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BACKGROUND.  The S-3 ponds vadose zone hydrology is extremely complex due to 
remnant anthropogenic alterations of the site (i.e., 0-7 meters of poorly sorted limestone gravel 
fill, the construction of the cap and the subsequent flux of water during rainfall events, and the 
concentration of water due to the construction of a gravel lined ditch adjacent to the ponds).  In 
order to investigate the vadose zone variability, we explored the use of time-lapse seismic 
refraction tomography (TLSRT) techniques and associated changes in velocity due to density 
and bulk moduli variations with moisture. 

DATASETS and SCALING. Several datasets are available for use in this analysis, including 
time-lapse wellbore hydrogeochemical, crosshole geophysical, and surface electrical datasets.

DATASETS.  Beginning in August of 2007, we 
collected multiple coincident seismic refraction profiles at 
the Oak Ridge IFC in order to monitor hydraulic 
recharge. The profiles extend perpendicular to geologic 
strike and parallel to the western edge of the former S-3 
ponds.  Hydrologic wells used to independently verify the 
existence of a perched water table are offset from the 
profiles by ~.5 meters.  To date, approximately 35 
spatially identical profiles have been acquired extending 
from August of 2007 to present day.
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The impact of large episodic, seasonal, and annual recharge on remediation 
and natural attenuation of subsurface contaminants is not well understood 
and could represent a significant factor, especially at humid DOE sites. 

• At the ORNL IFRC, recharge adjacent to the source (S-3 ponds) and 
along the length of the groundwater plume is the main hydraulic driver for 
groundwater flow and dilution of contaminants along the pathway.

• Through extensive data acquisition and analysis coupled to predictive 
models, we explore the potential of geophysical datasets for quantifying 
flowpaths and recharge-related processes at the watershed scale. 

We present field ORNL IFRC hydrogeochemical-geophysical (seismic 
reflection, seismic refraction, and electrical conductivity)  datasets and the 
analysis of these datasets using  joint inversion and coupled modeling 
approaches. The study is leading to new geophysical monitoring methods 
and approaches to integrate multi-scale, disparate datasets and insights 
about recharge processes and aquifer structure that may impact 
assessment of natural attenuation across plume-scale regions. We review 
the  ORNL datasets and inversion approaches used to:

1. Quantify subsurface architecture that may influence flow at the 
plume scale at the NT-2 and the S-3 Areas.

2. Remotely monitor subsurface hydrogeochemical processes induced 
by recharge, initially at the S-3 source area.

RESULTS   The developed framework was tested through synthetic studies and ORNL 
datasets. The analysis indicated:
• that the incorporation of local-scale depth constraints provided by wellbore datasets in the 
geophysical inversion procedure significantly reduced the uncertainty in the estimates of 
subsurface architecture obtained using surface seismic refraction datasets. 
•the location of a laterally extensive seismic low velocity zone that may serve as a preferential 
subsurface flowpath along the plume axis. 

COUPLED MODELING APPROACH
We have developed and tested a coupled 
numerical models to permit joint consideration of 
hydrogeochemical-geophysical datasets and to  
explore the sensitivity of time-lapse electrical 
tomographic (ERT) methods for monitoring 
recharge-related processes. 

Calibration: Model developed to simulate local-
scale hydrogeochemical conditions at S-3 area 
during geophysical experiments and successfully 
calibrated using 2008 data sets:

•Rainfall rates and ditch water 
levels 
•Water levels in 
perched/saturated zone
•Nitrate profiles (for 
December)

RESULTS. The modeling is 
allowing us to distinguish the impact of 
different recharge-related processes 
on the geophysical signature and to 
gain confidence in the use of surface-
based ERT measurements for 
monitoring recharge-related 
processes across the plume.

Our study is leading to new methods to monitor watershed scale processes and integrate 
datasets, and to insights about the ORNL IFRC architecture and recharge processes. Ultimately, 
we will superimpose our seismic-based architecture quantification with the electrical-based 
recharge monitoring estimates to gain insights about processes associated with natural episodic, 
seasonal, and annual recharge along the plume extent.

•Chen, J., S. Hubbard, D. Gaines, V. Korneev and D. Watson, Bayesian-based Joint inversion of 
Seismic and Wellbore data for Watershed Architecture Quantification, in development for WRR, 
2009.

•Gaines, D.P., G. S. Baker, S. S. Hubbard, D. Watson and P. Jardine, Monitoring a Perched 
Water Table using Time-Lapse Seismic Refraction Tomography, Submitted to GRL, 2009.

DATASETS   Several types  of datasets 
are available for use in this analysis, 
including:
•Regional  seismic refraction tomography 
profiles located along plume strike
•Depth of penetration information from 
direct push approaches
•Depths to key interfaces from wellbore 
information.
•Wellbore flowmeter and crosshole 
tomographic measurements

BACKGROUND. Although time-lapse electrical resistance tomography (ERT) data have the 
potential to illuminate recharge-related processes, distinguishing between the hydrogeochemical-
geological influences can be challenging using geophysical data alone. The overall objective of this 
task is to integrate the time-lapse electrical data with wellbore hydrogeochemical data to address 
questions such as:

• Which recharge-related processes dominate at which locations in the watershed (i.e., as a 
function of depth and distance from source)?

• How do these processes impact contaminant concentration and mobility?
• What is the time lag between recharge events and re-establishment of geochemical 

equilibrium?
• Can non-traditional methods be used to explore recharge processes across the plume?

RESULTS.  The hydrologic point measurements 
correlate with the seismic measurements of the perched 
water table.  Thus, at the near-surface, it is believed we 
are successfully imaging both the upper limits of the 
perched water table as well as its vertical separation 
from the regional water table.  

The percent difference images indicate multiple regions 
of variable velocity at levels around assessed noise 
level.  Comparing these results with the expected 
hydrogeophysical response and continued petrophysical 
investigations will permit interpretation of perched water 
and preferential recharge using TLSRT.

BACKGROUND   Surface geophysical datasets are useful for providing information about 
subsurface geometry that can impact flow. The conventional procedure entails inversion of the 
geophysical dataset followed by comparison with wellbore data for interpretation. This two-step 
procedure does not take advantage of the often complimentary information on offered by the 
wellbore and surface geophysical dataset in the inversion. Additionally, the geophysical inversion 
result can be significantly altered by inversion choices. 

Building on previous research that indicated the use of seismic tomographic datasets to quantify 
fracture zonation at the local scale (Chen et al., WRR, 2005), we are using surface seismic 
refraction datasets within an inversion framework to quantify flow architecture at the regional scale. 
We develop and test a stochastic inversion approach that simultaneously honors wellbore datasets 
to provide estimates of key interfaces and their uncertainties. 
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JOINT INVERSION 
APPROACH - A ‘one-step 
process’:

•Jointly honors relevant datasets and 
prior knowledge in inversion 
procedure.

•Provides architecture estimates and 
associated uncertainties.

• Elastic 2D (rather than raypath) –
works in traditionally ‘difficult’ 
environments (LVZ)
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Synthetic studies (not shown) suggest Bayesian approach provides:
• Improved delineation of interfaces and Low Velocity Zone;
• Good quantification of interface depth uncertainties.
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• Predicted Nitrate concentrations reproduced reasonably well; complex phenomena 
near transition zone not yet captured. 

• Resistivity calculated from simulated properties with petrophysical function compares 
well with borehole ERT data; peak near 9 m not yet reproduced.

• Currently calibrating coupled hydrogeophysical model to directly simulate the ERT 
data together with the hydrogeochemical data; will improve understanding of ERT 
response to hydrogeochemical processes
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