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The Mahantango Creek watershed
USDA benchmark agricultural watershed established in 1968

Precipitation (1968 to 2023) Temperature (1978 to 2023)

Streamflow (1968 to 2023) Water chemistry (1982 to 2023)

FD-36 (1997 to 2023) Mattern (2001 to 2023)

WE-38 experimental watershed 
7.3 km2 (3.5 mi2)

Buda et al., 2011a, b (Water Resour. Res); Bryant et al., 2011 (Water Resour. Res.)



Role of hydrologically active areas 
in P loss from sloped uplands



Buda et al., 2009 (Hydrol. Proc.)
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Hydrologically active areas and hillslope P loss
Study watershed: Mattern (11 ha)
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Mattern watershed – soil P
Soil P ranges from roughly 70 mg/kg near the stream to 500 mg/kg on the hilltops  

Based on a grid of 172 soil sampling points
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Buda et al., 2009 (Hydrol. Proc.)

Mattern watershed – overland flow
Overland flow can be generated by infiltration and saturation excess processes



Hillslope study of overland flow generation and P loss
2002 - 2004

Berks soil
no fragipan

Albrights soil
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Buda et al., 2009a (Hydrol. Proc.); Buda et al., 2009b (J. Environ. Qual.)



Data from small runoff plots suggest that fragipan soils 
enhance overland flow generation and P loss

Buda et al., 2009a (Hydrol. Proc.); Buda et al., 2009b (J. Environ. Qual.)
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Hillslope study of P loss by overland and subsurface flows
2010 – 2015 
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Tropical Storm Lee (September 7-8, 2011)
Extratropical storm that generated substantial overland and subsurface flow
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Mahantango Creek

National Weather Service GIS Portal

Storm characteristics

Discharge
7200 L s-1

*fourth highest since 1968

Rainfall
215 mm (8.5 in)

*over three days



Albrights soil
fragipan

Berks soil
no fragipan

Site 1  - seepage slope
Soil P = 304 mg kg-1

Site 2 - foot slope
Soil P = 72 mg kg-1

21,757 L

Flow 
volume

Ap

Btx

Bt

OF

86 L

Flow 
volume

Overland Flow (OF)
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Subsurface Flow (SSF)
64% of total flow

Data from hillslope trenches show that fragipan soils generate 
substantially more overland and subsurface flow than upland soils

Observations from Tropical Storm Lee (Sep. 7-8, 2011)
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Site 1 – P concentrations in runoff tracked soil P
Highest P concentrations in overland flow and drainage from Ap horizon

Observations from Tropical Storm Lee (Sep. 7-8, 2011)



Site 2 – Footslope (Fragipan)
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Site 2 – lower soil P than Site 1; similar trends with depth
As with Site 1, highest P levels in overland flow and drainage from Ap horizon

Mehlich-3 P (mg kg-1) P concentration (mg L-1)
Observations from Tropical Storm Lee (Sep. 7-8, 2011)
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Overall, highest P concentrations in runoff occurred in upslope soils 
where highest P reserves were found

Observations from Tropical Storm Lee (Sep. 7-8, 2011)
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As with the plot-scale study of overland flow, largest P losses 
occurred near the stream where runoff volumes were highest

Observations from Tropical Storm Lee (Sep. 7-8, 2011)
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Conclusion: Hydrologically active areas 
represent critical source areas of P loss



Seep

Influence of riparian groundwater seeps 
on NO3-N in streams 



Gburek and Folmar, 1999 (J. Hydrol.)

Agricultural streams in WE-38 have elevated NO3-N levels
Sampling during baseflow offers insight into NO3-N contributions from groundwater

Baseflow NO3-N 
concentrations

0 to 1 mg L-1

1 to 5 mg L-1

5 to 10 mg L-1

10 to 15 mg L-1

15 to 20 mg L-1

Baseflow survey of 41 stream locations
September 1990



Highly fractured and conductive aquifer that 
supports saturated lateral flows to seeps and 
streams (Gburek and Folmar, 1999) 

Water quality of the fractured aquifer is affected by the overlying 
land use (Pionke and Urban, 1985)

Riparian seep

Seeps are a source of stream 
baseflow (Pionke et al., 1988)

Groundwater discharge via seeps is common in WE-38
Understanding the connection between seeps and NO3-N in streams is important

Williams et al., 2014 (J. Hydrol.); Williams et al., 2016 (Groundwater)



Riparian groundwater seeps and NO3-N in streams
Study watersheds: FD-36 (40 ha) and RS (45 ha)
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Riparian groundwater seeps and NO3-N in streams
Study watersheds: FD-36 (40 ha) and RS (45 ha)
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Riparian groundwater seeps and NO3-N in streams
Seeps in FD-36 and RS were sampled every two weeks from May 2010 to April 2012

Williams et al., 2015 (J. Environ. Qual.)

Seeps (n = 13) Seeps (n =9)



Seep flow pathways and N management
LiDAR DEMs used to extend flow paths from seep emergence to watershed divide

0 to 50 50 to 100 100 to 150 150 to 200 200 to 250

Nitrogen application rate (kg ha-1 yr-1)

Williams et al., 2015 (J. Environ. Qual.)

Flow paths Flow paths
Seeps (n = 13) Seeps (n =9)



Calculating N application rates along seep flow paths
Distance weighting function that gave more weight to N applied in recharge areas

N applied in recharge areas
more weight 

Williams et al., 2015 (J. Environ. Qual.)

Distance -weighted avg.

N applied in discharge areas
less weight 



N application versus seep NO3-N concentrations 
N leaching from upper landscape positions is a key driver of NO3-N losses from seeps  

0

2

4

6

8

10

12

14

16

18

20

0 50 100 150 200 250

Se
ep

 N
O

3-
N

 (m
g 

L-1
)

Nitrogen application rate (kg ha yr-1)

R2 = 0.79

Williams et al., 2015 (J. Environ. Qual.)



Monthly mean seep NO3-N vs. monthly mean stream NO3-N
NO3-N losses from seeps strongly influenced NO3-N in headwater streams

y = 0.6x + 5.6
R² = 0.79

0
2
4
6
8

10
12
14
16
18
20

0 2 4 6 8 10 12 14 16 18 20

y = 1.0x - 0.8
R² = 0.80

0
2
4
6
8

10
12
14
16
18
20

0 2 4 6 8 10 12 14 16 18 20

RS watershed 
(45 ha)

FD-36 watershed
(40 ha)

St
re

am
 N

O
3-

N
 (m

g 
L-1

)

St
re

am
 N

O
3-

N
 (m

g 
L-1

)
Seep NO3-N (mg L-1) Seep NO3-N (mg L-1)

Williams et al., 2015 (J. Environ. Qual.)



Chemical-hydrologic interactions in the near-stream zone
In 1988, Harry Pionke hypothesized similar controls on seep and stream chemistry

Pionke et al., 1988 (Water Resour. Res.)

Streamflow

NO3-N

June 1984
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Chemical-hydrologic interactions in the near-stream zone
Sampling in FD-36 shows a similar relation between discharge and NO3-N
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Chemical-hydrologic interactions in the near-stream zone
Recent data from s::can sensors show that these NO3-N patterns are recurrent
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Summary and conclusions

Traditional hillslope- and watershed-scale monitoring studies in the 
Mahantango Creek watershed demonstrate that hydrologically active 
areas are critical determinants of P loss from agriculture.

Monitoring of riparian groundwater seeps shows that the rate of N 
application in upslope recharge areas strongly affects NO3-N 
concentrations in seeps, which in turn shapes NO3-N in stream baseflow.

Understanding the hydrologic processes that transfer N and P from 
agriculture to streams is critical to improving water quality models that 
seek to quantify the efficacy of conservation practices and BMPs.


