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A tracer study was performed on two pneumatic fracturing and injection boreholes to 

map fracture density and radius of influence in a lacustrine clay/glacial till geological 
environment in northern Alberta, Canada. The objective of the pilot test was to evaluate 
design parameters and implementation methods for a larger scale fracturing/injection 
project as well as assess substrate delivery and fracture distribution within the target 
horizons. This paper defines the process that was used to determine the optimal injection 
borehole spacing that could be used in the full-scale application to achieve maximum 
remedial performance at minimum cost. 

The targeted soils at the site consist of silt/clay lacustrine in the upper 20 feet and a 
dense clay-till below that depth. Approximately 720 gallons of EVO solution, 20 gallons 
of 20 percent Rhodamine WT dye, and 2 pounds of sodium bromide were injected (using 
the pneumatic fracturing and liquid atomized injection method) into six 3.5 ft fracture 
stages spaced between depth intervals 12 ft to 30 ft BGS, at each tracer injection bore-
hole. The radial distance from the injection borehole and density of fracturing in sur-
rounding soil were measured by installing a total of 33 direct-push soil borings along two 
perpendicular axes around each borehole and collecting soil (core) samples on 1-foot 
depth intervals to assess distribution of the Rhodamine WT dye. 

Based on the diffusion calculations for the distribution of dissolved organic carbon in 
silt and clays soils, it was estimated that an average distance between fractures of 2 to 
3 feet would be desirable for a full scale injection application at this site. The pilot test 
data indicated that an injection borehole spacing of 30 feet would likely produce the 
desired fracture density. However, a detailed examination of the soil core samples col-
lected showed complete tracer saturation of the fracture stage located at the interface 
between the till and upper lacustrine silts in all tracer boreholes, at a distance of 25 ft 
from each injection borehole. This injectate distribution indicates that, in cases where this 
interface was the specific target of an injection scheme (for example, in cases where there 
was DNAPL accumulation on this interface due to the permeability contrast), the injec-
tion borehole spacing could be increased to 50 ft while maintaining injection sweep 
efficiency and thereby reducing costs. 
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Contaminant Distribution
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• 400 ft x 400 
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presence at 
lacustrine
/till interface

- plan view of AST farm
- numbers are approximate EDC concentration in soil (ppm)
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Remedial Method Selection

• Pneumatic fracturing
– most cost effective alternative examined (400 ft x 

400 ft x 10 – 30 ft BGS)
– high fracture density and liquid atomized injection

• Initial full scale (vendor) proposed injection
– 5 month schedule
– 12.5 ft radius of influence (ROI) estimated

• vendor experience at previous sites
– 205 boreholes (6 injection stages per borehole)

• Pilot test
– improve cost effectiveness/schedule
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Pneumatic Fracturing
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Source: ARS Technologies
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Field Equipment
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Packer

Injection Nozzle
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Lacustrine/Till Interface
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ROI Geometry
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“Effective ROI”
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Average Number of 1-Foot Core Samples Containing Fractures with Tracer

Radial Distance 
From Injection 

Borehole, ft

Average Number of 1-ft 
Tracer Core Intervals 
Containing at Least 

One Fracture a
Average Spacing Between 

Fractures (ft)
5 12 1.8

10 9 2.4
15 5 4.5
20 4 5.5
25 3 7.3

a Total number of 1-ft depth interval samples per borehole = 22
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Full Scale Injection

• Actual ROI used
– 20 ft

• Number of injection boreholes
– 80

• Schedule
– 3 months (12 days on 6 days off shifts)

18
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Other ROI Indicators

19

• Pressure influence (monitoring wells; n=684)
– 50 ft (avg.)
– 130 ft (max)

• Surface heave (20 ft radius; n=80)
– 0.2 inch (avg.)
– 0.5 inch (max)

• Day lighting (n=110)
– 35 ft (avg.)
– 300 ft (max)
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Lessons Learned

• “Effective ROI” on this ste greater than 
original estimate
– 12.5 ft (original vendor estimate); 20 ft (actual 

used)
– less injection boreholes required

• High efficiency fracture creation at 
lacustrine/till interface
– ROI in excess of 50 ft in all directions
– implications for addressing DNAPL 

• Pilot testing improved cost effectiveness
20
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Cost Effectiveness

• Tracer pilot test costs
– ~ $ 80,000
– ~ $ 110/tracer sample

• Full scale pilot
– 80 boreholes necessary (instead of 205)
– subcontractor (only) cost reduction of 

approximately $600,000

21
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Conclusions

• Good understanding of “effective ROI” 
important

• Rapid field assessment of “effective ROI” 
possible

• High efficiency fracture propagation at 
geological interface very possible

• Pilot testing may substantially improve  
fracturing economics

22
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Questions?
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