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Objectives of the Study

Determine if beaver pond complexes have a significant impact on the
hydrology and water quality of small urbanized watersheds in the SE
Piedmont.

How do ponds impact runoff residence time?

Do ponds retain or are they sources of C, N, & P?

What nutrient transformations might occur as water moves through the pond
complex?
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14 Dams
Total length 496.8 m

Max 82 m
Min 2.0 m

Maximum Height 2m
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Methods

Continuous Measurement of Pond
and stream water levels and
Precipitation.

Weekly sampling of Ponds, Streams
and Bulk Precipitation. In situ
measurements of water
temperature, DO, specific
conductance, turbidity.

Major lons via IC, DOC and DTN via
Shimadzu TOC/TN Analyzer,
Dissolved Total P Ascorbic Acid
Method, TSS via vacuum filtration.







WIF

Precipitation

Precipitation

Precipitation

Precipitation

HIF

EIF

P + HIF + CIFOF = Net Flux

Where:
P = Precipitation (on Pond Surface)
HIF = Hillslope runoff

CIF = Channelized inflow
OF = Outflow

(-) Net Flux = Net Export
(+) Net Flux = Net Retention







MCS5 Beaver Pond Water Levels 5/14/22 to
10/31/2023
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BP1

BP2 + 2A
BP 3

BP 4

BP 5

BP 6

0.89
0.37
0.54
0.09
0.08
0.09

0.81
0.64
1.20
0.30

Volume

(m?)

7161
2362
4447
275
?

?

Residence
Time (days)
Max

16.5
7.8
16.2
1.1

1.7
0.8
1.5
0.1

6.8
4.1
8.5
0.6
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Dissolved
Oxygen

Concentrations remained >1.5mg/l and staying

mg/l threshold of anoxic conditions

Variability in DO concentrations were slightly
within ponds (44.9) than tributaries (38.3

Pond DO decreased moving Downstream
(40%)WIF and EIF reoxygenated the waters




Turbidity June 2022 - May 2023
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Turbidity June 2022 - May 2023

Turbidity

Outflow met the 50 NTU threshold required by N

water quality standards for non-trout sustaining streamns.

Recent land use changes increasing tributary variability (NLF &
HF).




TSS NIF 6367 UGIF+P 121

| /

688, 11% BP4
Inputs
Outputs OF 5800
Retention l o
1259,21% UGIF+P 214 4,230 kg
38% Retention
1 OF 4755
-46, -0.9% BP2+2A UGIF +P 481 —
1 OF 5282 '
WIF 2548
—> 44— EIF 1349
2329,25%
+— UGIF+P 87
127,1.8% OF 6937 4— UGIF+P 10 127 kg
1.8% Retention

4357,39.0% OF 6820 Units are kg



DOC

N

60, 9%
Inputs
Outputs
Retention
=319, -49%
=252, -25%
WIF 304
40,2.1%
=531, -29%
Overall
2942, -66%

NIF 657 UGIF+P 15

| /

BP4
l OF 612
UGIF +P 36
1 OF 967
BP2+2A | . UGIF+P 60
1 OF 1219
<«— EIF 328

<+— UGIF+P33

l OF 1844 &— UGIF+P1

OF 2376

Units are in Kg.

-411 kg
-29% Retention

-531 kg
-29% Retention



TDP NIF50.5  UGIF+P 1.4

Inputs -2.3,-4.4% e
Outputs

Retention 1 OF 54.2
12.7,21.7% UGIF+P 4.2
D ’
1 OF 45.7
1.4,2.7% BP2+2A UGIF+P 5.5
l OF 49.8
WIF 17.5
<«— EIF 15.7
5.2,5.9%

<+«— UGIF+P4.8

-18.3,-22% ‘ OF82.6 <&— UGIF+P 0.1
Overall

-1.3,-1.3% OF 101.0 Units are in Kg.

17.0 kg
17.1% Retention

-18.3 kg
-22% Retention



TDN NIF120.2 UGIF+P 3.0

| /

27.2,22.0% BP4
Inputs 1 OF 96.0
Outputs
Retention 2.4,2.3% UGIF+P 8.1
?
l OF101.7
5.2,4.6% BP2+2A UGIF+P 11.9
l OF 108.4
WIF 34.7
«— EIF 36.2
55.2,29.4%

<«— UGIF+P 8.4

-52.6,-39.6% l OF 132.5 «— UGIF+P0.2
Overall
37.4,16.8% OF 185.3 Units are in Kg

90.0 kg
40.4% Retention

-52.6 kg
-39.6% Retention



NOszas N NIFg5.0 UGIF+P 1.8

18.8,21.7% BP4
Inputs

Outputs | oFe6s.
Retention
26.6,37.0% UGIF +P 3.9
<« ’
l OF45.3
13.5,25.8% ( Br2+2A | . UGIF+P 7.1
1 OF 38.9
WIF 16.9
<« EIF 12.9
30.7, 42.8%
<«— UGIF+P2.9
21.6,-52.6% l OF40.9 <— UGIF+P0.1
Overall
68.0, 52.1% OF 62.6

Units are in Kg

89.6 kg
68.7% Retention

-21.6 kg
-52.6% Retention



NHsas N NIF10.0

2.7,26.5%
Inputs

Outputs

Retention

-14.8,-162.1%

1.7,6.8%

WIF 8.9

—>

9.8,24.0%

-5.3,-16.9%

Overall
-5.8.-18.9%

UGIF+P 0.21

| /
e

OF7.5

‘ UGIF+P 1.62

OF23.9

BP2+2A | - UGIF+P 1.63

l OF23.8

44— EIF 6.0
BP1

<«— UGIF+P2.24

XOFN'I <«— UGIF0.02

OF 36.4 Units are Kg

-0.5 kg
-1.6% Retention

-5.3 kg
-16.9% Retention



DON NIF 26.3 UGIF+P 0.9

-14.6,-53.7% BP4
Inputs

Outputs OF 4l
Retention
10.8,24.1% ‘ UGIF+P 3.0
OF 34.0
-8.6,-22.9% BP2+2A UGIF+P 3.5
1 OF 46.1
WIF9.8
— <« EIF 17.7
15.9,20.5%
<«— UGIF+P3.9
-30.2, -48.9% l OF61.6 <— UGIF+P 0.04
Overall

26.7, -40.9% OF 91.8 Units are in Kg.

-3.5 kg
-5.4% Retention

-30.2 kg
-49.8% Retention






Retention Time

Post Impoundment retention time exceeded pre impoundment travel time of
water by = 26 times in the MC5 watershed.

Pond storage capacity and inflow volume determined individual ponds retetnion
time. Two of the four beaver ponds exceeded EPA wet detention standard of 24

to 48 hours retention (USEPA 2021).



Retention of Nutrients & TSS
e

TSS, TDN, and NOnhad statistacally signifigant retention attributed to
the MC5 beaver pond impoundment.

The impoundments were a significant source of DOC

The actively eroding wet meadow below the pond complex was a
significant source of DOC, TDP, TDN, Nénd DON.



Nutrient Transformations

Components of TDN Inputs Components of TDN Exports
Ammoium 13% Ammoium 19%

Nitrate 60% Nitrate 33%

Organic N 27% Organic N 48%
Components of DTP Inputs Components of DTP Exports
Organic P~ 100% Organic P = 100%
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TSS Annual
Trends

Low TSS conpared to Piednmont surface waters, +100 mg/L

on 3 occasions in tributary streans and once in Pond 4.

Median TSS increases 52% noving downstreamN F to

P2 decreases following P1.

Variability in concentrations decreased 52% nmoving

downstreamdecreases fromthe NI F to the out flow:
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DOC Annual
Trends

DOC concentrations increase 80% moving do

NF tothe out flow.

Variability in concentrations decreases 77% noving downstream

NIF tothe outflow.

e ———
—————————
Qut flow DOClyield (per Ha) was 61% higher than averages for the
2016-2018 (12.6 kg/ha)




DTP Annual
Trends

DTP concentrantions generally decreased mr

downstream50% P4 to out flow:

DIP concentration varience decreased with pond size

227.1in P4, 179.7mn P1L.

e ———
I,
Qut flow DIP yield (per Ha) was 69% higher than the
TP yield average yield for 2016-2018 (0.4 kg/ha) .
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DTN Annual
Trends

Concentrations are consistent moving downstr
small decreases NIF — out flow(0.3-0.2mg/1)

Variatoin in pond concentrations decreases 29% noving

downstream
T
I,
Qut flow DINyield increased by approxinately 56% in
conparison to the 2016-2018 averages (1.13 kg/ha).
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NH4 June 2022 - May 2023
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NH, Annual
Trends

Concentrations of ammonium slightly decre:

noving downstreamN F (0.10) - out flow(0.9).

(bneentration variance decreases in ponds 41%

nmoving downstream

T
I,
Qut flowNH, yield (per Ha) was 50% lower than the
yield average yield for 2016-2018 (1.13 kg/ha).




NO3 June 2022 - May2023 s NO3 June 2022 - May 2023

NQO,; Annual
Trends

Nitrate concentrations decreased 88% NIF t

Higher concentration variation in ponds (103.7) than
tributaries (72.4).

T
I,
QutflowNitrate yield (per Ha) was 43% lower than
the yield average yield for 2016-2018 (0.6 kg/ha)




DON June 2022 - May 2023

DON Annual
Trends

DON higher in ponds increasing with volur
0.7-0.14 mg/1.

(bneentration varience decreases with increased pond
volunre 88.9-71.6.

T
I,
Qut flow DONyield (per Ha) was 80% higher than the
yield in 2018 (0.5 kg/ha).
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Dissolved Oxygen Saturation June 2022 - May 2023
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DO Saturation %
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Jul 2022

DO
Saturation %

Lowest DO Saturation found in Ponds
Aslowas = 17%

DOSaturation is Consistently higher in late Dormant

season for all locations
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