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Task 1Task 1
EFPC Model Update, Calibration, Uncertainty AnalysisEFPC Model Update, Calibration, Uncertainty Analysis

•• Developed and calibrated numerical model for Developed and calibrated numerical model for 
hydrology, sediment and Hg transport in UEFPC hydrology, sediment and Hg transport in UEFPC 
(1996 to present).(1996 to present).

p , , y yp , , y y

(1996 to present). (1996 to present). 

•• Reconfigured model to incorporate a Reconfigured model to incorporate a 
sedimentation module and then extended it to sedimentation module and then extended it to 
include the entire EFPC watershed.include the entire EFPC watershed.

Station 17

•• Performed numerical simulations using a range of Performed numerical simulations using a range of 
Manning’s numbers, threshold runManning’s numbers, threshold run‐‐off water off water 
depths, and drainage coefficients to calibrate flow depths, and drainage coefficients to calibrate flow  UEFPC

Y‐12 Security 
Complex

from 2000 from 2000 –– 2008. MATLAB scripts were used for 2008. MATLAB scripts were used for 
statistical analysis of observed and computed data. statistical analysis of observed and computed data. 

•• Provided U.S. DOE with assessment reports on the Provided U.S. DOE with assessment reports on the 

Outfalls
River/Stream
Buildings
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effectiveness of 8 different remedial scenarios.effectiveness of 8 different remedial scenarios. Total suspended solids and Hg concentration Total suspended solids and Hg concentration 
compared with historical data at Station 17compared with historical data at Station 17



Mercury (Hg) Contamination inMercury (Hg) Contamination in

>> 22 milmil llbsbs HgHg releasedreleased toto environmentenvironment inin soilsoil sedimentsediment surfacesurface

Mercury (Hg) Contamination inMercury (Hg) Contamination in
Oak Ridge ReservationOak Ridge Reservation

>> 22 milmil.. llbsbs HgHg releasedreleased toto environmentenvironment inin soil,soil, sediment,sediment, surfacesurface
water,water, groundwater,groundwater, buildingsbuildings andand otherother infrastructureinfrastructure duringduring LiLi‐‐
isotopeisotope separationseparation processprocess toto produceproduce nuclearnuclear fusionfusion weaponsweapons atat
YY‐‐1212 NationalNational SecuritySecurity ComplexComplex ((NSC)NSC)..
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Soil Sample Extraction at YSoil Sample Extraction at Y‐‐12 12  Soil Mercury ContaminationSoil Mercury ContaminationYY‐‐12  Area12  Area



•• Streams:Streams:
IntroductionIntroduction

•• EFPC EFPC –– NE to SWNE to SW

•• 24,610 m long24,610 m long

•• 287m287m 226 m226 m•• 287m 287m –– 226 m 226 m 
above SLabove SL

•• General slope:0.23%General slope:0.23%pp

•• Domain Area: 29.7 sq. Domain Area: 29.7 sq. 
mi.mi.

EFPC Watershed Regional SettingsEFPC Watershed Regional Settings •• Streams Length: 88 miStreams Length: 88 mi

•• Knox Aquifer Knox Aquifer –– solution solution 
conduitsconduits

EFPC Watershed Regional SettingsEFPC Watershed Regional Settings
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conduitsconduits

•• ORR ORR ‐‐ fracturesfractures
EFPC WatershedEFPC Watershed



General Objective:

Research ObjectiveResearch Objective
j

• Investigate the flow and transport of mercury (Hg) 
within EFPCwithin EFPC.

Detailed Objectives:
• Modify existing integrated surface and groundwater 

model for flow and Hg transport for EFPC (MIKE SHE 
and MIKE 11).)

• Incorporate sedimentation module (ECO Lab).
• Analyze a range of hydrologic events and predict the 

transport patterns of mercury

Advancing the research and academic mission of Florida International University.Advancing the research and academic mission of Florida International University.

transport patterns of mercury.
• Calibration.



• Model simulations using observed total suspended solids and total

MethodologyMethodology
mercury concentration timeseries.

1. Time series plots of observed and simulated values for fluxes or
state variables (e.g., stage, sediment concentration, and biomassstate variables (e.g., stage, sediment concentration, and biomass
concentration).

2. Observed versus simulated scatter plots, with a best‐fit linear
i li di l d f fl i blregression line displayed, for fluxes or state variables.

3. Cumulative frequency distributions of observed and simulated
fluxes or state variables (e.g., flow duration curves).( g , )

Characterize 
Data

Conceptual 
Model

Develop  
Numerical Model 

Conduct 
Sensitivity & 
Uncertainty 

Transport And 
Fate Analysis & 

Forecasting
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Analysis Forecasting



Modeling ApproachModeling Approach

MIKE SHE: 3‐D saturated and unsaturated groundwater flow, 2‐D overland flow
model deterministic, physically based & fully distributed hydrological modeling
system It consists of the Water Movement and Water Quality modules

Model Modules Conceptual InteractionModel Modules Conceptual Interaction

system. It consists of the Water Movement and Water Quality modules.

MIKE 11: 1‐D river flow model. Solves vertically integrated equations for the
conservation of continuity and momentum. Hydrodynamic (HD) & advection (AD)
modules

Advancing the research and academic mission of Florida International University.Advancing the research and academic mission of Florida International University.

modules.
ECOLAB: Numerical ecological model used to simulate the fate and transport of
mercury at the water and sediment interface.



Modeling ApproachModeling Approach
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• The unsaturated zone uses Van Genuchten’s
U

Model.
• Hydraulic conductivity is a function of moisture 
content.

• Flow/transport is predominantly in a vertical• Flow/transport is predominantly in a vertical 
direction.

• Flow and transport in the saturated zone is 3‐D 
and predominantly in a horizontal direction.
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Subsurface Hydrology



Modeling ApproachModeling Approach

Advancing the research and academic mission of Florida International University.Advancing the research and academic mission of Florida International University.

Schematic of the modular setSchematic of the modular set‐‐up and processes of MIKE SHE, MIKE 11, and ECO Lab arranged in up and processes of MIKE SHE, MIKE 11, and ECO Lab arranged in accordance accordance to the EFPC model structure.to the EFPC model structure.



Modeling ApproachModeling Approach
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Overview of EFPC Model Updates Overview of EFPC Model Updates 



Model UpdatesModel Updates
Data extracted, categorized, GIS, timeseries (dfs2) : 

OREIS spatial query tool (A), and sample segments OREIS spatial query tool (A), and sample segments 
extracted (1) extracted (1) ‐‐ (2).(2).

, g , , ( )
• Groundwater levels
• Surface water levels
• Mercury Concentrations
• EFK 13 8 18 2 Sta 3538250• EFK 13.8, 18.2, Sta. 3538250
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Image overlay of observation stations, streams, water bodies, and topography (A), Image overlay of observation stations, streams, water bodies, and topography (A), 
imperviousness (B),  soil type (C),  and land use (D).imperviousness (B),  soil type (C),  and land use (D).

Data Extracted for Observation Sta. 3538250Data Extracted for Observation Sta. 3538250



Model UpdatesModel Updates

Upper and lower aquifer retention curve Upper and lower aquifer retention curve parametersparameters

Retention & Hydraulic ConductivityRetention & Hydraulic Conductivity

Advancing the research and academic mission of Florida International University.Advancing the research and academic mission of Florida International University.

Retention & Hydraulic Conductivity Retention & Hydraulic Conductivity 
Curves for Upper & Lower Curves for Upper & Lower 

Aquifer layersAquifer layers



R lt  C lib ti  S iti itR lt  C lib ti  S iti itResults, Calibration, SensitivityResults, Calibration, Sensitivity

Comparison of discharges Comparison of discharges timeseriestimeseries at EFPC 3209.9(computed) and at EFPC 3209.9(computed) and 
EFK 23.4 (observed).EFK 23.4 (observed).

Comparison of discharges Comparison of discharges timeseriestimeseries at BC 7700.06 (computed) and at BC 7700.06 (computed) and 
03538270(observed).03538270(observed).

Advancing the research and academic mission of Florida International University.Advancing the research and academic mission of Florida International University.

Comparison of flow duration curves for EFPC 3209.9 (computed) Comparison of flow duration curves for EFPC 3209.9 (computed) and  and  
EFK 23.4 (observed).EFK 23.4 (observed).

Comparison of flow duration curves for BC8728.87 (computed) and Comparison of flow duration curves for BC8728.87 (computed) and 
03538273 (observed).03538273 (observed).



R lt  C lib ti  S iti itR lt  C lib ti  S iti itResults, Calibration, SensitivityResults, Calibration, Sensitivity

Comparison of pre‐calibration Hg concentration probability exceedances

Observed and computed TSS load and Observed and computed TSS load and Hg Hg concentration load for observed concentration load for observed 
and computed Station 17.and computed Station 17.

Comparison of pre calibration  Hg concentration probability exceedances
for EFPC 3209.9 (computed) and EFK 23.4 (observed).

Advancing the research and academic mission of Florida International University.Advancing the research and academic mission of Florida International University.

Total Total  Hg Hg timeseriestimeseries depicting sensitivity to organic partition depicting sensitivity to organic partition 
coefficient (coefficient (KdKd) for various simulations. ) for various simulations. 

Comparison of postComparison of post‐‐calibration calibration Hg Hg concentration concentration probability probability exceedancesexceedances
for EFPC 3209.9 (computed) and EFK 23.4 (observed).for EFPC 3209.9 (computed) and EFK 23.4 (observed).



ConferencesConferences
Waste Management Symposia (WMS)  International Symposium on Persistent Toxic Substances

• Location: Phoenix, AZ
• Time:

• Spring of 2012

• Location: Miami, FL
• Time:

• Fall 2012p g
• Spring of 2013

• Outcome
• 2 Student Poster
• 1 Professional Presentation

• Outcome
• 1 Professional Presentation
• 1 Published Paper

• 1 Professional Presentation
• 1 Published Paper

Internship at Sullivan International, Inc.Internship at Sullivan International, Inc.

Advancing the research and academic mission of Florida International University.Advancing the research and academic mission of Florida International University.
DOE Fellows Class of 2011DOE Fellows Class of 2011 WMS 2013WMS 2013WMS Poster Exhibition 2012WMS Poster Exhibition 2012
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