
Over the past decade, dam removals have become increasingly popular, as the water quality 

and ecological effects of impoundments are recognized and many dams near the end of their 

life expectancy.  However, the hydrological functioning of former reservoirs has not been well 

documented. This study aims to develop understanding of groundwater-stream interactions 

and water quality in small, former reservoirs.  

In 2009, low head dams (~2 m) were removed from Plum Creek (Kent, Ohio) and Kelsey Creek 

(Cuyahoga Falls, Ohio).  Plum Creek reservoir underwent channel restoration in 2011, while 

Kelsey Creek reservoir is unrestored and consists of a stream channel flowing through a riparian 

wetland.   

From May 2013 to August 2014, water samples were collected semi-weekly upstream and 

downstream of the reservoirs for measurement of pH, temperature, specific conductance, 

oxygen stable isotopes and chloride, nitrate, sulfate and phosphate concentrations. At Kelsey 



Creek, 20 piezometers and 3 wells were installed in the stream and riparian areas, for hydraulic 

and water quality measurements.  

Upstream to downstream water quality measurements revealed no evidence of water quality 

changes as the streams flowed through the former reservoirs. Overall, water quality was higher 

at Plum Creek, which has a less urbanized watershed.  At Kelsey Creek, specific conductance 

and chloride concentrations were elevated, with the highest concentrations occurring during 

the late winter months.  Nitrate concentrations were also high for most of the year. 

At Kelsey Creek, hydraulic conductivity measurements ranged from  to  m/s and the 

overall geometric mean for the site was determined to be 2.35 x10-5 m/s.  Sediment samples 

were found to have a median grain size (d50) of 1.72 mm and were poorly sorted. Groundwater 

flux per unit cross-sectional area revealed values between 1.32-08 m/s to 9.04-08 m/s.  

Potentiometric surface maps show the groundwater is moving generally in westerly direction, 

while the surface water is moving north.  This suggests that there is a limited potential for 

stream water quality changes due to interaction with groundwater in the riparian wetlands, but 

that surface water quality may influence groundwater to the west of the stream. 

Wells to the west of Kelsey Creek showed some differences in water quality. The well closest to 

the stream was most similar to stream water quality and isotopes, while there was a ~64-day 

lag time for flow to the furthest well, which also was the most dissimilar water quality.   

The Kelsey Creek and Plum Creek sites demonstrate that former reservoir reaches cannot 

mitigate watershed-level influences on water quality, especially in urban stream settings. 



Without channel restoration, the former reservoir at Kelsey Creek provides shallow 

groundwater recharge and interaction with a wetland area.  This suggests that small, former 

reservoirs may have a greater impact on local groundwater quality than on stream water 

quality. 
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Date 
Upstream 
Q (m³/s)

Downstream 
Q (m³/s)

Difference 
(%) 

Error 
( %)

9.26.13 0.005 n/a n/a 6
10.10.13 0.005 n/a n/a 6
10.23.13 0.027 n/a n/a 6
11.06.13 0.013 0.013 0 6
11.20.13 0.015 n/a n/a 6
12.07.13 0.034 0.027 -20.59 5.5
12.19.13 0.004 n/a n/a 6
2.25.14 0.031 0.044 29.55 6
4.17.14 0.066 0.084 21.43 5.5
5.16.14 0.183 0.138 -24.59 4.5
5.30.14 0.023 0.022 -4.35 6
6.23.14 0.026 0.027 3.71 4.5
7.18.14 0.011 n/a n/a 4.5
8.26.14 0.007 n/a n/a 4
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Variable 1 Mean 1
Standard 
Deviation Variable 2 Mean 2

Standard 
Deviation Parameter Test type p-value t-value DF Uncertainty

KC DS 12.3 8.4 KC US 12 8 Temp t-test 0.098 1.79 12 0.2
PC DS 11.2 9 PC US 10.9 9 Temp t-test 0.011 2.99 12 0.2
PC US 10.9 9 KC US 12 8 Temp t-test 0.095 -1.81 12 0.2
PC DS 11.2 8.9 KC DS 12.3 8.3 Temp t-test 0.083 -1.89 12 0.2
KC DS 12.3 8.4 Well A 11 5.2 Temp t-test 0.346 0.98 12 0.2
KC DS 12.3 8.4 Well B 10.9 4.5 Temp t-test 0.293 -1.1 12 0.2
KC DS 12.3 8.4 Well C 11.4 4.4 Temp t-test 0.541 0.63 12 0.2
Well A 11 5.2 Well B 10.9 4.5 Temp t-test 0.691 -0.41 12 0.2
Well A 11 5.2 Well C 11.4 4.4 Temp t-test 0.219 -1.3 12 0.2
Well B 10.9 4.5 Well C 11.4 4.4 Temp t-test 0.065 2.02 12 0.2
KC DS 8 0.31 KC US 7.93 0.32 pH t-test 0.03 2.47 12 0.2
PC DS 7.61 0.32 PC US 7.58 0.59 pH t-test 0.392 0.89 12 0.2
PC US 7.58 0.27 KC US 7.93 0.32 pH t-test <.0001 -5.7 12 0.2
PC DS 7.61 0.32 KC DS 8 0.31 pH t-test 1E-04 -5.54 12 0.2
KC DS 8 0.31 Well A 7.12 0.59 pH t-test <.0001 8.6 12 0.2
KC DS 8 0.31 Well B 6.71 0.42 pH t-test <.0001 -20.65 12 0.2
KC DS 8 0.31 Well C 6.65 0.49 pH t-test <.0001 -15.59 12 0.2
Well A 7.12 0.59 Well B 6.71 0.42 pH t-test <.0001 -7.33 12 0.2
Well A 7.12 0.59 Well C 6.65 0.49 pH t-test <.0001 -6.73 12 0.2
Well B 6.71 0.42 Well C 6.65 0.49 pH t-test 0.223 -1.29 12 0.2
KC DS 1224.2 717.5 KC US 1165.3 672.7 S.Conductance t-test 0.113 -1.71 12 0.50%
PC DS 537.2 232.4 PC US 543.1 255.7 S.Conductance t-test 0.892 0.14 12 0.50%
PC US 543.1 255.7 KC US 1165.3 672.7 S.Conductance t-test 0.001 -4.25 12 0.50%
PC DS 537.2 232.4 KC DS 1224.2 717.5 S.Conductance t-test 8E-04 -4.47 12 0.50%
KC DS 1224.2 717.5 Well A 1119.9 494.2 S.Conductance t-test 0.529 -0.65 12 0.50%
KC DS 1224.2 717.5 Well B 985.9 483.4 S.Conductance t-test 0.344 0.98 12 0.50%
KC DS 1224.2 717.5 Well C 1092.9 434.1 S.Conductance t-test 0.601 0.54 12 0.50%
Well A 1119.9 494.2 Well B 985.9 483.4 S.Conductance t-test 0.425 -0.826 12 0.50%
Well B 985.9 483.4 Well C 1092.9 434.1 S.Conductance t-test 0.498 0.699 12 0.50%
Well A 1119.9 494.2 Well C 1092.9 434.1 S.Conductance t-test 0.866 -0.172 12 0.50%





















Variable 1 Mean 1
Standard 
Deviation Variable 2 Mean 2

Standard 
Deviation Anion Test Type p-value t-value DF Uncertainty 

KC DS 302.63 260.74 KC US 277.67 230.13 chloride t-test 0.2857 1.12 12 0.003
PC DS 95.97 53.9 PC US 97.1 60.17 chloride t-test 0.8048 0.25 12 0.003
PC DS 95.97 53.9 KC DS 302.63 260.74 chloride t-test 0.0043 -3.52 12 0.003
PC US 97.1 60.17 KC US 277.67 230.13 chloride t-test 0.0042 -3.52 12 0.003
KC DS 302.63 260.74 Well A 238.25 117.97 chloride t-test 0.2472 -1.22 12 0.003
KC DS 302.63 260.74 Well B 276.63 98.71 chloride t-test 0.7712 -0.3 12 0.003
KC DS 302.63 260.74 Well C 179.48 68.88 chloride t-test 0.135 -1.6 12 0.003
Well A 238.25 117.97 Well B 276.63 98.71 chloride t-test 0.4264 0.82 12 0.003
Well B 276.63 98.71 Well C 179.48 68.88 chloride t-test 0.005 -3.43 12 0.003
Well A 238.25 117.97 WellC 179.48 68.88 chloride t-test 0.0941 -1.82 12 0.003
KC DS 39.86 9.21 KC US 38.22 9.73 sulfate t-test 0.1847 1.41 12 0.003
PC DS 34.03 8.53 PC US 32.86 9.87 sulfate t-test 0.493 0.71 12 0.003
PC DS 34.03 8.53 KC DS 39.86 9.21 sulfate t-test 0.025 -2.57 12 0.003
PC US 32.86 9.87 KC US 38.22 9.73 sulfate t-test 0.0221 -2.63 12 0.003
KC DS 39.86 9.21 Well A 36.89 14.76 sulfate t-test 0.3542 -0.96 12 0.003
KC DS 39.86 9.21 Well B 27.15 44.92 sulfate t-test 0.351 -0.97 12 0.003
KC DS 39.86 9.21 Well C 72.51 32.16 sulfate t-test 0.0015 4.1 12 0.003
Well A 36.89 14.76 Well B 27.15 44.92 sulfate t-test 0.439 -0.8 12 0.003
Well B 27.15 44.92 Well C 72.51 32.16 sulfate t-test 0.0009 4.35 12 0.003
Well A 36.89 14.76 Well C 72.51 32.16 sulfate t-test 0.0003 5.11 12 0.003
KC DS 7.11 3.68 KC US 7.09 3.6 Nitrate t-test 0.9333 0.09 12 0.003
PC DS 5.41 3.97 PC US 5.07 3.47 Nitrate t-test 0.4847 0.72 12 0.003
PC DS 5.41 3.97 KC DS 7.11 3.68 Nitrate t-test 0.1 -1.78 12 0.003
PC US 5.07 3.47 KC US 7.09 3.6 Nitrate t-test 0.0268 -2.52 12 0.003
KC DS 7.11 3.68 Well A 6.48 3.75 Nitrate t-test 0.4889 -0.71 12 0.003
KC DS 7.11 3.68 Well B 4.87 3.22 Nitrate t-test 0.1119 -1.72 12 0.003
KC DS 7.11 3.68 Well C 5.36 3.02 Nitrate t-test 0.1312 -1.62 12 0.003
Well A 6.48 3.75 Well B 4.87 3.22 Nitrate t-test 0.1957 -1.37 12 0.003
Well B 4.87 3.22 Well C 5.36 3.02 Nitrate t-test 0.4149 0.84 12 0.003
Well A 6.48 3.75 Well C 5.36 3.02 Nitrate t-test 0.3147 -1.05 12 0.003
KC DS 0.74 0.42 KC US 0.59 0.42 Fluoride t-test 0.0482 2.2 12 0.003
PC DS 0.52 0.33 PC US 0.57 0.41 Fluoride t-test 0.3283 -1.02 12 0.003
PC DS 0.52 0.33 KC DS 0.74 0.42 Fluoride t-test 0.4109 -1.3 12 0.003
PC US 0.57 0.41 KC US 0.59 0.42 Fluoride t-test 0.68 -0.09 12 0.003
KC DS 0.74 0.42 Well A 0.64 0.38 Fluoride t-test 0.4681 -0.75 12 0.003
KC DS 0.74 0.42 Well B 0.68 0.38 Fluoride t-test 0.652 -0.46 12 0.003
KC DS 0.74 0.42 Well C 0.6 0.39 Fluoride t-test 0.3695 -0.93 12 0.003
Well A 0.64 0.38 Well B 0.68 0.38 Fluoride t-test 0.555 0.61 12 0.003
Well B 0.68 0.38 Well C 0.6 0.39 Fluoride t-test 0.5949 -0.55 12 0.003
Well A 0.64 0.38 Well C 0.6 0.39 Fluoride t-test 0.7887 -0.27 12 0.003
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Site
Depth below 
surface (m) Date of slug test K (m/s) 

Repeated K (m/s) 
(9/29/14) Method 

1A 1.30-1.46 10/10/2013 4.09 x 10-6 n/a Hvorslev 
1B 0.50-0.66 10/10/2013 1.56 x 10-4 n/a Hvorslev 
1C 0.93-1.09 10/10/2013 8.18 x 10-5 1.05 x 10-6 Hvorslev 
2A 0.47-0.63 10/10/2013 2.02 x 10-5 n/a Hvorslev 
2B 0.63-0.79 10/10/2013 2.84 x 10-4 n/a Hvorslev 
2C 0.21-0.37 10/10/2013 1.24 x 10-4 n/a Hvorslev 
2D 0.57-0.73 10/10/2013 1.07 x 10-4 1.30 x 10-5 Hvorslev 
2E 0.67-0.83 10/10/2013 7.21 x 10-5 2.37 x 10-4 Hvorslev 
3B 0.77-0.92 7/9/2014 1.08 x 10-6 2.67 x 10-7 Hvorslev 
3C 0.14-0.30 7/9/2014 2.37 x 10-6 n/a Hvorslev 
3D 1.10-1.26 7/9/2014 7.38 x 10-8 n/a Hvorslev 
3D2 0.76-0.92 3/27/2014 1.11 x 10-5 n/a Hvorslev 
3E 0.76-0.92 10/10/2013 5.75 x 10-5 n/a Hvorslev 
3F 0.72-0.88 10/10/2013 1.18 x 10-4 n/a Hvorslev 
4A 0.49-0.65 3/27/2014 1.49 x 10-4 n/a Hvorslev 
4B 0.24-0.40 7/9/2014 8.05 x 10-5 n/a Hvorslev 
4C 0.73-0.89 7/9/2014 2.30 x 10-5 n/a Hvorslev 
4D 1.20-1.36 7/9/2014 8.94 x 10-6 1.44 x 10-5 Hvorslev 
5A 0.73-0.89 3/27/2014 1.86 x 10-4 1.15 x 10-4 Hvorslev 
5B 0.40-0.66 3/27/2014 1.07 x 10-4 n/a Hvorslev 
5C 0.86-1.02 10/10/2013 6.40 x 10-5 n/a Hvorslev 
Well A 1.12-2.64 7/9/2014 3.46 x 10-5 n/a Bouwer -Rice 
Well B 0.14-1.66 7/9/2014 1.79 x 10-5 n/a Bouwer -Rice 
Well C 1.43-2.95 7/9/2014 1.17 x 10-5 n/a Bouwer -Rice 
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Date

Maximu
m Head 
(m)

Maximu
m Head 
ID 

Minimu
m Head 
(m)

Minimu
m Head 
ID

Change 
in Head 
(m)

Distance 
(m)

Flow 
Direction K (m/s)

Hydraulic 
Gradient 
(i) 

Darcy  
Flux (q ) 
(m/s)

9/19/2013 305 2D 304.05 boundary 0.95 26.3 WNW 270 2.35E-05 3.61E-02 8.49E-07
9/19/2013 304.9 4B 303.5 4D 1.4 23 WSW 261 2.35E-05 6.09E-02 1.43E-06
10/4/2013 304.9 4A 304 4D 0.9 22.7 2.35E-05 3.96E-02 9.32E-07

10/10/2013 304.9 4A 304 4D 0.9 25.6 2.35E-05 3.52E-02 8.26E-07
11/6/2013 304.9 4B 303.5 4D 1.4 22.6 2.35E-05 6.19E-02 1.46E-06

11/20/2013 304.9 4A 303.85 4D 1.05 25.2 2.35E-05 4.17E-02 9.79E-07
11/20/2013 304.5 1B 304.1 1C 0.4 9.6 WNW 288 2.35E-05 4.17E-02 9.79E-07

12/7/2013 305.9 4A 304.75 4D 1.15 25.2 2.35E-05 4.56E-02 1.07E-06
12/19/2003 304.5 2B 304 boundary 0.5 43.6 WSW ~235 2.35E-05 1.15E-02 2.69E-07
12/19/2013 304.9 4B 304.2 3D 0.7 35.7 NNW 330 2.35E-05 1.96E-02 4.61E-07

1/5/2014 304.9 4B 303.8 4D 1.1 23.6 2.35E-05 4.66E-02 1.10E-06
2/25/2014 304.85 4A 303.95 4D 0.9 26.2 2.35E-05 3.44E-02 8.07E-07
3/27/2014 305 3C 304.25 Well C 0.75 30.3 WNW ~277 2.35E-05 2.48E-02 5.82E-07
4/17/2014 304.9 4B 303.95 4D 0.95 22.6 2.35E-05 4.20E-02 9.88E-07
5/15/2014 304.85 Well B 304.7 Mid 0.15 29.4 ESE 122 2.35E-05 5.10E-03 1.20E-07
5/15/2014 304.85 5A 304.7 4D 0.15 38.2 NWN 294 2.35E-05 3.93E-03 9.23E-08
5/30/2014 304.9 4B 304.5 4D 0.4 20.6 WSW 260 2.35E-05 1.94E-02 4.56E-07
6/23/2014 304.8 3C 304.3 boundary 0.5 55.2 WNW ~324 2.35E-05 9.06E-03 2.13E-07
6/23/2014 304.8 4A 304.45 4D 0.35 26.1 WSW 260 2.35E-05 1.34E-02 3.15E-07

















0
10
20
30
40
50
60
70
80
90

100

0.1 1 10

Pe
rc

en
t F

in
er

 

Grain Size Class (mm)

Grain Size Distribution for Transect 1

1A (0.50-0.90)

1A (0.90-1.20)

1B (0.46-0.64)

1C (0.76-0.89)

1C (0.89-1.20)



0
10
20
30
40
50
60
70
80
90

100

0.1 1 10

Pe
rc

en
t F

in
er

 

Grain Size Class (mm)

Grain Size Distribution for Transect 2
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Grain Size Distribution for Transect 3

3B (0.20-0.60)

3C Stream (0.01-0.15)

3D-3D2 (0.50-0.74)

3D-3D2 (0.74-0.82)

3D-3D2 (0.82-0.90)

3E (0.70-0.90)

3E (0.90-0.95)

3F (0.66-0.83)

3F (0.83-0.91)



0
10
20
30
40
50
60
70
80
90

100

0.1 1 10

Pe
rc

en
t F

in
er

 

Grain Size Class (mm)

Grain Size Distribution for Transect 4
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Grain Size Class (mm)

Grain Size Distribution for Transect 5

5A (0.76-0.84)

5A (0.84-0.91)

5B Stream (0.01-0.15)

5C (0.66-0.86)

5C (0.86-1.04)



Sample ID 
(cm)

Depth below 
surface (cm)

Surface 
Elevation 
(m)

Median 
Grain Size 
d50 (mm)

Sorting 
Coefficient Sediment Type 

1A 0.50-0.90 305 0.52 2.92 Med. Sand
1A 0.90-1.20 305 0.37 3.59 Med. Sand
1B 0.36-0.46 305.25 leaf litter leaf litter Organic
1B 0.46-0.64 305.25 1.25 4.04 Coarse Sand
1C 0.76-0.89 305.36 8.45 3.42 Med. Pebble
1C 0.89-1.20 305.36 0.52 1.58 Med. Sand
2A  0.10-0.20 305.17 0.47 1.89 Med. Sand
2A  0.20-0.25 305.17 0.48 2.06 Med. Sand
2B  0.38-0.91 304.94 0.65 2.34 Coarse Sand
2C  stream (0.01-0.15) 305.24 2.67 3.5 V. Fine Pebble
2D   0.61-0.76 305.66 0.51 4.08 Coarse Sand
2D   0.76-0.91 305.66 0.5 4.78 Coarse Sand
2E   0.48-0.76 305.45 0.49 2.26 Coarse Sand
2E   0.76-0.96 305.45 0.51 2.39 Coarse Sand
3B  0.20-0.60 305.11 1.67 3.16 V. Coarse Sand
3C stream (0.01-0.15) 305.11 2.15 2.98 V. Fine Pebble
3D-3D2 0.50-0.74 305.26 1.38 2.82 V. Coarse Sand
3D-3D2 0.74-0.82 305.26 6.42 3.3 Fine Pebble
3D-3D2 0.82-0.90 305.26 0.82 1.65 Coarse Sand
3E 0.70-0.90 304.92 1.14 3.83 V. Coarse Sand
3E 0.90-0.95 304.92 1.17 3.63 V. Coarse Sand
3F 0.66-0.83 304.1 2.8 3.18 V. Fine Pebble
3F 0.83-0.91 304.1 4.4 2.89 Fine Pebble
4A 0.19-0.41 305.49 0.67 3 Coarse Sand
4A 0.41-0.79 305.49 0.89 2.7 V. Coarse Sand
4B stream (0.01-0.15) 305.5 5.1 3.32 Fine Pebble
4C 0.70-0.84 305.35 0.87 2.84 Coarse Sand
4C 0.84-0.92 305.35 2.27 2.85 V. Fine Pebble
4D  1.12-1.25 305.73 0.98 2.04 V. Coarse Sand
4D  1.25-1.47 305.73 0.67 2.09 Coarse Sand
5A  0.76-0.84 305.91 0.37 2.61 Med. Sand
5A   0.84-0.91 305.91 4.44 4.64 Fine Pebble
5B  stream (0.01-0.15) 305.16 0.91 2.1 V. Coarse Sand
5C  0.66-0.86 305.78 1.11 2.82 V. Coarse Sand
5C  0.86-1.04 305.78 0.95 2.98 V. Coarse Sand
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