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• Contaminant loading into 
fractured porous bedrock

• Head gradient controls 
general plume direction

• Preferential flow paths 
through fractures

• Fracture and matrix 
porosity

• Diffusion into porous 
bedrock matrix 

Contaminant Transport and Fate
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Key Questions:

Where?

How Fast?

What Concentration?

Source

Reference: Fractured Bedrock Field Methods and Analytical Tools, Golder 2010
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• Decisions on risk 

management and 

remediation

• Remediation can be 

complex and 

expensive

• Site assessment 

methods that inform 

Conceptual Site Model

Why do we care?

Informed 
CSM

Predictive 
Simulations

Data Gap 
Identification

Site 
Assessment

Remediation 

and Risk 

Management
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• What parameters influence contaminant transport?

Fractured Rock – Key Parameters

We need to use site assessment 

techniques that evaluate these parameters

Parameter Key Questions

Orientation Where?

Spacing/density/frequency How fast?

Aperture How Fast? 

Hydraulic conductivity/permeability How Fast? 

Porosity (fracture vs. matrix) Concentration? How fast?
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Alberta Foothills
Oil & Gas Sites

Reference: AGS, 2013 Map 560
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• Acoustic for below fluid 

level

• Optical for clear 

water/above fluid level

• Oilfield - more 

advanced acoustic and 

resistivity based options

Borehole Image Logging

Base of casing

Water Table

OPTICAL
ACOUSTIC

Where?
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• Acoustic for below fluid 
level  

• Optical for clear 
water/above fluid level

• Oilfield - more advanced 
acoustic and resistivity 
based options

Borehole Image 
Logging

RESISTIVITY

Where?
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Borehole Image Logging

• Method to estimate 
mechanical and hydraulic 
aperture from electrical image 
logs

How Fast? What Concentration?
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Fractures Sets - Orientation

BeddingOpen Fractures Closed Fractures

• Most orientation data comes from image logs but can come 

from oriented core

Where?
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• Validation of core 

recovery/quality

• Estimate of

fracture porosity

• Core handling critical 

and calculated fracture 

porosity can be biased 

high

Core - CT Scan

How Fast? What Concentration
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• Core can be oriented so that 

fracture orientations can be 

obtained;  this is more expensive 

• Unoriented core can be analyzed 

for other properties like fracture 

frequency, porosity, and 

permeability

Core Analysis

Where? How Fast? What Concentration?
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Core – Laboratory Testing

Full Diameter

Core Plug

How Fast? What Concentration?

• Plugs = 

matrix porosity and

permeability

• Full Diameter = 

matrix + fracture 

permeability and 

porosity 

• Characterization of 

anisotropy 
– At borehole scale
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• Evaluate:

– Hydraulic conductivity (K)

– Groundwater quality

• Monitor nearby wells 

• Zones selected based on:

– Drilling info

– Geophysics/image logs 

Borehole Packer Testing – Zone Isolation

Transducer

Pump
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How Fast?

What Concentrations?
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Borehole Profiles

• Transmissivity Profile:

– High resolution 

measurement of 

hydraulic conductivity

– Identify hydraulically 

active fractures

Where?

How Fast?
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Borehole Profiles

• Reverse Head Profile:

– Determine hydraulic head 

in specific intervals

– Vertical gradients

Where?

How Fast?
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Multi-Level Wells

• Water FLUTe:

– Sampling ports (groundwater 

quality)

– Optional pressure transducers 
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Anisotropic Drawdown in a 
Pumping Test

3D Interpretation

of hydraulically connected

fracture network from 

monitoring well network

Monitoring well screen interval 

and FLUTe multi-level ports

Where? How Fast? What Concentration?
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• Options to analyze:

–Numerical model

–Simplified analytical 

approaches

Anisotropic Drawdown in a Pumping Test

Where? How Fast? What Concentration?
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Scale Considerations

Image logs

Point 

(borehole)

scale

Site

scale

Core 

analyses

Packer 

testing

FLUTe

profiles

Well 

testing

Well 

network 

monitoring
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Summary

• Flow and transport in fractured bedrock is inherently complex, 

may require significant effort and different approaches to 

characterize.

• Filling data gaps in conceptual site model. 

• Various field characterization techniques for different stages 

• Validate results with different methods and scales
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