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What weõll cover 

ɍBackground on activated carbon properties and 
injection technique.  

ɍColoradoɅs experience with carbon-based injection.  

 Characterize ---contact ---confirmation.  

ɍPreliminary results of new confirmation efforts.  

ɍWhat next?  



Properties of powdered activated carbon:  

ɍSourced from coal, wood, or nut shells. Activation 
process increases surface area by creating pores in a 
carbon matrix.  

ɍOne pound has ~100 acres surface area . 

ɍApparent density ~0.5 g/cc  (30 lbs/cu ft ). 

ɍAbsorbs 10 -35% of its weight in hydrocarbons.  

ɍ Indefinite retention of contaminants.  

ɍ Inhalation hazard, but non -toxic if ingested.  

 



Properties (cont.)  

ɍParticle size <40 microns (µ)  

ü10-slot screen = 256 µ 

ü200-mesh sieve (clay) =75 µ 

üBacteria = 0.5 - 2 µ 

üPore throats (Nelson, AAPG Bull., 3/09):    

   sand  >2 µ   silt  0.03 ɀ 2 µ   clay  0.005 ɀ 0.1 µ 

üBTEX molecules = 7 Angstroms (Å) = 0.0007 µ 

üWater molecule = 3 Angstroms (Å) = 0.0003 µ 
 

 

 



Carbon-based injections (CBI)ñ 
 
ɍ Usually 10-foot 

hexagonal grid 
spacing 

ɍ 0.3 - 2 lb/gal slurry  

ɍ Pressures <1000 psi.  
(minimum 1 psi/ ft ) 

ɍ Flows <1 to >30 gpm  

ɍ Surfacing and well 
infiltration always a 
concern  

Å Usually has nutrients,  oxidants or bacteria added  



Typical injection plan 



CBI in Colorado 

ɍOver 225 facilities treated since 2005.  

ɍUsually tried when other methods unsuccessful / 
impractical (clay or bedrock; offsite).  

ɍSignificant reductions (>90%) in dissolved BTEX noted.  

ɍVisible carbon usually in wells.  

ɍRebound and/or additional treatment often occurred.  

ɍAbout 15% of sites treated with CBI reached NFA. 

Ç  Small areas 

Ç  <700 ug/L benzene (usually < 200 ug/L)  



CBI Guidance 

1)   Detailed CHARACTERIZATION: 

ÅConceptual Site Model (CSM)  

ÅMIP or continuous soil samples for lab analysis  

ÅEstimate mass by phase                                         
  (LNAPL, dissolved, adsorbed)  

ÅUse an experienced design team                           
  (mass calculations are critical)  

ÅPilot test for pressures/flows  

 

 



CBI Guidance 

2) CONTACT: 

ÅUse an experienced injection crew  

ÅClosely spaced injection points  

ÅTarget the entire vertical extent of contamination  

ÅUse short (1 -2 foot) injection intervals  

ÅSTOP if surfacing or well injection occurs  

 

 



CBI Guidance 

3) CONFIRMATION: 

ÅExtended closure monitoring from 4 to 6 quarters 

for injection techniques due to lingering effects of 

injectates  (e.g. carbon, oxidants, bio -nutrients)  

 

 



Is this a representative 

groundwater sample? 

 

BUT... 



Typical well responses after CBI:  
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Typical well responses after CBI:  

Rebound  

Rebound  after pilot plus 
second injection  
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OPS wants to confirm: 

1. How is carbon distributed by injection?  

2. Is the aquifer remediated?  

3. Any evidence of continuing degradation?  



Concepts of CBI Distribution 



Confirmation points 



Confirmation borings  

Injection 
Point  

Boring/well  
(no carbon)  
 

Well  
(had carbon)  

Boring  
(carbon)  
 



Identifying carbon 



Emplacement-thin veins  



Emplacement-thin veins  



Emplacement-veins/spots 



Emplacement-diffused  



Emplacement-diffused  



Distribution is based on lithology and unpredictable.  



The aquifer...?  

 



Rapid reduction in benzene (36 wells, 14 sites)...  

>80% reduction!  



New wells 

Injection 
Point  



...but aquifer treatment incomplete.  

(36 well pairs)  



(36 well pairs)  

...but aquifer treatment incomplete.  
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(36 well pairs)  

...but aquifer treatment incomplete.  
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Benzene reduction (new wells)  

 (26/36 well pairs Ɂ72%) 



 What causes an increase? 

VNatural variations in contaminant distribution  

V Inadequate site characterization  

o Wells in the Ɉwrong placeɉ 

o Inadequate number of (soil) samples  

o Sampling methodology (soil and water ) 

V Injection process mobilizing contaminant  

 

Most new wells were <10 feet from original ones--- 

Differing well construction (drilling method, well diameter, 
screen length) not a clear factor--- 

 



Groundwater samples 

Injection 
Point  

SB-3 
35-116 ppb  

MW-9 
5 qtrs  <5 ppb  



Conclusions  

1. How is carbon distributed by injection?  
 <5 feet, perhaps <3 feet laterally  
 Surfacing and well impacts are not indicative of ROI  
 Veins in clay, pockets in coarser materials  
 Uneven distribution vertically and horizontally  
 
2. Is the aquifer remediated?  (at 10 -foot spacing)  
 reduction confirmed ~70% of the time (26/36 wells)  
 >80% reduction ~45% of the time (16/36 wells)  
 NFA ~10% of the sites? 
 
3. Any evidence of continuing degradation?  
 Not much evidence yet, to be determined  



Moving onward...  

1. Well rehabilitation doesnɅt work. Confirmation soil 

borings and wells needed.  

2. More detailed site characterization needed to  

a) target injection zones,  
b) describe soils well, and  
c) identify impacted soil and LNAPL pockets      

(= long-term issues).  

3. Possibility of contaminant displacement  



Moving onward...  

4. Pilot test / implement CBI on a 5-foot grid spacing 

5. Best used for small plumes, low concentrations and 

sites with open access (for injection points)  

6. Add more / continuous nutrients to boost 

biodegradation  



Moving onward...  

7. Evaluating if carbon in excavations/trenches, or    
injection used with sparging, is more effective  


