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•• JustificationJustification

•• Runoff Generation Process ConceptsRunoff Generation Process Concepts

•• ObjectivesObjectives
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••
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••
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JustificationJustification
•• Alabama ranks in top three in broiler Alabama ranks in top three in broiler 

productionproduction

•• About 500 CAFOs and 4000 AFOs; About 500 CAFOs and 4000 AFOs; 
about 12,000 chicken housesabout 12,000 chicken houses

•• Broiler litter production Broiler litter production ––

 
1.8 million 1.8 million 

tons/yeartons/year

•• Most of the poultry production Most of the poultry production 
occurs in 5 counties in the occurs in 5 counties in the 
Appalachian Plateau (Sandmountain Appalachian Plateau (Sandmountain 
region)region)

•• Land application to pastures Land application to pastures --

 
build build 

up and transport of Pup and transport of P
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Alabama PAlabama P--IndexIndex
•• Alabama PAlabama P--Index: alleviate water quality issues related to P Index: alleviate water quality issues related to P 

lossloss

•• Based on the principle that P is transported in surface runoffBased on the principle that P is transported in surface runoff
••

 

Agronomic soil P thresholdsAgronomic soil P thresholds

••

 

Runoff class (hydrologic soil groups)Runoff class (hydrologic soil groups)

••

 

Soil erosionSoil erosion

••

 

P application distance to waterP application distance to water

•• Treats an entire field as runoff (and P) contributing areaTreats an entire field as runoff (and P) contributing area

•• Recent studies indicate subsurface transport might be Recent studies indicate subsurface transport might be 
importantimportant

•• Runoff might not occur uniformly (spatial and temporally) on Runoff might not occur uniformly (spatial and temporally) on 
the entire hillslopethe entire hillslope



Runoff Generation ProcessesRunoff Generation Processes
Infiltration excess overland flow
aka Horton overland flow

Partial area infiltration excess overland flow
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Runoff Generation ProcessesRunoff Generation Processes

Perched subsurface stormflow

Horizon 1
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Runoff Generation ProcessesRunoff Generation Processes
•• Factors affecting runoff generation in watershed:Factors affecting runoff generation in watershed:

••
 

Rainfall characteristicsRainfall characteristics
••

 
Soil hydraulic characteristicsSoil hydraulic characteristics

••
 

Antecedent moisture conditionsAntecedent moisture conditions
••

 
TopographyTopography

••
 

VegetationVegetation
••

 
Depth to water tableDepth to water table

••
 

Presence or absence of restrictive layers (Presence or absence of restrictive layers (fragipansfragipans))

•• Depending on the runoff generation processDepending on the runoff generation process
••

 
Over or underestimation of runoff and P transport Over or underestimation of runoff and P transport 
potentialpotential

••
 

Inappropriate application of Inappropriate application of BMPsBMPs



ObjectivesObjectives

•• Identify the main surface runoff generation mechanism in Identify the main surface runoff generation mechanism in 
the Sandmountain region of Alabamathe Sandmountain region of Alabama

•• Identify spatial and temporal distribution of hydrologically Identify spatial and temporal distribution of hydrologically 
active areas (HAAs) and their connectivity to the outletactive areas (HAAs) and their connectivity to the outlet



Study SiteStudy Site

•• A pasture hillslope of 0.12 ha A pasture hillslope of 0.12 ha 
was instrumented at was instrumented at 
Sandmountain Research and Sandmountain Research and 
Extension Center, Crossville, Extension Center, Crossville, 
ALAL

•• Located in DeKalb County, Located in DeKalb County, 
one of largest poultry one of largest poultry 
producing counties in ALproducing counties in AL

•• Detailed topographyDetailed topography

•• Surface and subsurface Surface and subsurface 
sensorssensors



Study SiteStudy Site



Surface Runoff SensorSurface Runoff Sensor

•• Surface sensors work on Surface sensors work on 
““YesYes””

 
or or ““NoNo””



Subsurface Runoff SensorSubsurface Runoff Sensor

Water Water 
level in level in 

cmcm

Voltage  Voltage  
(V)(V)

00 2.252.25

44 2.002.00

99 1.701.70

2020 1.501.50

2727 1.001.00

4040 0.520.52

Ground Ground 
PinPin

00



InstrumentationInstrumentation



Results and DiscussionResults and Discussion
 Runoff Generation MechanismRunoff Generation Mechanism

June 23, 2006June 23, 2006
High_intensityHigh_intensity

 
short durationshort duration

Sep 7, 2006Sep 7, 2006
Medium_intensityMedium_intensity

 
medium durationmedium duration

Oct 27, 2006Oct 27, 2006
Low_intensityLow_intensity

 
long durationlong duration



Results and DiscussionResults and Discussion
 Runoff Generation MechanismRunoff Generation Mechanism

Disk infiltrometer 
(Decagon, Inc.)

Low (0 – 5.0 mm/hr)
Medium (5.1 – 20.0 mm/hr) 
High ( > 20.1 mm/hr)
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TimeTime
((hhmmhhmm))

Incremental Incremental 
Rainfall Rainfall 
(mm)(mm)

Rainfall Rainfall 
Intensity Intensity 
(mm/hr)(mm/hr)

Subsurface Subsurface 
Sensor Sensor --

 

Depth Depth 
to water table to water table 

(cm)(cm)

Surface Sensor Surface Sensor --

 
Runoff Runoff 

Occurrence Occurrence 
(yes/no)(yes/no)

InterpretationInterpretation

15101510 2.542.54 30.530.5 4242 YesYes Infiltration excess Infiltration excess 
runoffrunoff

15201520 5.335.33 64.064.0 4040 YesYes Infiltration excess Infiltration excess 
runoffrunoff

15301530 1.521.52 18.318.3 4040 YesYes Infiltration excess Infiltration excess 
runoffrunoff

15401540 0.5080.508 6.16.1 2727 YesYes Infiltration excess Infiltration excess 
runoffrunoff

15501550 0.000.00 0.00.0 4040 YesYes Infiltration excess Infiltration excess 
runoffrunoff

•• Location 4 (measured soil hydraulic conductivity 11.1 mm/hr) Location 4 (measured soil hydraulic conductivity 11.1 mm/hr) 
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TimeTime
((hhmmhhmm))

Incremental Incremental 
Rainfall Rainfall 
(mm)(mm)

Rainfall Rainfall 
Intensity Intensity 
(mm/hr)(mm/hr)

Subsurface Subsurface 
Sensor Sensor --

 

Depth Depth 
to water table to water table 

(cm)(cm)

Surface Sensor Surface Sensor --

 
Runoff Runoff 

Occurrence Occurrence 
(yes/no)(yes/no)

InterpretationInterpretation

15101510 2.542.54 30.530.5 4242 YesYes Infiltration excess Infiltration excess 
runoffrunoff

15201520 5.335.33 64.064.0 44 YesYes Infiltration excess Infiltration excess 
runoffrunoff

15301530 1.521.52 18.318.3 44 YesYes Infiltration excess Infiltration excess 
runoffrunoff

15401540 0.5080.508 6.16.1 44 YesYes Infiltration excess Infiltration excess 
runoffrunoff

15501550 0.000.00 0.00.0 44 YesYes Infiltration excess Infiltration excess 
runoffrunoff

•• Location 6 (measured soil hydraulic conductivity 51.2 cm/hr) Location 6 (measured soil hydraulic conductivity 51.2 cm/hr) 
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TimeTime
((hhmmhhmm))

Incremental Incremental 
Rainfall Rainfall 
(mm)(mm)

Rainfall Rainfall 
Intensity Intensity 
(mm/hr)(mm/hr)

Subsurface Subsurface 
Sensor Sensor --

 

Depth Depth 
to water table to water table 

(cm)(cm)

Surface Sensor Surface Sensor --

 
Runoff Runoff 

Occurrence Occurrence 
(yes/no)(yes/no)

InterpretationInterpretation

15101510 2.542.54 30.530.5 4242 YesYes Infiltration excess Infiltration excess 
runoffrunoff

15201520 5.335.33 64.064.0 44 YesYes Infiltration excess Infiltration excess 
runoffrunoff

15301530 1.521.52 18.318.3 44 YesYes Infiltration excess Infiltration excess 
runoffrunoff

15401540 0.5080.508 6.16.1 44 YesYes Infiltration excess Infiltration excess 
runoffrunoff

15501550 0.000.00 0.00.0 44 YesYes Infiltration excess Infiltration excess 
runoffrunoff

•• Location 16 (measured soil hydraulic conductivity 3.5 mm/hr) Location 16 (measured soil hydraulic conductivity 3.5 mm/hr) 
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TimeTime
(hhmm)(hhmm)

Incremental Incremental 
Rainfall Rainfall 
(mm)(mm)

Rainfall Rainfall 
Intensity Intensity 
(mm/hr)(mm/hr)

Subsurface Subsurface 
Sensor Sensor --

 

Depth Depth 
to water table to water table 

(cm)(cm)

Surface Sensor Surface Sensor --

 
Runoff Runoff 

Occurrence Occurrence 
(yes/no)(yes/no)

InterpretationInterpretation

15101510 2.542.54 30.530.5 4242 YesYes Infiltration excess Infiltration excess 
runoffrunoff

15201520 5.335.33 64.064.0 2727 YesYes Infiltration excess Infiltration excess 
runoffrunoff

15301530 1.521.52 18.318.3 2727 YesYes Infiltration excess Infiltration excess 
runoffrunoff

15401540 0.5080.508 6.16.1 4040 YesYes Infiltration excess Infiltration excess 
runoffrunoff

15501550 0.000.00 0.00.0 4040 YesYes Infiltration excess Infiltration excess 
runoffrunoff

•• Location 26 (measured soil hydraulic conductivity 0.7 mm/hr) Location 26 (measured soil hydraulic conductivity 0.7 mm/hr) 
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Winter Precipitation

Similar analyses for Sep 7, 2006 (medium intensity, 
medium-duration) and October 22, 2006 (low 
intensity, long-duration)

Sen, S., P. Srivastava, K. Yoo, J. Dane, J. Shaw, and 
M.S. Kang. 2008. RUNOFF GENERATION 
MECHANISMS IN PASTURES OF THE SAND 
MOUNTAIN REGION OF ALABAMA – A FIELD 
INVESTIGATION. Hydrological Processes (In Press)
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Results and DiscussionResults and Discussion
 Spatial and Temporal Distribution and ConnectivitySpatial and Temporal Distribution and Connectivity

June 23, 2006 Event

100% of the total area 
was contributing 
surface runoff

29% of the total area 
was contributing 
surface runoff
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49% of the total area 
was contributing 
surface runoff

100% of the total area 
was contributing 
surface runoff
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Results and DiscussionResults and Discussion
 Spatial and Temporal Distribution and ConnectivitySpatial and Temporal Distribution and Connectivity

73% of the total area 
was contributing 
surface runoff

41% of the total area 
was contributing 
surface runoff



Results and DiscussionResults and Discussion
 Spatial and Temporal Distribution and ConnectivitySpatial and Temporal Distribution and Connectivity

Sen, S., P. Srivastava, K. Yoo, J. Dane, J. Shaw, and M.S. Kang. 2008. SPATIAL AND TEMPORAL DYNAMICS AND 
CONNECTIVITY OF RUNOFF CONTRIBUTING AREAS IN PASTURES OF THE SANDMOUNTAIN REGION OF 
ALABAMA – A FIELD INVESTIGATION. Hydrological Processes (In preparation)



ConclusionsConclusions
•• Surface runoff generation mechanism was mostly infiltration Surface runoff generation mechanism was mostly infiltration 

excess in the excess in the SandmountainSandmountain

 
pasture of Alabama.pasture of Alabama.

•• Rainfall intensity and soil hydraulic conductivity control Rainfall intensity and soil hydraulic conductivity control 
surface runoff generation.surface runoff generation.

•• At times (when the rainfall intensity is high), surface runoff At times (when the rainfall intensity is high), surface runoff 
can be generated from the entire can be generated from the entire hillslopehillslope..

•• Connected areas of low soil hydraulic conductivity Connected areas of low soil hydraulic conductivity 
contribute most of the surface runoff at the outlet.contribute most of the surface runoff at the outlet.

•• Overall, preliminary analysis shows that during highOverall, preliminary analysis shows that during high--

 intensity short and medium duration rainfalls no more than intensity short and medium duration rainfalls no more than 
10% of the rainfall results in surface runoff at the outlet.10% of the rainfall results in surface runoff at the outlet.

•• For mediumFor medium--intensity, long duration rainfalls no more than intensity, long duration rainfalls no more than 
5% of the rainfall results in surface runoff5% of the rainfall results in surface runoff



Implications and Future WorkImplications and Future Work
•• Since surface runoff contributions to the outlet is small Since surface runoff contributions to the outlet is small ––

 significant infiltration occurs, highlighting the importance of significant infiltration occurs, highlighting the importance of 
understanding subsurface flows and subsurface transport.understanding subsurface flows and subsurface transport.

Perched subsurface stormflow
Horizon 1

Horizon 2

P P

P

Subsurface stormflow

P P

P



Implications and Future WorkImplications and Future Work

•• Quantification of surface and subsurface flows through 2Quantification of surface and subsurface flows through 2--D D 
modelingmodeling

•• Quantification of leaching of P from surface and subsurface Quantification of leaching of P from surface and subsurface 
applied broiler litter applied broiler litter ––

 
Field investigationField investigation

•• New and improved BMPs that take into account the major P New and improved BMPs that take into account the major P 
transport pathway is needed.transport pathway is needed.

•• Alabama PAlabama P--index might need to be revised.index might need to be revised.
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