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ABSTRACT

Regional hydraulic geometry curves are graphical plots of discharge and channel
geometry that can be used to calculate bankfull discharge and the bankfull channel
geometries (bankfull), the channel-forming flood. Specifically, a regional curve provides
information to estimate bankfull discharge, mean depth, width, and cross-sectional area at
ungauged sites within given watersheds, (Mistak and Stille, 2007). Bankfull forms the
average or natural stream channel and can be used to guide stream restoration. Bankfull is
frequently assumed to be associated with the Q1 s year flood, but varies between the 1.0
and 2.5-year flood (Copeland et al., 2000). Land use practices within a watershed have
been found to affect bankfull discharge (Reidel et al., 2005). Areas that are primarily
forest cover tend to produce less runoff and consequently less mass wasting, while areas
that are primarily agricultural tend to produce more runoff and consequently more mass
wasting (Reidel et al., 2005). Stream type affects the geometry and morphology of a
stream and consequently the stream discharge. The purpose of this study is to develop a
regional curve for bankfull stage by determining bankfull discharge using field
techniques and historical gauging station data. For the purpose of this study, the 1.5-year
recurrence 1.0-year recurrence intervals are used as surrogates for bankfull stage. This
study also examines landcover and stream type to determine if these variables affect the
relationship between hydraulic geometries and watershed area.

This study conducts hydraulic geometry surveys in the Wolf River Watershed in
Northeastern Wisconsin and the Rock River Watershed in Southeastern Wisconsin. These

sites are chosen due to similarities in topography and an abundance of USGS gauging



stations, which are used for historical data. Seven sites within the Wolf River and four
sites within the Rock River are examined and compared to each other.

This study finds a strong correlation between surveyed data and historical data
within the Wolf River Watershed, and a strong relationship between the 1.5-year
recurrence interval and watershed area. A strong relationship is also found between
surveyed data and historical data within the Rock River Watershed, where a strong
relationship exists between the 1.0-year recurrence interval and watershed area. This
study did not find a consistent, significant relationship between landcover and discharge,
which may be due to many factors, including relatively homogenous percentages of
landcover, and heterogeneous watershed areas. Stream types are found to be relatively
homogeneous across both watershed regions.

Published regional curves are not available for the state of Wisconsin. This study
uses survey data and historical data to develop a regional curve for the Wolf River
Watershed and Rock River Watershed. A regional curve that is suitable for stream
restoration was not developed for the Rock River due to challenges associated with
historical data and survey calculations; however, these challenges provide many insights
into the development of a regional curve and could aid in stream restoration efforts in the

future.
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INTRODUCTION

The main objective of this study was to collect bankfull discharge and the
associated bankfull geometries (bankfull) survey and historical data from selected sites
within the Wolf River Watershed and Rock River Watershed in order to determine
bankfull discharge and develop a regional curve. Published regional curves are not
available for the state of Wisconsin. The Wolf River Watershed within the Great Lakes
Basin and the Rock River Watershed within the Mississippi River Basin were chosen for
this study due to the high density of United States Geological Survey (USGS) gauging
stations within each watershed. The Wolf River Watershed is located in Northwestern
Wisconsin and covers over 3,700 square miles in area. The Rock River Watershed,
located in Southeastern Wisconsin, is formed of the Upper Rock River and Lower Rock
River sub-basins, which together cover over 3,800 square miles in area.

Regional curves are used for stream design in restoration projects (Mistak and
Stille, 2007). Also called bankfull hydraulic geometry relationships, these curves relate
bankfull stream channel dimensions and discharge to watershed drainage area (Harman et
al., 2007). Only gauged streams provide the data required to calculate bankfull
discharge, but can be used to estimate bankfull on streams that do not have gauges. The
method of regional curve development that was used incorporated stream survey data
(velocity, cross section area, slope, etc) and historical data recorded and maintained by
the USGS. These data were used to calculate the 1.5-year and 1.0-year recurrence

interval, which was used as proxies for bankfull stage.



The best approach to developing a regional curve is to combine both methods by
comparing survey data to historical data, in order to determine how representative a
recurrence interval flow is for a region.

In addition, landuse (e.g. imperviousness) has been found to influence bankfull
discharge. Stream type is an additional factor that should be considered. Stream type may
affect the regional curve by displacing different stream types from the linear relationship
between discharge and watershed area. For example, channelized streams in urban areas
will create miscalculations regarding the natural flow of rivers in a region. Due to these
factors, landuse and stream type were examined in order to find relationships between
these and discharge.

The bankfull flood stage, used for natural stream design in restoration projects, is
also used to establish watershed research and restoration/research funding by many
federal and state sources. This project provides a basis for stream restoration projects in

Wisconsin, an area where both land development and stream restoration are common.



OBJECTIVES

The overall goal of this study was to collect bankfull data from selected sites
within the Wolf River Watershed and Rock River Watershed in order to determine
bankfull discharge and develop a regional curve. Eleven sites were selected in
Northeastern and Southeastern Wisconsin: seven sites located on the Wolf River and four

sites located on the Rock River.

Obijectives for this study are as follows:

1) Determine bankfull and hydraulic variables for river reaches;
2) Compare bankfull calculations to historical data;

3) Determine landcover at each site; and

4) Develop a regional curve for bankfull discharge.

This study hypothesizes that bankfull discharge will best correlate with the 1.5-
year recurrence interval and increase linearly with drainage area and that landcover and

stream type (based on Rosgen's Classification) will affect this linear relationship.



LITERATURE REVIEW

Regional Curves

Regional hydraulic geometry curves, or regional curves, are a comparison of
stream discharge and channel dimensions to watershed area. Regional curves (Figure 1)
provide information to estimate discharge, mean depth, width, and cross-sectional area at
ungauged sites within a given watershed area (Mistak and Stille, 2007). In other words,
regional curves can be used for the initial estimation of bankfull dimensions in the
absence of stream flow data, providing that they adequately represent the watershed
region (Rosgen, 1996). Flood-frequency characteristics from different catchments within
a basin can then be used to estimate the floods in ungauged catchments (Dunne and
Leopold, 1978). The bankfull flood, or Qyy, is considered the channel-forming flood,
generally performing the work that results in the average morphological characteristics of
a channel (Dunne and Leopold, 1978). This channel-forming flood occurs within a range
of years; however, the 1.5-year discharge is considered as a general proxy for bankfull.
Because bankfull is considered the channel-forming flood, using a regional curve to

estimate bankfull for ungauged streams is a useful component in natural channel design.
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Figure 1: Regional hydraulic geometry curve for the South Umpqua Area of the continental U.S.

Regional curves are commonly produced using data grouped within hydrologic
regions, due to the assumed similarity in hydrology (Wilkerson, 2008). These hydrology
studies are typically conducted by first selecting sites, followed by data collection and
analysis (Wilkerson, 2008). Regional curves can be developed in two ways: 1) Using
gauging stations within a watershed and comparing their 1.5 year flood discharge to
watershed area, and 2) Using survey data within a watershed and comparing the
surveyed/calculated discharge to watershed area (Dutnell, 2000). One way to reduce the
amount of variability due to sampling errors is to combine and compare the records from
many stations in an area (Dunne and Leopold, 1978). Variability can also be reduced by
comparing survey data to historical data which would minimize errors and create a more

accurate regional curve.



Bankfull

Regional curves that are used for stream restoration frequently refer to the
bankfull flood (Figure 2) because bankfull characteristics, including bankfull cross-
sectional area, width, and mean depth are strongly correlated with watershed drainage
area (Dunne and Leopold, 1978). The bankfull stage corresponds to the discharge of most
effective channel maintenance, at which discharge is moving the sediments and doing the
work that results in the average morphological characteristics of a channel (Dunne and
Leopold, 1978). This flood is not necessarily consistent (does not always occur every 1.5-
years) and it is best to assume bankfull as a range of values, rather than a discrete one
(Copeland et al., 2000). The bankfull flood can occur approximately every one to two

years, although a wide range of values have been calculated (Leopold et al., 1964).

AV

Figure 2: A visual guide to determining bankfull.

Three channel-forming flood levels are commonly chosen for channel analysis:
bankfull discharge, the effective discharge, and a discharge of a chosen recurrence
interval (Doyle et al., 2007). These floods are used because they are theoretically similar
in stable channels (Doyle et al., 2007). Effective discharge is discharge which transports

the greatest amount of sediments, while the discharge of a chosen recurrence interval



refers to a flood chosen within the target range of one to two years (Doyle et al., 2007).
The bankfull discharge is often defined as discharge that barely overflows the top of a
channel (Doyle et al., 2007). The bankfull flood level was chosen for this study because
of its importance to the formation of channel geometries. Bankfull is considered a
surrogate for the hydraulic variables that drive a stream; therefore, bankfull discharge can
serve as an indicator of formation, maintenance, and dimensions of a channel (U.S. EPA,

2007).

Determining Bankfull and Bankfull Discharge

Many methods are used to determine the bankfull level in a stream channel. The
most accurate method is to determine the elevation of bankfull at a specific site while in
the field. An additional method is to examine USGS gauging station data concerning
mean annual discharge (Schumm, 1967). USGS data is then used to calculate the bankfull
flood recurrence interval. There are also several methods for surveying the stream
channel and associated bankfull level.

Leopold (1984) provides detailed instructions for a channel geometry survey;
including: determining bankfull indicators, determining bankfull elevations in relation to
the channel bed, stretching a line across the river with the zero end on left bank,
surveying the cross section area and bankfull level, taking pebble counts, and recording
details of the bank and its stratigraphy.

Rosgen (1996) provides a morphological description for the determination of the
flood-prone area that includes obtaining elevation readings from the maximum-depth

stage located outside the bankfull stage and elevation readings from the bankfull stage.



Elevation readings are then used to determine morphology of the stream, for the
determination of a stream channel cross-section and width-depth ratios. Rosgen (1996)
suggests a measuring tape to be strung across the floodplain, while elevation
measurements are taken at bankfull stage.

When the bankfull level is determined, bankfull discharge must be calculated.
General practice for the calculation of field discharge involves using cross-sectional area
and velocity measurements (McCuen, 2005). Researchers determine bankfull discharge
by first calculating bankfull stage and then determining the discharge associated with that
stage (Copeland et al., 2000). Additional methods include examining USGS gauging
station data and calculating the 1.5-year recurrence interval, which is considered a proxy
for bankfull discharge.

Manning’s equation is often used in the calculation of bankfull discharge,
incorporating velocity (V), hydraulic radius (Ry), slope of the water surface (S), and the
roughness coefficient or resistance coefficient (n) (Rosgen, 1996 and Dunne and
Leopold, 1978). Variations on Manning’s equation include using bankfull geometries,
instead of channel geometries to determine n, the use of gravity instead of channel
velocity to calculate bankfull velocity, and the use of pebble size to determine friction.
Pebble size is determined using Wolman’s methods which requires field determination of
the particle size distribution of channel materials and involves a systematic method of
sampling materials along various bed features at a site (Rosgen, 1996).

It is recommended that methods be checked against each other to reduce error in
estimations of channel-forming discharge (Copeland et al., 2000). This study will

compare multiple methods to minimize error and validate bankfull levels.



Determining Roughness Coefficient

Manning’s n, or the roughness coefficient, is routinely used to predict mean
velocity (Chow, 1964). The roughness coefficient evaluates the overall shape of the
channel bed, including the channel roughness (McCuen, 2005). The roughness
coefficient value is then used to calculate bankfull velocity. The lack of consistent criteria
for selection of n values subsequently leads to great variation in the estimates of flow
velocity (Rosgen, 1996). Many different methods are used to calculate n, including
Manning’s roughness coefficient equation. Manning’s equation incorporates velocity (V),
hydraulic radius (Ry), slope of the water surface (S), and the roughness coefficient or
resistance coefficient (n) (Rosgen, 1996).

Other methods of determining n involve visually evaluating a stream channel and
estimating n based on stream variables, such as: stream type, channel sinuosity, in-stream
vegetation, sediment size, and stream channel irregularity. An estimation chart for
Manning’s n was designed at bankfull stage for selected Rosgen’s stream types (Rosgen,
1996). Chow (1959) breaks down Manning’s n values by minimum, normal, and
maximum n values according to channel type and description. Cowan (1956) provides a
chart for estimating a recommended value for possible variables within a stream channel
that could affect Manning’s roughness coefficient, such as stream irregularity and in-
stream vegetation. Use of each of these methods can provide a means for comparing and
best estimating roughness coefficient values, decreasing variability in estimates of flow

velocity.
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Challenges Associated with the Development of a Regional Curve

Keaton et al. (2005) states that stream geometry characteristics such as width,
depth, discharge, and bankfull vary between small streams. In other words, there is a
great deal of geometry variation between small streams. These characteristics affect
bankfull levels and are dependent upon many watershed characteristics, including size,
length, width, shape, slope, topography, landcover, soil type and geology. Stream channel
morphology, described as the width/depth ratios in relation to the bankfull stage cross-
section, varies with the geometries of the channel cross-section for the slope at that site,
the boundary roughness as a function of the stream flow and sediment, the bank
erodability, entrenchment ratio, and boundary stress of the stream channel (Rosgen,
1996).

Due to the complexity of stream channels and watershed areas, developing a
regional curve suitable for stream restoration includes selecting appropriate sites within a
region (sites that have a natural stream channel) and determination of bankfull discharges
at each site (accurately measuring the bankfull width, depth, and discharge).
Subwatersheds within a hydrologic region will have similarities in discharge and stream
geometry but will differ from other hydrologic regions. Care should be taken when
comparing streams from different hydrologic regions. Consequently, there are challenges
associated with developing a regional curve that represents an entire watershed. It is
essential, then, that regional curves are established specifically for streams within an area
(Dutnell, 2000). Developing a regional curve that is suitable for stream restoration is
entirely possible when comparing streams within a single hydrologic region, but is also

possible when carefully comparing streams between hydrologic regions.
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Landcover

Channels adjust as a result of altered discharge and sediment load including
changes in width, depth, velocity, slope, sediment size, and roughness, reflecting the
environmental factors that determine erosion, transportation and fluvial deposition (Dade
and Friend, 1998). Land uses such as urbanization, agriculture, forestry practices and dam
construction alter channel processes that affect fluvial systems (Montgomery et al.,
1993). Therefore, landcover greatly influences the flow of a stream and subsequently the
bankfull level of a stream. For example, the hydrologic regime of a watershed is affected
by the conversion of forest to a type of non-forest land-cover (Reidel et al., 2005).

Reforestation of abandoned farmlands increases interception and
evapotranspiration and vice versa, while clearing large areas of land usually increase
mass wasting and erosional processes (Dunne and Leopold, 1978). Watershed
urbanization increases peak discharges due to an increase of impervious area, which
increases runoff surface area (Montgomery and Buffington, 1998). These changes
generally cause the channel to increase in either channel width or depth (Montgomery
and Buffington, 1998).

Early settlement of the upper Midwest and the associated urbanization and
depletion of forest cover to agricultural lands increased flood magnitudes within
watersheds (Woltemade, 1994). These changes altered sediment loads and consequently
stream geometries and flood magnitudes (Woltemade, 1994). These early alterations in
stream geometry, resulting from agricultural practices, continue to affect the landscape in

the form of overly incised stream channels and increased peak-flood discharges
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(Woltemade, 1994). Due to these alterations, natural stream geometries within Wisconsin
must be carefully considered before being applied to stream restoration design, and
streams in areas that are predominantly agricultural and residential should not be

considered to be in their natural state.

Stream Type

In order to account for some of the variation found between streams within a
watershed and to more accurately transfer known bankfull geometry between basins,
stream type should be considered. Stream width, depth and other geometries that are
influenced by watershed landcover, geology, soils, climate and topography can be
summarized by stream type. Classifying streams on the basis of channel morphology
(cross section, slope, and river shape) provides site-specific information that can be
transferred to similar river reaches and aid in the selection of sites more representative of
the watershed. One method of determining stream types is using the Rosgen Stream

Classification System (Figure 3).
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LONGITUDINAL, CROSS-SECTIONAL and PLAN VIEWS
of MAJOR STREAM TYPES

SLOPE
RANGE

DOMINANT

Figure 3: Rosgen’s stream classification system (Rosgen, 1996)

The Rosgen Stream Classification System is used to categorize a stream
according to cross section, slope and river shape (Malakoff, 2004). The system aims to
predict a river's behavior based upon appearance, to develop specific hydraulic and
sediment relationships for a specific site, to provide a tool for extrapolating site-specific
data to areas with similar characteristics, and to provide a consistent system of reference
for stream morphology among a variety of disciplines (Rosgen, 1994). Recently there has
been an increase in the use of Rosgen’s methods for restoration; methods which include
examining the streams characteristics as well as those of the watershed. These methods
are used by state and federal agencies and are mandatory in some state-funded restoration
activities. However, as Rosgen states, the stream classification system is a guideline to
stream restoration that is subject to variation between streams (Malakoff, 2004). This

research does not seek to evaluate the Rosgen system, but uses stream classification in
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the analysis as an aid to workers who may use this regional curve as a reference in stream

restoration.

Stream Restoration

Stream restoration is a multi-million dollar industry that affects not only specific
sites but the entire associated watershed and biogeographical area. However, the channel
design based on bankfull dimensions used in stream restoration is site specific and
requires specific parameters concerning bankfull discharge, width, and depth (Brown et
al., 2007). Various differences between stream reaches must be taken into consideration
when extrapolating known hydraulic geometries from one stream to a site with unknown
geometries. Successful natural channel design, therefore, must include every aspect of
dynamic equilibrium, such as channel pattern (plan view), dimension (size and shape),
and profile (longitudinal characteristics) (Brown et al., 2007). In addition, by measuring
flows, sediment transport, and debris movement, the natural conditions and
anthropogenic impacts of the watershed’s stream can be determined (Brown et al., 2007).
Because of these outside complexities that contribute to stream geometry, only reaches of
similar hydrologic regions are appropriate reference sites when comparing data in a
regional curve.

The Rosgen classification system is most effective when all levels of analyses are
referenced. Rosgen himself concedes that stream classification can be problematic on
some river types, especially urban waterways that have been adjusted by disturbances

(Malakoff, 2004). A particularly difficult variable to calculate is bankfull discharge
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(Malakoff, 2004). Consequently, all bankfull geometries, such as width, depth, and
velocity, should be taken into consideration.

Stream restoration efforts are executed using any of several methods: 1) similar or
nearby streams reaches are referenced for stream characteristics such as width, depth,
velocity and bankfull, 2) stream classification systems such as the Rosgen's system are
prescribed to a specific site, and 3) stream restoration design is executed by developing a
regional curve. Because stream restoration is site specific and the bankfull discharge
forms the natural stream channel, a regional curve that takes into account all of the above

is most likely the most accurate method for calculating stream restoration channel design.

Summary

Regional curves are used for stream design in restoration projects by providing
information to estimate bankfull discharge, mean depth, width, and cross-sectional area at
ungauged sites within given watersheds. (Mistak and Stille, 2007). Bankfull discharge, or
the channel-forming flood, is defined as a flow that just fills the top of its bank, assumed
to be equal to the 1.5-year flood (Qy5), but varying between the 1.0 and 2.5-year flood
(Copeland et al., 2000). Bankfull is used as a surrogate for the hydraulic variables that
form a natural channel, and can be determined by collecting field data, collecting gauging
station data, and by developing a regional curve.

Problems associated with developing an accurate regional curve include selecting
appropriate sites that accurately represent the surrounding watershed and are

hydrologically similar and determining the correct bankfull level for a specific site.
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Landcover and stream type are expected to affect the relationship between
discharge and watershed area, due to the variations in discharge as a result of watershed
drainage.

Land use practices within a watershed are known to effect bankfull discharge:
areas that are primarily forest cover tend to produce less runoff and consequently less
mass wasting, while areas that are primarily agricultural tend to produce more runoff and
consequently more mass wasting (Reidel et al., 2005).

Classifying streams on the basis of channel morphology (cross section, slope, and
river shape) can provide site-specific information that can be transferred to similar river
reaches and aid in the selection of sites more representative of the watershed. Due to
these variations in a hydrologic region, regional curves must represent the dominant
landcover and stream type within a watershed in addition to the most prominent bankfull

stage (such as the 1.5-year or 1.0-year recurrence interval).



SITE DESCRIPTIONS

The Wolf River Watershed and the Rock River Watershed were chosen for this
study due to a high density of USGS gauging stations, and similarities in topography
(Figure 4). Seven rivers from within six subwatersheds in the Wolf River Watershed and
four rivers within the Rock River Watershed were selected according to period of activity
and watershed area. These were used to develop regional curves, which compare
hydraulic geometries to watershed area.

Hydrology, digital elevation models, geology, soils, and landuse from both county
landcover and national landcover databases were delineated for both the Wolf River
Watershed (Figures 5,Figure 6,Figure 7,Figure 8,Figure 9,Figure 10) and Rock River
Watershed (Figure 11,Figure 12,Figure 13,Figure 14,Figure 16) to provide a better
understanding of the physiography of the site. For physiography per subwatershed, see

Appendix C, D, E, F, G, H, I, J.

17
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Figure 4: The Wolf River Watershed and Rock River Watersheds.
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Wolf River Watershed
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Figures 5: USGS Gauging Stations in the Wolf River Watershed in Northeastern Wisconsin.
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Wolf River Watershed
Digital Elevation Model
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Figure 6: Digital Elevation Model for the Wolf River Watershed.
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Wolf River Watershed
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Figure 7: Geology of the Wolf River Watershed.
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Wolf River Watershed
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Figure 8: Soils of the Wolf River Watershed.
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Wolf River Watershed

Wisconsin County-Level Landcover, 1992
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Figure 9: Wisconsin County-level Landcover from 1992 for the Wolf River Watershed.

Landcover has been grouped into 4 categories: ag/grasslands (orange), residential/industrial (red),

water/wetlands (blue), and forest (green).
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Wolf River Watershed
Federal National-Level Landcover, 2001
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Figure 10: National landcover from 2001 for the Wolf River Watershed.

Landcover has been grouped into 4 categories: ag/grasslands (orange), residential/industrial (red),
water/wetlands (blue), and forest (green).
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Figure 11: USGS Gauging Stations in the Upper and Lower Rock River Watershed in Southeastern
Wisconsin.
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Rock River Watershed
Digital Elevation Model
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Figure 12: Digital Elevation Model for the Rock River Watershed.
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Rock River Watershed
Geology
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Figure 13: Geology of the Rock River Watershed.
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Figure 14: Soils of the Rock River Watershed.
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Rock River Watershed
Wisconsin County-Level Landcover, 1992
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Figure 15: Wisconsin County-level Landcover from 1992 for the RockRiver Watershed.

Landcover has been grouped into 4 categories: ag/grasslands (orange), residential/industrial (red),
water/wetlands (blue), and forest (green).
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Rock River Watershed
Federal National-Level Landcover, 2001
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Figure 16: National landcover from 2001 for the Rock River Watershed.

Landcover has been grouped into 4 categories: ag/grasslands (orange), residential/industrial (red),
water/wetlands (blue), and forest (green). Note that the majority of the watershed is agriculture/grasslands.



METHODOLOGY

This method of regional curve development incorporates stream survey data
(velocity, cross section area, slope, etc) and historical discharge data recorded by the
USGS. These data were used to calculate bankfull discharge, which was expected to
increase linearly with watershed area. Landcover and stream classification were used to
examine influential habitat and assess patterns within and deviations from between

bankfull discharge and watershed area.

Field Data

Site Selection

Seven rivers from the Wolf River Watershed and four rivers from the Rock River
Watershed were selected considering the following criteria: 1) Gauging stations at the site
should be active within the last ten years; 2) Gauging stations at the site should be
associated with at least five years of available USGS historical data; 3) watershed area
must be less than 200 square miles; 4) stream width must be less than or equal to 100 feet
in width; and 5) stream depth must be less than or equal to 3 feet at time of survey (for
surveying purposes). As a result, the majority of the rivers chosen have a small watershed
area and discharge (Table 1) (See Appendix B, K, and N). Data were collected during the
late spring and early summer seasons, when many were nearly at bankfull condition. At
all sites three transects were setup near the selected USGS gauging stations. Transects
were preferably upstream from the gauging station due to gauging stations generally

being positioned at dams, bridges, culverts, or other structures that affect the downstream
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channel. Data collected included: width, depth, slope, velocity, and bankfull
measurements.

These hydraulic variables were used to calculate the wetted perimeter, hydraulic radius,
cross sectional area, and eventually bankfull discharge and Manning’s n (Table 6).

Transects results were then averaged for each site.

Table 1: USGS gauging station sites.

Watershed
Sites Abbrew. | Area[km®]
WOLF RIVER
Emmaons Creek at Rursl ECR 65.01
Evergreen River 3t Langlade ERL 20.95
Little Walf River near Galloway LG 58.53
Middle Branch Embarrass at Wittenberg MBEW 197.62
Spaulding Creek near Big Falls SCBF 14.43
Swamp Creek above Mole Lake SCML 119.92
Tomarrow River at Nelsenville TRN 113.96
RIOCK RIVER
Bark River at Rome BRR 31598
Beaver Dam River at Beaver Dam BDBD 406.63
South Branch Rock River at Waupun SBRWY 164.72
Turtle Creek at Carvers Rock TCCR 515.41

Measuring Hydraulic Variables

Data collected at each site included: pebble counts and survey data such as bank
and bankfull elevations, slope, and velocity measurements. At all sites three transects
were setup near the selected USGS gauging stations. Each transect began at left bank,

looking upstream, and generally reached a distance of 100 feet downstream. Transects



33

were stretched across the floodplain for the determination of width/depth ratios, and the

construction of cross-sectional areas (Rosgen, 1996).

Slope

The bed and water slope were surveyed using a total station. Slope is generally
determined by measuring the vertical drop in elevation along the streambank (DeBarry,
2004). Slope was measured longitudinally down the thalwag of the channel. The
surveyor’s rod was positioned alternately on the streambed and the water surface. In this
way both the streambed elevation and water surface elevation were recorded by the total
station. Slope was then determined by graphing the elevation points and finding the slope

of the regression line between the elevations (Figure 17).
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Figure 17: Water surface and bed slope elevations.
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Cross Section and Bankfull Elevation

Cross-section measurements were determined using elevation and distance
measurements. Elevations were calculated using a total station and measurements were
taken at bankfull, bank edge, water bed and associated water surface moving across the
transect (Figure 18). Elevation points were used to calculate distance across the transect

and depth between water surface and streambed (Figure 19).
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Figure 18: Birds-view diagram of survey data from the total station.
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Middle Bmnch Embarmss Riverat Vittenberg, Trnsect 1
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Figure 19: Cross section diagram of a site.

Bankfull elevation was determined by visually assessing the streambank and
identifying the edge of the floodplain adjacent to the stream bank. The edge of the
floodplain is the position near the horizontal plane adjacent to the stream channel before
inclining into the channel. This can be evaluated from an elevated point above the
floodplain or from a point in the channel looking upwards towards the floodplain.
Bankfull was calculated by positioning the surveyors’ rod at several bankfull points on
both left and right bank. At least one bankfull elevation was taken in-between transects
and at each transect point. Bankfull elevations were used to calculate distance between
points and distance from bank edge (Figure 20). When bankfull was uneven the more

undisturbed level was considered to be the true bankfull.
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Figure 20: Cross section diagram of a site.

Velocity

Velocity measurements were collected at regular intervals at each transect, when
the width between two velocity measurements were no more than 10% of the entire bank
width. These hydraulics were taken using a velocity meter.

Data collected during these river surveys were used to calculate the average
velocity of each transect and the river profile, longitudinal slope, bank and bankfull
distance and elevations, both water bed and water surface elevation, Manning’s n, and

Manning’s velocity.

Sediment Counts

Sediment counts were conducted using a simplified version of Woman’s methods.
Woman’s methods involve a systematic method of sampling materials along various bed

features at a site (Rosgen 1996). 100 sediment samples were collected from along the
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length of each transect. Diameters were recorded by hand and the 84™ percentile was

calculated from each transect.

Roughness Coefficient

Channel discharge was calculated by multiplying the velocity measurements from
each transect against the pre-calculated cross sectional area of each transect. The
hydraulic variables determined from the cross sectional area, including hydraulic radius,
wetted perimeter, and area, were used to determine bankfull discharge. Bankfull
discharge was calculated using Manning’s equation.

Four different methods were used to calculate n: n from survey calculations (ns),
n from Rosgen’s stream type (n,), n from visual estimations using Manning’s estimation

chart (ny,), and n from visual estimations using Cowen’s method (nc) (Table 2).

Table 2: Descriptions of n for this study.

Variable Description Obtained
21
R3S?
V=
n
N, Survey data calculated n
Determine Rosgen’s stream type, use chart to
n, Rosgen's stream type determined n find n
Manning's estimation chart determined
Nm n Follow Manning’s estimation chart to find n
Follow Cowan’s variable estimation chart to
ne Cowan's estimation chart determined n find n

The roughness coefficient from survey data (ns) was calculated utilizing
Manning’s equation and the channel hydraulic radius, the water slope, and the channel

average velocity (Equation 1).



Equation 1: Manning’s equation.

The roughness coefficient from Rosgen’s stream type (n;) was calculated using a
charted comparison of Manning’s roughness coefficient and Rosgen stream types.
Manning’s n for a specific location was determined by following the relationship between
n and the Rosgen classified stream type (Figure 21). This relationship differs for medium
to large sized rivers, smaller rivers with controlling vegetative influence, and smaller
rivers without controlling vegetative influence. The relationship for smaller rivers with

controlling vegetative influence was used to determine n for each of the transects.

| Reference Notes Roughness'n’ =28 (A)(R%)(s") _
e Velosty u » BRTASD)  y=381Rs™ Q=3 81ARDS™

@) = Average Bankiul Value for Aivers of medlum to lage size.
...,3?5‘.'._.-»_. = Average Bankfull Vialue for smaller rivers with controlling vegetative influence.
e = Average Bankiull Value for smaller rivers (mean depth < 5 feet); without controfling vegetative influence.
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Figure 21: A reference chart for determining Manning’s n based on Rosgen stream type (Rosgen,
1996).
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The roughness coefficient from visual estimations using Manning’s estimation

chart (ny,) was determined using Manning’s n values for channels (Chow 1959).

Manning’s n for a specific location was determined by selecting the channel description

that best describes the location and the associated n value for that location (Figure 22).

According to Manning’s chart, roughness coefficient values are divided according to

minimum, normal, and maximum n values. Normal values were used to determine n for

each of the transects.

with heavy stand of timber and underbrush

Type of Channel and Description Minimum Normal | Maximum

Matural streams - minor streams (top width at floodstage < 100 ft)

1. Main Channels
a. clean, straight, full stage, no rifts or deep pools 0.025 0.030 0.033
b. same as above, but more stones and weeds 0.030 0.035 0.040
c. clean, winding, some pools and shoals 0.033 0.040 0.045
d. same as above, but some weaeds and stones 0.035 0.045 0.050
g. same as abm_'e_ lower stages, more ineffective 0.040 0.048 0.055
slopes and sections
f. same as "d" with more stones 0.045 0.050 0.080
g. sluggish reaches, weedy, deep pools 0.050 0.070 0.080
h. very weedy reaches, deep pools. or floodways 0.075 0.100 0.150

Figure 22: Manning’s method for estimating the roughness coefficient n (Chow, 1959).

The n from visual estimations using Cowen’s method (n;) was determining using

Manning’s n values for channels according to the variables and the recommended value

for each variable (Cowen, 1956). According to Cowen’s chart, variables such as stream

irregularity and vegetation are given a visual description and a recommended value.
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These values are then added up for the total roughness coefficient value of that location

(Figure 23). These total values were used to determine n for each of the transects.

TABLE 3-11 Computation Sheet for Manning's Roughness Coefficient
Description Esconmimsnl el Aol
Yargnle Allemutives Wilue Value
Basic, n, Eanth 0020 iy =
Rock 0025
Fane gravel 0024
Coarss pravel 028
Iregularity, n, Sunomrth 000 Ry =
Minor 105
Meliahera]e A0
Severe 0020
Crogs section, iy Cirncdual .0 e
Oecasionnl 0005
Allernating 0.010-0.015
Obstructions, i, Negligible 0.000 hig=
Miner 0.610-0.015
Appreciable 0.020-0.030
Severe {04000 e
Vegetation, n. Law 00050010 fg=
Mediun O 100020
High U025 D50
Vory high (LB 1 Ap
Subiocal ", =
Meandering. n,, Minor 0.000 ng=_
Apprecinble 0.15n,
] Sovere 0. 30m,
Total = Reachn= _____
i

Figure 23: Cowan’s method for estimating the roughness coefficient n (Cowan, 1956).

Analytical Methods

Field data collected at these sites and USGS data were used to calculate and
compare bankfull values. Bankfull values were then compared to watershed area with the
construction of a regional curve. The resulting regressions were then compared between

the two watersheds.
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Manning’s Equation

Hydraulic variables calculated using field measurements were primarily used to
calculate Manning’s Equation (in metric units) (Equation 1). Manning’s equation
incorporates velocity (V), hydraulic radius (Ry), slope of the water surface (S), and the
roughness coefficient, or resistance coefficient (n).

Manning’s equation is a velocity measurement for the stream channel that is an
empirical formula for open channel flow (McCuen, 2005). The equation is chiefly used to
calculate Manning’s n, which is a roughness coefficient of the streambed. The roughness
coefficient evaluates the overall shape of the channel bed, including channel roughness
and stream sinuosity (McCuen, 2005). Several methods can be used to determine
Manning’s n, including calculating the coefficient, and utilizing visual methods to assess
the roughness of the stream and estimate the coefficient. In order to statistically calculate
the roughness coefficient, the average velocity of the stream (the average of three
transects at a stream site) must be substituted for Manning’s velocity. The equation is
then solved for n, and then transposed and solved for Manning’s velocity, and
subsequently the bankfull discharge. Manning’s n can be visually determined by
examining the pebble size and quantity within the stream, the size and expanse of
vegetation, and the overall channel size and shape.

Four different methods of calculating discharge were used in this study (Table 3):
Q bankfull from survey calculations (Qs), Q resistance (Q,), Q bankfull from the
historical 1.5-year recurrence interval (Qn15), and Q bankfull from the historical 1.0-year
recurrence interval (Qn1.0). General practice for the calculation of field discharge involves

using area and velocity measurements (McCuen, 2005).
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Table 3: Descriptions of discharge for this study.

Variable Description Obtained
2 1
R 3Q2
V = S
n
Qs Survey data calculated discharge
R
Q, = {[2.83 +5.66L0g —- [*u** A
Q, Resistance Discharge D
Qnis Historical 1.5-year recurrence interval discharge 1.5-year recurrence interval
Qnhio Historical 1.0-year recurrence interval discharge 1.0-year recurrence interval

Discharge calculated by Q discharge from survey data (Qs) was calculated by

multiplying the average bankfull velocity and the bankfull area. The bankfull velocity

was calculated using Manning’s equation (bankfull hydraulic radius from survey data,

water slope, and n from survey data calculations), while the bankfull area was calculated

using elevation data collected during field surveys.

Discharge calculated by the Q resistance equation (Qy) was calculated by using

the Q resistance equation where: u is the bankfull velocity, u* is the shear velocity, 2.83

and 5.66 are constants, R is the bankfull hydraulic radius, D is the 84™ sediment

percentile, and A is the bankfull area (Equation 2).
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Q = [(2.83 +5.66Log DR84 j*u *} * A

Equation 2: Q resistance equation.

Discharges calculated from the historical 1.5-year recurrence interval (Qn15) and the
historical 1.0-year recurrence interval (Qn1.0) were determined by calculating the
recurrence intervals from the peak discharge data associated with each year a gauging
station was active (Table 4). Peak discharge data were ranked in descending order, and
each rank (with the highest discharge ranked as 1) was divided by the total number of
years available, plus one. The discharge associated with the 1.5-year or 1.0-year

recurrence intervals as used to determine the historical bankfull discharge for each site.

USGS Gauging Station Data

For the purpose of this study, the 1.5-year and 1.0-year recurrence intervals
represent bankfull and were used as a guideline when assessing field discharge
measurements. Peak discharge data for each year ranging between the first to the last year
of gauging station activity was used to calculate the recurrence interval (Table 4). The
data was found using the public USGS website data which includes real-time data, site-
information data, surface water, groundwater, and water quality information. The
recurrence interval derived from these data represents the average time span between

similar flows.
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In the case of the Tomorrow River at Nelsonville site, peak discharge data was
not available. Instead, the peak discharge was calculated from daily data for each year
the site was active. These calculated peak discharges were then used to calculate the

recurrence interval.

Table 4: Recurrence interval example.

Peak Rank RI
Discharge

1140 1 21
758 2 10.5
754 3 7
707 4 5.25
639 5 4.2
616 6 35
567 7 3
540 8 2.625
535 9 2.333333
507 10 2.1
475 11 1.909091
450 12 1.75
427 13 1.615385
427 14 15
401 15 14
394 16 1.3125
367 17 1.235294
360 18 1.166667
313 19 1.105263
296 20 1.05

Recurrence Interval

In order to find the recurrence intervals the data collected from the USGS were
given a numerical rank according to the peak discharge for each year in descending order
(Table 4). The years of data plus one (n+1) is then divided by the numerical rank.
(DeBarry, 2004). The resulting value was identified as the recurrence interval, which
gives the estimated amount of time for a specific discharge value to occur. The 1.5, 10,

and 50-year recurrence intervals represent the 1.5, 10, and 50-year floods. In this study
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the USGS 1.5 year flood (Q1 5 discharge) was then compared to the bankfull discharge

calculations calculated by the data gathered from the research sites.

ArcMap Land use Mapping

ArcMap 9.2 and ArcHydro were used to determine the land use percentages for
each river reach as well as the entire Wolf River Watershed and Rock River Watershed
region. ArcHydro was used to delineate the watershed region upstream of the site-
specific USGS gauging stations. Landcover shapefiles and grids derived from county
(2002) and federal (1997) landcover maps were used to assess landuse. Landuse was
assessed for each set of data and compared. Landcover was generalized to create a new
land use classification for calculating land use percentages, including: forest/shrubland,
agricultural/grasslands, commercial/residential, and water/wetlands. This landcover was
compared to overall percentage of landcover within Department of Natural Resources
subwatershed management units. These land use percentages were then used to analyze
patterns within and diversions from the linear regression within the regional curves
developed for both the Wolf River and Rock River watersheds. Relationships between
landcover and discharge were analyzed using linear regressions between specific

landcovers and stream reaches (See Appendix A).

Rosgen Stream Classification

Stream classification was used for further analysis of patterns within and
deviation from the regression within the regional curves. To do this, the Rosgen Stream

Classification system was considered. The Rosgen Stream Classification system (Figure
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24) is a composed of four basic elements: Levels I through IV (Rosgen, 1994). The
classification then breaks down into nine different stream types arranged in descending
slope: Aat, A, B, C, D, DA, E, F, and G (Rosgen, 1994). These stream types are
classified according to letter by entrenchment ratio, width/depth ratio, sinuosity, and
slope, and by according to number (1-6) according to decreasing dominant bed material
size: bedrock, boulder, cobbler, gravel, sand, silt/clay (Rosgen, 1994). Relationships
between stream type and discharge were analyzed by examining the stream classification
of specific stream reaches along a linear regression between discharge and watershed

area.

LONGITUDINAL, CROSS-SECTIONAL and PLAN VIEWS
of MAJOR STREAM TYPES

SLOPE
RANGE

DOMINANT

PLAN VIEW

Rosgen, David L. "A classification of natural rivers.” Catena 22 (1994): 179.  www.wildlandhydrology.com

Figure 24: Rosgen Stream Classification system (Rosgen, 1994).
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Regional Curve

A regional curve was developed for both major watersheds by comparing
watershed area (mi?) to bankfull discharge, as well as width to discharge, and average
depth to discharge. This involved graphing a series of known discharge, width, and depth
values and their corresponding watershed sizes, and analyzing the regression between the
variables.

The chosen sites were used to create the regional curves that are the purpose of
this project. The regional curves were designed to represent the natural bankfull of the
watershed region for natural channel design to be used in restoration projects. However,
the Rock River Watershed provided many challenges, including factors which may have
affected the natural stream channel and ultimately the relationship between the surveyed

channel and the historical channel data.



RESULTS

Obijectives for this project included calculating hydraulic variables, such as
velocity and discharge, for each river reach; determining landcover and stream type for
each river reach; comparing survey data to historical data; and developing a regional

curve for both the Wolf River and Rock River Watersheds.

Field Data
Site Selection

Regional curves must be developed with a well-distributed set of sites in order to
compare watershed size to bankfull discharge, bankfull area, and bankfull width. The
seven Wolf River sites were chosen from six subwatersheds, while the four Rock River
sites were chosen from four subwatersheds (Figure 4) (See Appendix B, C, D, K and N).
There was considerable variation in watershed size, ranging from 14.4 km? to 197.6 km?
in the Wolf watershed to 164.7 km? to 515.4 km?in the Rock watershed (Table 5). The
Rock River Watershed sites were considerably larger than those in the Wolf River,
although sites in both watersheds were chosen using the same criteria. Width and depth
of the sites differed (Table 6). Most sites chosen within the Rock watershed were wider,
deeper, and had a larger area (Figure 25,Figure 26,Figure 27). The Wolf subwatersheds

are more natural and less subjected to urban channelization.

One site within the Rock River Watershed, the Beaver Dam River at Beaver Dam,
was removed from the development of a regional curve. The historical discharges

associated with this data, as well as the survey calculations, were affected by dam

48
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releases upstream of the gauging station and were therefore inconsistent with the rest of

the sites within the Rock River study.

Table 5: Research sites at USGS gauging stations.

Range of Survey 315 Historical Historical Watershed
Sites Abbrev Years Years of Data [cms) 01.0{cms) | @1.5{cms) | Area(km"2)
WOLF RIVER
Emmons Creek at Rural ECR B (] 24 1.4 1.5 65.0
Evergreen River at Langlade ERL 48 48 1.0 0.7 1.0 21.0
Little Wolf near Galloway LWG 4 4 5.5 1.7 S5 58.5
Middle Branch Embarrass at Wittenberg MBEW 16 16 3.5 7.3 10.3 197.6
Spaulding Creek near Big Falls SCBF 48 43 13 0.5 1.2 144
Swamp Creek above Mole Lake SWML 11 11 12.8 i) 3.2 1159
Tomorrow River at Nelsonville TRN 3 3 4.7 27 27 114.0
ROCK RIVER
Bark River at Rome BRR 22 22 6.0 4.4 7.2 316.0
Beaver Dam at Beaver Dam BDBD 20 20 1.0 a4 12.1 406.6
South Branch Rock River at Waupun SBRW 37 37 1.6 14 9.9 164.7
Turtle Creek at Carvers Rock TCCR 66 66 7.2 7.6 334 515.4

Measuring Hydraulic Variables: Width, Depth, Slope Determination, Velocity and

Bankfull

Data for transects at a site were averaged and compared (Table 6) (See Appendix

L and M). Comparisons display weak linear relationships between bankfull width, depth,

and area for both watersheds, and a linear increase in bankfull width, depth, and area

between the Wolf watershed and the Rock watershed. A strong relationship is considered

an R? >0.5, while a weak relationship is considered R? < 0.5.




wWetted Wetted Aue Ay
Awe Depth | Ave Depth | Max Depth | Perimeter | Perimeter Welocity Welacity
wWatershed | Area(m?®] | Area(m?) | wWidth(m) | Width [m] [m) [m) [m) [WP] [WF) Fih [mi) Fhm) [mi=z] [mi=]
Sites Abbrew. | Area(km® | Channel Eankfull Channel Bankfull | Channel Eankiull Eankfull Channel Bankfull | Channel Eankfull Channel Bankfull
WOLF RIVER
Emmens Creek at Rural ECR £5.01 197 3.57 4.17 6.70 0.29 0.55 1.02 479 7.58 0.42 0.48 0.63 0.70
Evergreen River at Langlade ERL 20.95 1.41 2.62 5.63 7.08 0.15 0.38 0.3 5.98 7.57 0.25 0.35 0.30 0.38
Little Wolf River near Galloway LWG 58.53 0.96 4.07 7.00 13.47 0.10 0.31 0.52 7.06 13.68 0.14 0.30 0.78 1.24
Middle Branch Embarrass at Wittenberg MBEW 197.62 478 818 1195 15.67 0.14 0.52 0.71 12.81 15.91 0.37 0.52 0.38 0.47
Spaulding Creeknear BigFalls SCBF 14.43 1.28 2.22 4.20 4.98 0.22 0.47 0.66 471 5.69 0.28 0.40 0.44 0.56
Swamp Creek above Mole Lake SCML 119.92 5.98 21.47 20.34 27.97 0.17 0.77 1.11 18.88 28.22 0.33 0.76 0.33 0.59
Tomaorrow River at Nelsonville TRN 112.96 2,28 5.85 8.96 £.45 0.29 0.92 0.88 9.56 11.51 0.24 0.51 0.50 0.82
ROCK RIVER
Bark River at Rome BRR 31558 475 13.26 19.40 20,78 0.14 0.64 0.77 19.50 21.21 0.24 0.63 0.27 0.50
Beasver Dam River at Beaver Dam BDED 406.63 4.50 10.46 10.43 10.72 0.31 1.04 1.25 9.72 12,52 0.44 0.82 0.07 0.11
South Branch Rock River at Waupun SERW 164.72 3.09 10.84 11.81 13.60 011 0.79 0.94 9.98 14.22 0.31 0.75 0.08 0.14
Turtle Creek at Carvers Rock TCCR 515.41 8.63 2391 19.12 21.12 0.35 1.13 137 19.27 22.45 0.45 1.06 019 0.33
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The surveyed bankfull width was averaged for all three transects at each site and
compared to watershed area (Figure 25). Bankfull width in the Wolf River Watershed
averages 11.76 m, while the Rock River Watershed averages 18.55 m. Bankfull width
showed a weak relationship with watershed area in the Wolf River Watershed and a
strong relationship with watershed area in the Rock River Watershed: Wolf River R? =
0.42, while Rock River R? = 0.84 (Figure 25). Outliers above the trendline (Figure 25) in
the Wolf River Watershed include the Swamp Creek above Mole Lake site and the Little
Wolf near Galloway site. The Swamp Creek site bankfull width averages 27.97 m with a
watershed area of 119.9 km?, while the Little Wolf site bankfull width averages 13.47 m
with a watershed area of 58.5 km?. Outliers below the trendline (Figure 25) include the
Emmons Creek at Rural site, and the Tomorrow River at Nelsonville site. The Emmons
Creek site bankfull width averages 6.70 m, with a watershed area of 65.0 km?, while the
Tomorrow River site bankfull width averages 6.45 m, with a watershed area of 114.0

km?. There are no significant outliers in the Rock River Watershed.
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Bankfull Width {m) vs. Watershed Area (km®)
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Figure 25: Regional curve of surveyed bankfull width to watershed area.

The surveyed bankfull depth was averaged for all three transects at each site and
compared to watershed area (Figure 26). Bankfull depth in the Wolf River Watershed
averages 0.56 m, while the Rock River Watershed averages 0.85 m, excluding the Beaver
Dam site. Bankfull depth showed a weak linear relationship with watershed area in both
watersheds: Wolf River R? = 0.28, while Rock River R? = 0.31. Outliers above the
trendline (Figure 26) in the Wolf River Watershed include the Tomorrow River at
Nelsonville site. The Tomorrow River site bankfull depth averages 0.92 m, with a
watershed area of 114.0 km?. Outliers below the trendline (Figure 26) in the Wolf River

Watershed include the Little Wolf River near Galloway site. The Little Wolf site bankfull
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depth averages 0.31 m, with a watershed area of 58.5 km?. There are no significant

outliers in the Rock River Watershed.

Bankfull Depth (m) vs. Watershed Area [mi®)
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Figure 26: Regional curve of surveyed bankfull depth to watershed area.

The surveyed bankfull area was averaged for all three transects at each site and
compared to watershed area (Figure 27). Bankfull area in the Wolf River Watershed
averages 6.86 m?, while the Rock River Watershed averages 16.00 m?, excluding the
Beaver Dam site. Bankfull area showed a strong linear relationship with watershed area
in the Wolf River at R? = 0.62, and a strong relationship with the Rock River at R? =
0.88. Outliers above the trendline (Figure 27) in the Wolf River Watershed include the
Swamp Creek above Mole Lake site. The Swamp Creek sites bankfull area averages

0.6221.47 m?, with a watershed area of 119.9 km® Outliers below the trendline (Figure
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27) in the Wolf River Watershed include the Emmons Creek at Rural site. The Emmons
Creek site bankfull area averages 3.57 m?, with a watershed area of 65.0 km?. There are

no significant outliers in the Rock River Watershed.

Bankfull Area {m®) vs. Watershed Area (km®)
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Figure 27: Regional curve of surveyed bankfull area to watershed area.

Analytical Results

Manning’s Equation and Bankfull Discharge

Field data and historical data from the USGS gauging stations at these sites were
used to calculate Manning’s n for each river reach. Manning’s n is calculated and

estimated four ways (Table 2, Table 7).
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Table 7: Manning’s n (roughness coefficient) calculations.

Manning's n Calculations
n visual
(from n visual
Manning's | (from Cowan
n (survey n (from estimation | estimation

Sites calculations) | stream type) chart) chart)
WOLF RIVER

Emmons Creek at Rural 0.023 0.064 0.040 0.044
Evergreen River at Langlade 0.057 0.062 0.043 0.069
Little Wolf River near Galloway 0.017 0.050 0.035 0.034
Middle Branch Embarrass at Wittenberg 0.024 0.062 0.048 0.059
Spaulding Creek near Big Falls 0.077 0.062 0.045 0.083
Swamp Creek above Mole Lake 0.014 0.062 0.048 0.044
Tomorrow River at Nelsonville 0.025 0.060 0.040 0.050
ROCK RIVER

Bark River at Rome 0.096 0.050 0.045 0.103
Beawver Dam River at Beaver Dam 0.144 0.057 0.050 0.075
South Branch Rock River at Waupun 0.228 0.050 0.048 0.0339
Turtle Creek at Carvers Rock 0.099 0.062 0.048 0.049

Wolf River Manning’s n

Manning’s n calculated from survey data (ns) are mostly smaller than would be
expected (Figure 22) when compared to the visual stream assessments, with the exception
of the Spaulding Creek site. Manning’s n estimated using Rosgen’s stream type (n;) is
higher than other calculations and estimations, with the exception of the Spaulding Creek

site.

Manning’s ns (_n calculated using survey data)

Manning’s ns averages 0.034 throughout the Wolf River Watershed (Table 7).
Manning’s ns values are lower than all other calculations, per site, with the exception of

high values calculated at the Evergreen River at Langlade site (0.057) and Spaulding
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Creek at Big Falls site (0.077). With these exceptions, Manning’s nsvalues consistently
calculate a low n value, indicating a high velocity and low channel roughness at each site.
The Evergreen River site averages 0.057, compared to n, average 0.062, np,
average 0.043, and n. average 0.069. The Spaulding Creek site averages 0.077, compares

to n, average 0.062, n,, average 0.045, and n. average 0.083. Very low values are
calculated at the Little Wolf River site and the Swamp Creek site. The Little Wolf River
ns averages 0.017, n, averages 0.050, ny, averages 0.035, and n; averages 0.034. The
Swamp Creek ns averages 0.014, n, averages 0.062, n, averages 0.048, and n. averages

0.044. Manning’s ns average the smallest of all values.

Manning’s n, (_n calculated using Rosgen's stream type)

Manning’s n, averages 0.060 throughout the Wolf River Watershed (Table 7).
Manning’s n, values are higher than all other calculations, with the exception of the
Spaulding Creek at Big Falls site (0.062).

A very high value is calculated at the Spaulding Creek site n, , with an average
0.062, while ns averages 0.077, n, average 0.045, and n. average 0.083. A low value is
calculated at the Little Wolf River site. The Little Wolf River site n, averages 0.050, ns

averages 0.017, ny, averages 0.035, and n. averages 0.034.

Manning’s ny, (N estimated using Manning's estimation variables)

Manning’s np, averages 0.043 throughout the Wolf River Watershed (Table 7).
Manning’s np, values are close in range to Manning’s n. values calculated using Cowan’s

estimation chart.
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A high value is calculated at the Middle Branch Embarrass site and the Swamp
Creek above Mole Lake site. The Middle Branch Embarrass ny, averages 0.048, ns
averages 0.024, n; averages 0.062, and n. averages 0.059. The Swamp Creek above Mole
Lake site ny, averages 0.048, ng averages 0.014, n; averages 0.062, and n. averages 0.044.
A low value is calculated at the Little Wolf River site. The Little Wolf River site n,

averages 0.050, ns averages 0.017, n, averages 0.035, and n. averages 0.034.

Manning’s nc (\n estimated using Cowan's estimation variables)

Manning’s n averages 0.055 throughout the Wolf River Watershed (Table 7).
Manning’s n. values are close in range to Manning’s np, values calculated using
Manning’s estimation chart.

A high value is calculated at the Evergreen River at Langlade site, and the
Spaulding Creek at Big Falls site. The Evergreen River at Langlade site n; averages
0.069, ns averages 0.057, n, averages 0.062, and nn, averages 0.043. The Spaulding Creek
at Big Falls site n. averages 0.083, ns averages 0.077, n, averages 0.62, and n,, averages
0.045. A low value is calculated at the Little Wolf River site. The Little Wolf River site

nc averages 0.034, ng averages 0.017, n, averages 0.050, and n,, averages 0.035.

Rock River Manning’s n

Manning’s n calculations within the Rock River are overall higher than estimated

(Table 7). These results are considerably larger than was estimated.
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Manning’s ns (n calculated using survey data)

Manning’s ns averages 0.141 throughout the Rock River Watershed (Table 7).
Manning’s ns values are higher than all other calculations, per site, with the exception of
the Bark River at Rome site (0.096). With this exception, Manning’s ns consistently
calculates a high n value, indicating a low velocity and high channel roughness at each
site.

The Bark River at Rome site ng averages 0.096, n, averages 0.050, n,, averages
0.045, and n. averages 0.103. The lowest value is calculated at the Bark River at Rome
site. This value is still much higher than would be estimated in the area. The South
Branch Rock River site calculates a value of 0.228, which is exceptionally higher than

would be estimated in the area.

Manning’s n, ('n calculated using Rosgen's stream type)

Manning’s n, averages 0.054 throughout the Rock River Watershed (Table 7).
Manning’s n; values are close in range to Manning’s nm values calculated using
Manning’s estimation chart.

A high value is calculated at the Turtle Creek at Carvers Rock site. The Turtle
Creek site n, averages 0.062, ns averages 0.099, nn, averages 0.048, and n. averages
0.049. This value is not abnormally high, but is higher than estimated in the area. The
lowest values are calculated at the Bark River site and the South Branch Rock River site.

These values are what would be expected from this area.
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Manning’s ny (N estimated using Manning's estimation variables)

Manning’s np, averages 0.048 throughout the Rock River Watershed (Table 7).
Manning’s np, values are close in range to Manning’s n, values calculated Rosgen’s

stream type. The values calculated at this site are what would be expected from this area.

Manning’s nc (n estimated using Cowan's estimation variables)

Manning’s n averages 0.064 throughout the Wolf River Watershed (Table 7).
Manning’s n. values are close in range to Manning’s np, values calculated using
Manning’s estimation chart.

A high value is calculated at the Bark River site. The Bark River site n; averages
0.103, ns averages 0.096, n, averages 0.050, and n,, averages 0.045. A low value is
calculated at the South Branch Rock River site. The South Branch Rock River site n¢

averages 0.039, ns averages 0.228, n, averages 0.050, and n,, averages 0.048.

Bankfull Discharge

Bankfull discharge was calculated for each transect and averaged for each river
site. Bankfull was calculated four ways using both survey data and historical USGS
gauging station data and compared to the 1.5-year and 1.0-year recurrence interval

estimates (Table 8).
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Table 8: Bankfull discharge calculations.

Discharge Calculations
Q Bankfull Q1.5 Q1.0

(from survey |Q resistance| Bankfull Bankfull
Sites calculations) cms (from R.I.) | (from R.L)
WOLF RIVER
Emmons Creek at Rural 2.37 3.89 1.47 1.4
Evergreen River at Langlade 0.98 3.90 0.99 0.7
Little Wolf River near Galloway 5.46 4.34 3.91 1.7
Middle Branch Embarrass at Wittenberg 3.87 5.78 10.31 7.3
Spaulding Creek near Big Falls 1.34 6.15 1.27 0.5
Swamp Creek above Mole Lake 12.82 10.96 3.26 295
Tomorrow River at Nelsonville 4.73 5.82 27 2.7
ROCK RIVER
Bark River at Rome 6.58 31.01 1.17 4.40
Beaver Dam River at Beaver Dam 0.96 4.18 12.09 8.40
South Branch Rock River at Waupun 1.56 24.80 9.88 1.40
Turtle Creek at Carvers Rock 7.24 37.12 33.42 7.60

Wolf River Bankfull Discharge

Bankfull discharge derived from survey data (Qs) within the Wolf River were
close in relation to discharge calculated from the Q resistance (Qy), with the exception of
the Evergreen River at Langlade and Spaulding Creek near Big Falls. The 1.5-year
recurrence interval (Qn15) coincides well with the Wolf River bankfull discharge, with
the exception of the Middle Branch Embarrass River at Wittenberg, and Swamp Creek
above Mole Lake. This may be due to the assumption that the 1.5-year recurrence interval

is the bankfull flood in that region.
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Discharge Qs (Discharge calculated using survey data)

Discharge Qs averages 4.28 cms throughout the Wolf River Watershed (Table 8).
Discharge Qs correlates positively with Qny.s, with an R? = 0.42. Values fall within the
range of other discharge calculations with the exception of the Little Wolf at Galloway
site, the Middle Branch Embarrass site, and the Swamp Creek above Mole Lake site.

The Little Wolf site discharge Qs is higher than all other values, and averages 5.46
cms, while Q; averages 4.34 cms, averages 3.91 cms, and Q10 averages 1.7 cms. The
Middle Branch site discharge Qs is lower than all other values, and averages 3.87 cms,
while Q, averages 5.78 cms, Qny5 averages 10.31, and Qnyo averages 7.3. The Swamp
Creek site discharge Qs is higher than all other values, and averages 12.82 cms, while Q,
averages 10.96 cms, Qn1 5 averages 3.26 cms, and Qny o averages 2.90 cms. The highest
discharge value calculated in the Wolf River Watershed is the Swamp Creek Qs with a
discharge of 12.82 cms. This value is much higher than calculated using other methods.
The lowest Qs value is calculated at the Evergreen River site, with a discharge of 0.98

cms.

Discharge Q. (Discharge calculated using resistance equation)

Discharge Q, averages 5.67 cms throughout the Wolf River Watershed (Table 8).
Discharge Q; values are higher than all other discharge calculations with the exception of
the Little Wolf at Galloway site, the Middle Branch Embarrass site, and the Swamp
Creek above Mole Lake site.

The Little Wolf site discharge Q, averages 4.34 cms, while Qs averages 5.46 cms,

Qn15 averages 3.91 cms, and historical Q1.0 averages 1.7 cms. The Middle Branch site
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discharge Q, averages 5.78 cms, while Qs averages 3.87 cms, Qny5 averages 10.31, and
Qn10 averages 7.3. The Swamp Creek site discharge Q; averages 10.96 cms, while Qs
averages 12.82 cms, Qn15 averages 3.26 cms, and Qnoaverages 2.9 cms. The highest Q,
discharge value calculated in the Wolf River Watershed is the Swamp Creek Qs with a
discharge of 9.29 cms. The lowest Qs value is calculated at the Emmons Creek site, with

a discharge of 3.89 cms.

Discharge Qn1.5 (Discharge calculated using 1.5-year recurrence interval)

Discharge Qn15averages 3.41 cms throughout the Wolf River Watershed (Table
8). Discharge values Qn 5 correlates positively with discharge calculated using survey
data (Qs), with an R? = 0.42 (See Discussion, Figure 5), with the exception of the Middle
Branch Embarrass site, and the Swamp Creek above Mole Lake site.

The Middle Branch site discharge Qn1 s averages 10.31, while Qs averages 3.87
cms, Q, averages 5.78 cms, and Qn; o averages 7.3. The Swamp Creek site discharge Qnis
averages 3.26 cms, while Qg averages 12.82 cms, Q;, averages 10.96 cms, and Qni.o
averages 2.9 cms. The highest Qn; 5 discharge value calculated in the Wolf River
Watershed is the Middle Branch Qs with a discharge of 10.31 cms. The lowest Qs value

is calculated at the Evergreen River site, with a discharge of 0.99 cms.

Discharge Qni 0 (Discharge calculated using 1.0-year recurrence interval)

Discharge Qnioaverages 2.46 cms throughout the Wolf River Watershed (Table
8). Discharge Qny0 Vvalues are the smallest discharges calculated in the Wolf River

Watershed with the exception of the Middle Branch Embarrass site.
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The Middle Branch site discharge Qn10 averages 7.3, while Qs averages 3.87 cms,
Qr averages 5.78 cms, Qn15 averages 10.31. The highest Qny 5 discharge value calculated
in the Wolf River Watershed is the Middle Branch Qs with a discharge of 7.30 cms. The
lowest Qs value is calculated at the Spaulding Creek at Big Fall site, with a discharge of

0.50 cms.

Rock River Bankfull Discharge

Bankfull discharged derived from survey data within the Rock River does not
coincide well with any other discharge calculations with the exception of the Bark River
at Rome coinciding with the 1.5-year recurrence interval (Table 8). Discharge Qs coincide

better with the historical Qn1 0 values than with the Qpys.

Discharge Qs (Discharge calculated using survey data)

Discharge Qs averages 5.13 cms throughout the Rock River Watershed (Table 80.
Discharge Qs correlates well with Qps0, with an R2 = 0.9306. Values fall within the
range of other discharge calculations with the exception of the Turtle Creek at Carvers
Rock site.

The Turtle Creek site discharge Qs averages 7.24 cms, while Q, averages 37.12
cms, Qnys averages 33.42, and Qn1o averages 7.60 cms. The highest discharge value
calculated in the Rock River Watershed is the Turtle Creek Qs with a discharge of 7.24

cms. This value does not coincide with the Q, or Qn1 5 values, but coincides well with

Qn1.o0.
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Discharge Q, (Discharge calculated using resistance equation)

Discharge Q, averages 30.97 cms throughout the Rock River Watershed (Table
8). Discharge Q, values are higher than all other discharge calculations.

The highest Q; discharge value calculated in the Rock River Watershed is the
Turtle Creek Qs with a discharge of 37.12 cms. This value is significantly higher than any

other discharge value calculated in the watershed.

Discharge Qn1.5 (Discharge calculated using 1.5-year recurrence interval)

Discharge Qnysaverages 16.82 cms throughout the Rock River Watershed (Table
8). Discharge Qn15Vvalues are not close to discharge calculated using survey data (Qs),
with the exception of the Bark River at Rome site.

The Bark River site discharge Qn1.5 averages 7.17 cms, while Q, averages 6.58
cms, Qr averages 31.01 cms, and Qn1 0 averages 4.40 cms. The highest Qn 5 discharge
value calculated in the Rock River Watershed is the Turtle Creek Qs with a discharge of
33.42 cms. This is the second highest discharge calculated throughout the entire
watershed. The lowest Qs value is calculated at the Bark River site with a discharge of

7.17 cms. This value matches well with the discharge value calculated using survey data

(Qy).

Discharge Qni1 0 (Discharge calculated using 1.0-year recurrence interval)

Discharge Qnioaverages 4.47 cms throughout the Rock River Watershed (Table

8) Discharge Qni.0 values and are close to the survey data discharge (Qs), with an R® =
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0.9306. The Qn1,0 values are the smallest discharges calculated in the Rock River
Watershed with the exception of the Turtle Creek at Carvers Rock site.

The Turtle Creek site discharge Qn1o averages 7.60 cms, while Qs averages 7.24
cms, Q, averages 37.12 cms, and Qpy 5 averages 33.42. The lowest Qs value is calculated

at the South Branch Rock River site, with a discharge of 1.40 cms.

Sediment Analysis

Average sediment sizes ranged between coarse sand to small gravel (Table 9).
The largest sediment sizes were found in transect 1 of the Tomorrow River, due to

wingdams present at the transect from stream restoration (Table 9).

Table 9: Average sediment size, in millimeters, per transect.

Sediment Sizes
Sites Transect1| Transect 2 | Transect 3
Wolf River
Emmons Creek at Rural 0.5 0.5 0.5
Evergreen River at Langlade 0.5 0.5 0.5
Little Wolf near Galloway 5.0 5.0 5.0
iiddle Branch Embarrass at Wittenberg 1.0 0.5 1.0
Spaulding Creek near Big Falls 1.0 1.0 1.0
Swamp Creek above Mole Lake 1.0 1.0 1.0
Tomorrow River at Nelsonville 100.0 1.0 0.5
ROCK RIVER
Bark River at Rome 5.0 5.0 5.0
Beaver Dam at Beaver Dam 0.0625 200.0 150.0
South Branch Rock River at Waupun 1.0 1.0 1.0
Turtle Creek at Carvers Rock 1.0 1.0 1.0
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Landcover

ArcMap 9.2 and ArcHydro were used to determine the land use percentages for
each river reach as well as the entire Wolf River Watershed (Figure 28, Figure 29) and
Rock River Watershed (Figure 30, Figure 31) regions (See Appendix F and G).
ArcHydro was used to delineate the watershed region upstream of the site-specific USGS
gauging stations while landcover maps from both county landuse (1992) and federal
landuse (2001) were used to assess landcover. Landcover was generalized to create a new
land use classification for calculating land use percentages, including: forest/shrubland,

agricultural/grasslands, commercial/residential, and water/wetlands.

Wolf River Watershed, Wisconsin Landcover, 1992

Water

Forest
34%

Residential/Indu
strial/Commerc
ial
% Agriculture

/Grassland
43%

Figure 28: County level landcover for the Wolf River Watershed.
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Wolf River Watershed, Federal Landcover, 2001
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Figure 29: Federal level landcover for the Wolf River Watersheds

Rock River Watershed, Wisconsin Landcover, 1992

Forest
7%
Residential/Indu Water
striallCommerci 5%

al
4%

Agriculture
/Grassland
74%

Figure 30: County level landcover for the Rock River Watershed.
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Rock River Watershed, Federal Landcover, 2001
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Figure 31: Federal level landcover for the Rock River Watersheds.

Overall both the Wolf River and Rock River showed higher percentages of
agriculture/grasslands; however, the Wolf River showed a much higher percentage of
forest cover and smaller percentage of residential/industrial/commercial areas with both
the county and federal landcover.

Landcover, between 1992 and 2001, within the Wolf River Watershed (Table 10)
decreased by 10% in water/wetlands and by 15% in agriculture/grasslands, while
increasing by 821% in residential/industrial/commercial areas and by 11% in forest
between the county landcover and the federal landcover. Landcover, between 1992 and
2001, within the Rock River Watershed decreased by 17% in water/wetlands and by 8%
in agriculture/grasslands, while increasing by 178% in residential/industrial/commercial

and by 25% in forest between county landcover and the federal landcover.
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Landcover was analyzed to determine whether a relationship existed between

landcover and bankfull discharge. Linear regressions between specific landcover types

and bankfull discharge were examined (Figure 32,Figure 33,Figure 34,Figure 35) (See

Appendix A). No significant relationship was found between landcover type and bankfull

discharge within either major watershed with the exception of the Wolf River Watershed

residential/commercial landcover vs. discharge, which showed a significant R* = 0.83 in

1992 and R> = 0.45 in 2001, and the Rock River Watershed forest landcover vs.

discharge, which showed a significant R?= 0.55 in 1992 and R?= 0.47 in 2001.
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Figure 32: Analysis of Landcover in the Wolf and Rock Watersheds.
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W olf River Watershed
1992 Residential/Com mercial Landcover % vs. Discharge
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Figure 33: 1992 Wolf Watershed Res/Comm Landcover vs. Discharge
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Figure 34: 2001 Wolf Watershed Res/Comm Landcover vs. Discharge
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Rock River Watershed
1992 Forest Landcover % vs. Discharge
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Figure 35: 1992 Rock Watershed Forest Landcover vs. Discharge
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Figure 36: 2001 Rock Watershed Forest Landcover vs. Discharge
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Rosgen Stream Classification

Stream classification was completed for bio assessment and habitat discussion.
The Rosgen Stream Classification system was used to determine stream type (Table 11).
Examination of each site on the regional curve did not find a relationship between stream

type and discharge.

Table 11: Rosgen Stream Classification per transect.

Stream Type

Sites Transect 1 Transect 2 Transect 3
WOLF RIVER

Emmons Creek at Rural G5 G5 G5
Evergreen River at Langlade F5 F5 F5
Little Wolf River near Galloway F4 F4 F4
Middle Branch Embarrass at Wittenberg F5 F5 F5
Spaulding Creek near Big Falls F5 F5 F5
Swamp Creek above Mole Lake F5 F5 F5
Tomorrow River at Melsonville F3 F5 F5
ROCK RIVER

Bark River at Rome F4 F4 F4
Beaver Dam River at Beaver Dam Fb F3 F3
South Branch Rock River at Waupun F4 F4 F4
Turtle Creek at Carvers Rock F5 F5 F5

Regional Curve

A regional curve was developed for both major watersheds by comparing
watershed area (km?) to bankfull discharge, as well as width to discharge, and average
depth to discharge (Figure 25,Figure 26,Figure 27) Regional Curves were developed

using both survey data, and the historical 1.5-year recurrence interval (Figure 37,Figure
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38,Figure 39,Figure 40). A second regional curve developed using the historical 1.0-year
recurrence interval as a proxy for bankfull, due to the lack of relationship between survey
data and the historical 1.5-year recurrence interval in the watershed. The final product of

this research was a regional curve for each watershed comparing survey to historical data.

Wolf River Regional Curve

The Rock River Watershed survey data was compared using both the historical
Q1.5 and Q1.0-year recurrence interval (Figure 37,Figure 38). Overall, the relationship
between Wolf River survey data and Q1.5-year recurrence interval was much closer than
that of the Q1.0-year recurrence interval.

The Wolf River Watershed regional curve (Figure 37, Figure 38) correlates well
for both survey and historical Q1.5-year recurrence interval bankfull discharge to
watershed area. The Wolf River data finds an R® = 0.62 for survey data to watershed area.
It also finds R? = 0.68 for historical Q1.5 data to watershed area and R? = 0.94 for
historical Q1.0 data to watershed area. Survey discharge to historical Q1.5 discharge

finds and R? = 0.42 (Figure 41).

Rock River Regional Curve

The Rock River Watershed survey data were compared using both the historical
Q1.5 and Q1.0-year recurrence interval (Figure 39,Figure 40). Overall the relationship
between Rock River survey data and Q1.0-year recurrence interval was much closer to

the survey discharge than that of the Q1.5-year recurrence interval.
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The Rock River regional curve correlates well using the Q1.5-year recurrence

interval and using the Q1.0-year recurrence interval; however, the survey data coincides

better with the Q1.5-year recurrence interval.

The Rock River data (Figure 39, Figure 40) finds an R* = 0.86 for survey data to

watershed area. It also finds R? = 0.48 for historical Q1.5 data to watershed area and R* =

0.99 for historical Q1.0 data to watershed area. Survey discharge to historical Q1.5

discharge finds and R? = 0.93 (Figure 41).
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Figure 37: Regional curve comparing Wolf River survey and historical Q1.5 discharge.
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Wolf River Discharge, Survey vs. Historical Q1.0 (cms)
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Figure 38: Regional curve comparing Wolf River survey and historical Q1.0 discharge.
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Figure 39: Regional curve comparing Rock River survey and historical Q1.5 discharge.
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Figure 40: Regional curve comparing Rock River survey and historical Q1.0 discharge.
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Figure 41: Comparison of survey discharge to historical discharge.




DISCUSSION

The Wolf River Watershed and the Rock River Watershed were chosen due to the
high density of USGS gauging stations. Study of the Rock River was discontinued due to
flooding within the region during the late summer of 2008 and the summer of 2009. The
Wolf River Watershed sites are more suited for stream restoration recommendations than

those in the Rock River Watershed, due to the more natural condition of the streams.

Regional Curves

The regional curve developed for the Wolf River Watershed shows good
agreement with the Qy s -year interval (Figure 37,Figure 38,Figure 41), while the Rock
River Watershed shows good agreement with the Qi o-year interval (Figure 39,Figure
40,Figure 41). As stated earlier, it is best to assume bankfull as a range of values, rather
than a discrete one, between the 1.0 and 2.5-year flood (Copeland et al., 2000). For this
reason, field surveys are compared to the USGS historical data to estimate a more precise
approximation of the recurrence of the bankfull flood.

There are several possible reasons for the Rock River Watershed’s agreement
with the Q1 o-year interval. This agreement implies that floods occur more frequently
within the Rock River Watershed, which is a highly agricultural area. It is possible that,
due to the increased overland flow in agricultural and urban areas, flooding is more
frequent and therefore the bankfull flood is more frequent. In addition, only three sites in
the Rock River Watershed were used to compare survey data to historical data, and more

sites are needed to develop a confident relationship.

79
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Additional challenges associated with developing these regional curves include
analyzing differences in bankfull width, depth, area, and discharge between sites, an
differences between survey data and additional discharge calculations. Details of this are

explained below.

Regional Curve Comparison to Michigan Study

Regional curves in comparable areas should show similar trends. The results from
this study are compared to a study done by Mistak and Stille (2007) to analyze the
strength of the methods used in this study.

The study “Upper Menominee River Regional Curve” by Mistak and Stille (2007)
examines five river reaches in Michigan for the Upper Menominee River Watershed,
based on bankfull characteristics of the Sturgeon River, Iron River, Brule River, Pine
Creek, and Peshekee River (Mistak and Stille, 2007). Data collection methods used in the
Michigan study are very similar to those used in this study.

Comparisons of bankfull discharge to watershed area (Figure 42) finds Michigan

at R? = 0.84 and Wolf at R? = 0.60.
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wolfRiver Bankfull Discharge vs, Michigan Study Bankfell Discharge
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Figure 42: Comparison of bankfull discharge to watershed area between Mistak study and the Wolf
River Watershed.

Comparisons of bankfull width to watershed area (Figure 43) finds Michigan at

R? = 0.59 and Wolf at R*> = 0.42.
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wolfRiver Bankfull Wwidth vz Michigan Study Ba nkfull width
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Figure 43: Comparison of bankfull width to watershed area between Mistak study and the Wolf
River Watershed.

Comparisons of bankfull depth to watershed area (Figure 44) finds Michigan at R?
= 0.45, and Wolf at R? = 0.28. This indicates a weak relationship between bankfull depth
and watershed area within each watershed. The weak relationship between bankfull depth
and watershed area within each watershed indicates a high level of variance in the

bankfull depth between river reaches and their associated watershed area.
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wolf River Bankfull Depth vs. Michigan Study Bankfull Depth
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Figure 44: Comparison of bankfull depth to watershed area between Mistake study and the Wolf
River Watershed.

Comparisons of bankfull area to watershed area (Figure 45) finds Michigan at R
= 0.58 and Wolf at R? = 0.62. This indicates a strong relationship between bankfull area
and watershed area within each watershed. The strong relationship between bankfull area
and watershed area within each watershed indicates a high level of homogeneity in the

bankfull area between river reaches and their associated watershed area.
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Figure 45: Comparison of bankfull area to watershed area between Mistak study and the Wolf River
Watershed.

Site Selection, Site Discussion, and USGS gauging station activity

Specific criteria were used to select sites in order to collect relatively
homogeneous data within the major watersheds. These guidelines may have been too
stringent for this study, and were at times loosely regarded in order to find a suitable
amount of sites for the study. However, regardless of whether or not the criteria were too
strict, wadable gauged streams were generally lacking throughout the watersheds.

There was also a lack of active USGS gauging stations throughout the watersheds.
Many stations have been shutdown in the last 10-20 years or have been repeatedly turned
on and off, most likely due to funding cuts. Stations that have been consistently active
tend to be mainstream channels that are much too large for survey purposes. For these

reasons, finding active gauging stations at wadable streams quickly narrowed down the
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possible channel sites. In one case a site, referred to as the Little Wolf River at Royalton
site, was less than 3 feet in depth and wadable, but was more than 300 feet in width. This
site was left out of the study. In future cases researchers may wish to conduct surveys on
any stream that is wadable, regardless of watershed size or stream width, although greater
widths may require adjustments in survey methods.

Only seven sites within the Wolf River Watershed and four sites within the Rock
River Watershed (Table 1) (See Appendix C, D, K, and N) were suitable for the field
requirements of this study. A variety of physiology at each site provided a variety of
stream shapes and sizes (See Appendix C, D, E, F, G, H, I, J). In some cases geology and
soil type may have affected the discharge levels, such as the Swamp Creek at Mole Lake
site. A variety of depths, widths, and bankfull areas provided comparisons for bankfull

discharge and Manning’s n at each site.

Wolf River Sites

Sites within the Wolf River Watershed have more natural, less developed stream
channels and are less prone to the agricultural/urban channelization (Table 10). These
sites were proportionally smaller in width, depth, and area than those in the Rock River
(Table 6), were less channelized, mostly located within forested areas, and had more in-
stream vegetation, with the exception of the Bark River at Rome site in the Rock River
Watershed.

The Emmons Creek at Rural site, located in Waupaca County, is a deeply
entrenched, meandering, restored trout stream located in a woods and surrounded by

approximately 14.0% agricultural land and 50% forest. The watershed area is 65.0 km?



86

and is associated with six years of active gauging station data from 1969 to 1974. Any
notable deviations between the survey discharge and historical discharge were most
likely due to the age of the historical data. This site could be considered pristine and
would serve as a good reference for stream restoration.

The Evergreen River at Langlade site, in Langlade County, is a shallow,
meandering stream set in a highly forested area (approximately 88% of total
subwatershed landcover). The watershed area is 21.0 km?and is associated with 48 years
of active gauging station data from 1959 to 2007. This site would serve as a good
reference for stream restoration due to its natural condition.

The Little Wolf River near Galloway site, in Marathon County, is a shallow, wide
stream located in a wooded area with a subwatershed landcover distribution of
approximately 24% water/marshland, 28% ag/grasslands, and 45% forest. The watershed
is 58.5 km®and is associated with four years of active gauging station data during 1974,
1977, 1978 and 1979. Differences between the survey discharge and historical discharge
are most likely due to the inconsistent and historical gauging station data. However,
survey calculations correlated well with historical bankfull calculations and the site
served as a reference to other rivers. This site would serve as a good reference for stream
restoration due to its natural condition.

The Middle Branch Embarrass at Wittenberg site, located in Shawano County, is
a wide, mucky, stream channel downstream from a golf course and upstream from a
highly reinforced ravine and bridge structure, in a subwatershed of approximately 31%
agricultural area, 28% water/marshland, and 35% forest landcover. The watershed is

197.6 km?and is associated with 16 years of active gauging station data between 1990
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and 2006. Differences between the survey discharge and historical discharge are most
likely due to upstream runoff influences from the golf course.

The Spaulding Creek near Big Falls site, in Waupaca County, is a tiny, rocky-
bottomed stream channel with deep pools and riffles. The site lies upstream of a culvert
and is located in a heavily forested subwatershed (approximately 60% of total landcover)
with some marshlands (approximately 30% landcover). The watershed is 14.4 km?and is
associated with 48 years of active gauging station data from 1959 to 2007. Differences
between survey discharge and historical discharge are most likely due to the flashy
hydrology of the small watershed. However, this site would serve as a good reference for
stream restoration due to its natural condition.

The Swamp Creek at Mole Lake above Mole Lake site, in Forest County, is a
wide, deep, sandy channel with wide, mucky stream channel edges, and highly forested
banks. The site is located in a mostly forested subwatershed (approximately 62% of total
landcover) with some water/marshland (approximately 26% of total landcover). The
watershed is 119.9 km?and is associated with 11 years of active gauging station data
between 1978 and 2004. Differences between the survey discharge and historical
discharge are most likely due to the wide, mucky stream edges, which retain water flow
and slow velocity measurements. Differences may also be due to the geology in the area
(See Appendix 1). The imperviousness of the type Xmv and type Xmiv rocks in that area
may encourage runoff and therefore increase discharge. This type of rock was only found
at this site.

The Tomorrow River at Nelsonville site, in Portage County, is a shallow, sandy-

bottomed trout stream that has experienced some trout restoration activities that have
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created wingdams. These wingdams and the associated pool were included in the
transects due to the inability to survey in another location. This site is located in a
subwatershed comprised of approximately 46% ag/grassland and 41% forest landcover.
The watershed is 114.0 km?and is associated with 3 years of historical data taken from
daily data measurements between 1993 and 1995. The peak flood was selected from the
associated historical daily discharge data and was treated as peak discharge data in the
calculation of the 1.5-year recurrence interval. Differences between survey discharge and
historical discharge are most likely due to the lack of historical data at the site. However,
this site would serve as a good reference for stream restoration considering the successful
restoration already conducted at the site.

Removal of the Nelsonville site from the study was considered due to the small
amount of historical data. However, removal of this site did not have a significant effect
on the relationship between discharge and watershed area within the Wolf River

Watershed and was included in the study as a comparison to the other rivers.

Rock River Sites

The Rock River sites provided many challenges for developing a regional curve.
These sites were proportionally greater in width, depth, and area than those in the Wolf
River (Table 6), were more channelized, mostly located within agricultural and urban
areas (Table 10), and had less in-stream vegetation. These differences had an obvious
effect on discharge and contributed to the difficulty in developing a regional curve for the
Rock River Watershed. Overall a strong correlation between survey data and the

historical Q1.0 year recurrence interval (a more frequently occurring flood level). Due to
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the stream morphology differences, the channelization and subsequent changes to width,
depth, velocity, and discharge within the Rock River affected the bankfull flood and the

historic flood level.

As stated earlier, the Beaver Dam at Beaver Dam site within the Rock River
watershed was removed from the development of a regional curve entirely (See Appendix
0). This was due to upstream influence from a dam structure located in the city of Beaver

Dam.

The Bark River at Rome site, in Jefferson County, is a wide, rocky, highly
vegetated shallow channel. The site is located downstream from an old dam and bridge,
in a subwatershed with approximately 45% agricultural and 13% residential landcover.
The watershed is 316.0 km?and is associated with 22 years of historical data taken from
daily data measurements between 1984 and 2005. Differences between survey discharge
and historical discharge are most likely due to the downstream influences of the dam and
bridge structures and the surrounding ag/residential landcover. However, the site is a
healthy river containing a high percentage of biota and could serve as a reference for
stream restoration within the Rock River Watershed.

The South Branch Rock River at Waupun site, in Fond du Lac County, is a
murky, slow flowing stream channel with mowed banks. It is located within the city
boundaries of Waupun located adjacent to a large, mowed park. The subwatershed is
approximately 83% ag/grassland area and 8% residential landcover. The watershed is
164.7 km?and is associated with 37 years of historical data from 1949 to 2004, with data
missing from 1969 to 1988. Differences between survey discharge and historical

discharge are due to the influences from the residential and agricultural induced runoff in
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the area. This site would not serve well as a reference for stream restoration due to its
unnatural conditions.

The Turtle Creek at Carvers Rock site, in Rock County, is a wide, deep, sandy-
bottomed channel with highly forested banks located downstream from a bridge. This
subwatershed is approximately 80% ag/grassland area, 8% residential/commercial and
3% forest landcover. The watershed is 515.4 km?and is associated with 66 years of
historical data from 1940 to 2005. Differences between survey discharge and historical
discharge are most likely due to the downstream influences from the bridge structure.
This site would not serve well as a reference for stream restoration due to its unnatural

conditions.

Hydraulic variables, Manning’s n, and Bankfull Discharge

At all sites three transects were setup across the stream channel, preferably
upstream from dams, bridges, culverts, or other structures. These structures are known to
affect stream morphology (sediment and vegetation) and geometry (width, depth, and
velocity). It was not always possible to setup transects upstream of a gauging station due
to stream width and depth. All transects within the Rock River watershed were setup

downstream of influential dams, bridges, and other structures.

Hydraulic Variables

Bankfull width, depth, and area measurements from within the Rock River were
considerably larger than most within the Wolf River Watershed sites (Table 6) (See

Appendix L and M). This could be due to data collection downstream from highly
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influential structures such as dams, bridges, and culverts or the increase in subwatershed

size between the Wolf River and Rock River watersheds.

Width

Of the hydraulic variables, bankfull width varied the most between the Wolf
River and Rock River watersheds. Bankfull width showed a weak relationship with
watershed area (Figure 25) in the Wolf River Watershed (Wolf River R? = 0.41) and a
strong relationship in the Rock River Watershed (R® = 0.84).

Several sites within the Wolf River Watershed deviate from the relationship
between bankfull width (Figure 25). Two of the largest deviations were the Swamp Creek
at Mole Lake site and the Tomorrow River at Nelsonville site. The Swamp Creek
deviation is due to marshy areas buffering two of the three transects, which widened the
bank width and consequently the bankfull width in relation to the watershed area. The
wide stream channel may also be due to the impervious geology in the area which would
increase runoff and therefore discharge in the watershed (See Appendix I).

The Tomorrow River’s deviation is primarily due to the width of the stream
transects but may also be influenced by some stream restoration at the site. Several
wingdams and increases in depth upstream of transects were noted. These remnants of
stream restoration efforts would adversely affect velocity downstream. This wingdam
structure could not be avoided due to a meander in the river downstream that prevented
the use of the total station meter that was required for all elevation and distance

measurements.
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Additional, but less severe, deviations in the Wolf River Watershed included the
Little Wolf near Galloway site and Emmons Creek at Rural. The Little Wolf River’s
deviation is due to the shallow, wide nature of the stream channel in relation to watershed
size. The Emmons Creek deviation is due to the deeply incised channel and short
bankfull width in relation to watershed size. There are no significant deviations in the

Rock River Watershed mainly due to the small sample size.

Depth

Bankfull depth varied between the Wolf and Rock River watersheds (Table 6).
Comparisons between bankfull depth and watershed area (Figure 25) calculate the Wolf
River at R? = 0.28, and the Rock River at R? = 0.31.

Several sites within the Wolf River Watershed deviate from the relationship
between bankfull depth and discharge, including the Tomorrow River at Nelsonville site
and the Little Wolf River near Galloway site. The Tomorrow River deviation is due to
large bankfull depth at one of the stream transects as a result of stream restoration.
Several wingdams were noted at the site that increased the depth upstream of the first
transect. The depth of this transect was considerably larger than the remaining transects at
the study site. This wingdam structure could not be avoided due to a meander in the river
downstream that prevented the use of the total station meter that was required for all
elevation and distance measurements. The Little Wolf near Galloway deviation is due to

the bankfull width and shallow bankfull depth of the site in relation to watershed size.
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Cross-sectional Area

Bankfull cross-sectional area vs. watershed area (Figure 27) found the strongest
correlations between a hydraulic variable and discharge in both the Wolf River (R? =
0.64) and Rock River (R? = 0.88) Watersheds. This indicates a strong relationship
between bankfull cross-sectional area and watershed area.

Several sites within the Wolf River Watershed deviate from the relationship
between bankfull area and discharge; Swamp Creek above Mole Lake and Emmons
Creek at Rural. The Swamp Creek deviation is due to wide bankfull banks at the site
which influenced the calculation of area in relation to watershed size, and may also be
due to the impervious geology in the area that may increase runoff and therefore
discharge (See Appendix I). The Emmons Creek deviation is due to deeply incised banks
at the site which in turn influenced the calculation of area in relation to watershed size.
These incised banks may be due to stream restoration at the site which deepened the

channel for trout habitat.

Manning’s n

Stream morphological (sediment and vegetation) and geometrical (width, depth,
and velocity) influences from upstream structures would affect Manning’s n, or the
roughness coefficient, which is the most sensitive variable within Manning’s equation.
Manning’s n strongly influences the calculation of bankfull discharge, which
consequently affects all calculations, especially within the Rock River Watershed. Sites

within the Wolf watershed were considered more natural than sites within the Rock
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watershed. Visual estimations of Manning’s n in the Wolf River Watershed corresponded
well with calculations at most sites.

Manning’s n was calculated four different ways (Table 2), including visual
estimations for each transect within each site that were then averaged for each site. These
calculations include using Manning’s equation calculated with stream data, determining n
by determining Rosgen’s stream type, using Manning’s estimation chart for n, and using
Cowan’s estimation chart for n.

Wolf River Manning’s n

Manning’s n calculations within the Wolf River Watershed were close to
estimations from visual stream assessments (Table 7). Overall Manning’s ns are lower
than other calculations, with some deviations. This is due to the use of surveyed velocity
and channel geometries in the calculation of Manning’s n, instead of the use of gravity
and bankfull geometries in initial calculations. Manning’s n; is higher than other
calculations, with some deviations. This is due to the variability in small stream types as
a result of sediment and vegetation differences, subsequently affecting roughness

coefficient estimations.

Manning’s ns (n calculated using survey data)

Manning’s ns values are lower than all other calculations, per site, with the
exception of high values calculated at the Evergreen River at Langlade site and Spaulding
Creek at Big Falls site (Table 7). Low values ns indicate a high velocity and low channel

roughness at each site. Manning’s ns values are generally low due to the use of surveyed
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velocity and channel geometries in the calculation of Manning’s n, instead of the use of
gravity as and bankfull geometries in initial calculations.

The Evergreen River ng calculation is close to all other ng calculations at the site
and is not considered a deviation; however, the higher than average ns calculated at the
site may be due to slow velocity measured at the site. The Spaulding Creek deviation is
due to low velocity and a high wetted perimeter at the site, which would increase the
roughness coefficient.

A very low ng value is calculated at the Little Wolf River and the Swamp Creek
River. The Little Wolf deviation is due to high velocity and a small hydraulic radius at
the site, which would decrease the roughness coefficient. The Swamp Creek deviation is
due to relatively high velocity at the site and a small hydraulic radius, which would

decrease the roughness coefficient.

Manning’s n, (n calculated using Rosgen's stream type)

Manning’s n; values are higher than all other n calculations, with the exception of
a high value calculated at the Spaulding Creek at Big Falls site (Table 7). The
consistently high value of Manning’s n; is due to the variability in small stream types as a
result of sediment and vegetation differences, subsequently affecting roughness
coefficient estimations.

The Spaulding Creek value is close to all other n; values but is not the highest
value at that site. This is due to high nsvalues at the site as a result of low velocity and

high wetted perimeter, which would increase the roughness coefficient.
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Manning’s ny (N estimated using Manning's estimation variables)

Manning’s np, values and Manning’s n. values have a similar range (Table 7).
This is due to the similar estimation values used by both Manning’s and Cowan’s
estimation chart. Manning’s estimation methods include evaluating the stream
characteristics according to shape, approximate in-stream vegetation and sediment, while
Cowan’s estimation methods include calculating a value for each stream variable and
then summing the total to find n.

A high Manning’s ny, value is calculated at the Middle Branch Embarrass site
and the Swamp Creek above Mole Lake site. The Middle Branch site and Swamp Creek
site deviations are due to Manning’s evaluation of lower stage rivers, which was not as

prominent at other sites.

Manning’s nc (\n estimated using Cowan's estimation variables)

Manning’s n. values and Manning’s nn, values have a similar range (Table 7). As
stated earlier, this is due to the similar estimation values used by both Manning’s and
Cowan’s estimation chart.

A high n¢ value is calculated at the Evergreen River at Langlade site and the
Spaulding Creek at Big Falls site. These deviations are due to Cowan’s evaluation of
stream irregularity, cross sectional differences, obstructions and in-stream vegetation,

which were not as prominent at other sites.
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Rock River Manning’s n

Calculated Manning’s n values were considerably higher than visually estimated n
values in the Rock River Watershed (Table 7). Large deviations occur within all
calculations and values are relatively dissimilar. Despite this, the bankfull discharge from
survey data values coincided well with the historical Q1.0 discharge values. The lack of
consistency between the n values within the Rock River are most likely due to the
transect locations downstream from the gauging stations, which were all located at
bridges, dams, and culverts that are known to affect the morphology of streambeds and
consequently the roughness coefficient. Deviations may be due to the erratic discharges
at each site at the time of survey and complications associated with the surrounding
landuse.

The ng values within the Rock River watershed deviated far from the visual
estimations. Because the bankfull width, depth, and area correlate well with watershed
area and the velocity measurements from these sites are approximately the same as those
within the smaller sites of the Wolf River, n calculations indicate that the roughness of
the stream, such as sediment and vegetation, is considerably greater than was estimated.
More than likely, the velocity measurements taken at the time of survey may not have
been representative of the normal flow within the stream. Precipitation was lower than
normal during the survey session and it can be assumed that velocity measurements were
slower than what would normally have been measured, consequently affecting the
calculation of Manning’s n and falsely indicating a higher roughness coefficient than is

actually present.
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Manning’s ns (n calculated using survey data)

Manning’s ns values are higher than all other n calculations per site, with the
exception of the Bark River at Rome site (Table 7). Manning’s ns values should generally
be low due to the use of surveyed velocity and channel geometries in the calculation of
Manning’s n, instead of the use of gravity and bankfull geometries in initial calculations.
However, in the Rock River values were exceptionally high, which may be due to the
extremely low velocity levels recorded at the sites, caused by several factors, including
obstructions in the water.

The South Branch Rock River site has a ng value of 0.228, which is much higher
than would be estimated in the area. This is due to the extremely slow velocities at the

site, mainly influenced by the low slope passing through the urban area of Waupun.

Manning’s n, (n calculated using Rosgen's stream type)

Manning’s n; values had a similar range to Manning’s nn, values calculated using
Manning’s estimation chart (Table 7). Manning’s n; values tend to deviate a great deal
due to the variability in small stream types as a result of sediment and vegetation
differences, subsequently affecting roughness coefficient estimations. The similarities
between Manning’s n, and Manning’s n, values may be due to the lack of complexity in
the unnatural, channelized stream channels of the Rock River Watershed which result in
more standard estimations of n based on stream type, as opposed to the variability in

stream type normally found when calculating Manning’s n.



99

A high n, value is calculated at the Turtle Creek at Carvers Rock site. This is due
to the evaluated stream type, correlating with a higher n value when using Rosgen’s

stream type estimation chart.

Manning’s ny (N estimated using Manning's estimation variables)

Manning’s np, values are smaller than, but close in range, to Manning’s n, values
calculated using Rosgen’s stream type classification (Table 7). As stated earlier, this may
be due to the simpler, channelized stream channels in the Rock River Watershed resulting
in more standard estimations of n based on stream type as opposed to the variability in
stream type normally found when using stream type as an estimation of n. The values

calculated at this site are what would be expected from this area.

Manning’s nc (_n estimated using Cowan's estimation variables)

Manning’s n. values are smaller than, but close in range to Manning’s nn, values
calculated using Manning’s estimation chart (Table 7). As stated earlier this is due to the
similar estimation values used by both Manning’s and Cowan’s estimation chart
including the evaluation of stream characteristics to find n.

A high n¢ value is calculated at the Bark River site. This high value is due to
Cowan’s evaluation of obstructions and in-stream vegetation within the stream. In-stream

vegetation was denser at this site than at other sites.
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Bankfull Discharge

Bankfull discharge is calculated using four different calculations (Table 3) for
each transect at each site within both watersheds and then averaged for each site. These
calculations include using Manning’s equation calculated with survey data, calculating
the Q resistance equation using shear velocity, and determining a specific recurrence

interval for the site (in this case, the 1.5 and 1.0-year intervals).

Overall, the survey calculations fell within the values of the other four
calculations (Table 8). The Qnyodischarge was the smallest discharge with the exception
of the Beaver Dam at Beaver Dam site, which is due to the historical data from the

Beaver Dam site being influenced by dam releases upstream of the gauging station.

The greatest deviations in both watersheds were found using the Q, equation,
which found much higher bankfull discharge values than the other equations. The higher
values are most likely due to the method of calculation, which used bankfull geometry
instead of channel geometry and gravity instead of channel velocity for the initial

calculations of bankfull velocity. These differences would affect the bankfull discharge.

Wolf River Bankfull Discharge

The relationship between the Qn15 and the Qs discharge was strong throughout the
Wolf River Watershed (Table 8), indicating a strong relationship between the 1.5-year
recurrence interval and the survey-calculated discharge for bankfull stage. The greatest
deviation from the survey bankfull discharge calculations were from using the Q
resistance equation. These deviations are due to the equation’s use of pebble size in the

equation and the use of gravity and not channel velocity in the calculation of bankfull
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velocity. The deviations account for differences between discharges at each site within
the Wolf River Watershed with the exception of the Little Wolf River, Middle Branch

Embarrass, and Swamp Creek sites.

Bankfull discharge derived from survey data (Qs) within the Wolf River is similar
to the Q resistance (Qy), with the exception of the Evergreen River at Langlade and
Spaulding Creek near Big Falls. This may be due to the hydraulic variables used within
the equations (Table 6). The 1.5-year recurrence interval (Qns.5) coincides well with the
Wolf River bankfull discharge with the exception of the Middle Branch Embarrass River
at Wittenberg and Swamp Creek above Mole Lake. This may be due to the assumption

that the 1.5-year recurrence interval is the bankfull flood at these sites.

Discharge Qs (Discharge calculated using survey data)

Discharge Qs values fall within the range of other discharge calculations with the
exception of the Little Wolf at Galloway site, the Middle Branch Embarrass site, and the
Swamp Creek above Mole Lake site (Table 8).

The Little Wolf deviation is due to the small n calculated using survey data (Table
5), resulting from the high velocity recorded at the site. The Middle Branch Embarrass
deviation is due to the small n value calculated at the site, as a result of relatively high
velocity recorded at the site in relation to channel size.

The highest discharge value calculated in the Wolf River Watershed is the Swamp
Creek Qs with a discharge of 12.82 cms. This is not close to other calculations and is due

to the low n calculated as a result of high velocity and a small hydraulic radius.
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Discharge Q, (Discharge calculated using resistance equation)

Discharge Q; values are higher than all other discharge calculations with the
exception of the Little Wolf at Galloway site, the Middle Branch Embarrass site, and the
Swamp Creek above Mole Lake site (Table 8). The Q, discharge calculates a higher than
normal value due to the equation’s use of pebble size in the equation and the use of
gravity instead of channel velocity in the calculation of bankfull velocity.

The Little Wolf deviation is due to the high Q, calculated at the site as a result of a
low ng calculation. The Middle Branch deviation is due to an extreme Q5 calculated
using the 1.5-year recurrence interval. The deviation between the other discharges and
Middle Branch Q1.5 may be due to the relatively small amount of historical data used in
the calculation of the recurrence interval.

The highest Q, discharge value calculated in the Wolf River Watershed is the
Creek Q. This is due to the increased stream bankfull area at that site, which may be a
result of the impervious geology in the area which may increase runoff and therefore
discharge (enlarging the channel) (See Appendix I). The Q, value is close to the Qs value
but not to other discharge values.

The lowest Q; value is calculated at the Emmons Creek site, with a discharge of
3.89 cms. This is due to the small bankfull area at the site. The Q; value is close in range

to Qs but not with other discharge values.

Discharge Qni 5 (Discharge calculated using 1.5-year recurrence interval)

Discharge Qny.5 values are closely related to discharge calculated using survey

data (Qs), with the exception of the Middle Branch Embarrass site and the Swamp Creek
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above Mole Lake site (Table 8). The Qsand Qn1s discharges are closely related due to the
assumption that a specific historical recurrence interval, in this case the 1.5-year
recurrence interval, is representative of the bankfull flood.

The Middle Branch deviation may be due to the small amount of historical data
(16 years) and to the low n calculated at the site using survey data. The Middle Branch
value is also the highest Qp; 5 calculated in the Wolf River Watershed, which may be due
to the increased bankfull area at the site or due to the urban areas surrounding the site,
including a golf course upstream, which would increase runoff as a result of impervious
areas. The Swamp Creek deviation is due to the small amount of historical data (11
years) at the site and because of the increased bankfull area calculated due to a natural

pool formed by a tree fall located at one transect on the site.

Discharge Qn10 (Discharge calculated using 1.0-year recurrence interval)

Discharge Qny0 values are the smallest discharges calculated in the Wolf River
Watershed with the exception of the Middle Branch Embarrass site (Table 8). That Qn1.0
is smaller than and does not correlate well with Qs. This further validates that the 1.5-
year interval is more representative of the bankfull flood in the Wolf River Watershed.

The Middle Branch Embarrass deviation may be due to the assumption that the
1.5-year recurrence interval is representative of the bankfull flood. It is possible that, at
this site, the 1.0-year recurrence interval is more representative of the bankfull flood. In
addition, this discharge value is the highest Qn1 o calculated in the watershed. This is most

likely due to the large bankfull area of the river.
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Rock River Bankfull Discharge

There was a general lack of consistency between discharge calculations in the
Rock River Watershed. However, the relationship between Qn1.0and Qs values are much
stronger than the relationship between Q15 and Qs bankfull discharge (Table 8). This
indicates a more frequent bankfull flood within the Rock River watershed, occurring
approximately every 1.0-year instead of every 1.5-years. This could be due to increased
runoff from a higher percentage of agricultural/urban areas within the watershed,
although this research did not find a relationship based upon these sites. However, the
more frequent bankfull flood implies a difference between the landuse governing the

Wolf River and Rock River watersheds.

The greatest deviations from the survey bankfull discharge calculations were
calculated using the Q resistance equation. This is due to the equation’s use of gravity
and not channel velocity to calculate bankfull velocity, the use of pebble size in the
calculation of discharge, and the use of bankfull geometry in the place of channel
geometry. The deviations account for the majority of differences between discharges at

each site within the Rock River Watershed.

Discharge Qs (Discharge calculated using survey data)

Discharge Qs values fall within the range of all within the range of other discharge
calculations with the exception of the Turtle Creek at Carvers Rock site (Table 8), which
almost exactly coincides with Qni0. This is to be expected, due to Q, generally calculating

a larger discharge and Qn; o calculating a flood that is generally regarded as smaller than
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the bankfull flood. The highest discharge value calculated in the Rock River Watershed

was the Turtle Creek Qswith a discharge of 7.24 cms which coincides well with Qpy.o.

Discharge Q. (Discharge calculated using resistance equation)

Discharge Q; values are higher than all other discharge calculations (Table 8).
This is due to the equation’s use of pebble size in the equation, the use of gravity instead
of channel velocity, and the use of bankfull geometry instead of channel geometry in the
calculation of bankfull velocity. The highest Q; discharge value calculated in the Rock
River Watershed is the Turtle Creek Qs with a discharge of 37.12 cms. This value is
significantly higher than any other discharge value calculated in the watershed and is due,
in addition to the equation’s use of bankfull geometry, particle size, and gravity in

calculations, to the large bankfull area and wide bankfull width calculated at the site.

Discharge Qn: .5 (Discharge calculated using 1.5-year recurrence interval)

Discharge Qny.5 values are not close to discharge calculated using survey data
(Qs), with the exception of the Bark River at Rome site (Table 8). This may be due to the
historical 1.0-year recurrence interval better representing the Rock River Watershed
floods than the historical 1.5-year recurrence interval. The stronger correlation between
the 1.0-year recurrence interval Qni0and Qs supports the supposition that the bankfull
flood occurs more frequently in streams that are more channelized and in areas that are
likely influenced by impervious areas, e.g. urban and agricultural areas. Although no
relationship was found between landcover and discharge in either the Wolf or Rock River
Watersheds, the indication of a more frequent bankfull flood supports the assumption that

landcover may influence flooding in the region.
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The Bark River site discharge Qn1 5 averages 7.17 cms while the Qs averages 6.58
cms and Qpy0averages 4.40 cms. The Qny s value and Qs value are close to each other,
most likely due to the natural stream characteristics of the channel and lack of
channelization that has occurred at this site. This site is more natural than any other sites
referenced in the Rock River Watershed and would flood less frequently than other site
that are more channelized. This site would likely have more in common with sites
referenced in the Wolf River Watershed, which correlate well with the historical 1.5-year

recurrence interval.

Discharge Qni.0 (Discharge calculated using 1.0-year recurrence interval)

Discharge Qn1.0 values are close to the survey data discharge (Qs). The Q1o values
are the smallest discharges calculated in the Rock River Watershed with the exception of
the Turtle Creek at Carvers Rock site (Table 8). The small values Qn1 are due to the
historical 1.0-year flood representing a more frequent and smaller flood than the
historical 1.5-year flood. The Qn10 values most likely correlate with the Qs values in this
watershed because of the channelized streams that were referenced in the Rock River
Watershed, with the exception of the Bark River at Rome site. This site is more natural
and Qs values correlate better with Qny5 values. However, this site is located downstream
from a dam structure.

The historical 1.0-year recurrence interval better representing the Rock River
Watershed floods than the historical 1.5-year recurrence interval. A stated earlier, the
correlation between the 1.0-year recurrence interval (Qrmi1.0) and Qs supports the
assumption that the bankfull flood occurs more frequently in streams that are more

channelized and more influenced by impervious areas, e.g. urban and agricultural areas.
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Sediment Analysis

Average sediment sizes ranged between coarse sand to small gravel, with the
majority of the g4 percentile of sediment size measuring 1.0 mm (Table 9). The largest
sediment sizes were found in transect 1 of the Tomorrow River due to the wingdams
from stream restoration. The transect could not be moved due to a bend in the river that
compromised the use of the total station meter used for elevation measurements. The
large sediment sizes present at the transect affected the velocity at the transect, in

addition to the width and depth of the channel at that transect.

Landcover

This study did not find a consistent significant relationships between landcover
and discharge; although, landuse practices have been found to affect bankfull discharge
in other watersheds (Reidel, et al., 2005) (See Appendix A, F, and G). Landcover was
delineated in the watersheds upstream of the USGS gauging stations at each site. Both
county landuse (1992) and federal landuse (2001) were used to assess a generalized

landcover system (Table 10).

Two significant relationships between landcover and discharge were found
(Figure 32,Figure 33,Figure 34,Figure 35) (See Appendix A). The Wolf River Watershed
residential/commecial landcover vs. discharge showed a significant R? = 0.83 in 1992 and
R? = 0.45 in 2001. The Rock River Watershed forest landcover vs. discharge showed a

significant R*= 0.55 in 1992 and R?= 0.47 in 2001.
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The expected trends would an increase of discharge in areas with increased
runoff, such as residential and agricultural areas, and a decrease in discharge in areas with
increased interception, such as forest areas. This pattern was not consistent throughout
the watersheds with the exception of residential/commercial areas which increased in

both watershed regions.

Comparisons between landcover and discharge may have been affected by the
heterogeneous watershed areas. Site areas ranged from 14.4 km? to 197.6 km? in the Wolf
River and 164.7 km? to 515.4 km? in the Rock River. When comparing landcover, a
homogeneous set of watershed sizes would reduce variables and provide for a more
accurate comparison. In addition, comparisons may have been affected by relatively
homogeneous percentages of landcover across the major watersheds: the Wolf River
displays a high percentage of forested area throughout the watershed, while the Rock

River displays a high percentage of agricultural area throughout the watershed.

Comparisons within the Wolf River Watershed may have been affected by the
high percentage of wetlands, which retain water, and the high percentage of forest cover
within each subwatershed. High percentages of the same landcover between
subwatersheds would negate comparisons between the subwatersheds.

This comparison cannot be accurately assessed within the Rock River Watershed
due to survey calculations affected by upstream structures such as dams and bridges, and
historical data affected by upstream structures and possibly an incorrect recurrence

interval representing bankfull discharge.



CONCLUSION

The main objective of this study was to collect bankfull survey and historical data
from selected sites within the Wolf River Watershed and Rock River Watershed in order
to determine bankfull discharge and develop a regional curve. Published regional curves,
which are used as a first step in stream restoration, are not available for the State of
Wisconsin. A published regional curve would greatly benefit this activity, as Wisconsin,
a leading state in stream restoration and dam removal, invests millions of dollars in
stream restoration every year.

A regional curve that could be used in stream restoration was successfully
developed for the Wolf River Watershed. A regional curve was successfully developed
for the Rock River Watershed, but it would not be suitable for stream restoration design.
The regional curve developed for the Wolf River correlated well between survey data and
the 1.5-year historical recurrence interval. The regional curve developed for the Rock
River correlated well between survey data and the 1.0-year recurrence interval. This
indicates that the Wolf River Watershed bankfull flood is more closely related to the
historical 1.5-year flood, while the Rock River Watershed bankfull flood may be more
closely related to the historical 1.0-year flood.

This study did not find a consistent significant relationship between landcover and
discharge, but landcover has been found to affect bankfull discharge in other studies
(Reidel, et al., 2005). Changes in landuse were found between the county (1992) and
federal (2001) landuse systems, generally showing an increase in developed areas and a

decrease in undeveloped areas.
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The results found through this data were comparable to those found by another
study. This research was compared to a study conducted by Mistak and Stille (2007) in
the State of Michigan. Comparisons between watershed area and bankfull width, depth,
area, and discharge have similar R? values regarding bankfull width vs. watershed area,
bankfull depth vs. watershed area, bankfull area vs. watershed area, and bankfull

discharge vs. watershed area.



RECOMMENDATIONS

This study faced many challenges and the associated recommendations would
greatly benefit future studies. The recommendations | outline include: sample size,
historical and background data, field data collection, and field research organization and
planning.

The first recommendation for this study is the collection of data from a larger
sampling size. Only seven sites were used in the Wolf River Watershed and only four
sites in the Rock River Watershed. There were several reasons for this, including the
general lack of historical data associated with small, wadable streams, and the difficulty
in finding streams that are natural and unchannelized. Most streams in Wisconsin have a
low gradient and have, throughout Wisconsin history, been logged or dammed making
this type of work very challenging.

The second recommendation for this study is the need for more historical data
associated with each study site. As stated earlier, there was a general lack of historical
data associated with small, wadable streams. However, with better planning and
equipment (such as equipment that would allow surveying in deeper water), a wider
range of sites could be researched, greatly improving the development of a regional
curve.

The third recommendation regards the collection of background information.
Background information such as topography, landcover, soils, geology and surrounding
hydrology should be researched and taken into consideration for each site. Careful
consideration of these variables would lead to more conclusive explanations of

differences between sites, and anamolies at individual sites.
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The fourth recommendation regards field data collection and should already be
addressed in most studies. A field-team of at least three trained individuals with
consistent jobs throughout the field season should be arranged. Data documentation
should include weather conditions (such as precipitation events upstream) and
observations of the surrounding area and stream channel. It would also be beneficial to
take velocity measurements at the site before and after the field day. This would be
difficult but would indicate any influential precipitation events upstream of the site.

The fifth recommendation provides several improvements for the organization of
a field season and should already be addressed in most studies. Thorough background
information should be collected on each site, within each watershed, from several sources
before considering a site for research. Sites should always be visited before a field day so
that they can be evaluated for quality and so that transects can be selected in advance.

The sixth recommendation includes scheduling a field season in advance, with the
flexibility to move schedules to accommodate unusual seasonal weather conditions. For
example, in the first season this data was collected a large flood occurred in the Rock
River Watershed making data collection impossible. Data collection was moved to the
Wolf River Watershed the following field season where a drought occurred. Given
enough time and resources, the field season should have been moved to a year in which
normal weather conditions, and subsequently normal water levels, applied. This is often
difficult to fix.

With these recommendations in mind, future studies could make better use of
time and resources and potentially provide research that is accurate, precise, and

beneficial to the scientific community.
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W olf River Watershed
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Rock River Watershed

1992 Agriculture /Grassland Landcover % vs. Discharge
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Rock River Watershed
1992 Residential/Com mercial Landcover % vs. Discharge
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Rock River Watershed
1992 Forest Landcover % vs. Discharge
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Emmons Creek near Rural

USGS 04080950 EMMONS CREEK NEAR RURAL, WI

DESCRIPTION:

Latitude 44°18'55", Longitude 89°11°34" NADZ27
Waupaca County, Wisconsin, Hydrologic Unit 04030202
Drainage area: 25.10 square miles

Datum of gage: 890 feet above sea level MGVD29.

AVAILABLE DATA:

Data Type Begin Date | End Date Count
Daily Data

Discharge, cubic feet per second 1968-06-15 | 1974-09-30] 2330
Daily Stalistics

Discharge, cubic feet per second 1968-05-15 | 1974-09-30] 2330
Monthly Statistics

Discharge, cubic feet per second 1968-05 1974-09
Annual Statistics

Discharge, cubic feet per second 1968 1974
FPeak streamflow 1969-06-26 | 1974-06-09 B
Field measuremenis 1968-05-15 | 1974-09-23 69
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Evergreen Creek near Langlade

USGS 04075200 EVERGREEN CREEK NEAR LANGLADE, Wi

DESCRIPTION:

Latitude 45°10"11", Longitude 88°48112" NAD27
Langlade County, Wisconsin, Hydrologic Unit 04030202
Drainage area: 5.09 square miles

Contributing drainage area: 6.09 square miles,

Datum of gage: 1,320.00 feet above sea level MNGVD29.

AVAILABLE DATA:

Data Type Begin Date | End Date Count
Daily Data
Precipitation, total, inches 1966-10-01 | 1978-10-31 2894
Discharge, cubic feet per second 1964-06-01 | 1973-09-30 3049
Daily Statistics
Discharge, cubic feet per second 1964-06-02 | 1973-09-30 3048
Monthly Statistics
Discharge, cubic feet per second 1964-06 1973-09
Annual Stalistics
Discharge, cubic feet per second 1964 1973
Peak streamflow 1959-09-27 | 2007-10-18 45
Field measurements 1961-08-01 | 2006-04-03 116
Field/Lab water-quality samples 1967-05-23 | 1983-05-05 2
Additional Data Sources
Annual Water-Data Report (pdf] “offsite™ 2006 2008 3
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Little Wolf River near Galloway

USGS 04079602 LITTLE WOLF RIVER NEAR GALLOWAY, Wi

DESCRIPTION:

Latitude 44°41°27", Longitude §9°15'51" NAD27
Marathon County, Wisconsin, Hydrologic Unit 04030202
Drainage area: 22 60 square miles

Datum of gage: 1,140 feet above sea level MNGWD28.

AVAILABLE DATA:

Data Type Begin Date | End Date Count
Daily Data

Discharge, cubic feet per second 1973-02-09 | 1979-09-30 2199
Daily Statistics

Discharge, cubic feet per second 1973-02-09 [ 1979-09-30 2199
Monthly Statistics

Discharge, cubic feet per second 1973-02 1979-09
Annual Statistics

Discharge, cubic feet per second 1973 1974
Peak streamflow 1974-04-13 | 1979-05-03 4
Field measurements 1974-09-11 [ 1979-10-01 53
Field/1ab water-guality samples 1973-11-20 | 1979-10-01 32
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Middle Branch Embarrass River near Wittenberg

USGS 0407809265 MIDDLE BRANCH EMBARRASS RIVER NEAR WITTENBERG, WI

DESCRIPTION:

Latitude 44°4331", Longitude 83°0705" MADZ2Y

Shawano County, Wisconsin, Hydrologic Unit 04030202

Drainage area: 76.3 square miles

Datum of gage: 1,118.24 feet above sea level MNGVDZ29.
AVAILABLE DATA:
Data Type Begin Date | End Date Count
Daily Data
Temperature, water, degrees Celsius 19689-12-01 | 2006-10-05 17760
Precipitation, total, inches 1998-12-16 [ 2006-10-06 2849
Discharge, cubic feet per second 1983-10-01 | 2006-10-05 6214
Daily Statistics
Temperature, water, degrees Celsius 1989-12-01 | 2006-09-30 5917
Discharge, cubic feet per second 1989-10-01 | 2006-09-30 6209
Monthly Siatistics
Temperature, water, degrees Celsius 1969-12 2006-09
Discharge, cubic feet per second 1989-10 2006-09
Annual Statistics
Temperature, water, degrees Celsius 1990 2006
Discharge, cubic feet per second 1990 2006
Peak streamflow 1990-03-14 | 2006-08-04 16
Field measurements 1989-0V-19 | 2006-10-06 133
Field/Lab water-quality samples 1989-10-24 | 2007-09-11 58
Additional Data Sources
Instantaneous-Data Archive ™offsite™ 1989-10-01 |2006-09-30| 4063952
Annual Water-Data Report (pdf) “offsite™ 2006 2007 2
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Spaulding Creek near Big Falls

USGS 04079700 SPAULDING CREEK NEAR BIG FALLS, Wi

DESCRIPTION:

Latitude 44°38"3", Longitude 89°01°20" MNAD27
Waupaca County, Wisconsin, Hydrologic Unit 04030202
Drainage area: 5.57 square miles

AVAILABLE DATA:

Data Type Begin Date | End Date Count
Daily Data
Precipitation, total, inches 1966-10-01 | 1978-10-31 2958
Discharge, cubic feet per second 1964-06-01 | 1966-09-30 852
Daily Statistics
Discharge, cubic feet per second 1964-06-02 | 1966-09-30 851
Monthly Statistics
Discharge, cubic feet per second 1964-06 1966-09
Annual Statistics
Discharge, cubic feet per second 1964 1966
Peak streamflow 1959-04-03 | 2008-04-12 50
Field measurements 1972-04-21 | 2009-03-25 10
Field/Lab water-quality samples 1967-05-23 | 1967-05-23 1
Additional Data Sources
Annual Water-Data Report {pdf] *“offsite™ 2006 2008 3




Swamp Creek above Rice Lake at Mole Lake

USGS 04074538 SWAMP CREEK ABOVE RICE LAKE AT MOLE LAKE, WI

DESCRIPTION:

Latitude 45°2918", Longitude 88°5749" MNADZ7
Forest County. Wisconsin, Hydrologic Unit 04030202

Drainage area: 46.3 square miles

Datum of gage: 1.532 28 feet above sea level

AVAILABLE DATA:

Data Type Begin Date | End Date | Count
Real-time Previous 60 days
Daily Data
Discharge, cubic feet per second 1977-05-26 | 2009-05-04 5935
Daily Statistics
Discharge, cubic feet per second 1977-05-26 | 2008-09-30 5719
Monthly Statistics
Discharge, cubic feet per second 1977-05 2008-09
Annual Statistics
Discharge, cubic feet per second 1977 2008
Peak streamflow 1978-07-23 | 2008-04-19 15
Field measurements 1986-09-16 | 2009-04-27 66
Field/Lab water-quality samples 1977-07-06 | 1986-09-16 120
Additional Data Sources
Instanfaneous-Dala Archive ™offsite™ 2001-07-01 | 2007-09-30 162814
Annual Water-Data Report (pdf] ““offsite™ 2006 2008 3
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Tomorrow River near Nelsonville

USGS 04080798 TOMORROW RIVER NEAR NELSONVILLE, Wi

DESCRIPTION:
Latitude 44°3128", Longitude 89°206"

Drainage area: 44 square miles

MNAD2T
Portage County, Wisconsin, Hydrologic Unit 04030202

Datum of gage: 960 feet above sea level MNGWVD23.
AVAILABLE DATA:
Data Type Begin Date | End Date Count
Daily Data
Discharge, cubic feet per second 1993-04-09 | 1995-09-30 905
Daily Statistics
Discharge, cubic feet per second 1993-04-09 | 1995-09-30 905
Monthly Statistics
Discharge, cubic feet per second 1993-04 1995-09
Annual Statistics
Discharge, cubic feet per second 1993 1995
Field measurements 1993-03-23 | 2002-10-17 30
Field/Lab water-guality samples 1992-08-24 | 2002-10-17 49
Additional Data Sources
Instantaneocus-Data Archive ™offsite™ 1993-06-24 | 1995-09-25 58829
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Bark River near Rome

USGS 05426250 BARK RIVER NEAR ROME, WiI

DESCRIPTION:
Latitude 42°57737",

Longitude 88°4014" NADZT

Jefferson County, Wisconsin, Hydrologic Unit 07030001

Drainage area: 122 square miles
Diatum of gage: 810 feet above sea level

MNAVDES.

AVAILABLE DATA:

Data Type Begin Date | End Date | Count
Real-time Previous 60 days
Daily Data
Discharge, cubic feet per second 1979-10-18 | 2009-05-04 10641
Daily Statistics
Discharge, cubic feet per second 1979-10-18 | 2008-09-30 10425
Monthly Statistics
Discharge, cubic feet per second 197910 2008-09
Annual Statistics
Discharge, cubic feet per second 1980 2008
Peak streamflow 1984-05-29 | 2008-06-09 25
Field measurements 1967-09-24 | 2009-04-27 245
Field/Lab water-quality samples 1979-10-18 | 1994-09-16 115
Additional Data Sources
Instanfaneous-Data Archive *offsite™ 1986-10-01 | 2007-08-30 |  B19687
Annual Water-Data Report (pdf] “offsite™ 2006 2008 3
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Beaver Dam River at Beaver Dam

USGS 05425912 BEAVER DAM RIVER AT BEAVER DAM, Wi

DESCRIPTION: _
Latitude 43°26'40". Longitude 88°50042" MNADZY

Dodge County, Wisconsin, Hydrologic Unit 07090002

Drainage area: 157 sguare miles

Datum of gage: 839 42 feet above sea level NGWD29.
AVAILABLE DATA:
Data Type Begin Date | End Date Count
Real-fime Previous 60 days
Daily Data
Discharge, cubic feet per second 1985-03-01 | 2009-05-04 6631
Discharge, cubic feet per second — NEVW SITE| 2006-12-19 | 2007-06-03 165
Phosphorus, water, unfilterad, pounds per day | 1998-09-01 | 2000-09-30 761
Suspended solids, dried at 105 degrees Celsiu| 1998-09-01 | 2000-09-30 761
Orthophosphate, water, dissolved, pounds per{ 1998-09-01 | 2000-09-30 761
Daily Statistics
Discharge, cubic feet per second 1985-03-01 | 2008-09-30 6615
Phosphorus, water, unfiltered, pounds per day | 1998-09-01 | 2000-09-30 761
Suspended solids, dried at 105 degrees Celsiu| 1998-09-02 | 2000-09-30 760
Orthophosphate, water, dissolved, pounds perq 1998-09-02 | 2000-09-30 760
Mornthly Statistics
Discharge, cubic feet per second 1985-03 2008-09
Phosphorus, water, unfiltered, pounds perday | 1998-09 2000-09
Suspended solids, dried at 105 degrees Celsiu|  1998-09 2000-09
Orthophosphate, water, dissolved, pounds per{  1998-09 2000-09
Annual Statistics
Discharge, cubic feet per second 1985 2008
Phosphorus, water, unfiltered, pounds per day 1998 2000
Suspended solids, dried at 105 degrees Celsiu 1998 2000
Orthophosphate, water, dissolved, pounds per § 1998 2000
Peak streamflow 1986-09-26 | 2008-06-16 23
Field measurements 1987-07-30 | 2009-03-20 237
Field/Lab water-guality samples 1986-02-27 | 2000-09-12 141
Additional Data Sources
Instantaneous-Data Archive "offsite™ 1986-10-01 | 2007-09-30 | 734033
Annual Water-Data Heport (pdf) “offsite™ 2006 2008 3
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South Branch Rock River at Waupun

USGS 05423500 SOUTH BRANCH ROCK RIVER AT WAUPUN, WI

DESCRIPTION:

Latitude 43°38°30", Longitude 88°4314" NADZ27

Fond Du Lac County, Wisconsin, Hydrologic Unit 07090001
Drainage area: 63.6 square miles

Datum of gage: 863 .46 feet above sea level NGWD29.

AVAILABLE DATA:

Data Type Begin Date| End Date | Count
Real-fime Previous 60 days
Daily Data
Precipitation, total, inches 1995-06-01 | 2009-05-05 4050
Discharge, cubic feet per second 1948-10-01 | 2009-05-04 15765
Daily Statistics
Discharge, cubic feet per second 1948-10-01 [ 2008-09-30 15555
Monthly Statistics
Discharge, cubic feet per second 1948-10 2008-09
Annual Stalistics
Discharge, cubic feet per second 1949 2008
Peak streamflow 1949-03-27 | 2008-06-13 42
Field measurements 1987-02-20 | 2009-03-25 81
Field/Lab water-quality samples 1968-02-13 | 1994-09-02 75
Additional Data Sources
Instantaneous-Data Archive “offsite™ 1967-03-01 [ 2007-09-30 | 664669
Annual Water-Data Report (pdf) ™oiffsite™ 2006 2008 3
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Turtle Creek at Carvers Rock Road Clinton

USGS 05431486 TURTLE CREEK AT CARVERS ROCK ROAD NEAR CLINTON, WI

DESCRIPTION:

Latitude 42°35°60", Longitude 85°4945" NADZ7
Rock County. Wisconsin, Hydrologic Unit 07030001
Drainage area: 199 square miles

Contributing drainage area: 196.67 square miles,
Daturn of gage: 823 feet above sea level MNAVDES.

AVAILABLE DATA:

Data Type Begin Date | End Date Count
Real-time Previous 60 days
Daily Dala
Precipitation, total, inches 1994-07-12 | 2009-05-05 h412
Discharge, cubic feset per second 1939-09-26 | 2009-05-04 | 25425
Suspended sediment concentration. milligrams per liter 1980-01-01 | 1982-09-30 1004
Suspended sediment discharge, tons per day 1980-01-01 | 1982-09-30 1004
Phosphorus, water, unfiltered. pounds per day 1998-09-01 | 2000-09-30 761
Suspended solids. dried at 105 degrees Celsius, water, unfilt| 19938-09-01 | 2000-09-30 761
Orthophosphate, water, dissolved. pounds per day 1998-09-01 | 2000-09-30 761
Daily Statistics
Discharge, cubic feet per second 1939-09-25 | 2008-09-30 | 25209
Suspended sediment concentration. milligrams per liter 1980-01-01 | 1862-09-30 1004
Suspended sediment discharge, tons per day 1980-01-02 | 1982-09-30 1003
Phosphorus, water, unfiltered, pounds per day 1998-09-01 | 2000-09-30 761
Suspended solids. dried at 105 degrees Celsius, water, unfilt] 1998-09-02 | 2000-09-30 760
Orthophosphate, water, dissolved, pounds per day 1998-09-02 | 2000-09-30 760
Monthly Statistics
Discharge, cubic feet per second 1939-09 2008-09
Suspended sediment concentration, milligrams per liter 1980-01 1982-09
Suspended sediment discharge, tons per day 1950-01 1952-09
Phosphorus, water, unfiltered. pounds per day 1998-09 2000-09
Suspended solids, dried at 105 degrees Celsius, water, unfilt]  1998-09 2000-09
Orthophosphate, water, dissoled. pounds per day 1998-09 2000-09
Annual Stalistics
Discharge, cubic feet per second 1939 2008
Suspended sediment concentration. milligrams per liter 1980 1962
Suspended sediment discharge, tons per day 1980 1982
Phosphorus, water, unfiltered, pounds per day 1998 2000
Suspended solids, dried at 105 degrees Celsius, water, unfilt 1998 2000
Orthophosphate, water, dissolved, pounds per day 1998 2000
Peak streamflow 1938-02-00 | 2008-07-12 70
Field measurements 1987-08-17 | 2009-04-01 189
Field/Lab water-quality samples 1980-06-07 | 2002-10-17 188
Additional Data Sources
Instantaneous-Data Archive *offsite™ 1986-10-01 | 2007-09-30 | 603202
Annual Water-Data Report (pdf) *offsite™ 2006 2008 3
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Rock River Soils
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Wolf and Rock River Watersheds
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Rock River Watershed
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Wolf River Watershed
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Appendix E: Hydrology Delineation Maps, by site
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Wolf River Watershed
Hydrology
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Emmons Creek at Rural, Wolf River Watershed
Hydrology
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Evergreen River near Langlade, Wolf River Watershed
Hydrology
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Little Wolf River near Galloway, Wolf River Watershed
Hydrology
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Middle Branch Embarrass River, Wolf River Watershed
Hydrology

Ry

¢

Ly
i ° MiddISand

outh
#

& 0 :h-g
le




154

Spaulding Creek near Big Falls, Wolf River Watershed
Hydrology
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Swamp Creek above Mole Lake, Wolf River Watershed
Hydrology
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Tomorrow River near Nelsonville, Wolf River Watershed
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Rock River Watershed

Hydrology
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Bark River near Rome, Rock River Watershed

Hydrology
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Beaver Dam at Beaver Dam, Rock River Watershed
Hydrology
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South Branch Rock River at Waupun, Rock River Watershed

Hydrology
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Turtle Creek at Carvers Rock, Rock River Watershed
Hydrology
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Appendix F: Landuse Delineation (State), by site
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Wolf River Watershed

Wisconsin County-Level Landcover, 1992
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Emmons Creek at Rural, Wolf River Watershed
Wisconsin County-Level Landcover, 1992




165

Evergreen River near Langlade, Wolf River Watershed
Wisconsin County-Level Landcover, 1992
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Little Wolf River near Galloway, Wolf River Watershed
Wisconsin County-Level Landcover, 1992
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Middle Branch Embarrass River, Wolf River Watershed
Wisconsin County-Level Landcover, 1992
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Spaulding Creek near Big Falls, Wolf River Watershed
Wisconsin County-Level Landcover, 1992
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Swamp Creek above Mole Lake, Wolf River Watershed
Wisconsin County-Level Landcover, 1992
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Tomorrow River near Nelsonville, Wolf River Watershed
Wisconsin County-Level Landcover, 1992
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Rock River Watershed
Wisconsin County-Level Landcover, 1992
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Bark River near Rome, Rock River Watershed
Wisconsin County-Level Landcover, 1992
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Beaver Dam at Beaver Dam, Rock River Watershed
Wisconsin County-Level Landcover, 1992
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South Branch Rock River at Waupun, Rock River Watershed
Wisconsin County-Level Landcover, 1992
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Turtle Creek at Carvers Rock, Rock River Watershed
Wisconsin County-Level Landcover, 1992
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Appendix G: Landuse Delineation (Federal), by site
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Wolf River Watershed
Federal National-Level Landcover, 2001
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Emmons Creek at Rural, Wolf River Watershed
Federal National-Level Landcover, 2001
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Evergreen River near Langlade, Wolf River Watershed
Federal National-Level Landcover, 2001
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Little Wolf River near Galloway, Wolf River Watershed
Federal National-Level Landcover, 2001
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Middle Branch Embarrass River, Wolf River Watershed
Federal National-Level Landcover, 2001
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Spaulding Creek near Big Falls, Wolf River Watershed
Federal National-Level Landcover, 2001
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Swamp Creek above Mole Lake, Wolf River Watershed
Federal National-Level Landcover, 2001
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Tomorrow River near Nelsonville, Wolf River Watershed
Federal National-Level Landcover, 2001
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Rock River Watershed
Federal National-Level Landcover, 2001
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Bark River near Rome, Rock River Watershed
Federal National-Level Landcover, 2001
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Beaver Dam at Beaver Dam, Rock River Watershed
Federal National-Level Landcover, 2001
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South Branch Rock River at Waupun, Rock River Watershed
Federal National-Level Landcover, 2001
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Turtle Creek at Carvers Rock, Rock River Watershed
Federal National-Level Landcover, 2001
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Appendix H: Soil Delineation, by site
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Wolf River Watershed
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Evergreen River near Langlade, Wolf River Watershed
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Little Wolf River near Galloway, Wolf River Watershed
Soils
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Middle Branch Embarrass River, Wolf River Watershed
Soils
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Spaulding Creek near Big Falls, Wolf River Watershed
Soils
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Swamp Creek above Mole Lake, Wolf River Watershed
Soils
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Tomorrow River near Nelsonville, Wolf River Watershed
Soils
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Rock River Watershed
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Bark River near Rome, Rock River Watershed
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Beaver Dam at Beaver Dam, Rock River Watershed
Soils
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South Branch Rock River at Waupun, Rock River Watershed
Soils
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Turtle Creek at Carvers Rock, Rock River Watershed
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Appendix I: Geology Delineation, by site
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Wolf River Watershed
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Emmons Creek at Rural, Wolf River Watershed
Geology
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Evergreen River near Langlade, Wolf River Watershed
Geology
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Little Wolf River near Galloway, Wolf River Watershed
Geology
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Middle Branch Embarrass River, Wolf River Watershed
Geology
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Spaulding Creek near Big Falls, Wolf River Watershed
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Swamp Creek above Mole Lake, Wolf River Watershed
Geology
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Tomorrow River near Nelsonville, Wolf River Watershed
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Rock River Watershed
Geology
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Bark River near Rome, Rock River Watershed

ﬁE\




215

Beaver Dam at Beaver Dam, Rock River Watershed
Geology




216

South Branch Rock River at Waupun, Rock River Watershed
Geology
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Turtle Creek at Carvers Rock, Rock River Watershed
Geology




Appendix J: DEM, by site
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Wolf River Watershed
Digital Elevation Model
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Emmons Creek at Rural, Wolf River Watershed
Digital Elevation Model
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Evergreen River near Langlade, Wolf River Watershed
Digital Elevation Model
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Little Wolf River near Galloway, Wolf River Watershed
Digital Elevation Model
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Middle Branch Embarrass River, Wolf River Watershed
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Spaulding Creek near Big Falls, Wolf River Watershed
Digital Elevation Model
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Swamp Creelk above Mole Lake, Wolf River Watershed
Digital Elevation Model
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Tomorrow River near Nelsonville, Wolf River Watershed
Digital Elevation Model
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Rock River Watershed
Digital Elevation Model
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Bark River near Rome, Rock River Watershed
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Beaver Dam at Beaver Dam, Rock River Watershed
Digital Elevation Model
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South Branch Rock River at Waupun, Rock River Watershed
Digital Elevation Model
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Turtle Creek at Carvers Rock, Rock River Watershed
Digital Elevation Model
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Appendix K: USGS Maps, by site
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Emmons Creek near Rural
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Little Wolf River near Galloway
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Spaulding Creek near Big Falls
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Tomorrow River near Nelsonville
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Beaver Dam at Beaver Dam
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Turtle Creek at Carvers Rock
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Appendix L: Longitudinal Profiles, by site
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Em mons Creek at Rural
Lengitudin al Profile
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Ewvergreen Riwver at Langlade
Longitudinal Profile

1540
- *
. - "8 -
It oy
1538 E &
- L 3
1530 = o
- P "
B e & T
L B -
E" 1525 -
] -
* - -
L
1520 * . =
o
. o ? =
L
1515
1510 T T T T T T T T T
1520 15 22 1524 1526 528 1530 1532 1554 1536 1538 1540
Horthing [m])
Ewergreen River at Langlade
S5lope Profile
a0.4
0.3 S =
__ o = '- - T Ll
a0.2 =
¥y =0.001%: + 30232
= ? =0 3825
B s '
i
i SD - h =
o w y =-0.0083x + 29,991
R* =0 4551
233
g
248 S
2T T T T T T
1] 5 il 15 20 25 a0
Distamce Upstream [m ]
------- Water Blope —trcam Bed Slo pe

Lincar [WaterElope] Lincar[Etream BedElope)




242

1545

Little Wolf near Gallow ay
Lengitudinal Profile
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Middle Branch Em barrass River near Wittenberg
Longitudinal Profile
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Sapulding Creek near Big Falls
Loengitudinal Profile
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Swamp Creek abowve Rice Lake at Mole Lake
Lengitudinal Profile
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Tomorrew River near Nelsonwille
Longitudinal Profile
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Bark River at Rome
Longitudinal Profile
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Beaver Dam at Beaver Dam
Longitudinal Profile
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South Branch Rock River at Waupun
Longitudinal Profile
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Turtle Creek at Carvers Rock Road Hear Clinton
Longitud inal Profile
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Appendix M: Transect Cross-Sectional Area, by site
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Emmaons Creek at Rural
Transect1: Cros s-5ectional Profile
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Emmons Creek at Rural Transect 2: Cros s-5ection al Profile
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Eleuation [m]

Emmons Creek at Rural Transect 3: Cross-5ectional Profile
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Bewaton (m

Evergreen River at Langlade
Transect 1: Cross-5ectional Profile
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Evergreen River at Langlade
Transect 2: Cros s-5ectional Profile
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Evergreen River at Langlade
Transect 3: Cros s-5ectional Profile
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Little Wolf near Galloway
Transect 1: Cross-5ectional Profile
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Little Waolf River near Galloway
Transect 2: Cros s-Section al Profile
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Eleuation [m]

Little Wolf near Galloway
Transect 3: Cross-5ectional Profile
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Bewtion [m

Midd le Branch Em barrass River near Wittenberg
Transect 1: Cros s-5ectional Profile
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Bewtan (m

Midd le Branch Bm barrass River near Wittenberg
Transect 2: Cross-5ectional Profile
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Eleuation [m]

Middle Branch Em barrass River near Wittenberg
Transect 3: Cross Sectional Profile
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Spaulding Creek near Big Falls
Transect1: Cross-5ectional Profile
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He vation (m

Spaulding Creek near Big Falls
Transect 2: Cross-5ectional Profile
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Spaulding Creek near Big Falls
Transect 3: Cros s-5Sectional Profile
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Swam p Creek abowve Rice Lake at Mole Lake
Transect1: Cros s-5ectional Profile
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Swam p Creek abowe Rice Lake at Mole Lake
Transect 2: Cros s-5ectional Profile
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Swamp Creek above Rice Lake near Maole Lake
Transect 3: Cross-5ectional Profile
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Transect 1: Cros s-5ectional Profile
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314

Tomorrow River near Nelsonville
Transect 2: Cros s-5ectional Prafile
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Eleuation [m)

e

Tomorroew River near Nelsonwville
Transect 3: Cross-5ectional Profile
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Eleuation [m]

Bark River Hear Rom e
Transect 1: Cross-5ectional Profile
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Bark River Hear Rom e
Transect 2: Cros s-5ectional Profile
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Bark River Hear Rom e
Transect 3: Cros s-5Sectional Profile
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Beaver Dam at Beawver Dam
Transect 1: Cross-5ectional Profile

315

316

34

3.2

#H

Eleuation [m]

. ~

e S

1515

1516 1517 1515 1513 1520 1521 522 1523
Easting [m]

1524

1525

1526

— — — —Bankfull —— Stream Bank,  eo——CtreamBed - - -

- - - - Water Surface

Beaver Dam at Beaver Dam
Transect 1; Cross- Sectional Area

Bk

6

314

2

i

Elevuation [mn]

% A

0.8

06

04
1515

1516 1517 518 1518 1520 521 1522 Bas
Horthing [m]

1524

1525

1526




277

Be aver Dam at Beawver Dam
Transect 2: Cros s-5ectional Profile
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Beawver Dam at Beawver Dam

Transect 3: Cross-5ectional Profile
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Eleuation [m]

South Branch Rock Riwver at Waupun
Transect 1 Cross-5Sectional Profile
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Eleuation [m]

South Branch Rock River at Waupun
Transect 2: Cross-5Sectional Profile
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Eleuation [m]

South Branch Rock Riwver at Waupun
Transect 3 Cross-5ectional Profile
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Turtle Creek at Carvers Rock
Transect 1: Cross-5ectional Profile
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Elevation [m]
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Turtle Creek at Carvers Rock
Transect 2: Cross-5Sectional Profile
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Appendix N: USGS Gauging Station Graphs
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USG5 84879662 LITTLE HOLF RIYER MEAR GHALLOMAY, HI
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USG5 89431486 TURTLE CREEK AT CARVERS ROCK ROAD
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Appendix O: Beaver Dam Site Description
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Site Example: The Beaver Dam at Beaver Dam Site

The Beaver Dam River at Beaver Dam gauging station is a deeply entrenched,
murky site with boulders and interlaying silt located directly downstream from a
functioning dam. This site is located in an area of approximately 71% ag/grasslands, 7%
residential and 18% marshlands. It is located in Dodge County. The watershed is 157 mi?
and is associated with 20 years of historical data from 1986 to 2005, with some years
missing. All historical discharges from this gauging station are a result of dam releases
throughout the year, and therefore not natural flood levels. These unnatural discharges
have scoured the banks and created unnatural channel geometry at the gauging site, that
were not appropriate for stream restoration design. The width, depth, and area of the
stream are assumed to be greater than what would naturally occur at that site, and the
historical bankfull discharge was calculated at a much higher level than the bankfull
survey calculations. Although bankfull was present at the site, and survey bankfull was
calculated, the discharge levels throughout the year as unnaturally high and affected the
1.5-year recurrence interval, making the calculation significantly higher than it would
have been using natural flood levels. Due to this the site was left out of the regional curve
development. This site would not serve well as a reference for stream restoration.

The Beaver Dam Manning’s n and bankfull discharge calculations were
considerably larger than was estimated. It is also known that the Beaver Dam at Beaver

Dam gauging station is located directly downstream from a dam structure. Historical
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USGS data clearly states that every historical peak discharge from the Beaver Dam
gauging station is a result of annual dam discharge. These discharges affect not only the
historical 1.5-year recurrence interval, estimating a much higher peak annual discharge
than what would naturally occur, but also affects the geometry of the stream channel
downstream from the gauging station, where the transects were located and survey data
collected. The result is not only dam influenced historical data but also dam influenced
survey data. In comparison, historical and survey calculations coincided well within the

Wolf River Watershed.



Appendix P: Photos, by site
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Emmons Creek at Rural: photos looking up and downstream from the total station
meter. We assumed, from the bunkers and highly entrenched stream channel, that this site
had recently experienced stream restoration for trout habitat.
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Jessica Haucke, an enthusiastic and knowledgeable field assistant who helped me with
some of my rivers! She’s very excited about chaining pins at this moment.
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Evergreen River at Langlade: photos looking up and downstream from the total station
meter. This site was particularly difficult to get readings from, due to the heavy brush.
However, it was a beautiful, pristine site.
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Little Wolf River near Galloway: photos looking up and downstream from the banks.
This site was very wide and very shallow, set back into a beautiful woods. Unfortunately,
the site was about a mile downstream from a scrap-metal yard. There weren’t many
plants growing in the stream, but we did see fish.
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Middle Branch Embarrass River near Wittenberg: a photo looking down at the river
site from the bridge. The actual transects were setup upstream of the large rock-rubble
bank seen in the background. All other photos from this site were lost, but the transects

were muddy and murky, most likely influenced by the golf course further upstream.
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Spaulding Creek near Big Falls: photos looking upstream from the highway and from
the stream bank. This site was difficult to get readings at, due to the brush and treefalls
blocking the banks and the stream channel. Fortunately the stream was very small.
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Swamp Creek above Rice Lake at Mole Lake: Photos looking upstream from the road.
This was a large and difficult river to work on — in fact my sister cracked her kneecap
falling on debris under the water. This river was also a consistent outlier in all data
analysis. Morphologically and physiologically this site was very different from the
others. | considered taking it out of the regional curve but left it in as a comparison.
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My sister Julie, who helped me with most of my field work. It’s raining at this particular
moment. We finished collecting data and got the total station under cover just as the skies
opened up.
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Tomorrow River near Nelsonville: photos looking up and downstream. The total station
can be seen in the distance in this photo. Just beyond is a narrow reach of the stream with
wingdams from a stream restoration project.

The wingdams upstream from the total station. As you can see the channel was narrowed
and deepened at this point.



This site was conducted in late fall. It was ridiculously cold but most of the leaves were
off the trees, which was the only reason we could get total station readings. | took some
pretty pictures of the fall leaves in the crystal clear water.
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Bark River at Rome: photos looking downstream from the upstream bridge. This stream
had more vegetation than any other we worked on. My Dad and sister are in the
background trying to get through the brush.
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Beaver Dam at Beaver Dam: photos looking downstream from the bridge. This stream
was mucky, smelly, and wholly unhealthy. It was located in Beaver Dam, downstream
from a functioning dam.
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South Branch Rock River at Waupun: photos looking upstream. This was the first
river Jessica and | worked on. It was located on the edge of Waupun along a large park. It
was very shallow and warm, with some plants and a lot of crawfish.
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Turtle Creek at Carvers Rock: photos looking upstream from the bridge. This river was
the largest we worked on the entire project, and the first I made my sister help me
with. She was understandably unhappy, but after this everything else was easy.

AU revoir!
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