
Computational suite for underground 
fluid flow & transport modeling in fractured rock 

Underground subsurface is 
fractured. Fractures form fracture 
networks, which provide the main 
path for energy, oil & gas, drinking 
water, and for  hazardous 
contaminants during potential 
release in nuclear waste repositories.

dfnWorks provides unique capabilities to 
simulate and predict flow and transport 
behavior on natural sites of different types of 
rock.

Underground fracture networks 
express complicated 3D geometry. 
The geometry causes difficulties in 
numerical calculations and prevents 
obtaining accurate flow and transport 
prediction results.  

• dfnWorks produces high quality 
unstructured meshes, which 
overcomes calculation difficulties, and 
allows significant increase of  
simulation accuracy. 

• dfnWorks has a capability to process 
geological data obtained on site and 
to perform flow and transport 
prediction for individual sites.

dfnWorks models underground fracture networks 
and simulates fluid flow and transport through 
fractured rock.

How does it work? Reservoir-Scale  Model Example:

Point of Contact: Dr. Makedonska Nataliia, 

EES-16, 505-605-4716, nataliia@lanl.gov

ANTICIPATED IMPACT

PATH FORWARD

DESCRIPTIONBACKGROUND & MOTIVATION

INNOVATION

TRL8: dfnWorks has been installed, tested and 
currently used at LANL, Sandia NL, Oak Ridge NL, 
DRI, as well  as by our colleagues in KTH, Sweden.

dfnWorks: run simulations,  get  underground flow predictions, and achieve safety and effectiveness!

1. Generate fracture 

network according to given 

statistical parameters of the 

natural reservoir site

2. Define the source and 

direction of underground flow

A)#HPC#Simula- ons#on#Complex#
Discrete#Fracture#Network#

Horizontal#well#

32  MIT STUDY ON THE FUTURE OF NATURAL GAS

According to Potential Gas Committee data, U.S. 

natural gas remaining resources have grown by 77% 

since 1990, a testament to the power of technology,  

and an illustration of the large uncertainty inherent  

in all resource estimates.

resource growth is a testament to the power  

of technology application in the development 

of resources, and also provides an illustration 

of the large uncertainty inherent in all resource 

estimates. 

The new shale plays represent a major 

 contribution to the resource base of the U.S. 

However, it is important to note that there is 

considerable variability in the quality of the 

resources, both within and between shale plays. 

This variability in performance is incorporated 

in the supply curves on the previous page, as 

well as in Figure 2.15. Figure 2.15a shows initial 

production and decline data from three major 

U.S. shale plays, illustrating the substantial 

differences in average well performance 

between the plays. Figure 2.15b shows a prob-

ability distribution of initial flow rates from the 

Barnett formation. While many refer to shale 

development as more of a “manufacturing 

process,” where wells are drilled on a statistical 

basis — in contrast to a conventional explora-

tion, development and production process, 

where each prospective well is evaluated on an 

individual basis — this “manufacturing” still 

occurs within the context of a highly variable 

subsurface environment.

Figure 2.15a Illustration of Variation in Mean 

Production Rates between Three Shale Plays
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Figure 2.15b Illustration of Variation in Initial 

Production Rates of 2009 Vintage Barnett Wells
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Source: MIT analysis; HPDI production database and various  

industry sources

Source: MIT analysis; HPDI production database and various  

industry sources

Moniz,#Ernest#J.,#et#al.#The#future#of#natural#gas.##
MIT#Study#(2011).#
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3. Simulate transport and predict oil& gas production

Oil corporations
dfnWorks modeling is able to answer 

questions and to suggest the most 

effective way of producing / drilling / 

fracking at the reservoir. It allows to: 

1. significantly reduce expenses 

2. decrease the impact on the 

environment

Collaboration with industry who are 

providing statistical parameters of 

fractured rock, increase possible 

applications and tasks.

Distribution of the product to all 

interested users. Increase impact!

Sponsors for further development of 

the model. Develop new capability; 

improve the model to depict the sites as 

realistically as possible.

Other example of dfnWorks application
• Prediction of contaminant transport from potential 

release in nuclear waste repositories. Those results 

will help to avoid placing nuclear waste repository in 

wrong (very fractured) sites and save the environment! 

During last two years, more than 10 articles were peer 

reviewed and published based on dfnWorks results.  

Prediction allows to estimate how much energy will be 

extract in the first period of time and how much additional 

hydraulic fractures should be performed in order to 

increase production later.  

Government
dfnWorks simulations allows to predict  

movement of hazardous contaminants in 

potential release from nuclear waste 

repositories. It’ll help to:

1.reduce a risk of choosing a wrong 

location for repository

2.save resources trying to prevent a 

leakage or fighting with  leakage 

consequences

3.keep drinking water clean 
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