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Data Assimilated: 

•   Constant-rate injection tests and EBF data (the posterior distribution obtained serves as prior to the tracer test) 

•   Tracer experiment data conducted in March of 2009 (it produces posterior distributions in results) 

PFLOTRAN Integrated into MAD PFLOTRAN Conceptual Model 

Domain:  120m×120m×10m 
Grid Size:  2m×2m×0.5m 
Max Time Step:  1 hour 
Simulation Time:  250 hours 
Boundary Conditions:  
Transient fluctuating head 
Wallclock Time: 
~40min for 1 realization on 
a single processor core 

Results 
Conditional Hydraulic Conductivity Fields 

•  Demonstrates high-low-high vertical profile along the       
center of the well field 

•  This profile is enhanced after tracer data is assimilated 

Tracer Breakthrough Curves 
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•  The modeled breakthrough curves match the measured 
ones better after assimilating the tracer data 

Assimilation of Experimental data at the IFRC Site 

Theoretical Development 

2.  It does not require limiting 
assumptions (e.g., Gaussianity) 
with regard to the statistical 
distributions of parameters.  

3.  It does not rely on mathematical 
constraints (e.g., regularization or 
optimization) to ensure the stability 
of the inverse problem. 
Consequently, it provides an 
unbiased estimate of the 
uncertainty.  

4.  It is modular, which means that it is 
not linked to any forward modeling 
tool.  MAD’s modular structure is 
summarized in the diagram. 

1.  It employs a theoretically sound method for moving information across multiple scales of 
observations and for reducing the dimensionality of the inverse model.      

Our primary achievement on the theoretical side is the development and implementation of a new theory for 
stochastic inverse modeling and uncertainty quantification – MAD. MAD is built to assimilate multiple types of 
data that are collected at multiple observation scales, and that are related directly or indirectly to the target 
variables (e.g., conductivity, porosity). The data are assimilated using a Bayesian framework, and the end 
product is a series of 3D realizations of the conductivity field.  

The significant points of departure of MAD from the current concepts are as follows: 

Simulations were performed using the massively parallel reactive flow and transport 
code PFLOTRAN developed under the SciDAC-2 program. The code was run on 
LBNL's Franklin Cray XT4 supercomputer at the NERSC facility making use of 
PFLOTRAN's unique multi-realization simulation capability for running multiple 
simultaneous simulations utilizing multiple processor cores per realization. 
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