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The Mahantango Creek watershed
USDA benchmark agricultural watershed established in 1968
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The Mahantango Creek watershed
USDA benchmark agricultural watershed established in 1968

WE-38 experimental watershed
7.3 km? (3.5 mi®)
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Role of hydrologically active areas
in P loss from sloped uplands
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Hydrologically active areas and hillslope P loss
Study watershed: Mattern (11 ha)




Mattern watershed — soil P
Soil P ranges from roughly 70 mg/kg near the stream to 500 mg/kg on the hilltops

Mehlich-3 soil P (mg/kg)

150 250 300 350

Based on a grid of 172 soil sampling points



Mattern watershed — overland flow
Overland flow can be generated by infiltration and saturation excess processes
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Infiltration excess _ Rainfall
Rainfall rate
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Perched saturation

excess overland flow
Rainfall

Buda et al., 2009 (Hydrol. Proc.)



Hillslope study of overland flow generation and P loss
2002 - 2004
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Data from small runoff plots suggest that fragipan soils
enhance overland flow generation and P loss

[ ] Infiltration excess overland flow
B Saturation excess overland flow
B Plossin overland flow
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Buda etal., 20094 (Hydrol. Proc.); Buda et al., 2009b (J: Environ: Qual.)



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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Data from hillslope trenches show that fragipan soils generate

substantially more overland and subsurface flow than upland soils
21,/5/ L
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Site 1 — P concentrations in runoff tracked soil P
Highest P concentrations in overland flow and drainage from Ap horizon

Site 1 — Seepage Slope (No Fragipan)

P concentrations in overland and subsurface flow I

et A

- Mehlich-3 P concentrations in soils I
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Observations from Tropical Storm Lee (Sep. 7-8, 2011)



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

Site 2 — Footslope (Fragipan)
P concentrations in overland and subsurface flow I

. Mebhlich-3 P concentrations in soils
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Ap horizon § Ap horizon
(0—30cm) (0—30cm)

Bt horizon | Bt horizon
(30— 56 cm) (30—56 cm)

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



Overall, highest P concentrations in runoff occurred in upslope soils
where highest P reserves were found

Dissolved P concentration
& [ Particulate P concentration | .
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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

] Overland flow 21,757/ 1L
B Subsurface flow Al
P loss in overland flow e 2l oy
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Conclusion: Hydrologically active areas

epresent critical source areas of/P IB$sansport
mechanism

P source
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Influence of riparian groundwater seeps
on NO;3-N in streams
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Agricultural streams in WE-38 have elevated NO,-N levels
Sampling during baseflow offers insight into NOs-N contributions from groundwater
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Groundwater discharge via seeps is common in WE-38
Understanding the connection between seeps and NO;-N in streams is important

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

(\\fp

/\\V m . 4'\3 Highly fractured and conductive aquifer that
' S5 supports saturated lateral flows to seeps and
streams (Gburek and Folmar, 1999)

Seeps are a source of stream

baseflow (Pionke et al., 1988)

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)




Riparian groundwater seeps and NO5-N in streams
Seeps in FD-36 and RS were sampled every two weeks from May 2010 to April 2012

@ Sceps (n=13)

@ Sceps (n=9)

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



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

e - @ Seeps (n=9)

J — Flow paths

@ Sceps (n=13)
—— Flow paths

Nitrogen application rate (kg ha yri)
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Williams et al., 2015 (J. Environ. Qual.)




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

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



N application versus seep NO5-N concentrations

N leaching from upper landscape positions is a key driver of NOs-N losses from seeps
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Williams et al., 2015 (J. Environ. Qual.)



Monthly mean seep NO5-N vs. monthly mean stream NO;-N
NOs-N losses from seeps strongly influenced NO;-N in headwater streams

FD-36 watershed
(40 ha) |

RS watershed
(45 ha)
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Williams et al., 2015 (J. Environ. Qual.)
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Pionke et al.,

Chemical-hydrologic interactions in the near-stream zone
In 1988, Harry Pionke hypothesized similar controls on seep and
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Chemical-Hydrologic Interactions in the Near-Stream Zone

H. B. Piovks, J. R. Hoover, R. R. ScHNABEL, W. J. GBUREK, J. B. URBAN, AND A. S. ROGOWSKT

U5 Depariment of Agriculture, Agricultural Research Service, Northeas: Watershed Research Center, University Park, Pennsploania

The chemical and of & 9.9-ha is hill-tand to & typical
SUMMEr Storm event were de:u’mnned and oompnmd. Patterns and the relative magnitudes of NO,, NH,,

toral 7 {P), and orth i

observed in secpage, surface runofl,

torm Bow, base ow, and raintll 81 those hypothestont Bom the seom Mo, surfece runoll
water table responses observed in the near-stream zone. Mitrate concentrations In seepage and bass flow
were similar and, typically, excesded those in surface runoff, rainfall, and peak siorm fiow by 520 times.
Conversely, NH,, toal P, and PO, concentrations in surface runoff from the seep zone and in peak
storm fows exceeded those in seepage and base flow by 2-20 times. The findings, presented in a

for this h

ba
ot operaies during and following siorm events.

INTRODUCTION

Watersheds with seep zones constitute muoch of the land-
scape in many areas of the United States. Seep zones not only
discharge subsurface waters to the land surface, which then
drain to streams, but can also be major surface runoff pro-
ducers during rainstorm events. These zones can be dynamic
and responsive during single storms, both expanding and then
shrinking quite rapidly. The expanding sesp zone causes in-
creased secpage, part of which may originate from previously
unsaturated or chemically different zones. Also, the ratio of
surface runoff to seepage can change substantislly and quickly
throughout the storm, causing concomitant changes in
sircamflow chemistry. The chemistry of subsurface discharge is
wually much different from that of surface runoff, which may
approach the chemistry of precipitation. The chemical-
bydrologic interactions of the surface runofl and subsurface-
n!mdw mnq need to be better if the chemical

provide a model of how the mear-storm

affects the chemistry of streamflow, has not been examined.
The objectives of this paper are to (1) describe specific
chemical-hydrologic interactions observed in seep zone and
stream, (2) examine these interactions in the context of ob-
served subsurface hydrologi in the t
zone, and (3) generalize these obsarvatmm into & conceptual
model of how this near-stream zone operates.

Dermimox of CommonLy Usen HyDRoLOGIC TErMS
Surface runoff:  Precipitation excess or rainfall that does
not infiltrate at any point but runs over the land surface 1o the
stream.
Surface storm flow: Surfece runoff plus channel precipi-
tation (precipitation Eullm;dmly on Ihc stream surface).
Seepage: Subsurf:
perched water) du:hngﬁd to ll|= land surface .JTEI])HHIW n[
id time or travel distance in the subsurface.

are to be cstablished.
Sncp zone formation in the near- amun zone is usually most

Subsurface discharge: Seepage plus discharge of ground-
water uml p«dwd wale( directly to the stream channel.
Gi

in where sub 1 lati | occurs
annuslly or lly, and the P i ca-
pacity of the subsurlac: flow system is m:med due to geo-
logic, or prop . These properties
establish a large-scale con:m] on the extent and locations of
seep zones. Within this large-scale control, individual or short
series of storms generate or expand seep zomes temporarily
and locally. The mlopc, mmm and hydrologic proper-
ties include low or d lope water table gradi
leg, decreasing land slope without increased storage), de-
creased cross section (eg., slope break or reduced aqun‘cr
hick and & ility (e.g,
shifts from coarser- to finer-textured soils or geologic de-
posits)h. A 7.4-km® research d of the Mah

face water ing the
zone,

Water table: The surface of unconfined groundwater at
which the water pressure relative to atmospheric pressure
equals zero. The point where it intersects the land surface
defines the upper boundary of the seepage face.

Base flow: between
S1Orm evenls.

Storm flow: Surface storm flow plus subsurface discharge
during the storm period.

Backorounn
Surface storm flow in the Mahantango Creek Watershed

Creek Watershed located in east central Pennsylvania has
llig:]pmperl.is and exhibits seep zones [Pionke and Urban,

The seep zone portion of the surface runoff generating area
has long been recognized as important on this watershed
[Engman and Rogowski, 1974; Gburek, 1978], but the relation-
ship between the surface runoff generating area, surface runoff
[rom the seep zone, and subsurface discharge, particularly as it

This paper is not subject to US. copyright. Published in 1988
the American Geophysical Union. gt P " hy

Puper number TW4911,

has been ively studied in context of the variable source
area concept. This concept, which proposes that most surface
runoff occurs from small areas within the watershed where
precipitation excess is generated [Betson and Marius, 1969;
Ragan, 1968], applics here [Engman and Rogowski, 1974;
Ghurek, 1978, 1983]. These hydrologic source areas are gener-
ally located near the stream [Gburek, 1978; Engman and Ro-
gowski, 1974; Gburek and Pionke, 1983] or have direct surface
water connection to the siream [Engman and Rogowski, 1974].
In addition to the seep zone which acts as a impervious sur-
face to rainfall input, the variable source area includes border-
ing arcas prone to seep zone development or characterized by
low infiltration rates and/or storage capacities. The bordering

1o

1988 (Water Resour. Res.)

Electrical Conductivity, p S/cm

NO3-N, mg/f
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Time, hr
6/24/84

June 1984



Chemical-hydrologic interactions in the near-stream zone
Sampling in FD-36 shows a similar relation between discharge and NO;-N

Stream discharge (L s1)
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Chemical-hydrologic interactions in the near-stream zone
Sampling of groundwater seepage also revealed the same NO;-N behavior

Seep discharge (L s%)
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Chemical-hydrologic interactions in the near-stream zone
Recent data from s::can sensors show that these NOs-N patterns are recurrent

Stream discharge (L s1)
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sUmmary and concltisions

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 NO5-N
concentrations in seeps, which in turn shapes NO5-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.




