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Conceptual Site Model and 
Loading Analysis Update  
 
South River Science Team 
Advisory Panel Meeting 
Harrisonburg, VA 
October 21, 2015 
 
Presented by Jim Dyer (on behalf of many) 



2008- Water and Hg Daily Loading Budgets from Ecological Study 

2009 (Flanders and Morrison) 

2009- Conceptual Pathway and Exposure Diagrams for IHg & MeHg 

2010 (Dyer, Flanders, Jensen, Morrison) 

2011- Conceptual Site Model Quantification and Report              

2012 (Harris, Dyer, Flanders, Grosso, Landis, Murphy, Pizzuto) 

2013- Refinement of Bank Leaching Model and Impact on Loading 

2015 (Dyer, Landis, Grosso, Sherrier, Ohr, Collins, Aquanty, Univ.  

  Delaware, Univ. Waterloo, Texas Tech)  
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Evolution of the Conceptual Site Model 
(CSM) for Hg Loading to the South River 
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Baseline Flow Conditions, Daily Load 
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Leachate flux 

from bank face as 

f (distance bgs)? 



March 2014 Update 
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March 2014 Update 

March 2014 calculations suggested larger contribution to both 
unfiltered & filtered THg water-column loading (5 to 15% @ 95 
percentile) assuming HRAD conditions along both banks. 



Refinement of Bank Leaching Model 

 Increased model complexity (rigor) to better 
simulate groundwater-surface water 
hydrodynamics 

1D, 1-layer analytical model  2D and 3D 

multilayer numerical models 

Texas Tech (Reible research group) 2-layer 

(silt and sand) finite-element model 

Aquanty’s HydroGeoSphere Simulator: 3D 

control volume finite-element simulator for 

modeling entire terrestrial portion of 

hydrologic cycle (15 domains /“layers”) 

 Appropriately matched DGT and piezometer 
well [Hg] data to drainage/seepage location 

 Reconciled Hg loading predictions from 
different models 

Night view of the acid 
recovery unit 
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South River Bank Leaching Models 
Texas Tech and Aquanty Comparison 
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Basis for Comparison 
 
• Drainage Volumes:  3 ft river rise above baseline  
    
• Storm Events: 12/yr @ 3 ft rise + 1/yr @ 5 ft rise 
     
• [Hg] based on RRM 3.5 bank study (DGT + piezometer 

wells) 
     
• Leaching occurs at 100% of banks on both sides of 

channel (worst case) 
 

• Hg Loading:  RRM 0 to 10, annualized, advective flux 
contribution     



South River Bank Leaching Models 
Texas Tech and Aquanty Comparison 
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Parameter
Texas Tech 

Model

Aquanty 

Model

Case 1

(Base Case)

Aquanty 

Model

Case 7 

(High K)

Aquanty 

Model

Case 4 

(Equal K)

Kh for Silt Layer (ft/day) 2.3 1 10 10

Kh for Sand Layer (ft/day) 21 50 100 10

Ksilt/Ksand 0.11 0.02 0.10 1.0

Total Drainage Volume for Silt Layer (L/ft) 25 1.5 47 151

Total Drainage Volume for Sand Layer (L/ft) 230 102 658 130

Total Drainage (L/ft) 255 103.5 705 281

% of Total Drainage Volume from Silt Layer 9.8% 1.4% 6.7% 54%



South River Bank Leaching Models 
Texas Tech and Aquanty Comparison 
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Parameter
Texas Tech 

Model

Aquanty 

Model

Case 1

(Base Case)

Aquanty 

Model

Case 7 

(High K)

Aquanty 

Model

Case 4 

(Equal K)

% Contribution to Total UTHg Load (Storms + Baseline)
10% 0.2% 5% 13%

% Contribution to Total UTHg Load (Storms Only)
7% 0.3% 6% 16%

Advective Hg flux due to bank leaching during a flood 
event contributes up to only 15% of total unfiltered Hg 
load when assuming HRAD conditions along both 
banks. Confirms March 2014 analysis. 



Key Take-Home Messages 
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• All models to date suggest that advective Hg flux due 

to bank leaching contributes < 15% of total unfiltered 

Hg load to the river. 

• During a flood event, > 90% of infiltration and 

inundation water drains downward, exiting through 

the more highly transmissive basal gravel/sand layer 

at the base of a bank. 

• GW velocities used in water-saturated soil columns 

at U. Waterloo agree well with drainage/seepage 

velocities predicted by Aquanty (positive implications 

for proposed biochar treatment layer). 



Key Take-Home Messages 
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• Aquanty predicts that drainage of bank storage water 

through the basal gravel/sand layer occurs over 1 

week to 1 month, meaning that bank leaching may 

partially contribute to Hg load during baseline flow.  

 

 

 

 

• Under this scenario, % contribution advective flux to 

baseline UTHg and FTHg load also < 15%.    

Parameter

Aquanty 

Model

Case 1

(Base Case)

Aquanty 

Model

Case 7 

(High K)

Aquanty 

Model

Case 4 

(Equal K)

% Contribution to Baseline UTHg Load
1% 4% 1%

% Contribution to Baseline FTHg Load
2% 14% 3%



Topic for Next ROPs Meeting 
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• Review of Texas Tech model results, including 

significance of potential diffusive flux contribution to 

bank leaching under baseline flow conditions. 
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