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TRANSPORT MODELING IN CONTAMINANT HYDROGEOLOGY
EPM VS DFM

Equivalent Porous Media (EPM)

• Averaged fracture matrix properties

• neglects controlling processes 

• inadequate for transport in fractured rock

Discrete Fractured Matrix (DFM)

• most rigorous approach

• field ground truthing (profile comparisons)

• computationally demanding

• Difficult to parameterize with standard methods

• A DFM Field Approach provides inputs



2) Identifying the “active” fracture network
• New methods for Identifying and 

representing active fractures in model –
Critical Reynolds Number (Rec) Approach 

3) Model Runs
• Example Results of 2D / 3D Flow & Transport 

simulations using DFM paramaterization

Outline of Talk
Applying our DFM approach for model parameterization

1) Parameterizing the static fracture network
• Methods for Identifying mechanical units



Development of DFM model
Applying a DFM approach for model parameterization

1) Parameterizing the static fracture network
• Methods for Identifying mechanical units



Stratabound joint system

Joints are largely confined to individual 

beds, their size is limited to a narrow range 

and spacing is regular

Non-Stratabound joint system

Joints cover a wider range, fractures cross 

cut bedding and spacing tends to be 

clustered 

(Odling et. al, 1999)

Types of Joint Systems



Joint network at sedimentary rock research sites exhibit 

the characteristics of a stratabound system

Joints are:

• confined to individual beds 

separated by fine grained unit or 

bedding plane features

Outcrop Photo SSFL



What are Mechanical Units?

• Groups of layers displaying regularly 
spaced joints

• All (most) joints start and end at the 
boundaries of the unit itself. 

• Most commonly identified using 
outcrops but can also be obtained 
using borehole data.



Challenge - Establishing Mechanical Unit 

Distribution in Subsurface

• Outcrops most often cannot offer 
information regarding mech units in 
subsurface

• Must rely on borehole data to identify 
mechanical units distribution with 
depth

• Horizontal continuity exhibited by 
mechanical units means borehole 
data useful despite small sample size. 



Identifying Mechanical Units using OTV/ATV Logs

Low-K Unit

Mechanical 
Interface

RD-107 – OTV Log

• Mechanical Units can be identified 

using borehole imaging tools.

• Like outcrop analysis, potential 

mechanical unit interfaces are 

identified by low K units or bedding 

plane features.  

• Offers location/depth specific 

Mechanical Unit distribution

Mechanical Unit



Example of fracture 
termination at bedding plane 
partings located at lithology 
boundaries.

IDENTIFYING MECHANICAL UNITS USING OTV/ATV LOGS

OTV LogDepth



Potential Mechanical Unit Interfaces
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Cumulative Fracture Intensity Plot and Potential Mechanical 
Boundaries (Borehole Image Derived)

Overlay potential mechanical unit 
interface

Consistent slope in fracture frequency 
plot is also evidence of a mechanical 
unit
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Final Mechanical Stratigraphy Defined Using 
Borehole Image Analysis and CFI Plot
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Mechanical Units Used to Define Fracture Generation Grid
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Domain = 160m x 160m x 180m

Example of Outcrop
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C10- Cumulative Fracture Intensity and Mechanical Units

FRACTURE FREQUENCY OF EACH MECHANICAL

UNIT CALCULATED

Frac/m

1.3 frac/m

6.0 frac/m



FRACTURE FREQUENCY OF EACH MECHANICAL UNIT

ASSIGNED TO RESPECTIVE LAYER IN MODEL GRID

Frac/m

Fracture
Frequency



STATIC FRACTURE MODEL INFORMED

BY OTV FRACTURE DATA

73,430 Simulated Fractures
Domain = 160 x 160 x 180m 



1) Methods for Identifying / modeling mechanical 
stratigraphy

2) New Methods for Identifying and representing 
active fractures in model – Critical Reynolds 
Number (Rec) Approach 

3) Results: Run 2D / 3D Flow & Transport simulation 
using the active fracture system. 

Development of DFM model
Applying a DFM approach for model parameterization



NUMBER OF ACTIVE FRACTURES CONTROLS PLUME

MIGRATION DISTANCES

Source 50 years 

GW Flow

Source 50 years

GW Flow

Dense Network Sparse Network

Same bulk K but very different contaminant distribution



BOREHOLE FRACTURE IDENTIFICATION METHODS

STATIC

Core Logging Borehole Imaging

Acoustic 
Televiewer

Optical 
Televiewer

• Good for observing distribution of fractures in boreholes
• Provide limited information regarding which fractures have active flow



FRACTURE IDENTIFICATION METHODS

HYDRAULIC

Temperature
Profiles - ALS

Packer 
Testing

CoolingTransmissivity

Rec Informed
Fractures

OTV/ATV

Borehole
Imaging

Core 
Fractures

Visual Interpretation of fractures combined with evidence of flow to identify “active” fractures



Pehme, P. E., et al. (2013). 

Journal of Hydrology

ALS - HIGH RESOLUTION TEMPERATURE LOGGING TECHNIQUE

FOR IDENTIFYING FLOWING FEATURES IN LINED BOREHOLE

Pehme, P. E., et al. (2007). 

Journal of Environmental & 

Engineering Geophysics, 



NEW CRITICAL REYNOLDS NUMBER (REC) ANALYSIS FOR ESTIMATING

DISTRIBUTION OF PERMEABLE FRACTURES IN BOREHOLES

• Quantifying the distribution of permeable fractures 

using fluid mechanical behaviour – Onset of non-

Darcian flow : Critical Reynolds Number (Rec)

• Requires Constant Head Step Tests in short isolated 

packer intervals

• Uses visual physical fractures (Core, OTV, ATV) to 

constrain analysis. 
Quinn et. al. 2011

Journal of Contaminant Hydrology



ACTIVE VS STATIC FRACTURE DISTRIBUTION

Rec Informed Fractures
Visualized in FracMan

• ALS/Rec analysis produced a 58% reduction from OTV fractures
• General pattern of fracture intensity (mechanical units) remains unchanged

Cumulative Fracture Intensity Plot
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58% Reduction 
In Fractures 

Core/ATV/OTV Informed
“Static” Fracture Network

Rec / ALS Informed
“Active” Fracture Network

FIELD INFORMED ACTIVE FRACTURE NETWORK

REPRESENTED IN 3D MODEL (FRACMAN)



FIELD INFORMED “ACTIVE” FRACTURE NETWORK REPRESENTED IN

2D DFM TRANSPORT MODEL (FRACTRAN)

1 1.5

0.72

3 0.9

0.64

5 1.1

6 0.4



2D DFN TRANSPORT MODEL FOR INDUSTRIAL SITE IN

CAMBRIDGE, ONTARIO, CANADA

(530 mg/L 4 years)

(530 mg/L 43 days)
Placed where highest 
Concentrations of MET
Detected in rock core.



Metolachlor (ug/L)

GROUND TRUTHING DFM MODEL
SIMULATED CONTAMINANT DISTRIBUTION VS ROCK PORE WATER CONCENTRATIONS

Field informed DFM 
model reproduces the 
vertical distribution of 
contamination observed 
in rock core. 

Metolachlor (ug/L)



PUBLISHED IN JOURNAL OF THE GEOLOGICAL

SOCIETY OF LONDON

Parker et. al. 2018

Presents site conceptual model using high 
resolution DFM data sets and numerical 
modeling to show site source and plume 
evolution



Conclusions

• DFM Models are excellent tools for simulating transport in 

fractured rock, exploring uncertainty and testing conceptual 

models  

• Require rigours DFM focused field approach to properly 

parameterize the fracture network 

• Important to represent mechanical unit distribution and active 

fracture network for accurate representation of plume
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