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This Morning’s Outline

• What am I not going to talk about.
• What I am going to talk about:

– Direct and indirect contact delivery 
approaches.

– Where are we now? 
– What delivery challenges are we trying to 

overcome?
– What innovation have we tried?
– What’s new, if anything?



I’m Not Going To Talk About
• Dosing for Matrix Back Diffusion
• Radius of Influence

– Residence Time
– Seepage Velocity
– % pore volume injected

• Distribution verification
• Optimizing contact through higher resolution 

site characterization
• Soil Mixing
• Regulatory restrictions



What I am Going To Talk About

• Direct and indirect contact delivery 
approaches.

• Where are we now with best practices?
• What delivery challenges are we trying to 

overcome?
• Innovation in our industry
• What’s new, if anything?



Delivery Contact Options
• Direct Contact

– Injection liquids in permeable 
zones and relying on advection 
and/or recirculation for 
additional distribution.

• Direct and Indirect Contact
– Same as above but in 

heterogeneous zones and 
relying on diffusion for 
additional contact in finer 
grained soils not contacted 
directly.

• Indirect Contact
– Emplacement of liquids or 

solids into fine grained soils by 
creating new pathways that 
rely on diffusion and advection 
for contact.

Restoration Advisory Board



Indirect Contact

F.E. Warren AFB, 
Zone C Remedial 
Action Update, In 
Situ Chemical 
Oxidation Using 
Potassium 
Permanganate 
and Hydraulic 
Fracturing, May 
23, 2006



Where Are We Now –
Best Practices
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• Pumps
– Moving away from air 

diaphragm and progressive 
cavity  pumps to centrifugal, 
positive displacement, and 
higher flow piston pumps

• Tooling 
– Switching to larger diameter 

tooling for solids to minimize 
pressure loss

– Inner-Hose To  maintain to 
eliminate pressure spikes  

• Manifolding
– Increasing # of simultaneous 

locations
• Flow rate monitoring

– Converting to magnetic flow 
meters for solids

Where Are We Now –
Best Practices



Delivery Challenges

• Depth (Shallow or Deep)
• Low K formations
• Heterogeneity
• Physical properties of reagents



Traditional DPT Refusal

• 8040 Geoprobe
• Sonic



Low K – Hydraulic and 
Pneumatic Emplacement and Jetting



Heterogeneity

Clay
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Sand

Sand



Physical Properties
• Off gassing
• Abrasives
• Corrosives
• Solubility



Innovations
Increasing Permeability 
• Oil & Gas Production

– Piezo Stimulation
– Primawave
– Downhole Fluidics Oscillator

• AirBurst®
• KAPSDIDS

Heterogeneity
• Shear thinning fluids 
• Electrokinetics

Emplacement in Fine Grained 
Soils
• Electrokinetics
• Constant Head
• BioJetting

Emplacement in Sands
• Fluidization



Piezo Sona-Tool Corporation 
(PST) is engaged in the design 
and fabrication of patented 
transducers based on the slotted 
cylinder technology. Arrays of these 
transducers are assembled into a 
common cylinder that form the 
Sona-Tool. The Piezo Sona-Tool is 
a proven technological 
advancement that transmits low 
frequency pressure waves to 
stimulate  the flow of oil from 
formations, obtain highly dense 
gravel packs, and eliminates 
channels and voids in cement bonds

Increase Permeability –
Piezo Sona-Tool Stimulation



Increase Permeability –
Primawave



Oscillator Stimulation
Increase Permeability –

Downhole Fluidics Oscillator



Increase Permeability –
AirBurst®



Increase Permeability - Kinetically Adjustable Pore 
Space Dilation Injection Delivery System       

“KAPSDIDS”KAPSDIDS



Heterogeneity –
Shear Thinning Fluids



Fine Grained Soils –
Electrokinetics



Fine Grained Soils –
Constant Head

“Constant Head 
Injection For Enhanced 
In Situ Chemical 
Oxidation” Timothy J. 
Pac, ERM,  
REMEDIATION 2014



Fine Grained Soils - BioJetting

Hayward Baker Forms Strategic Alliance 
with EOS Remediation and Chemical 
Grouting Company” DIGITAL JOURNAL, 
June 25, 2014



Fluidization –
Emplacement of Solids In Sand

Fluidization is a 
process  whereby 

a granular 
material, e.g. 

Sand,  is converted 
from a static solid-

like state to a 
dynamic fluid-like 

state.  



What’s New? – Liquid Injection
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Current Injection Best Practice:
• Manual Ball Valve Flow Control
• Pressure regulation through pressure relief valves
• Manual recording of injection parameters

Current Best Practice –
Manual Control and Reporting
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Advanced Injection Manifold



Injection Operator Interface 
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