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Presenter
Presentation Notes
This presentation is less ambitious than my abstract. I’ve decided to focus on one big theme which helps in understanding carbon injections. Carbon injected has to go somewhere! And the architecture of the carbon disposition should inform expectations in regards to outcomes.



Carbon in Soil Boring
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This lithology log having horizontal orientated carbon seams.



Vertically Split Borings

A.

B.

C.
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If you slice open a core you will see distribution that is not usually evident from the outside of the core. In the top log (A.) you see mixing and vertical features; in the next long down (B.), you see horizontal feature and carbon intercalated between two different geological materials. In (C.) you see the a horizontal carbon  band which may have a vertical aspect. It’s also possible that the core sleeve smeared the band.



Seemingly Small Seams Can Fill Large Voids
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Horizontal slice through the core may provide yet a different view.



Well mixed Carbon and Media
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Sometime you’ll see significant mixing!



Excavation Post-injection Carbon Distribution
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Fort Knox Self Service, Maudraugh, KY



Lines of Carbon in the Soil
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Carbon noted by contractor at 4 to 6 feet.



Carbon Heavy Features
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This is a common bifurcation feature. Let’s look closer.
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Notice that there are several lifts in the soil media. Note also that the lifts persist, horizontally over many feet.
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Another interesting feature.



Flat Sheets Vertical & Horizontal
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Maudraugh, KY Featue having both horizontal and vertical components.
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Note significant amounts of carbon.



Within the Hydrated Zone
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The carbon under some pressure or was at least seeping.



Vertical Carbon Sheets
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Not that vertical fractures in clay are prevalant (Ray Frost, Queensland, Soil Microstructure 46(1), pg 47-58.) Roll out your Christmas ribbon. 



Closer Examination of Core Slices
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These are soil cores I examined with a dissecting microscope.



Carbon Intersecting Between Soil Textures
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This picture give you a clear view of carbon. You can see the granularity relatively  to the finer clays and sands.



More
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This is a good visualization of the carbon intercalated between the interface of a very fine material and a courser material. 



Intercalation Between Clays
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This is a good visualization of the carbon intercalated between the interface of  two clays.




Dendritic Distribution Patterns
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This illustrates the dendritic distribution of carbon distribution. Note that the orientation is rotated 90 degrees.



Many Fine Features



Carbon Filling Macropores in the Media
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This is a great picture showing the carbon and showing a natural passage in the soil marked by the red arrow.



Another Pore
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This is another opening. Note that it is lined with carbon.



Minit Mart Prior to Injection
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Former Minit Mart AI 61523, Ensafe, Hodgenville, KY
This is an illustration of the contamination plume.



The Coloration Marks Injection Areas
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MW- 9 is to the left of the canopy while MW-22 in on the waterline.



Post-injection COCs Increase in MW-10, Outside 
Injection Area
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Former Minit Mart AI 61523, Ensafe, MW-10, the next two monitoring events through 4/11/18 continued the trend above 1 ppm.  For 5 years the concentrations had been 0.1 to ND, but in 2007 and 2009 it had been around 1 ppm for benzene, and notice the xylene.



Minit Mart Post Injection
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It appears that the site is significantly improved around MW-9 and MW-22, but MW-10 demonstrates contamination when it had not done so prior. Don’t be too influenced by modeling. It is likely that the utility corridor facilitated contamination transport. So, lesson is that movement occurs in low resistance pathways and two objects cannot occupy the same space!



Fort Knox Self Service 
(You’ve seen this before)
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Note the area circled in red. This is a cluster of MWs: 24, 17 superior and 29, 30 below.



“Push” by Gravity Feed Liquid?
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Fort Knox AI 59178 Gravity feed “injection”. In this piolet MW-17 decreases by about ½. I am not showing you that in a graph. MW-28, however, increased 3 fold. The interesting thing is that this pilot study had a second area which was pressure injected. That area didn’t demonstrate an increase in COC concentration MW-27 and MW-3R.



Post-injection ¼ Inch Free-Product in MW-28
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At times the carbon injection may be “diagnostic”. Prior to the 1st injection, the site had not demonstrated Free-Product. But post the 1st injection MW-17 showed Free-Product. So, while the site was well characterized there was still occult Free-product. After the 2nd injection it returned in MW-28.



Yep, now you know where you’ve seen Fort Knox 
Self Service!



Petroleum Present

Presenter
Presentation Notes
There is nothing about the presence of petroleum or its components, or monitoring wells for that matter, that uniquely attracts an injectate, carbon or otherwise. All injectates, with varying degrees of success (depending on emplacement approach and a variety of other things), travel in those low resistance pathways which they intersect. Keep in mind that only 5 to 23% of all clay fractures are hydraulically active, (Klint et al., 2001; Jorgensen et al., 2003) so you should not be surprised that many fractures will not contain petroleum (COC). It is also true that fracture that contain injectate may not contain petroleum. 



Dodge’s Store
Pilot Injection MW-14 Decreases BTEX at MW-12

MW-14

MW-12 MW-15 MW-11
22ft
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Dodge’s Store, AI: 59172, Maldraugh, KY. The pilot study was does to see if we could target the 5 to 10 foot interval. The pilot injection around MW-14 significantly influenced (decreased conc. of BTEX) in MW-12. The area around MW-12 was not injected. 



Influence Range of Injection

0

5

10

15

20

25

30

35

40

45

11/18/2010 4/1/2012 8/14/2013 12/27/2014 5/10/2016 9/22/2017 2/4/2019

C
on

c.
 N

or
m

al
iz

ed
 to

 M
W

-1
4 

pp
m

Date

Total BTEX for MW's Inside and Outside the Injection Area 8.5X Total BTEX for 
MW-12 to Normalize to MW-14

MW-12 MW-14

MW-14 Pilot

Larger Purple Area 
Around MW-12

Presenter
Presentation Notes
Dode’s Store, AI:59172, Adam Smith, AMEC Foster Wheeler, Chase Injection Contractor.
Note that the conc. In MW-12 were increased 8.5-fold to align the trends.



Sloan’s (Eat Your Spinach)
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Very shallow bedrock of weathered shale at about 7 to 9ft overlaid with a silty clay of high plasticity.



Area Injected



Site Condition Prior to Injection
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Note the concentration ring around MW-1 is 2 ppm. 



MW-25 Compared to MW-36
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MW-34 is 0.865 ppm; MW-35 is 0.675 ppm; MW-33 is 2.99 ppm; MW-32 is 0.42 ppm; 



MW-13 Compared to MW-30 
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All the values for MW-13 are below MCL. The last 2 quarters for MW-30 are below MCL



MW-1 Compared to MW-33
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MW-1 below MCL post injection



Carbon Injection Considerations
• Injectate distribution is largely controlled by the soil matrix

– Injectates, without regard to installation method, distribute asymmetrically; 
this is not a strictly a carbon issue.

• Flow follows paths which offer the least resistance

• Anticipated mobilization of contaminants
– You can’t mobilize that which in not present
– If you mobilize contamination of which you were unaware of prior to injection, 

that’s inadvertent, further characterization of your site! 
• For site that have demonstrated monitoring well concentrations for benzene greater than 5 

ppm or soil concentrations greater than 300 ppm, don’t be surprised when you see free 
product (Generalization that varies greatly depending on geology but a useful rule of thumb).

• Some remedies double as characterization tools; although, one wishes they would not.

• Monitoring well filter packs may be impacted by carbon as well as other 
injectates, but we have not seen evidence of this as a general rule. It is an 
occurrence. 
– The general rule is that monitoring wells change what they indicate after the 

installation of thousands of pounds of material into the subsurface.
– Reasonable caution, multiple lines of evidence, efforts coordinate to risk are 

all suggested.



Expectations



Reality
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Regardless of remediation method, product, etc., other than total excavation, all sites once contaminated remain contaminated – It just depends on how hard you are willing to look! No injectate is going to seek and find every fracture, macropore, or point of contamination in the soil matrix.



Questions

I appreciate the work of those who contributed to this presentation either in its 
development or by executing the on the ground work. Regardless of individual 
contributions, the ideas expressed are my own and may or may not be shared 
by those who contributed. I’d like to thank the following individuals:

Brad Highley Kentucky DWM UST Branch
West Johnson Kentucky DWM UST Branch
Todd Mullins Kentucky DWM UST Branch
Michael Albright Kentucky DWM UST Branch
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