, 1967; Gellis et al., 1996; Allmendinger et al.,
2007). Coinciding with increased sediment inputs in urbanizing
watersheds are hydrologic modifications such as construction
of impermeable surfaces and routing of runoff through urban
storm-drain networks that increase runoff (Carter, 1961; Wol-
man, 1967; Booth and Jackson, 1997), increase peak streamflow
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discharge (Beighley and Moglen, 2002; Meierdiercks et al.,
2010), and change channel morphology (Pizzuto et al., 2000;
Segura and Booth, 2010). However, unlike the continued, long-
term impact of agriculture (as long as the fields are farmed),
sediment inputs in urbanized areas should decline over time as
disturbed ground such as new housing developments becomes
revegetated. Thus, unlike the long-term continuous sediment
inputs from agricultural drainages, sediment inputs from urban-
ized drainages can be expected to be more episodic (related to
historical intervals of peak urbanization or suburbanization in
a region), and may be masked to some extent by increases in
transport capacity (related to increased storm runoff in urban-
ized drainages). Thus, after the initial pulse of sediment from
land clearance, the long-term effect of urbanization may be an
increase in transport conveyance capacity, which will be mani-
fested by bank erosion, incision, and reworking of sediment held
in intrabasinal storage.

In summary, in any particular drainage basin in eastern North
America, human impacts on fluvial systems generally include:
(1) initially high sediment input rates related to land clearance,
followed by (2) reductions in sediment input due to the abandon-
ment and revegetation of farm fields, or improved soil conser-
vation practices on currently farmed fields, or the revegetation
of disturbed urbanized areas. During the initial phase, sediment
input rates tended to vastly exceed conveyance capacity and lead
to increased intrabasinal storage of legacy sediment as alluvium
or colluvium. During the later phase, reduced sediment input
rates lead to erosion (remobilization and reworking of previously
stored legacy sediment). In other words, according to sediment
budget concepts, reductions in watershed sediment input rates
(often a consequence of public policy to improve soil conserva-
tion practices) inevitably leads to enhanced rates of incision or
bank erosion. This will continue until such time as the fluvial sys-
tem has adjusted sediment supply to transport conveyance capac-
ity, which in all likelihood means until the legacy sediments are
reworked and removed from the drainage basin—regardless of
whether or not this was part of public policy, or an intended or
unintended consequence of such policy.

Historical Changes of the Ottawa River

Historical changes in the Ottawa River, in northwestern
Ohio, are an important link between studies in the Piedmont area
of the East Coast of North America (Leopold, 1956; Wolman,
1967; Costa, 1975; Jacobson and Coleman, 1986; Allmendinger
et al., 2007; Walter and Merritts, 2008; deWet et al., 2011) and
studies in the Upper Mississippi Valley region (Knox, 1977,
1987; Trimble 1981, 1983). This study confirms earlier findings
about an initial phase of increased sediment inputs resulting in
burial of presettlement soils, sediment storage in presettlement
wetlands, and vertical aggradation of floodplains, followed by a
phase of reduced sediment inputs resulting in incision and bank
erosion. These observations are interpreted conceptually using
sediment budgets.
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Today, the Ottawa River is a meandering stream with typical
features such as point bars, confluence bars, cutbanks, and mean-
der-loop cutoffs. However, for much of its length, the stream is
deeply incised, with <2.0-m-tall banks hydraulically separating
the channel from its floodplain except under very limited high-
stage flow conditions. The high banks are sites of erosional
undercutting, slumping, and tree-fall, creating erosion problems
faced by land managers. It was a natural thought progression to
try to address these problems as part of the river restoration effort
that included removal of the Ottawa Dam.

The problem is that certain assumptions underlying this res-
toration approach are incorrect. The presently existing river is not
in equilibrium, is demonstrably unstable, and looked fundamen-
tally different in presettlement times. The picture that emerges is
that this was a blackwater stream flanked by extensive riparian
wetlands (sites of peat formation), with relatively small sediment
loads, and apparently low-relief channel banks (allowing flood-
waters to carry in silt and particulate organic matter). Among
other values, these wetlands provided extensive flood storage
capacity. After arrival of European settlers, high sediment loads
associated with land clearance changed the Ottawa River to a
brownwater stream. At first, the wetlands provided significant
accommodation space for storage of excess sediment supply,
until the wetlands were infilled, buried, and evolved into clas-
tic floodplains. The evidence also shows that change (sediment
vertical accretion in floodplains) accelerated during urbanization
after World War II. Thus, the resulting clastic floodplains and
fill-terrace morphology presently flanking the modern incised
channel are relatively recent features. Whether or not those banks
should be defended is both questionable and possibly counter-
productive. Using a sediment budget approach to this situation,
one could argue that this river is going to continue to attempt to
erode and rework legacy sediments until they are either removed
from the fluvial system or at least until the sediment supply and
transport conveyance capacity are balanced. It may or may not
be practical to allow this to happen, depending upon the need to
defend or move infrastructure or the effect on property boundar-
ies. However, these issues should at least be openly debated as
part of any “river restoration” plan.

Setting aside the historical changes caused by land clear-
ance and urbanization, there are still the more recent hydro-
logical changes that are very directly related to urbanization
of the watershed. These include: (1) the fairly recent transition
from natural substrates to fluvial pavements (armored surfaces),
(2) the measured rate of lateral channel migration of 0.32 m yr!
subsequent to diverting the channel of the river during the 1928
construction of the dam, and (3) the evident attempt of the river
to adjust meander wavelength in response to the dam removal
in 2007. All of these are evidence of ongoing channel instability
and should also be addressed in formulating any river restora-
tion plan. Certainly, it should be a last-resort option to stabi-
lize the channel in place when it is so clearly in the process of
adjusting to changes operating over both decadal and centennial
time scales.
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Public Policy Aspects of This Case Study

The Secor Dam removal and related river restoration efforts
for the Ottawa River in northwestern Ohio are an example of a
“passive” river restoration project in an urban watershed, and
they provide some important insights about these types of proj-
ects and about river restoration efforts in general. The first is the
importance of understanding the magnitude and rate of historical
changes in any project river. This study confirms other findings
showing that there has been a two-phase impact of human activ-
ity on stream sediment budgets: (1) There was an initial phase
of significant intrabasinal storage of legacy sediments due to
high sediment input rates from land clearance, disturbance, and
soil erosion from agriculture or housing construction in urban-
ized areas, and (2) there was a more recent phase of incision,
bank erosion, lateral channel migration, and riparian tree-fall into
channels due to subsequent reductions in sediment inputs (from
farm field abandonment, or improved soil conservation practices,
or from revegetation of urban construction sites, and combina-
tions thereof) and reworking of legacy sediments. An understand-
ing of sediment budget concepts is critical. For example, these
occurrences of localized bank erosion issues are better explained
to the general public not as “problems” but as “manifestations of
a problem,” where that broader underlying problem consists of
ongoing, long-term adjustments to sediment budgets.

Second, urban river restoration projects are likely, as this
project was, to involve numerous agencies and various constitu-
encies, and might, as this project did, have a complicated funding
mechanism reliant on multiple funding sources with different cri-
teria and expectations. In these instances, communication is a key
factor, and a unified restoration plan agreed upon by all parties
should be the most important first task. The alternative is a more
ad hoc approach of decision making, where decisions made by
one party, and not necessarily agreed to by others, inevitably limit
available choices down the road. An important component of this
is the realities of actions and decisions permitted by the different
funding agencies. In retrospect, there was a gap in understanding
the difference between issues directly controlled by the removal
of the dam and more systemic issues that transcended the spatial
extent of the dam’s influence.

Third, the easiest choice is not necessarily the best choice
or even the least expensive choice (in terms of time, money, or
effort). Particularly in a project with multiple agencies and con-
stituencies, it was easier to arrive at some operational level of
agreement with a “passive” restoration approach (remove the
dam and let the river adjust) while targeting specific “hotspots”
of bank erosion. There are multiple problems with this approach.
First, it effectively ignored all of the advances in scientific under-
standings of historical changes in rivers. Second, it will require
scrambling to constantly repair local problems. Third, it may
eventually lead to an engineered solution where much of the
banks are protected, raising the question of what constitutes suc-
cess in river restoration projects (Florsheim et al., 2008). Cer-
tainly, it would be hard to advocate that a riprapped ditch is a

Evans et al.

successful restoration. Countering the arguments for engineered
solutions requires hard data to document the rates and magnitude
of change in a particular river. This should not be oversimpli-
fied to mean there was some pristine predisturbance state that
can be reattained, a statement that would not only be theoretically
incorrect but practically impossible to achieve (Bain et al., 2008;
Wilcox, 2008).

What could have been done in this particular project? Given
the evidence that this river transitioned from a blackwater stream
flowing through low banks adjacent to riparian wetlands, an inter-
esting active river restoration effort in this case might have been
to scale back the anthropogenic fill terraces, confine the low-stage
flow between low berms, and restore riparian wetlands outboard
of those low berms. The restored riparian wetlands would have
provided important habitat, acted to increase floodwater storage,
and improved water quality due to natural filtration. Boardwalks
or other access points with explanatory signage could have pro-
vided a public education function.

That did not happen in this project, but it could have. We
propose that hydrologists have a particular role to play in such
projects of educating public policy decision makers, the gen-
eral public, and possibly other involved scientists or engineers
about the evidence for, and implications of, long-term anthro-
pogenic impacts on a river system using a sediment budget
approach. In projects such as this one, focusing on the removal
of a low-head dam, the resulting incision, bank erosion, sub-
strate changes, and lateral migration of the channel are inevi-
table consequences of manipulations of the stream sediment
budget. Failure to understand these key concepts will result in
restored rivers that are highly engineered and do not serve the
functions of natural river systems.

SUMMARY AND CONCLUSIONS

For a project focusing on removal of a low-head dam, the
removal of the Secor Dam on the Ottawa River was relatively
unusual because of the wealth of both pre- and post-dam-removal
scientific studies. Such studies predicted and then measured the
hydrological and sedimentological response of the dam removal
(Evans and Harris, 2008; Harris, 2008; Roberts et al., 2007), and
looked at synoptic issues of historical changes in the Ottawa
River due to urbanization and land clearance (Webb, 2010).
The paleohydrological evidence, including data from the pre-
1928 paleochannel, showed that the effect of urbanization of
the watershed was creation of fluvial pavements in the channels,
lateral channel migration rates of 0.32 m yr', and rapid flood-
plain aggradation rates (>1.7 m of aggradation since 1959). The
removal of the dam resulted in incision, channel widening, and
the start of channel aggradation (and channel narrowing), as
anticipated from models and previous case studies (Doyle et
al., 2003; Cui et al., 2006; Evans, 2007; Harris, 2008). Incipient
changes in meander sinuosity (erosion at the upstream end of the
outer bank and erosion at the downstream end of the inner bank)
were not anticipated, but they are consistent with overall channel
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instability. In other words, the conclusion, well supported by the
science, is that the Ottawa River has been in a prolonged (both
decade- and century-scale) state of channel instability linked to
drainage-basin scale anthropogenic activities.

Geomorphic changes related to channel instability have been
the focus of numerous studies. One approach is to contrast sedi-
ment supply (ratio of available sediment below the dam to avail-
able sediment above the dam) with transport conveyance capacity
(ratio of the frequency of sediment-transporting flows after dam
removal to before dam removal) (Grant et al., 2003). Prior to dam
removal, the Ottawa River showed evidence for sediment supply
less than transport capacity, such as incision, armoring, and bank
erosion. The Ottawa River returned to this condition approxi-
mately 3 mo after the dam removal. The intervening ~3 mo
interval immediately after dam removal was characterized by
sediment supply greater than transport capacity, such as pool
infilling by fine-grained sediment, infiltration of fines into gravel
matrices, bar construction and migration, and overall channel
aggradation. These changes indicate channel instability over
decadal time scales that preceded removal of the dam and may
continue. Already, the Ottawa River is attempting to outflank or
undermine the imposed bank stabilization structures that were
the outcome of this river restoration project.

Looking further back in time, paleohydrologic analy-
sis makes it clear that the Ottawa River has been in a status
of channel instability over at least the past 60 yr (post-1950),
specifically related to urbanization of the drainage basin. These
changes included episodic inputs of sediment supply in excess
of transport capacity, leading to extraordinarily high rates of
floodplain aggradation, lateral channel migration, and flashy
discharge associated with higher runoff volumes and frequency
related to urbanization of drainage networks. There is no indi-
cation that these driving causes of channel instability will not
persist for many decades to come. Accordingly, significant inci-
sion, armoring, and bank erosion are highly probable outcomes.
Even further back in time, operating over a time scale of several
centuries, land clearance associated with the arrival of European
settlers in this region changed blackwater (organic-sediment
rich) streams flowing through riparian wetlands to brownwater
streams where wetlands were infilled by clastic sediment and
evolved to silt-rich floodplains.

None of this is surprising. However, the evidence for pro-
longed channel instability raises significant hurdles for any river
restoration project. First, there is a need to evaluate whatever base-
line model is to be used to guide river restoration, given the likeli-
hood the river has been in a long-term state of channel instability.
This is the key step where paleohydrologic and paleogeomorphic
analyses can provide necessary data. Second, there is a need to
recognize that removing a dam is not synonymous with river res-
toration. Removing a dam is better stated as a societal decision
to replace one aquatic ecosystem with another (Thornton, 2003),
or (in our words) to replace one case of channel instability with
another. The ramifications are significant—management of a res-
toration project must be understood as a long-term commitment.
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Third, rivers should be evaluated as systems and given sufficient
lateral space to erode, deposit, and adjust sediment loads, in con-
trast to the prevailing policy of defending the arbitrary location at
which an unstable channel happened to find itself at a particular
time. Even in this highly urbanized setting, there was room for
active and creative solutions. For example, the fill terraces could
have been scaled back, a low berm could have been constructed
to channel the river at low-flow stage, and the floodplain could
have been replaced with reconstructed riparian wetlands. In this
particular case, there was too much emphasis on removing the
dam (which was the easiest and least complicated part of the
entire project) and neither the patience nor the funding viability
to deal with the complex fluvial response that followed. In other
words, the true goal of river restoration was lost in the decision-
making process.
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