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ObjectivesObjectives::

•• To quantitatively compare base flow with storm  To quantitatively compare base flow with storm  
flow in perennially flowing streamsflow in perennially flowing streams

•• To assess the temporal and quantitative impacts   To assess the temporal and quantitative impacts   
of singleof single--useuse--watershed pasture   watershed pasture   
management practices on groundwater management practices on groundwater 
qualityquality





Wooded Watershed (Wooded Watershed (WoWo))

•• 17.7 ha17.7 ha
•• All woodedAll wooded
•• No chemical treatmentNo chemical treatment





Unimproved Pasture Watershed Unimproved Pasture Watershed 
((UImprUImpr))

•• 28.8 ha28.8 ha
•• 82% Unimproved pasture82% Unimproved pasture
•• 18% wooded18% wooded
•• No chemical treatmentNo chemical treatment





NonNon--WoodedWooded Watershed (N Watershed (N WoWo))

•• 32.1 ha32.1 ha
•• 34% meadow 34% meadow –– no chemical treatmentno chemical treatment
•• 23% medium23% medium--high fertility pasturehigh fertility pasture

13% summer pasture13% summer pasture
10% year round pasture/feeding10% year round pasture/feeding

•• 32% fertilized cropland32% fertilized cropland
•• 11% wooded11% wooded



Large Mixed Management Watershed (Large Mixed Management Watershed (LgLg M)M)

•• 122.7 ha122.7 ha
•• 43% meadow 43% meadow –– no chemical treatmentno chemical treatment
•• 34% wooded34% wooded
•• 14% high fertility pasture14% high fertility pasture
•• 9% fertilized cropland9% fertilized cropland





SampleSample CollectionCollection

““Large WatershedsLarge Watersheds””
---- Storm flow samples collected by an  Storm flow samples collected by an  

automated, flow proportional tearautomated, flow proportional tear--drop  drop  
sampler on an event basissampler on an event basis

---- Base flow samples Base flow samples –– weekly grab samples  weekly grab samples  
during not storm flow periodsduring not storm flow periods

Small, singleSmall, single--use watershedsuse watersheds
---- Subsurface flow Subsurface flow –– weekly grab samples from weekly grab samples from 

developed springs developed springs 





Calculations of Annual DataCalculations of Annual Data

Transport (event    = Flow (event) x Transport (event    = Flow (event) x ConcConc (event) (event) 
or weekly sample)or weekly sample)

Transport (annual) = sum of all Transport (events) Transport (annual) = sum of all Transport (events) 
during that yearduring that year

Flow (annual) = sum of all Flow (events) during Flow (annual) = sum of all Flow (events) during 
that yearthat year

Concentration (annual) is a flowConcentration (annual) is a flow--weighted weighted concconc



Watershed hydrologic data Watershed hydrologic data –– 25 yr averages25 yr averages
(January 1976 (January 1976 –– December 2000)December 2000)

55.9%55.9%49.3%49.3%62.2%62.2%53.5%53.5%61.5%61.5%% of Tot flow% of Tot flow

201201227227197197179179201201Base flowBase flow--mmmm

44.1%44.1%50.7%50.7%37.8%37.8%46.5%46.5%38.5%38.5%% of Tot flow% of Tot flow

159159234234120120155155126126Storm flowStorm flow--mmmm

37.0%37.0%45.8%45.8%32.4%32.4%33.5%33.5%35.9%35.9%% of % of PrecipPrecip

360360460460317317334334327327Total flowTotal flow--mmmm

97397310051005979979998998911911PrecipitationPrecipitation--mmmm

AvgAvg of   of   
4 WS4 WS

LgLg MM
122.7 ha122.7 ha

N N WoWo
32.1 ha32.1 ha

UImprUImpr
28.8 ha28.8 ha

WoWo
17.7 ha17.7 ha



2525--yr average annual N and P transport (1976yr average annual N and P transport (1976--2000)2000)

0.0470.047
30.3%30.3%

0.0510.051
28.5%28.5%

0.0610.061
24.0%24.0%

0.0440.044
32.6%32.6%

0.0330.033
60.0%60.0%

Base flowBase flow
% of total% of total

0.1090.109
69.7%69.7%

0.1280.128
71.5%71.5%

0.1930.193
76.0%76.0%

0.0910.091
67.4%67.4%

0.0220.022
40.0%40.0%

POPO44--P FluxP Flux (kg/ha)(kg/ha)
Storm flowStorm flow

% of total% of total

2.282.28
49.3%49.3%

2.392.39
40.0%40.0%

3.623.62
58.8%58.8%

1.841.84
54.5%54.5%

1.281.28
42.5%42.5%

Base flowBase flow
% of total% of total

2.352.35
50.7%50.7%

3.593.59
60.0%60.0%

2.542.54
41.2%41.2%

1.541.54
45.6%45.6%

1.731.73
57.7%57.7%

NONO33--N FluxN Flux (kg/ha)(kg/ha)
Storm flowStorm flow

% of total% of total

AvgAvg of   of   
4 WS4 WS

LgLg MM
122.7 ha122.7 ha

N N WoWo
32.1 ha32.1 ha

UImprUImpr
28.8 ha28.8 ha

WoWo
17.7 ha17.7 ha





Pasture Management Practices Pasture Management Practices ––
MediumMedium--high Fertility Pastureshigh Fertility Pastures

19741974--79  56 kg/ha N as NH79  56 kg/ha N as NH44NONO33 annuallyannually
3 pastures summer grazed only3 pastures summer grazed only--WS 102, 104, 135WS 102, 104, 135
1 pasture summer grazed/winter fed1 pasture summer grazed/winter fed--WS 129WS 129
(also received 297 kg N annually in hay)(also received 297 kg N annually in hay)

19791979--90  Same rotational management; SG areas received 90  Same rotational management; SG areas received 
168 kg N/ha annually168 kg N/ha annually

WF/SG area received no fertilizer (no wintering afWF/SG area received no fertilizer (no wintering after   ter   
1986)1986)

19901990--97  No fertilizer applied97  No fertilizer applied
WS 102 & 135 were rotationally grazedWS 102 & 135 were rotationally grazed
WS 104 & 129 were hayed (hay was removed)  WS 104 & 129 were hayed (hay was removed)  
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Non-Wooded WS -- Annual NO3-N Concentration 
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Non-Wooded WS -- Base & Storm Flow
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Non-Wooded WS -- Annual NO3-N Transport
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Pasture Management Practices Pasture Management Practices ––
High Fertility PasturesHigh Fertility Pastures

19751975--80  224 kg/ha N as NH80  224 kg/ha N as NH44NONO33 annuallyannually
4 pastures (2 with WS) were summer grazed4 pastures (2 with WS) were summer grazed

[orchard grass][orchard grass]
4 pastures (2 with WS) were winter grazed/fed hay4 pastures (2 with WS) were winter grazed/fed hay

[tall fescue] [tall fescue] 
19801980--93  grass pastures 93  grass pastures interseededinterseeded with alfalfa with alfalfa –– no N   no N   

fertilizer was addedfertilizer was added
Same rotational grazing pattern was continuedSame rotational grazing pattern was continued





High Fertility Pasture System
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High Fertility Pasture System
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High Fertility Pasture System
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Large Mixed Mgmt WS -- NO3-N Concentrations
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Large Mixed Mgmt WS -- Base & Storm Flow
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Large Mixed Mgmt WS -- NO3-N Transport
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SummarySummary::
In watersheds  with perennially flowing streams, In watersheds  with perennially flowing streams, 

approx 50% of NOapprox 50% of NO33--N is transported via N is transported via baseflowbaseflow

Changes in subsurface water quality resulting from Changes in subsurface water quality resulting from 
changes in fertility management occur over several changes in fertility management occur over several 
years (e.g. 5years (e.g. 5--10 yr on small pasture watersheds)10 yr on small pasture watersheds)

MultiMulti--year changes occur for both increasing and year changes occur for both increasing and 
decreasing NOdecreasing NO33--N concentrationsN concentrations

Similar trends are observed in Similar trends are observed in streamflowstreamflow that are fed that are fed 
by these smaller streamsby these smaller streams



ConclusionsConclusions::

Subsurface water flow has a major impact on Subsurface water flow has a major impact on 
stream flow and water quality.stream flow and water quality.

Therefore, water quality changes resulting from Therefore, water quality changes resulting from 
changes in management practices will take changes in management practices will take 
several years to be adequately observed, even several years to be adequately observed, even 
on small (<2 ha), single use watersheds.on small (<2 ha), single use watersheds.


