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1.0 INTRODUCTION

The purposes of this work were: to produce stream cross-section data for the model under
development by LimnoTech for sediment entering Maumee Bay and to develop empirical
estimates of the total annual sediment loading to Maumee Bay from Berger Diich.

The watershed of Berger Ditch includes the watershed of Wolf Creek, which once had a natural
confluence with Lake Erie at a point approximately 2 miles east of Maumee Bay State Park. Ata
point focated at the southeastern corner of the Oregon, OH Water Treatment Plant (WTP), Wolf
Creek was diverted into Berger Ditch, and its channel to the east was filied and is now planted
in row crops (Figure 1). In generally accepted parlance and for the purposes of this report,
upstream of the Oregon WTP is known as Wolf Creek and adjacent to and downstream of the
WTP is known as Berger Ditch.

1.1 Methods

Three field sites were chosen in order to accurately characterize Wolf Creek and Berger Ditch.
Field Site 1 encompasses Wolf Creek north of Seaman Road and south of Corduroy Road.
Berger Ditch was surveyed at Field Site 2, near the City of Oregon Water Treatment Plant along
the west side of North Curtice Road and at Field Site 3 in Maumee Bay State Park (MBSP}), just
north of the junction of Cedar Point Road and North Curtice Road.

The character of Wolf Creek and Berger Ditch was described by measuring channel dimensions
and flow at each Field Site. This was accomplished by surveying the longitudinal profile and
several cross sections at each selected reach. In addition, water velocity was measured at
each cross section surveyed, and sediment was characterized using by completing sediment
counts at each cross section. The water velocity data, along with the cross-sectional area of
each creek calculated from the surveyed cross sections was used to calculate the amount of

flow at each Field Site.

1.1.1 Survey of Wolf Creek; Field Site 1, Downstream Seaman Rd.

A 1200-foot longitudinal profile reach was established along the left bank of Wolf Creek
beginning at a concrete farm equipment crossing located about 300 feet downstream of
Seaman Rd (Figure 1). A self-leveling laser level with top mount rod and sensor were used to
survey the longitudinal profile. Due to dense vegetation and lack of definable stream features,
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stations were chosen based on visibility, noted gradient changes, and changes in flow. Thirty-
nine stations were surveyed along the 1200-foot longitudinal profile, with the turning points
established whenever the laser could no longer be sighted. A total of six turning points were
required. The culvert where Wolf Creek flows under Seaman Road was used as a benchmark
for this Site.

Five cross sections were surveyed along Wolf Creek, one each at 69, 264, 514.75, 887, and
1131 feet on the longitudinal profile (Figure 1). A Cam-line, a steel cable marked at one-foot
intervals with numbered brass grommets (www.forestry-suppliers.com), was stretched across
the creek from the top of the left bank to the top of the right bank, and changes in gradient or
topography were surveyed. Once the survey was completed, average measures of water

velocity were taken using a flow meter and moving from left bank to right bank at the same
station where each cross section was surveyed.

1.1.2 Survey of Berger Ditch; Field Site 2, Adjacent to Oregon WTP

A B00-foot longitudinal profile reach was established along the left bank of Berger Ditch (Figure
1) beginning approximately 100 fest from the 90 degree bend to the south that occurs at the
corner of the WTP property. A self-leveling laser level with top mount rod and sensor were used
to survey the longitudinal profile, Due to lack of definable stream features, stations were chosen
based on noted gradient changes and changes in flow. Twelve stations were surveyed aiong
the 600-foot longitudinal profile. No turning points were required for this Field Site. A curved
concrete headwall located south of the area of the longitudinal profile on the west side of North

Curtice Road was used as a benchmark for this Site.

Two cross sections were surveyed at Field Site 2; one at 191.6 feet and one at 496.2 feet on the
longitudinal profile (Figure 1). The cross section locations were chosen as representative areas
of flow. A Cam-line was stretched across the creek from the top of the left bank to the top of the
right bank, and changes in gradient or topography were surveyed. Once the survey was
completed, average measures of water velocity were taken using a flow meter and moving from
left bank to right bank at the same station where each cross section was surveyed.

1.1.3 Survey of Berger Ditch; Field Site 3, Maumee Bay State Park
A 1000-foot longitudinal profile was established along the left bank of Berger Ditch (Figure 1)
beginning at the Cedar Point Road bridge. A self-leveling laser level with top mount rod and
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sensor were used to survey the longitudinal profile. Due to lack of definable stream features,
stations were chosen to represent apparent changes in cross-section. Nineteen stations were

surveyed along the 817-foot longitudinal profile.

Three cross sections were surveyed at Field Site 3, at 100 feet, 535 feet and 750 feet on the
longitudinal profile (Figure 1). A Cam-line was stretched across the creek from the top of the left
bank to the top of the right bank, and any change in gradient or topography was surveyed. The
United States Geological Survey (USGS) has a gauging station (USGS 04194085) within this
reach of Berger Ditch. Data from this station were used to assess the water velocity at Field
Site 3.

All survey data was entered into an Excel spreadsheet and converted into actual elevations
using the benchmarks indicated for each Field Site. The data was then pasted into RiverMorph

v 4.1 software for fluvial geomorphological data analysis.

The RiverMorph analysis was conducted by first subjecting cross-section data sets and
longitudinal profiles to QA/QC, and attempting to identify any natural stream features that might
be useable in the stream classification or modeling efforts. The stream cross sections were then
exported back to Excel and sent on to LimnoTech for use in their sediment modeling of the

mouth of Berger Diich and Maumee Bay.

The stream cross sections and longitudinal profiles for the Field Sites appear in Appendix A.
Note that for Field Site 1 (watershed area = 10.5 square miles) and Field Site 2 (watershed area
15 square miles), bankfull elevation was approximated as predicted by the USGS regional curve
for Region A (Sherwood and Huitger 2005). No reliable field indicators of bankfull flow elevation
could be located in the field at any of the field sites.

1.1.4 Sediment Characterization

Sediment particle sizes were sampled at each cross section at Field Sites 1 and 2 using a
Wolman pebble count as described by Bunte and Abt (2001). One hundred sediment counts
were taken at each cross section by establishing ten transects approximately cne foot apart and
sampling at ten regular intervals along each transect. The particles sampled were those first
encountered by blind placement of an index finger pushed down to the streambed; size was
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determined by comparison to a portable sand gauge, for larger particles, the b-axis was

measured in inches using a folding carpenters rule.

All particle sizes were entered into an Excel spreadsheet, converted to millimeters, and placed
into size categories that correspond to the size of the holes in standard sieve sets. The data
was then pasted into RiverMorph v 4.1 software for analysis of particle size distribution.

Field Site 1 was examined in vain for point bars within which to gather sediment core data to
calibrate a sediment discharge model. Field Site 1 held the most promise for having developed
point bars, but the ditch has been dipped out and straightened repeatedly, most recently in
2006. Field Sites 2 and 3 were also confirmed to lack point bars.

Because of water depths at Field Site 3, sediment sampling was conducted by Ponar dredge at

four locations.

The results of the sediment characterizations for each Field Site appear in Appendix B.

1.2  Stability Assessment
Hull performed the bank erosion hazard index (BEHI), estimate of near-bank stress, and

Pfankuch channel stability rating for the stream banks at Field Site 1. These ratings were
performed to determine the relative stability of the stream banks, and thus help determine the
proportion of sediment in Wolf Creek that is contributed by the stream banks.

The BEHI (Rosgen 2008) is designed to determine the relative erosivity of a stream bank based
on easily gathered field measurements. The BEHI method gathers information on the height of
the stream banks relative to the bankfull depth, root depth as a proportion of bank height, root
density, bank angle and amount of protection of bare soil surfaces. The results of BEHI

assessment of a 400-foot subsection of Field Site 1 appear in Appendix D.

The near-bank stress (NBS) analysis is designed to determine the degree of risk of bank
erosion associated with in-stream conditions that lead to stress on the stream banks. The
method was used at the general prediction level (Level I}, Rosgen 2006} using Method 3 (ratio
of pool slope to average water surface slope). The results of the NBS assessment of a 400-foot

subsection of Field Site 1 appear in Appendix D.
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The BEHI and NBS results were then used to predict a total contribution of sediment from the
Field Site 1 stream banks for this reach based on an empirical relationship developed by
Rosgen (2006) to predict streambank erosion from BEHI and NBS.

Hull considered performing the Pfankuch channel stability rating for Field Site 1, but did not
perform it. The Pfankuch rating is used to select which empirical sediment rating curve to use in
running the Flowsed/Powersed models. Since these models could not be run due to lack of
other data (see below), the Pfankuch score was not needed.

1.3 Sediment Modeling
Hull considered collecting data on bedload sediment discharge at the bankfull stage with the

intent of using existing sediment rating curves (Rosgen, 2006) to run Flowsed/Powersed
sediment modeling. Flowsed/Powersed allows calculation of statistically reliable annual
sediment discharge from a stream using empirically-derived sediment rating curves and USGS
gauging data. USGS staff (Greg Koltun, pers. comm.} suggests that sediment bedload is an
insignificant proportion of the total sediment load of Ohio’s shallow-slope streams in glacial till.
Because stream power in these streams is low relative to the high-gradient gravel-bed streams
where these empirical sediment rating curves were developed, and sediments are relatively
fine, the majority of sediment is represented as total suspended solids at all velocities. In
addition, flood frequency tables (i.e., Weibull tables) are not available for the MBSP gauging
station due to the short time it has been in operation, further precluding the use of the

Flowsed/Powersed software.

Given these limitations, Hull used the most robust correlations available between discharge and

suspended solid material to calculate total annual sediment discharge to Maumee Bay from
Berger Ditch in 2007.

HULL & ASSOCIATES, INC. 5 OCTOBER 2008
DUBLIN, OHIO UOT014.300.0004



2.0 RESULTS

The longitudinal profile, cross sections and sediment data for Field Sites 2 and 3 appears in
Appendix A. These two field sites were extensively hydrologically modified and both were
subject to backwater effect from Lake Erie. Measured flow in Field Sites 2 and 3 averaged 8.1
cfs (from field velocity probe data) and 10.7 cfs (from USGS gauging station data), respectively,
on the day of survey. The longitudinal profiles for these two stream reaches had essentially no
bed slope. These stream reaches were considered poor candidates for Rosgen classification.

Field Site 1 was subjected to Rosgen classification. This reach of Wolf Creek is heavily
hydrologically modified by deepening and straightening, but it is probably not regularty
influenced by backwater effects from Lake Erie. In addition, this reach corresponds to the
lacation of a new USGS gauging station at Seaman Rd. (USGS Station 04194082) installed in
2008. Reliable field indicators of bankfull discharge elevation could not be discerned (see
longitudinal profiles and cross sections, Appendix A), so empirical estimates of bankfull
discharge could not be calculated. Hull substituted regional curves developed for Ohio by UsGs
(Sherwood and Huitger 2005) to estimate the bankfull discharge elevation in this reach.

The Field Site 1 reach of Wolf Creek is classified as a Rosgen type C5 stream with an
abnormally low width/depth ratio (Appendix C). Measured discharge within the cross sections at
Field Site 1 at the time of survey ranged from 10.0 to 15.1 cfs and averaged 12.3 cfs. Bankfull
velocity and discharge for Field Site 1 were estimated by several methods (Appendix C). The
estimation method selected as most applicable for Field Site 1 used Manning’s n value selected
by Rosgen stream type. This estimation method yielded a bankfull velocity of 3 feet per second
and bankfull discharge of 344 cubic feet per second (cfs). Note that this is somewhat lower than
the discharge of 417 cfs predicted by the USGS regional curve (Sherwood and Huitger 2005).

The natural sediments in Wolf Creek and Berger Ditch range from silt and clay (<0.062 mm) fo
course gravel (16-22.6 mm). The D84 particle size for Field Site 1 ranged from 0.46 to 1.48 mm,
for Field Site 2 ranged from 0.14 to 0.25 mm. Note that the sediment size distribution for Field
Sites 1 and 2 are based on data collected using a Wolman particle count, and thus reflect the
size distribution of particles lying on the stream bed surface. At Field Site 3 (within MBSP), data
were collected using a Ponar dredge and thus reflect the size distribution of sediments in
approximately the top 3 to 4 inches of stream bed sediments. D85 values at Field Site 3 ranged
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from 1.77 to 16.40 mm. The sediment size distributions for Field Site 3 compared with the other
two sites suggest that accumulating fine particles tend to be deposited over coarser materials in
the stream bed.

Hull determined that the stream banks at Field Site 1 had a bank-erosion hazard index (BEHI) of
between 10 and 28, corresponding to narrative ratings of low to moderate. Hull estimates that of
the 400 feet of channel assessed, approximately 80% (320 feet) had a moderate BEHI, and
20% (80 feet) had a low BEHI. Hull also determined based on the longitudinal profile data that
the dominant near-bank stress (NBS) rating for this 400-foot reach was ‘Low’.

Hull then used the Yellowstone curve (Rosgen 2006) to predict annual streambank erosion
rates for this reach. For the streambanks with low BEHI/low NBS, the predicted bank erosion
rate is about 0.032 feetfyear. For the streambanks with moderate BEHI/low NBS, the predicted
bank erosion rate is about 0.18 feet/year. The table below shows the calculation of an estimate

of total annual streambank erosion rate per unit length.

Bank erosion Length of Study bank Erosion
BEHI Rating NBS Rating rate’ bank height  subtotal
(feetlyr) {feet) (feet)  (feet’lyr)
Low Low 0.032 80 5 12.8
Moderate Low 0.18 320 5 288
Totals 400 300.8
Rate 0.752  ft/fthyr

' From Rosgen, 2008, Figure 7-44: Prediction of Annual Streambank Erosion Rates

Extrapolated from this singie reach to the entire length of the Wolf Creek/Berger Ditch system
(2.8 miles or 14,800 feet), this analysis predicts a total streambank sediment contribution of
approximately 11,100 f®lyr per bank, or 22,200 ft*/yr. This figure amounts {o 822 cubic yards
per year, or 1,068 tons of sediment/year (1,050 metric tons/year) contributed from Wolf
Creek/Berger Ditch stream banks.

Hull used data gathered from the USGS gauging station in MBSP to estimate the total sediment
contribution of Berger Ditch to Maumee Bay in 2007. The data set inciudes water discharge
data for a seven month period between May 2007 and December 2007.
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Hull used two different data sets to- establish a correlation between water discharge and
sediment discharge at the Berger Ditch USGS gauging station. The first data set was published
by USGS in 2006 (Brady 2007). This data set was collected from July to August 2006. It
involved capturing a one-liter water sample and measuring the mass of all sediment within the
sample (suspended sediment concentration or SSC). The following correlation was developed
by Hull from USGS data:

y=3.7378x +44.518

2= 0.39
n=64

Where:

y = suspended sediment concentration (8SC) in mg/L

x = discharge in cubic feet per second.

n = number of data points

NOTES: Hull removed cne observation of negative flow from the USGS data set; the
range of discharge in the correlation was 15.2 o 118.4 cfs

In 2008, the University of Toledo installed a multiport sampler designed to sample water at five
locations in the water column at approximately the same time. This method was used because
of the concern that water samples from a single point within the water column might poorly
represent total sediment load in the water column due to separation of various particle size
fractions by vertical position. Hull developed a correlation for five observations made using the
multiport sampler on 6/10/08, 7/3/08, 7/9/08, 7/24/08 and 7/28/08:

y=0.2633x+430.629

?=0.92
n=5

Where:

y = total suspended solids (TSS) concentration in mg/L

x = discharge in cubic feet per second.

n = number of data points

NOTE: The range of discharge in the correlation was 0 to 470 cfs
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Hull then applied these two correlations (Appendix E) in an Excel spreadsheet to estimate total
sediment discharge from Berger Ditch in 2007, The results were extrapolated for the whole year
from the 7 months of flow data available. The year 2007 included a peak storm of 256 cfs on
August 20, 2007.

The correlation from USGS data yielded a 2007 estimate of 1845 metric tons discharged from
Berger Ditch to Maumee Bay. The correlation from UT data yielded a 2007 estimate of 311
metric tons discharged from Berger Ditch to Maumee Bay.
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3.0 DISCUSSION

Historically, the areas of Woif Creek and Berger Ditch subject to Lake Erie influence were part
of a large coastal estuary system characterized by extensive wetlands (e.g., Gotigens et al.
1998). In an estuary system, sediment loads from the watershed are deposited as stream
velocities decrease within the area of lake influence, building shallow lacustrine emergent
welland habitat. Removal of these coastal wetland areas, extensive land creation via filling, and
hydrologic modification of the inflowing streams to improve drainage allows these sediments
from the watershed to directly enter the lake, resulting in the sedimentation and sediment-borne

pollutant problems observed today in Maumee Bay.

The simple sediment model developed in this study was unable to reconcile the total 2007
sediment delivery results developed from the two independent correlations of water and
sediment discharge. The 2006 USGS correlation predicts about 1845 metric tons of sediment
delivered to Maumee Bay in 2007, while the 2008 UT correlation predicts about 311 tons total
sediment delivery.

Hull is aware of differences in sampling and analytical methods between UT and USGS that
could account for some proportion of this discrepancy. Gray et al. (2000) describes a systematic
comparison of results for laboratory TSS and SSC analyses on paired samples by USGS.
Among the findings of this study, USGS observed that as the proportion of sand size material
exceeded about 25% of the sediment dry weight, SSC tended to exceed the corresponding
paired TSS value. Hull found that the percentage of sand ranged from 24.8% to 52% at Field
Site 1, 22.2% to 27.7% at Field Site 2, and 18.1% to 30.9% at Field Site 3, suggesting that
water column samples of suspended sediment could have readily exceeded 25% sand. USGS
(2000) concludes that TSS is fundamentally unreliable for analysis of natural water samples.
Based on this study, Hull concludes that the estimate of 2007 totai sediment load based on the
USGS correlation of discharge to SSC is the more reliable of the fwo estimates.

An unknown amount of estimation error may resuit from extrapolation of the USGS correlation
beyond the data limits used to derive the correlation. Hull notes that the range of water
discharge observed in 2007 fell within the range of discharge measurements (0 te 470 cfs) used
to derive the UT correiation, while both the low and high ends of the 2007 range of flows fell
outside the range of discharge measurements used to derive the USGS correlation (15.2 to
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118.4 cfs). Simple extrapolation of the linear USGS correlation into the range of very high flows
could have resulted in significant overestimation of sediment transport.

This study estimates the total contribution of erosion from stream banks to sediment in Wolf
Creek at about 1,000 metric tons/year. Assuming that Hull's estimate of 1845 metric tons is an
accurate estimate of the sediment delivered to Maumee Bay in 2007, streambank erosion would
appear on first analysis to be the source of the majority of the sediment delivered to Maumee
Bay. However, the stream evidently is aggrading and does not move its entire sediment load, as
it is necessary to dig out accumulated sediments on a regular basis. This loss of sediment from
Wolf Creek and Berger Ditch through ditch maintenance cannot be estimated accurately but it is
probably significant. Because of this large, unknown sediment sink in the watershed, the
proportional contribution of the various sediment sources (e.g., soil erosion, streambank
erosion, runoff from impervious surfaces) to total sediment load cannot be estimated with any

confidence.
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APPENDIX A

RiverMorph v. 4.1 Output
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APPENDIX B

Sediment Data

HULL & ASSOCIATES, INC, CCTOBER 2008
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RIVERMORPH PARTICLE SUMMARY
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River Name: wolf Creek

Reach Name: Reach 1 - Seaman Road

Sample Name: X1

survey Date: 04/29/2008

Size (mm) TOT # ITEM % cuMm %

0 - 0.062 37 36.63 36.63

0.062 - 0.125 17 16.83 53.47

0.125 - 0.25 5 4.95 58.42

0.25 - 0.50 8 7.92 66.34

0.50 - 1.0 14 13.86 80.20

1.0 - 2.0 8 7.92 88.12

2.0 - 4.0 2 1.98 90.10

4.0 - 5.7 0 0.00 90.10

5.7 - 8.0 6 5.94 96.04

8.0 - 11.3 1 0.99 97.03

11.3 - 16.0 1 0.99 08.02

16.0 - 22.6 2 1.98 100.00
22.6 - 32.0 0 0.00 100.00
32 - 45 0 0.00 100.00
45 - 64 0 0.00 100.00
64 - 90 0 0.00 100.00
90 - 128 0 0.00 100.00
128 - 180 0 0.00 100.00
180 - 256 0 0.00 100.00
256 - 362 0 0.00 100.00
362 - 512 0 0.00 100.00
512 - 1024 0 0.00 100.00
1024 - 2048 0 0.00 100.00
Bedrock : 0 0.00 100.00
D16 (mm) 0.03

D35 (mm) 0.06

D50 (mm) 0.11

D84 (mm) 1.48

D95 (mm) 7.6

D100 (mm) 22.6

silt/Clay (%) 36.63

sand (%) 51.49

Gravel (%) 11.88

Cobble (%) 0

Boulder (%) 0

Bedrock (%) 0

Total Particles = 101.



RIVERMORPH PARTICLE SUMMARY
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River Name: wolf Creek

Reach Name: Reach 1 - Seaman Road

Sample Name: X2

survey bDate: 04/29/2008

Size (mm) TOT # ITEM % CUM %

0 - 0.062 63 62.38 62.38

0.062 - 0.125 4 3.96 66.34

0.125 - 0.25 4 3.96 70.30

0.25 - 0.50 8 7.92 78.22

0.50 - 1.0 5 4.95 83.17

1.0 - 2.0 4 3.96 87.13

2.0 - 4.0 1 0.99 88.12

4.0 - 5.7 2 1.98 80.10

5.7 - 8.0 3 2.97 93.07

8.0 - 11.3 1 0.99 94.06

11.3 - 16.0 2 1.98 96.04

16.0 - 22.6 0 0.00 96.04

22.6 - 32.0 0 0.00 96.04

32 - 45 1 0.99 97.03

45 - 64 3 2.97 100.00
64 - 90 0 0.00 100.00
90 - 128 0 0.00 100.00
128 - 180 0 0.00 100.00
180 - 256 0 0.00 100.00
256 - 362 0 0.00 100.00
362 - 512 0 0.00 100.00
512 - 1024 0 0.00 100.00
1024 - 2048 0 0.00 100.00
Bedrock 0 0.00 100.00
D16 (mm) 0.02

D35 (mm) 0.04

D50 (mm) 0.05

D84 (mm) 1.21

D85 (mm) 13.53

D100 Cmnm) 64

Silt/Clay (%) 62.38

sand (%) 24.75

Ggravel (%) 12.87

Cobble (%) 0

Boulder (%) 0

Bedrock (%) 0

Total Particles = 101.



RIVERMORPH PARTICLE SUMMARY
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River Name: wo'lf Creek

Reach Name: Reach 1 - Seaman Road

Sample Name: X3

survey Date: 04/29/2008

Size (mm) TOT # ITEM % CuM %

0 - 0.062 51 51.00 51.00

0.062 - 0.125 21 21.00 72.00

0.125 - 0.25 9 9.00 81.00

0.25 - 0.50 9 9.00 90.00

0.50 - 1.0 4 4.00 84,00

1.0 - 2.0 1 1.00 95.00

2.0 - 4.0 3 3.00 98.00

4.0 - 5.7 0 0.00 98.00

5.7 - 8.0 0 0.00 98.00

8.0 - 11.3 1 1.00 99.00

11.3 - 16.0 1 1.00 100.00
16.0 - 22.6 0 0.00 100.00
22.6 - 32.0 0 0.00 100.00
32 - 45 0 0.00 100.00
45 - 64 0 0.00 100.00
64 - 90 0 0.00 100.00
90 - 128 0 0.00 100.00
128 - 180 0 0.00 100.00
180 - 256 0 0.00 100.00
256 - 362 0 0.00 100.00
362 - 512 0 0.00 100.00
512 - 1024 0 0.00 100.00
1024 - 2048 0 0.00 100.00
Bedrock 0 0.00 100.00
D16 (mm) 0.02

D35 (mm) 0.04

D50 (mm) 0.06

D84 (mm) 0.33

D95 (mm) 2

D100 (mm) 16

Silt/Clay (%) 51

sand (%) 44

Gravel (%) 5

CobbTe (%) 0

Boulder (%) 0

Bedrock (%) 0

Total Particles = 100.



RIVERMORPH PARTICLE SUMMARY
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River Name: wolf Creek

Reach Name: Reach 1 - Seaman Road

Sample Name: X4

Survey Date: 04/29/2008

Size (mm) TOT # ITEM % Cum %

0 - 0.062 42 43.75% 43.75

0.062 - 0.125 24 25.00 68.75

0.125 - 0.25 8 8.33 77.08

0.25 - 0.50 8 8.33 85.42

0.50 - 1.0 5 5.21 90.62

1.0 - 2.0 5 5.21 95.83

2.0 - 4.0 1 1.04 86.87

4.0 - 5.7 1 1.04 97.92

5.7 - 8.0 2 2.08 100.00
8.0 - 11.3 0 0.00 100.00
11.3 - 16.0 0 0.00 100.00
16.0 - 22.6 0 0.00 100.00
22.6 - 32.0 0 0.00 100.00
32 -~ 45 0 0.00 100.00
45 - 64 0 0.00 100.00
64 - 90 0 0.00 100.00
g0 - 128 0 0.00 100.00
128 - 180 0 0.00 100.00
180 - 256 0 0.00 100.00
256 - 362 0 0.00 100.00
362 - 512 0 0.00 100.00
512 - 1024 0 0.00 100.00
1024 - 2048 0 0.00 100.00
Bedrock 0 0.00 100.00
D16 (mm) 0.02

D35 (mm) 0.05

p50 (mm) 0.08

D84 (mm) 0.46

D95 (mm) 1.84

D100 (mm) 8

Silt/Clay (%) 43.75

sand (%) 52.08

Gravel (%) 4.17

Cobble (%) 0

Boulder (%) 0

Bedrock (%) 0

Total Particles = 96,



RIVERMORPH PARTICLE SUMMARY
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River Name: wolf Creek

Reach Name: Reach 1 - Seaman Road

Sample Name: X5

Survey Date: 04/29/2008

Size (mm) TOT # ITEM % cum %

0 - 0.062 28 27.45 27.45

0.062 - 0.125 1 0.98 28.43

0.125 - 0.25 3 2.94 31.37

0.25 - 0.50 3 2.94 34,31

0.50 - 1.0 2 1.96 36.27

1.0 - 2.0 2 1.96 38.24

2.0 - 4.0 3 2.94 41.18

4.0 - 5.7 0 0.00 41.18

5.7 - 8.0 0 0.00 41.18

8.0 - 11.3 0 0.00 41.18

11.3 - 16.0 Z 1.96 43.14

16.0 - 22.6 3 2.94 46.08

22.6 - 32.0 6 5.88 51.96

32 - 45 22 21.57 73.53

45 - 64 12 11.76 85.29

64 - 90 2 1.96 87.25

90 - 128 9 8.82 96.08

128 - 180 4 3.92 100.00

180 - 256 0 0.00 100.00

256 - 362 0 0.00 100.00

362 - 512 0 0.00 100.00

512 - 1024 0 0.00 100.00

1024 - 2048 0 0.00 100.00

Bedrock 0 0.00 100.00

D16 (mm) 0.04

550 (s 287

D mm . - .

D84 (mm) 61.92 Nofe « This was Z
023,70 15 £

D mm

silt/clay (%) 27.45 n %ﬂf g s
oraver 10 3703 Consin/ feﬂq as ore
Grave . M C , c@ﬁéz
Cob?ée C%%) %4.71 5 (j7
Boulder e
Bedrock (%) 0 Caq“ﬁi’?( ‘ﬁ’@m Wﬁﬁc‘,?/

Total Particles = 102.
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RIVERMORPH PARTICLE SUMMARY
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River Name: wolf Creek

Reach Name: Reach 2 ~ WTP

Sample Name: X1

survey Date: 04/29/2008

Size (mm) TOT # ITEM % Cum %

0 - 0.062 68 67.33 67.33

0.062 - 0.125 16 15.84 83.17

0.125 - 0:25 g 8.91 92.08

0.25 - 0.50 1 0.99 93.07

0.50 - 1.0 1 0.99 94.06

1.0 - 2.0 1 0.99 95.05

2.0 - 4.0 0 0.00 95.05

4.0 - 5.7 1 0.99 96.04

5.7 - 8.0 3 2.97 99.01

8.0 - 11.3 1 0.99 100.00
11.3 - 16.0 0 0.00 100.00
16.0 - 22.6 0 0.00 100.00
22.6 - 32.0 0 0.00 100.00
32 - 45 0 0.00 100.00
45 - 64 0 0.00 100.00
64 - 90 0 0.00 100.00
90 - 128 0 0.00 100.00
128 - 180 0 0.00 100.00
180 - 256 0 0.00 100.00
256 - 362 0 0.00 100.00
362 - 512 0 0.00 100.00
512 - 1024 0 0.00 100.00
1024 - 2048 0 0.00 100.00
Bedrock 0 0.00 100.00
D16 (mm) 0.02

D35 (mm) 0.03

D50 (mm) 0.05

D84 (mm) 0.14

D95 (mm) 1.95

D100 (mm) 11.3

sitt/Clay (%) 67.33

sand (%) 27.72

Gravel (%) 4.95

Cobble (%) 0

Boulder (%) 0

Bedrock (%) 0

Total Particies = 101.



RIVERMORPH PARTICLE SUMMARY
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River Name: wolf Creek

Reach Name: Reach 2 - "WTP

Sample Name: X2

Survey Date: 04/29/2008

size (mm) TOT # ITEM % CUM %

0 - 0.062 63 70.00 70.00

0.062 - 0.125 1 1.11 71.11

0.125 - 0.25 12 13.33 84.44

0.25 - 0.50 2 2.22 86.67

0.50 ~ 1.0 2 2.22 88.8¢9

1.0 - 2.0 3 3.33 92.22

2.0 - 4.0 5 5.56 87.78

4.0 - 5.7 1 1.11 98.89

5.7 - 8.0 1 1.11 100.00
8.0 - 11.3 0 0.00 100.00
11.3 - 16.0 0 0.00 100.00
16.0 - 22.6 0 0.00 100.00
22.6 - 32.0 0 0.00 100.00
32 - 45 0 0.00 100.00
45 - 64 0 0.00 100.00
64 - 90 0 0.00 100.00
90 - 128 0 0.00 100.00
128 - 180 0 0.00 100.00
180 - 256 0 0.00 100.00
256 - 362 0 0.00 100.00
362 - 512 0 0.00 100.00
512 - 1024 0 0.00 100.00
1024 - 2048 0 0.00 100.00
Bedrock 0 0.00 100.00
D16 (mm) 0.01

D35 (mm) 0.03

D50 (mm) 0.04

D84 (mm) 0.25

D95 (mm) 3

D100 (mm) 8

silt/Clay (%) 70

sand (%) 22.22

Gravel (%) 7.78

Cobble (%) 0

Boulder (%) 0

Bedrock (%) 0

Total Particlies = 90.



2008 tom MBS park acagh o€ %ﬁge/

Particle Size Distribution Report
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GRAIN SIZE - mm.
% +3% % Gravel % Sand % Fines
° Coarse Fine Coarse Medlum Fine Siit Ciay
0.0 4.1 30,6 11.1 14.0 ) 4,1 12.8 23.3
SIEVE PERGCENT SPEC.” PASS? Material Description
SIZE FINER PERCENT (X=NQ)
1 100.0
75 85.9 Atterberg Limits (ASTM D 4318)
375 83.3 PL= L= Pl=
i#4 65.3
#10 54.2 Cilassificatlon
#0 46.2 UsCs= AASHTO=
#30 43.0 Coefflclents
#40 40.2 Das= 10,2445 Dgo= 3.4903 Dgo= 1.2700
#50 38.3 Dag= 0.0136 Dig= Dqp*
#100 36.7 Cy* Cc2
#200 36.1 Date Tested: 5-15-08 Tested By: MIKE GERDEMAN
Remarks
" {no specification provided)
Sample No.: E08-434 Source of Sample: Date Sampled: 5-5-08
Location: MARINA S-] Elev./Depth:
Checked By; CLIFF GORDON Title; TECHNICIANI
HULL & ASSOCIATES, INC. | Cllent: UNIVERSITY OF TOLEDO
Project: MAUMEE BAY SEDIMENT STUDY
Erie, Mi Project No; _UOT-014 Figure
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GRAIN SIZE - mm.
9 43" % Gravei % Sand % Fines
? Coarss Fina Coarse Medium Fina Slit Clay
0.0 6.1 26.0 8.6 12,1 7.0 17.9 22.3
SIEVE PERCENT SPEC.” PASS? Matarial Description
SIZE FINER PERCENT (X=NQ} X-8EC 1 @ 890
1 100.0
5 93.9 Atterberg Limits (ASTM D 4318}
375 787 PL= I L= =
#4 €7.9
#10 50,3 Classification
#20 33.1 UsCs= AASHTO=
§3{} 503 Coefficients
#40 472 Dgs= 12.8442 Dgo= 2.1748 Dzg= 0.5788
#50 44.1 Dag= 0.0107 Di5= 0.0017 Dig=
#100 41.1 C/& Co*
w200 402 Date Tested: 5-15-08 Tested By: MIKE GERDEMAN
Remarks
b (no specification provided)
Sample No.: E08-435 Source of Sample: Pate Sampled: 5-9-08
Location: SOUTH OF MARINA 8.2 Elev./Depth:
Checked By: CLIFF GORDON Title: TECHNICIAN
HULL & ASSOCIATES, [NC Client: UNIVERSITY OF TOLEDO
Project: MAUMEE BAY SEDIMENT STUDY
Erie, Ml Project No: UOT-0i4 Figure
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GRAIN SIZE - mm.
% +3" % Graval % Sand % Fines
Coarse . Fina Coarse Madium Fine Siit Clay
0.0 0.0 ' 10.0 4.4 7.8 5,9 34,7 37.2
SIEVE PERCENT SPEC.” PASS? Material Description
SKE FINER PERCENT (X=NO)
75 100.0
375 93.5 Atterberg Limits (ASTM D 4318)
#4 90.0 pl= L= Pl=
#10 85.6 Classificatl
#20 81.4 Ciassification
#30 9.5 UsCs= AASHTO=
faio 71.8 Cosfficients
0 76.5 Dgs= 1.7708 Dgg= 0.0268 Dgg= 0.0112
#1G0 74.1 D3p= 0.0021 D15= D1p=
#2600 71.9 C= Ce=
Date Tested: 5-15-08 Tested By: MIKE GERDEMAN
Remarks
" (no specification provided)
Sample No.: E08-436 Source of Sample: Date Sampled: 5-9-08
Location: X-SEC2@ 535" S-3 Elev./Depth:
Checked By: CLIFF GORDON Titie: TECHNICIANI
HULL & ASSOC}ATES, INC. Client: UNIVERSITY OF TOLEDO
Project: MAUMEE BAY SEDIMENT STUDY
Erie, Mi Project No: UQT-014 Figure




Particle Size Distribution Report
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GRAIN 8IZE - mm.
o +an % Graval % Sand % Finas
Coarsa Fine Coarse Modium Fine Sii Clay
0.0 8.5 399 9.1 16.1 5.7 8.8 i1.9
SIEVE PERCENT SPEC.” PASS? Matertal Description
SIZE FINER PERCENT {X=NQ} DOWNSTREAM OF CEDAR POINT BRIDGE
1 ’ 100.0
5 91.5 Atterberg Limits (ASTM D 4318)
375 593 PL= Li= Pl=
#4 51.6
#10 42,5 Clagsification
#90 32.7 USCS= AASHTOz
o 29.0 Cosfficients
#40 26.4 Dgs= 16.3980 Dgo= 9.7122 Dgg= 3.7640
#50 24.8 Dap= 0.6641 Dqg= 0.0127 Dig= 0.0032
#100 224 CyZ 305033 Co= 1426
#200 20.7 Date Tested: 5-15-08 Tested By: MIKE GERDEMAN
Remarks

" (no specification provided)
Sample No.: E08-437 Source of Sample:

Date Sampled: 5-5-08

Location: MAUMEE BAY 54 Elev./Depth:
Checked By: CLIFF GORDON Title: TECHNICIANI
HULL & ASSOCIATES, INC, | Cllent: UNIVERSITY OF TOLEDO
Project: MAUMEE BAY SEDIMENT STUDY
Erie,_M! Project No:  UQT-014 Figure




APPENDIX C

Stream Classification Data

HULL & ASSOCIATES, INC. QCTOBER 2008
DUBLIN, OHIO UoTC14.396.0001
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Worksheet 5-3. Field form for Level i strean;r ciassification (Rosgen, 1996; Rosgen and Silvey, 2005).

Stream:  Wolf Creek, Reach -~ Reach 1 - Seaman Road
Basin: Drainage Area: 6720 acres 105 mi
Location;
Twp.&Rge: ; Sec.&Qitr.: §
Cross-Section Monuments (Lat./Long.): 41.65667 Lat / 83.37861 Long Date: 4/28/2008
Observers: Valley Type: VIl
Bankfull WIDTH (W)
WIDTH of tha stream channel at bankfull stage elsvation, in a riffle section, ~31.92ift

Bankfull DEPTH (dy)

Mean DEPTH of the stream channe! cross-section, at banidull stage elevation, ina o
fiffle section {dus = A / W) 364 Ift

Bankfull X-Section AREA (A}
AREA of the siream channel cross-section, at bankfull stage elevation, In a riffle

section. -” 51 6 | 2

Width/Depth Ratio (Wy/ dpi) S
Banifull WIDTH divided by banifuil mean DEPTH, In a riffle section. 8,77 - |ft

Maximum DEPTH (dy)

Maximum depth of the bankfull channel cross-sectlon, or distance between the st
bankiuli stage ang Thalweg slevations, in a sifile section. N 875  |u

WIDTH of Flood-Prone Area (W) :
Twice maximum DEPTH, or (2 X dnw) = the stage/elevation at which flood-prane area g

WIDTH is determined In a riffle section.

Entrenchment Ratio (ER)

The ratio of flood-prons area WIDTH divided by bankfull channel WIDTH Wi/ Wyg) | ‘

{riffle section). 1,88 - [fiit
Channel Materials (Particle Size Index ) Dg

The D partice size index represents the mean diameter of channel materiais, as

sampled from the channel surface, between the banidull stage and Thalweg e L
elevations. S 041 mm
Water Surface SLOPE (S)

Channsl siope = "rise over run® for a reach appraximately 20-30 bankfull channel

widths in length, with the *iffle-to-riffle” water surface slope representing the gradlent | - S

at bankfull stage. 0 00'11 fi/#t

Channel SINUOSITY (k)

Sinuosity is an index of channel pattern, determined from a ratlo of stream length
divided by valtey length (SL/ VL); or estimated from a ratic of valley slope divided by :
channal slope (VS / 8). R

Stream

(See Figure 2-14)
Type

Copyright © 2006 Wildland Hydrology WARSSS page 5-29



Bankfull Veldcityl Discharge Estimate Form

Stream Name [Wolf Creek at Seaman Road
Reach ID XS 3 - Watershed at reach = 10.5 sq.mi.
QObservers
Date 4/28/2008
Gage None
INBUT VARIABLES "OUPUT VARIABLES
Bankfull Area 116.0 | Ang #* Mean Bankfull Depth 3.79 | G it
Bankfull Width 30.6 W W Wetted Perimeter 3818 | WP ft
. . , D84 @ Riffle (in feet) .
D84 @ Riffle {in mm) 1.5 Dia. mm (or use protrusion ht.) 0.00 Dia. ft
Bankfull Siope 0.0011 8 7 Hydraulic Radius 3.04 R ft
Gravitational 2
Accelleration 32.2 g f/s R/D84 617.34| R/D84 | fi/it
Drainage Area 10.5 DA mi? Shear Velocity 0.33 u* fiis
Friction Factor 18.62 | WU | Vs
Velocity Discharge |
Friction Factor/Relative Roughness u = [2.83 + 5.66 Log (R/D84)jU” 6.11 {it/s 708.7 | CFS
Floughnfas? Coefficient: Mannings n from R/D84 (Limerino's CL;;‘;IB) ] 511 livs 208.7 |cFs
Manning's n =! 0.017! u = {1.4895*R™°"*3")/n
Roughn'ess[ Coefficient: Mannings n from R/D84 (Rosgen West.iz6 ;‘;ur\;e) 073 s 316.5 |CFS
Manning's n =| 0.033] u = (1.4895"R™"™8)/n
o N ¥ — ar 3B ‘-15 .
F&oughn'ess Coefficient: Mannings n from Jarrett n = 0.39"S BF; 5 423 lis 490.4 ICFS
Manning’s n =| 0.025| u = (1.4895*R™""*S)/n
Roughness Coefficient: Mannings n from Stream Type
2.96 |i/s 343.6 |CFS
Manning's n =|0.038] u = (1.4895'R%"*S%)/n
Aoughness Coefficient: Mannings n known
, 2.96 ift/s 343.6 |CFS
Manning's n={  0.035] u = (1.4895"R%**S5)n
Darcy-Weishach Factor f from R/D84
8.17 |it/s 715.9 {CFS
= 0.003 u = V(8gRS/H)
Other: ft/s CFS
Continuity Equations: Regional Curve u=Q/A
/s 417.0 |CFS
Curve Used  [USGS Ohio Region A curve (2005)
Continuity Equations USGS Gage R.I. for bankiull Qf /s CES
Gage Used: |
Chosen estimation method [Manning's N from Stream Type C5
Reason In range of discharge measurements for Berger Ditch gauging station, and corresponds to

UsGSs regiona! curve




APPENDIX D
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River Restoration & Natural Channel Design Section C: BANCS Model

Worksheet C-1. Form to calculaté Bank Erosion Hazard Index (BEH!) variables and an
overall BEHI rating. Use Figure C- 2 variables to determine BEHI Score.

Stream: J\/U"F C/&’LRL@A Location: N S%aﬁ’mm [)\0(

swton: [+ 0 () Lekf Payk  ovservers Mugh  Cewrtl]

Date: "fl{[a [ Stream Type: (&  Valley Type: J Nvi/n
] 4 J v e e

BEHI Score
Study Bank Helghtf Bankfuil Height( ) (Fig. C-2)
Study | - - | Bankfull / S .
Bank | Height (A)/(B)=
Height () =] 5 ‘(A) g(ft}:- a*“} (B) l ‘1 (,C
Root Depth I Study Bank Height ( E)
Root " | Study R
Depth |~ — . Bank ——" (D} (A)= 70
(=] " (D Heightw=1 "~ ©"(A) E|f
Weaghted Root Dens:ty ( G )
Root v
Density {(FIx(E) =
as % = o (G)
Bank Angle (H)
Bank

Angle 79 )

as Degrees = :
Surface Protect:on (1 )
Surface R

Protection 2@

as % =Ci} :

R . Bank Material Adjustrents: - |
Bedrock {Overall Very Low BEH) <
Boulders {Overall Low BEH!) -
Cohble.(Subtract 10 peints if unilorm medium to large cobhie)
Gravel or Composite Matrix (Add 5-10 points depending on Stratification Adjustment

percentage of bank materlal that Is composed of sand) Add 5-1C points, depending on
Sand {Add 10 points) posttion of unstable layers In

SilClay (no adjustment) retation 10 bankfull stage

Bank Material £
Adjustment &

Very Low| Low IMuderatel _High lVery Htghi Extreme Adjective Rating s

AR 11 and
5-95 | 10-19.5 | 20- 295[30 395[ 40-45 | 46-50 Total Score

Bank Sketch
12
11 "
o zgl
£ 9 x &
@ g a2
8 =
g 7 u g =
W o T T T e Bankfull o
T O §
3 ° g
Ag 4 §
= 3 =
2 : Stan
1 of
a 4 Bank
4] 1 2 3 4 5 [}
Harizontal distance (ft)
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River Restoration & Natural Channel Design

Section C: BANCS Model

Worksheet C-1. Form to calculate Bank Erosion Hazard index (BEHI) variables and an
overall BEH! rating. Use Figure C-2 variables to determine BEHI Score.

sweam: /ol £ Crirg b Location: (N S qman Ad..
staton;  { T 00O ]0‘( b, & - Observers: HA/(; L Oocrel!
Date: bl /,n 4-; Sweam Type: [/ & Valley Typei ] ;
| u Tl E Fl
I re ’ BEH! Score
Study Bank Helghtl Bankfuil Helght ( C) (Fig. C-2)
Study . Bankfull
Bank 5 . Height 3 f (A)/(B)= / ‘/
Heightm-] “ (A) (f) = (B) €
Root Depth l Study Bank Height (E)
Root Study 4.0
Depth . Bank (D)/I(A)= ;- T
(ft) = (D} Height m = %27 (E)
Weighted Root Density (G)
Root E? Ty
Density (F)x{E) =f.; Q o
as % = o (G)
Bank Angte ( H)
Bank
Angle : L
as Degrees = 1937 (H)
Surface Protectlon (n
Surface i |
Protection ’ 5
as %6 =pEeilr
o > Bank Material Adiustment:' - |
Bedrock (Overall Very Low BEHI) ~TT Bank Material &
Boulders (Overall Low BEH) — Adiustment £
Cohble.(Subtract 10 points If uniform medium o large cobbie)
Gravel or Compasite Matrix (Add 5~10 points depending on Stratification Adjustment
percentage of pank material that is compesed of sand) Add 5-10 polnts, dependlng o
Sand (Add 10 points) position of unstable layers in
Silt/Clay (no adjustment) relation to bankfull stage
Very Low| Low [ Maderate l High ] Very High Extreme Adjective Rating
B AN . o and
595 lw 195] 20 - 295[30 395| 4045 | 46-50 Total Score
Bank Sketch
L e St s S E RS N S s e weee N D Y
"
10 g
g€ o z 2
g 8 52 1\ )
E 7 ) 0 L L AL "
{2 AN NN TR EDPURE JUENSUUULE AV NUUTPM: AU SO SNUVUNUN MU SUNNNNN Jy () - oo, SRR = 1= L1 |14 VO TR =
g s
‘2 Start
1 of
G Bank
3 1 2 3 4 5 5]
Horizantal distance {it)
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River Restoration & Natural Channe! Design Section C: BANCS Model

Worksheet C-1. Form to calculaté Bank Erosion Hazard Index (BEHI) variables and an

overall BEHI rating. Use Figure C-2 variables to determine BEHI Score.

Stream: Wl £ Unzede tocation: A3, SCav (in ﬂ\rg

Station: _@} ) 9\, b(mL - Observers: H C/VB € /
Date: '1,!!,. {n €  StreamType: A i-,/ Valley Type: \/ (s
Mt B4 . v
K ' BEHI Score
Study Bank Helghtl Bankfuli HE[ght ( C) (Fig. C-2}
Study : 5 -« | Bankfull /
Bank . Height (A)/(B)=
Height - " : (A) ) = 3 0: 7’(07

Root Depth I Study Bank Height (E) *

Depth | 7 . Bank (D”{A)"Lu‘."'f'
(i) =|: % (D} Height @ =
Root
Density (Fix{E) =
as % = .‘)’. (©)

Bank Ang[e ( H) “
Bank :

Angle Lf '
as Degrees = [/ < (H)
Surface Protectlon {1 )

Surface
Protection . ;
as % =TTl

coc ohent Bank Materfal Adjustment T g |
Bedrock (Overall Very Low BEHI} ~ITEE
Boulders (OQverall Low BEM) -
Cebble.(Subtract 16 polnts i uniform medium to large cobbie)
Gravel or Compasite Matrix (Add 5-10 points depending on Stratification Adjustment

percentage of bank material that Is composed of sand} Add 5-10 points, depending on
Sand {Add 10 points) position of unstable layers In

Silt/Clay (no adjustment) relation to bankiull stage

Bank Material _
Adjustment i

Adjective Rating &
and :
Total Score

Very Low] Low [ Nlodera!e ] High I Very H:gh | Extreme

R

(SRR

595 ]10 195|"20 295]30 395[ 40 - 45 [ 45 50

Bank Sketch
Root

12 Depth

n 5 (©)
1 Zg Bank
= 5 bl [
= ' 55 Angle
g ® =2 N
g 7 4R >
g s cmmnt WRRMIPN =1 1 1L 5%
B & 23
o 34
£ ¢ s
G ki Q.
=

2 Start

3 of

o Bank

a 1 2 3 4 ] &
Horizontal distance (fY)
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River Restoration & Natural Channel Design

Section C: BANCS Maodel

Worksheet C-1. Form to calculateé Bank Erosion Hazard Index (BEHI) variables and an
overall BEHI rating. Use Figure C-2 variables to determine BEHI Score.

PO PTPIRIPIIPOP IO IP PO DDPDIBDOWDPPIPPPPOIPOP P

as Degrass = i @(H}

Stream: WD[ (M Location: M g‘ta/?/l@/l’t‘ ﬂ\ﬂ; .
. -
saon: 9 (O L. pank _Observers: H. Cwowre(/
Date: A [aO  Steam Type: f‘( Valley Type:  “T7TTT
‘, EW'V L N BEH! Score
Study Bank He&ghtlBankfull Heeght( ) {Fig. C-2)
Study | . ( -1 Bankfull . i3
Bank | R~ Meight {(A)I(B)=
Heightm=| > : (A) () = 3 t] (B) l ‘7, €}k
Root Depth I Study Bank Height (E )
Root _ Study L
Depth | — . | Bank -7 | (pyi(A)- ~~_O‘7
(f =" (D) Height g « = (A) Sl
Welghted Root DenSIty ( G )
Root ( l
Density {F}x(E) =
as % = % G)
Bank Angie(H)
Bank :
Angle

Surface Protec:tlo't"l ( I }

Surface
Protection

as %  =foomeeil

i Bank Material Adjustment:: - o s

Bank Material
Adjustment

Bedrock (Qverall Vary Low BEHI) ~STE
Bouiders {Overall Low BEH) i

Cobble.(Subtract 10 painis if uniform medium to farge cobble)
Gravel or Composite Matrix (Add 5-10 points depending on
parcentage of bank materlal that Is composad of sand)

Sand {Add 10 paims}
SilYClay (no adjustment)

Stratification Adjustment
Add 5~10 pcints, depending on
position of unstable iayers In
relation to bankfuli stage

Adjective Rating £
and
Total Score

Very Low! Low l\lery nghi Extreme
C e
5-85 Iw 195!20 295[30 395] 40 - 45 [ 4650

I Maderate[ High

chm o8 e, A

Ev
i

Bank Sketch
12 - i Root
Deptl
o 5 ©
= g R Bank
= = Angle
y 8 5% N
7 nEnx
“-% P30 AUV RPN VS SR SRS MG MRS JYOURN TS SN MO R S I - SOOI = 1114 (] S =
=2 85
" 3 85
i &
S 3 &
2 Start
1 "~ af
0 Barnk
4] 1 2 3 4 5 - 6
Harizontal distance (ft)
Copyright © 2007 Wildland Hydrology Ch
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River Restoration & Natural Channel Design Section C: BANCS Model

Worksheet C-1. Form to calculaté Bank Frosion Hazard Index (BEHI) variables and an
overall BEHI! rating. Use Figure C-2 variables to determine BEH! Score,

sream:__ [0/ 0(F  Mgple Location: & . St /Ar(

Station; ‘1‘ T 6’0 R Lyoynt’(,_ - Observers: M. Cin €4l
Date: *f[‘, [ne Stream Type: giﬁ/ valley Type: 17 TT17"
Y
e v'h L= BEHI Score
Study Bank Helghtl Bankfull Hetght (C) (Fig.Cc-2)
Study Bankfull Samabinits

Heii?:?‘:fz)a"g {0 HEIQ?&) 3 7B) (i I’r(c)

Root Depth / Study Bank Height {E)

Root | | Study (D)1 (A)
Depth ' e Bank 1 3] = @
() = " (D) Heightm=| LT E)
RQOt : ' . ", Uy ‘:“"T‘ Sy
Density |+ /2 & {F}x{E) =}, 2 :
as% =] 5 ; Z ‘TG) BT

Bank Angie {H)

Bank : [? 7
Angie ; i
as De§m=s =} 2‘ (H) i
Surface Protectlon ( ] )
Surface RIS
Protection ,-
as % =f53

2 . Bank Materjal Adjustriente: -~ 0 i - !
Badrock (Overall Very Low BEH!? <TETE
Boulders (Qverall Low BEHI) —
Cobbie.{Subtract 10 points if uniform medlum te large cobble)
Gravel or Composite Matrix (Add 5-10 poims depending on Stratification Adjustment

percentage of bank materlal that is composed of sand) Add 5~10 points, depending on
Sand (Add 10 paints} positicn of unsizbie layers in

SitvClay (no adustment) refation ta bankfull stage

Bank Material &
Adjustment

Adjective Rating B2
and S
Total Score

Very Lowl Lcw l Moderata ’ High
L TS ST umrn T P R RO ‘>—q.f§?,

e 4yttt e LAY 1 e AT A 1 s Lt oD e e gl e .
46 - 50

5-9.5 |10 19.5 | 20- 295130 395] 40 - 45

Bank Sketch

12 :

11 I g

10 £Z
g 9 > Z
o 8 SE
5 b;-l-
g 7 -
V.7 S TR UUUUUNOS UMY MR NI JUPUUHTW SUVPPvoon PP SN WSSOI AU SENSEE Dy g IS SUNIREIE = 4= L T Lo S
2 8
'é 5
.'E 4
S 3

2

1

a

[ 1 2 3 4 5 [
Horizomal distance {t)

Copyright ©@ 2007 Wildiand Hydrology C5



River Restoration & Natural Channel Design

Section C: BANCS Model

Worksheet C-1. Form to calculaté Bank Erosion Hazard Index (BEHI) variables and an
overall BEHI rating. Use Figure C-2 variables to determine BEHI Score.

N, Seqgmanm Zd

Stream: WD! £ C){LQQ (4_ Location:
Station: Lf "f’j_@ L. {0017/1 e . - Observers: H. (4’614;{[(
Date: Y,. { o~ Stream Type: 5’ Valley Type: VIIiT
” ’U 5 BEHI Score
Study Bank He:ght / Bankfull Height { C) {Fig. C-2)
Study : Bankfull g
Bank |. 5 Height 3 iJ Sl (AYH(B) = [ 7
Height@=)  ~ (A) M= ¢ {B} () |§
Root Depth / Study Bank Height ( E )
Root Study N :
Depth |° .. | Bank ] (D)I(A)= @ é]
() =t = (D) Height () = (A E)
Welghted Root Densuty ( G )
Root 2_ ;
Density (F}x(E) = :
as % = 7 (G)} k&
Bank Angle (H)
Bank R
Angle s O
as Degress = 58(1“1) ;
Surface Protect:on (1)
Surface
Protection |, "
as % =IU HE
ais Lt Bank Materlal Adjustments: - 5 L 5 s ]
Bedrock {Overail Very Low BEHI) SSTE Bank Material
Boulders (Overall Low BEH)) Adjustment £
Cobble.(Subtract 10 points If uniform medium 1o large cobble)
Gravel or Composite Matrix {Add 5-10 points depending on Stratification Adjustment
percentage of bank materlai that Is composed of sand) Add 5-10 points, depending on
Sand (Add 10 gaints) position of unstable layers in
SiltClay (no adjustment) relation to bankfull stage
Very Low| Low | Mcderate { High i Very High | Extreme Adjective Rating §
R N iy e e A .~ and
5-55 | 10195 | 20-295 | 30~ 395[ 40-45 | 46-50 Total Score
Bank Sketch
12
1
10 £z
g ¢ > 2
s B S3 H
5 = ’ =
3 5 o = DA et o e -
% 5 5£
g E
s 3 &
2 1 Start
1 " of
Q Bank
o 1 2 3 4 5 8
Horizontal distance {ft)
Copyright © 2007 Wildland Hydrology C5
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River Restoration & Natural Channel Design Section C: BANCS Mode!

Worksheet C-1. Form to calculate Bank Erosion Hazard Index (BEHI) variables and an
overall BEHI rating. Use Figure C-2 variables o determine BEH] Score,

Stream: l/]/{) £ WQ/&L__ Laocation: M %‘Q({ﬂqa/n [{rj

Station: 8 + 7 'j’ ﬂ\ - Qbservers: M. Coelff

7

Date: bl {gfﬂ ¢ Strea;n Type: (. 5/ Valley Type:  V/ [{f
R L

BEHI Score
Study Bank Helghtl Bankfull Hezght (C) (Fig.C-2)
Study L . Bankfull /
Bank | Heigh A B)=
Height () = ,5"(:‘\) g{r:)- 5 5/(B) (AII(B) /‘7,01
Root Depth / Study Bank He:ght (E)
Root ' | Study T
Depth |° .. . Bank | . (DY (A) = ‘ D
= - (D)|Heightm=| - /% (A) {E)
Welghted Root DenSIty ({G)
Roat (}()__w__:_.-z‘
Densit Fl}x =t & - HEE
% 30 |l
Bank Angle(H)
Bank :
Angle “_
as Degrees = 1ol (H)
Surface Protection (1)
Surface N |z
ion k74
MO (?m :

i Bank Materfal Adjustment: 7 o |

Bedruck {Overalt Very Low BEMT =y Bank Material
Baulders (Overall Law BEHL — Adjustment &
Cobbie {Subtract 10 paints if uniform mediurn to large cobble)
Gravel or Composite Matrix (Add 5-10 points depending on Stratification Adjustment |

percentage of bank material that Is composed of 5and) Add 5-10 poims, depending on
Sand (Add 18 polnts) position of unstable fayess In

Silt/Clay (no adjusunent) reiation to bankfull stage

Adjective Rating &
and
Total Score

Very Lcw! Low [Moderaie[ High ]Very High Extreme

T T «l.w'\E-n.-:l.M-;" Ri2 i
: A
—— T 333_5?.:

20 - 295]30 395] 40-45 | 4550

raat e

05 }10 19.5

Banit Sketch
12
ik
-4
10 iz
g 8 2% H
g B !
.g 6 TR Bankfull L e cc e waae =
2 -' 5 5
g ° g2
w4 3 &
= 1 Q
S 3 &
2 Sian
1 of
i} Bank
o] 1 2 3 4 5 g
Herizontal distance (ft}
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River Restoration & Natural Channel Design Section C: BANCS Model

Worksheet C-1. Form to caiculaté Bank Erosion Hazard Index (BEHI!) variables and an
overall BEH! rating. Use Figure C-2 variables to determine BEH| Score, ré‘

Stream: l/l/D‘ + W@tﬁ. Location; AL, %Qc{ i //

swion: 3+ 20 _—7 2t90 Relobsevess  H. Cuproel/

Date: ‘ﬂ;;:{ 0% Stream Type: C/f Valley Type: V. 117
T

iy
BEH] Score

Study Bank He:ghtl Bankfull Height { C ) (Fig.C-2)

Study |- - | Bankfull
Bank | { Height 3 { . {A)/(B)= /7/
Height =] +J (&) (ft) = (B) (C)

Root Depth I Study Bank Height (E

Root ’ | Study R
Depth |° . . Bank | meeob (DAY S G '7
®W=l; * (DlHeightm =l ~. . = "(A) ©)

Waghted Root Dens:ty ( G )

Root R

Density | : O ‘5 (F1x(E) =}, * [
as%; \ (F) wf (G) =
Bank Angle(H) _

Bank

Angle 3 L
as Degrees = b H)

Surface Protection ( i )

Surface
Protection
as %%

il

o : Bank Material Adjustrment:’ Loy
Bedrcck (Ovesall Very Low BEHI) T
Boulders (Qverall Law 8EM)) I
Cobbile.{Subtract 10 points if uniform medium to large cobble}

Gravel or Compasite Matrix (Acd 5-10 poimts depending on Stratification Adjustment
percentage of bank material (hat Is comgosed of sand) Add 510 pelnts, depending on
Sand (Adg 10 points) posiion of unstable layers in

SHYClay (no adjustment) relation o bankfull stage

Bank Material tig
Adjustmen?

Very Lcw[ Low [ Moderatel _ High ;Very High| Extreme

B and

Nt S

[RY [m 195|2c> 295]36 395[ 40"45 [ a6 - 50

Bank Sketch _
12 R =~ Root
J [Depth
1{1) P tn)]
- K 9 g-‘:; Bank
= > & Angle
g 8 Sz N H)
L " e
v gt v Uy b b U3 bRl SgEIALUE L e e e e e e e e ey
g & 2E
i g3
[*] 5 @
= 3 &
2 Stan
1 of
a Bank
0 1 2 3 4 5 B
Harizontal distance (ft)
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River Restoration & Natural Channel Design

ii. Near-Bank Stress

ﬂ.

Section C: BANCS Model

Worksheet C-2. Various field methods of estimating Near-Bank Stress (NBS) risk ratings

to calculate erosion rate,

ar:Barik Stressi(NB:

Stream:

Location:

Station: 24+ 0O —=> o t s}

Stream Type:

Observers:

H. (vpwtl |

.Methods for eStimating/Near:BankiStréss:(NBS);

Reconaissance

Level i
(2) Ratic of radius of curvalure to hankfull Wit {Re ! Wi )i Leve! Hi General prediction
(3) Ratio of pool slope to average waier surface slope ( Sp/ 5 )i, Level 1l General prediction
(4) Ratio of pool slope to fffle SIope {Sp/ Sar b Level il General prediction
(5} Ratio of near-bank maximum depth to bankfull mean depth (Gpa/ ot ) eerrerenerivrennns Level il Detailed prediction
{8} Ratlo of ngar-bank shear stress to bankfull shear Sress ( Tay/ Toum Joeresorimnnnne, Lavel ill Detailed pradiction
(7 Velocity profites / Isovels / Velocity gradient., . FTTRURTRP Level IV Validation
Transverse andlor central bars-shert and/or discontinuous ...NBS = High [ Very High
{1) |Extensive deposition {continuous, cross-channed ... NBS = Extreme
Chute cutoffs, down-valley meander migration, converging flow NBS = Extreme
Radius of Bartkfull Near-Bank
@) Curvature | Width Wy | Retio Re/ | Stress
R {f) (i) Wy {NBS}
Near-Bank
3 Pool Slope | Average Stress Dominant
3 5, Slope S |Ralio 5,/5 {NBS}
HoeLg | .00l |05 (L~
Near-Bank
() Peool Slope |Riffle Slope | Raflo S5/ | Syress
Sp St o Sa (NBS) ]
Near-Bank Mean Near-Bank
5 Max Degth | Depth dyy | Rat0 dun/ | Stress
( ) Gy (1) (fty it (NBS)
Near»Bénk Bankfull
Near-Bank Shear Mean Shear ] Mear-Barik
(6) |MaxDepth | Near-Bark iStress sy (| Depthdus | Average |SUesS T (| RaUOTw/ | syess
dey (I} | Slope Spy | Ibfit?) {f) Slope S i) st {NBS)

Velocity Gra

0

dient (ft/
ft)

Near-Bank
Stress
NBS

sec /

rratings: (5) {6} (7
Very Low N/A > 3,00 < 0.20 < 0,40 <100 < 0,80 < (.50
Low N/A 227300 { 0.20-0.40 |~9.41-0,50 | 1.00-1.50 | 0.80-1.05 | 0.50-1.00
VLA ———
Maoderate NiA 201-220 | 0.47-0.60 | 0.61-080 | 151 -1.80 | 1.06-1.14 | 1.07-1.80
High See 181-200 | 061~-080 | 0.81-1.00 | 1.81-250 | 1.15-1.13 | 1.61-200
Very High m 150~%80 | 0.81-1.00{ 1.01~120 | 251-3.00 | 1.20-~1.80 | 201~ 2.40
Extreme Above < 1.50 > 1.00 > 1.20 » 3.00 > 1.50 > 2.40

Overall Near-Bank Stress (NBS) rating

Copyright @ 2007 Wildland Hydrology
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APPENDIX E

Correlations of Discharge vs. Sediment Concentration

HULL & ASSQCIATES, INC. OCTOBRER 2008
DUBLIN, OHIO UOT(G14.300.0001



Correlation of Total Suspended Solids vs. Discharge at USGES Gauging Station 04194085, Berger Ditch, Maumee Bay State Park
Data from University of Toledo

2

Date Discharge TSS

6/10/2008 26 34
gg gg TSS vs. Discharge - Multiport Sampler
7/3/2008 470 142
470 134 200
470 142
470 147 % 150
470 136 € 100 e TSS
7/9/2008 370 183 | =10 —Linear (TSS)
370 132 B oo b
370 178
370 140 o b ‘
7/24/2008 gzég 23 0 100 200 300 400 500
0.18 24 Discharge (¢fs)
7/28/2008 0 23

o 32



Suspended Sedimens Concentration vs. Discharge at USGS Gauging Station 04194085, Berger Ditch, Maumes Bay State Park
Data coliected by USGS berween 6/29/2006 and 7/30/2006

“4

Suspended

sediment Discharge
{cf5)

76 118.4
4316 1131

90.8 108.4

323 108

709 1074
718.5 102.8 Suspended Sediment vs Discharge, Berger Ditch
345.9 102.3
140.3 1921 800
4219 97
219.3 96.7 @ 700
A I
653.8 88,6 g "B;; 500
392.8 81.2 BT 400
5123 8.l ® 2
617.7 79.6 g 5 200
346.5 69.47 B o
490 68.4 ) ;
426.2 67.84 #1004
1862 63.81 04
::2:; §§§§ 0 20 40 60 80 100 120 149
286.8 53,53 Discharge {(cfs)
454 .57

195.5 5198

400 49.18
105.8 48,15
392.6 44,45
382.7 40,94

139 39.69

89.5 37.31
141.4 - 3546
117.3 3531

94 34,34

112 31.63

6.6 31.05

81.5 30.21

131.% 29.44

89,7 28.44

80.6 252
340,6 25.13

246 25.03

81.5 24.68

55.8 23.55

97 23.47

85.4 23.28
100.8 2317

59 22.1

65.2 21.68

61 20.8

79.9 20.62

90.% 19.55

515 15.84
383.7 19.81

65.9 18.92

404 18,7 Data collegted 6/29/06 through 7/30/06
302 18.01 note; single negative discharge value removed
332 17.92

60.8 17.45

64.8 17.43

372 15.84
278.4 15.64

23.6 15.54

37172 15,13



APPENDIX F

Photographs

HULL & ASSQCIATES, INC. QCTOBER 2008
DUBLIN, OHIO UQT014.300.0001
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PHOTO 1: Wolf Creek at Field Site 1: View of Creek at 265' on the longitudinal profile.

PHOTO 2: Berger Ditch at Field Site 2: surveyed reach adjacent to Oregon WTP.
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Stream Morphology Study

Site Photographs

Wolf Creek and Berger Ditch
Lucas County, Ohio
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PHOTO 3: Berger Ditch at Field Site 3: surveyed reach within Maumee Bay State Park

PHOTO 4: Wolf Creek, Field Site 1: view of severe erosion of R bank.
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Photo 5:

PHOTO 6:

G N op N,

Wolf Creek, Field Site 1: Location of BEHI, R bank at 375' on long pro showing bank
angle of 73 degrees, very high surface protection, high root

ing density and depth.

University of Toledo students surveying cross section at Field Site 2.
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PHOTO7: University of Toledo students measuring water velocity at Field Site 2.
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