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Abstract

Da;n removal changes the hydrologic parameters in a stream. To measure this, the flow
velocity, water depth, water elevation, suspended sediment, and grain size are needed. Once
these values are measured, projections can be made by using the fact that discharge equals
velocity times area. For Baldwin Creek, the velocities of 0.1835 m/s, 0.1049 m/s and 0.7290 m/s
at Transects 1, 2, and 3 respectively, are slow enough to only deposit sediments. Once the dams
- are removed, the velocitieé at each transect will increase, allowing the river to transport larger
sized particles.

1. Introduction

Three dams on the lower reach of Baldwin Creek in Berea, Ohio have been studied for
removal (Figure 1). The present dam structures impede fish passage, causing the water to be poor
for fish habitat. Dam 1 is partially breeched, Dam 2 is mostly breeched, and Dam 3 is fully
intact (Figure 1). With the removal of one fully intact dam and two partially intact dams, water
quality is projected to improve (Rocky River Watershed Program 2011).

Baldwin Creek flows in a north westerly direction with a drainage area of approximately
10 square miles. Seventy-one percent of the watershed area is residential, twenty-four percent is
undeveloped, and five percent is commercial and industrial. As a result of urbanization, twenf-y-
six perceﬁt of the watershed area is impervious surface, resulting in an increased amount of
runoff. The increased runoff causes flashy flows with high sediment loads, producing poor fish
habitat (Rocky River Watershed Program 2011).

Dam 1 has a trapezoidal channel and no floodplain. Removing the dam is projected to

improve fish migration but not bed diversity (Rocky River Watershed Program 2011). At the



Dam 2 location, the channel is straight and trapezoidal with no floodplain or well, vegetated
banks. A st;'ucture like a rock cross vane is proposed to be installed to protéct the arch culvert
from erosion. Dam 3 is four rﬁélgs tall and is the only dam completely intact. The channel is
straight and deep with a low-gradient. The surrounding banks are composed of steep, fine-
layered shale, having little vegetation, and are easily eroded. After dam removal, rock step pools
or rock cross vanes are proposed to be installed to maintain the current water elevation and still
“allow fish passage (Rocky River Watershed Program 2011). These structures would maintain a
low gradient and low stream velocities, as well as minimize erosion. Moreover, it is proposed to
make the right bank should be made more stable by using riprap and sandy loams (Rocky River

Watershed Program 2011).

Figure 1. Aerial photograph of the project reach of Baldwin Creek, located in Berea,
Ohio (From Rocky River Watershed Program, 2011). The location of the three dams are
shown.



This research project investigated the present day hydrologic conditions in Baldwin
Creek on M/arch 14, spring 2011, in order to provide baseline data useful in the dam removal
planning process.
2.1 Field Methods

River cross sections were measured with a transect and stadia rod. First,
we set up the transit and installed a rope across the width of the channel. The cross-section and
-water depth were measured using a stadia rod (Figure 2). These locations were surveyed, one in
the Dam 1 pool and two upstream of Dam 3 (Figure 3). Next, we measured the water surface
slope by taking stadia rod readings up and downstream from the cross section location. Then, we
measured the water flow at one minute intervals along the rope, using a Gurley Pygmy current
meter held 0.4 m off the bottom. Afterwards, we measured suspended sediment using the Ohio
sediment stick. Sediment thickness was measured using a metal probe _rod (Figure 4), water
depth was measured with a meter stick, the latitude and longitude of the samples was measured
with a global positioning system, and the temperature of the water measured with an electronic
thermometer.
2.2 Laboratory Methods

Loss on Ignition
A5.28cc plastic box was completely filled with the fine-grained sediment for each

sample. The wet weight was measured and then the sample was dried at 100 c for twenty-four
hours and then weighed. Because a known volumes of sediment was used, the wet and dry bulk

density was calculated (Table 10).



Grain size
The sediment samples were dried at room temperature and then gently disaggradated by
altering grain size. The sediment was weighed and sieved from 64 to 0.0625 mm using a Ro-tap

machine for 5 minutes. The weight of sediment on each screen and the mud-sized sediments on

the pan was measured. This allowed the grain size distribution of each sample to be determined.

Figure 2. Measuring the river cross-section at transect-1 using a
transect and stadia rod.
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Figure 3. GIS map of the three transect locations in Baldwin
Creek of Berea, Ohio.
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Figure 4. Measuring water depth and sediment thickness with a meter stick
and metal probe rod.



Transect 1 is located in the Dam 1 pool. The data shows a rectangular channel with a
consistent \:elocity away from the banks averaging at 0.1835 m/s (Figure 5). Other
measurements from BC-1 are in Table 1. The average slope is 0.000033 m/m (Table 2), the D50
is 0.01425 m and the D84 is 0.0017 m (Table 3). The Calculations (Table 2) include the width
(w), depth (d), wetted perimeter (Pw), velocity (v), slope (s), median grain size (D50), large grain
size (D84), Reynolds number (Re), Froude number (Fr), shear velocity (U*), bed shear stress (t),

~shields parameter (O), Reynolds number for particles (Rep), stream power, and relative

roughness.
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Figure 5. Graphs of the geomorphology (top), flow (middle) and suspended sediment
(bottom) collected from Dam 1 transect-1 in the pool of Baldwin Creek on March 14, 2011.

Viewed looking downstream. 9
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Transect 2 is located in the Dam 3 pool. The data shows the channel geomorphology
with a rang; of velocities, averaging at 0.1049 m/s (Figure 6). Other measurements from this
transect are in Table 4. The average slope is 0.00000375 m/m (Table 5), the D50 ig 0.01019 m
and the D84 is 0.01463 m (Table 6). The Calculations (Table 4) include the width (w), depth (d),
wetted perimeter (Pw), velocity (v), slope (s), median grain size (D50), large grain size (D84),
Reynolds number (Re), Froude number (Fr), shear velocity (U*), bed shear stress (t), shields

-parameter (O), Reynolds number for particles (Rep), stream power, and relative roughness.
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Figure 6. Graphs of the geomorphology (top), flow (middle), and suspended sediment (bottom)

collected from Dam 3 transect-2 located in the pool of Baldwin Creek on March 14, 2011.
Viewed looking upstream. A
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Transect 3 is located upstream of the Dam 3 pool. The data shows the channel
geomorpholZ)gy with a range of velocities, averaging at 0.729 m/s (Figure 7). Other
measurements from this transect are in Table 7. The average slope is 0.00007954 m/m (Table 8),
the D50 is 0.00365 m and the D84 is 0.0120 m (Table 9). The Calculations (Tablel6) include the
width (w), depth (d), wetted perimeter (Pw), velocity (v), slope (s), median grain size (D50),
large grain size (D84), Reynolds number (Re), Froude number (Fr), shear velocity (U*), bed

‘shear stress (t), shields parameter (O), Reynolds number for particles (Rep), stream power, and

relative roughness.
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Figure 7. Graphs of the geomorphology (top), flow (middle),and suspended sediment (bottom)
collected from upstream of Dam 3 of Baldwin Creek on March 14, 2011. Viewed looking

upstream.
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Table 10. Loss on ignition of sediment samples taken from Baldwin Creek on March 14, 2011.
Wet sample wt. 100C Sample (g) Wet Bulk Density Dry Bulk Density Percent Water %

® (g em”-3) (g cm”-3)
BC-11-1 9.930 7.488 1.8807 1.4182 24.6
BC-11-2 ‘ 9.845 7.654 1.8646 1.4496 223
BC-11-3 9279 6.924 1.7574 1.3114 254
BC-11-4 9.748 7.743 1.8462 1.4665 20.6
BC-11-5 9.434 6.922 1.7867 1.3110 26.6
BC-11-6 10.230 8.070 1.9375 1.5284 21.1
BC-11-7 9.433 6.939 1.7866 1.3142 264
BC-11-8 10.118 8.001 1.9163 1.5153 209
BC-11-9 9.462 7.690 1.7920 1.4564 18.7
BC-11-11 8.923 6.573 1.6900 1.2449 26.3
BC-11-12 9.256 7.116 1.7530 1.3477 23.1
BC2-11-8 10.390 8389 1.9678 1.5888 19.3
BC2-11-G13 10.871 8.795 2.0589 1.6657 19.1
G14 10.425 8.184 1.9744 1.5500 215
G15 10.448 8.430 1.9788 1.5966 19.3
G23 10.445 8412 1.9782 1.5932 19.5
G26 10.183 8.201 1.9286 1.5532 19.5
G238 10.600 8.648 2.0076 1.6379 184
G51 8.267 ' 4.802 1.5657 0.9095 41.9
G53 10.682 8.801 2.0231 1.6669 17.6
G690 9.857 7.799 1.8669 1.4771 209
G62 10.325 8.383 1.9555 1.5877 18.8
G65 10.062 7.949 1.9057 1.5055 21.0
G78 9.348 6.490 1.7705 1.2292 30.6
Corel-11.5cm 2.017 2.017 2.017 : 2.017 16.5
Core 2 - 22.25cm 1.417 1.417 1.417 1.417 50.0
Core 2 -27.50 cm 0.944 0.944 0.944 0.944 48.1
Core2-34.25cm 1.453 1.453 1.453 1.453 40.9
Core 2 - 38.00 cm 1.417 1.417 1.417 1.417 43.0
Core 2 - 43.00 cm 1.383 1.383 1.383 1.383 39.0
Core 2 - 53.50 cm 1.422 1.422 1.422 1.422 45.9
*Core 2 - 48.50 cm 10.386 8.112 1.9670 1.5364 21.9

*Core 2 sample in plastic box not fully saturated.
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4. Discussion

The ;'low velocity is greatest at transect 3, upstream of the pool, with an average flow of
0.7290 m/s and a maximum velocity of 0.8788 m/s near the middie of the channel, making
Baldwin Creek most erosive there. Transects 1 and 2, in dam pool 1 and 3 respectively, have
maximum velocities of 0.2337 m/s and 0.1575 m/s, which are much slower flows than at
Transect 3. The greater flow velocity at Transect 3 is a result of the greater slope and smaller
cross sectional area at that location. In summary, Baldwin Creek flow velocities are large
enough to transport sand downstream but not to erode clay and gravel. Hence, the river is
dominated by gravel and clay deposits.

The stream velocity will incre'ase following the removal of the dams because the slope
will increase and the cross sectional area in the pool will be reduced. Higher velocity will
consequently increase the water’s erosive capability and will possibly move larger sized
sediment. The stream may adjust by downcutting into the sediment and or increasing bottom
friction by establishing a rough bed.

To prevent the possible future erosion, engineering structures should be put into place. At
dams 1 and 2, a cross vane could be built to allgw fish passage and maintain the current water
height. At dam 3 the velocity and erosive power are the greatest, so protecting against erosion
here is c1"ucia,l. The constructioﬁ of rock vanes would promote fish passage, which is non-
existent at the present, and would proactively stop erosion of the exposed banks.

The Hjustrom Diagram (Figure 8) illustrates the current day velocity versus grain size

moved. Transect 1 has a velocity of 18.35 cm/s and a D84 of 16.82 mm. Transect 2 has a

velocity of 10.49 cm/s and a D84 of 14.63 mm. Transect 3 has a velocity of 72.90 cm/s and a
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D84 of 18.54 mm. The future projects are only for Transect 2 because it is the only transect near
a fully intac; dam, which will cause it to be greatly affected once the dam is removed. Based on
the data, Transect 2 is projected to be similar to Transect 3 after the removal of the dam. This
means that the channel at Transect 2 will have little area with the same amount of discharge,
causing the velocity to increase (Q=VA). The area of Transect 3 is 0.075 m"2. By allowing the
area of Transect 2 to become close to this with an area of 0.1 m"2 and the same discharge of
0.0495 m”"3/s, the new velo‘city becomes 50 cm/s. As aresult, once thé dams are removed, Dam
3 pool will likely have downcutting, larger grain size on the bed, and the transport of sand and

small gravel.
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Figure 8. The hjustrom diagram. Transects 1, 2, and 3 are plotted, as well as the projected future
conditions for Transect 2. -These samples were obtained on March 14, 2011.
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