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The Research Question 

How do particles supplied from 
hillslopes to stream channels 
move through watersheds to 
estuaries downstream? 



Why is it Important?  

How long does it take for 
“upland” best management 
practice to make a difference 
downstream? 

Example: efforts to reduce 
nutrient (P) and sediment 
loading to the Chesapeake Bay 
through best management 
practices on agricultural fields 



Fate of Particles in Transport 

• Particles are not simply transported 
downstream 

• They can be STORED along river corridors 

– Floodplains 

– Behind downed trees and other debris 

• “fine-grained channel margin deposits” 

– Within the gravel stream bed 

• Hyporheic zone 



Particle Pathways In A River Reach 

These need to be QUANTIFIED!! 



Evidence From the 
South River, VA 

 



By % of Annual Suspended Sediment Load… 

9 +/- 3% 
3+/-1.5 % 

3 +/-2 % 



The Exchange Rate of Suspended 
Sediment 

• Fraction of suspended sediment load 
exchanged with sediment in storage = 0.022 
+/- 0.10 per km 



Distance Required To Exchange 100% 
of the Load with Stored Sediment 

• Fraction of suspended sediment load 
exchanged with sediment in storage = 0.022 
+/- 0.10 per km 

• This is the inverse of the exchange rate = 
(1/0.022) = 46+/- 22 km 



Average Time Spent In Storage 

• Average “storage time” = stored 
volume/exchange rate ….4800+/- 2600 yrs 

 

 

 



Time and Spatially Averaged Transport 
Velocity 

• = Exchange Length/Storage Time = 46 
km/4800 yrs = 



Time and Spatially Averaged Transport 
Velocity 

• = Exchange Length/Storage Time = 46 
km/4800 yrs = 

9 +/- 7 m/yr 



Ongoing Studies In The White Clay 
Creek Watershed 

• Modeling particle trajectories through floodplains 
(probability approach) 
– Toby Ackerman, PhD candidate 

• Time-averaged particle velocities by grain size near 
Stroud Center from sediment budgeting 
– Elyse Williamson, MS candidate 

• Influence of Colonial mill dams on river sedimentation 
– Adam Pearson, PhD candidate 

• Paleoenvironmental history of he Christina River 
estuary 
– Meg Christie, PhD candidate 



Particles are Preferentially Deposited 
and Reworked From Low Lying Areas 

of Floodplains 

• A result from modeling 

– Ackerman, 2012 



Erosion and Deposition are Localized 
in Low-Lying, Frequently Inundated 
Areas of the South River’s Floodplain 
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Objective 1: geomorphic model 

• To identify important sediment sources and sinks. 



Floodplain Accretion From Radioisotopes 

Mostly provided by Dr. Rolf Aalto, Univesity of Exeter 

39 cm deposited since 1963 

Data from Pearson, 2011 



Objective 2: Sediment budget 

Bank erosion rates 



– Sampled 11 small, live, exposed roots  

– Determine time of root exposure by identifying 
anatomical changes (Gartner et al., 2001) 

 

Bank erosion rates from tree roots 



ASH 

Thickness of  
Eroded Soil: 30 cm 
 
Erosion Rate: 3.8 cm/yr 

THANK YOU SEAN! 



TULIP  
POPLAR 

Thickness of  
Eroded Soil: 22.9 cm 
 
Erosion Rate: 4.6 cm/year 

THANK YOU SEAN! 



 
• Extrapolate 

erosion rates to 
non-sampled 
eroding banks 

 
• Correlate erosion 

rate and curvature 
 

 
 



Storm Sampling 

• Difference in grain size between 
suspended sediment and stored 
sediment? 

• Fraction of sediment minimally 
held in storage? 

 
• Sediment Traps 

• Collect samples during storm 
event  

• Compare to suspended sediment 
samples 
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Effects of Mill Dams 

• Existing impoundments do not trap much 
sediment 

– Only ~30% “full” 

–  bars downstream composed of sand and gravel 
suggest that even large grains can be transported 
through impoundments 

• Hypothesis: 

– Impoundments fill until sediment can be 
transported through during storm flows 



Summary of Field Observations and a 
Conceptual Model for Impoundment 

Geomorphology 

Pearson, et al. 2011 



Ongoing Studies In The White Clay 
Creek Watershed 

• Modeling particle trajectories through floodplains 
(probability approach) 
– Toby Ackerman, PhD candidate 

• Time-averaged particle velocities by grain size near Stroud 
Center from sediment budgeting 
– Elyse Williamson, MS candidate 

• Influence of Colonial mill dams on river sedimentation 
– Adam Pearson, PhD candidate 

• Paleoenvironmental history of the Christina River estuary 
– Document natural vs anthropogenic factors controlling its 

evolution 
– Meg Christie, PhD candidate 





Core 1 

Core 2 

Core 4 



Sea level 

Core 4 
Elev: ~4.27m 
Depth: 3.5m 

Core 2 
Elev: ~2.44m 
Depth: 4.66m 

Core 1 
Elev: ~0.91m 
Depth: 5m 

Key 
             Reddish Brown                Clay/Silt 
 
             Medium Brown               Sand 
 
             Grey-Brown                      Plant fragments 
           
             Grey-Blue                          Wood 

1 m 

Upper 0.45 m, peaty 
reddish brown mud 
0.45-1 m, grey to black mud, 
little or no plants, open water 
estuary deposit 

1-2 m, increase of 
plant fragments 

2-2.75 m, continued grey-
black mud w/ plant 
fragments 
2.75-5 m, grey-black mud 
with plant fragments, 
more peat.  Likely 
brackish tidal marsh 

0-1.70 m reddish brown, 
but denser than core 1,  
sand sized mica, plant 
fragments 

1.70- 2.10 m , blue-grey, 
very dense and smooth, 
old deposit, mica 

2.10-3.60 m, red-brown, 
with plant fragments. 
Brackish wetland. 

3.60-4 m becomes 
sandier, big chunks of 
wood 

4-4.66 m likely 
freshwater tidal deposit 

0-0.75 m, post-European 
alluvium, overbank 
deposition, sandy mud 
0.75-1.00 m, same as 
above, more sand 
1.00-1.30 m, grey, silty 

1.30-3.00 m, dark grey 
wetlands. Roots often in 
place.  Interfingering 
between sea level and 
sediments from  human 
settlement 

3.00-3.5, soggy 
presettlement floodplain, 
fresh water deposition 
sandy at last ~4cm 

Figure 1: Diagram of exploratory core samples.  These cores indicate an interfingering between sediments related to sea level changes and 
sediments related to settlement.  Additionally, they indicate that prior to settlement, the area was comprised of brackish to fresh wetlands, with 
the brackish wetlands being tidal, and the fresh water wetlands being likely tidal, but possible non-tidal.  Elevations from Google Earth. 



Any Questions? 


