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Problem Statement 

 All familiar with concept of PRB 
 Stationary PRBs 
 In Situ PRBs 
 Concept is the same; methods vary 
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Traditional ZVI PRB for VOCs 

Source: www.adventusgroup.com 
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When the Problem is Metals 

 In this case, Zinc 
 In 2007, contractors had 

nothing 
 Few Case Studies  
 All still in process 

(incomplete) 
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Specific Site 

 Manufacturing facility in Ohio 
 Sand Aquifer 
 High Zinc Concentration 
 Low pH of Groundwater 
 Groundwater daylighting to 

creek 
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Zinc Concentrations in Groundwater 

ZINC CONCENTRATIONS IN GROUNDWATER
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Client to Consultant 

“Clean it up!” 
Evaluated pump and treat; too $$$ 
Evaluated barrier wall; nothing to key into 
Looked at alkaline injection; told temporary 
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Existing Literature 

 Ran across Canadian case study 
 In pilot phase of long term study 
 Old smelter site 
 Low pH  
 High cadmium, nickel and zinc in groundwater 
Not my levels, but still elevated 
Used mulch and yard waste in the PRB 
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Got me thinking… 

• If zinc and pH are related 
• Raise pH and stop the zinc 
• What alkaline material is there? 
• Limestone! 
• Why would mulch and yard waste work? 
• Carbon source! 
• Maybe a blend of the two would do the trick. 
• Had to bench test each individually first 
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Bench test set-up 

• Collected two 55-gallon drums of H2O 
• Series of 5 foot long 8” dia. PVC tubes 
• Input/output valves installed 
• Put the tubes under some head 
• Contact time: who knows? 
• Educated guess (5-20 days) 
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Blank/Controls 

• Used blank tube (20 days) 
• Used tube packed with washed pea gravel 
• Problem 1: the two drums had differing Zn 

levels 
• Drum 1, approximately 1100 ppm of Zn 
• Drum 2, approximately 450 ppm of Zn 
• Still, we forge ahead 
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Control tubes 
• Minor reduction in Zn (20 ppm) over 20 days 
• Probably due to oxidation/precipitation 
• Despite having tubes under hydrostatic pressure 
• Then tried 5 different grain-sizes of Limestone 
• #10 sieve (2 mm) 
• #8 sieve (3 mm) 
• #4 sieve (4 mm) 
• #57 stone (1/2 inch to an inch) 
• #304 stone (golf ball size with finer particle sizes) 
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Limestone #1
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Limestone #2
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Limestone #3
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Limestone #4
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Limestone #5
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Limestone 
Zinc Concentration (ppm) Bench Tests 

Concentration at 
Limestone 

#1 
Limestone 

#2 
Limestone 

#3 
Limestone 

#4 
Limestone 

#5 

Day # Size = #10 Size = #8 Size = #304 Size = #4 Size = #57 

0 887 962 1030 1010 1040 

5 524 414 429 637 513 

10 544 388 445 507 407 

15 436 422 394 487 380 

20 421 377 314 375 322 

 % Reduction 52.5% 60.8% 69.5% 62.9% 69.0% 
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Limestone 

• Multi-sized materials did better than uniform 
• Bigger = better 
• Retention time probably higher with bigger 
• Impressive, but… 
• 69% reduction still not good enough 
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Charcoal 

• Cheap Carbon Source 
• Obtained industrial charcoal from 

Canada 
• Long wait for the material to clear 

customs 
• So, just for fun I tried… 
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http://www.google.com/aclk?sa=L&ai=CiFBiKuKeT6yCMse-gwfF87DfCNGH3JoCgZLApSfZouHsdwgCEAEg7YrfBigCUIiGxLL7_____wFgyY68iZCkqBHIAQeqBCBP0GG9S3ikFYOFft-qrlLzd2-59GGV3Pg7OrQN1AZNpYAFkE7ABQWgBiY&sig=AOD64_3FGpwaj15GD6CSuGtRpUAIeo4XKw&ctype=5&ved=0CCMQwg8&adurl=http://www.target.com/p/Kingsford-Charcoal-Briquette-16-6-lbs/-/A-12909185%3Fref%3Dtgt_adv_XSG10001%26AFID%3DGoogle_PLA_df%26LNM%3D%257C12909185%26CPNG%3Dpatio%2520garden%26ci_sku%3D12909185%26ci_gpa%3Dpla%26ci_kw%3D
http://www.google.com/aclk?sa=L&ai=CiFBiKuKeT6yCMse-gwfF87DfCNGH3JoCgZLApSfZouHsdwgCEAEg7YrfBigCUIiGxLL7_____wFgyY68iZCkqBHIAQeqBCBP0GG9S3ikFYOFft-qrlLzd2-59GGV3Pg7OrQN1AZNpYAFkE7ABQWgBiY&sig=AOD64_3FGpwaj15GD6CSuGtRpUAIeo4XKw&ctype=5&ved=0CCMQwg8&adurl=http://www.target.com/p/Kingsford-Charcoal-Briquette-16-6-lbs/-/A-12909185%3Fref%3Dtgt_adv_XSG10001%26AFID%3DGoogle_PLA_df%26LNM%3D%257C12909185%26CPNG%3Dpatio%2520garden%26ci_sku%3D12909185%26ci_gpa%3Dpla%26ci_kw%3D
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Charcoal #1 (Initial)
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Did not believe it… 
• 83.6% Reduction in 5 days 
 
 
• Over 90% Reduction in 15 days 
 
 
• Didn’t believe it so much, re-ran with same 

charcoal. 
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Charcoal #1 (Re-run)
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Re-Run 

• You will note that I am in 2nd drum of H2O 
• While not as effective as first pass… 
• Still achieved 85.4% reduction in 15 days 
• Kingsford Rules!! 
• Wonder what Match Light® would do. 
• Nah, too much diesel 
• Just to be sure, ran another test with fresh charcoal 
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Charcoal #2 (Fresh)
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Almost too Good to be True 

• 93.4% reduction after 5 days 
• Over 97% reduction after 10 days 
• But the questions come up… 
• How long can we expect a charcoal PRB to last? 
• No idea from current bench tests (need more time) 
• What is the expected contact time? 
• Darcyian flow estimates 5-10 days, plus or minus 
• What happens when charcoal degrades? Subsidence? 
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At this Point, the Plug is Pulled 

• Despite very promising results… 
• Uncertainties with effective life spooks client 
• So, the point is to emphasize the promise 
• Probably best remedy = charcoal + limestone 
• If anyone in the room patents this, I want a cut. 
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Bench Test Results
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THANK YOU 

 
 • QUESTIONS/COMMENTS/DISCUSSION 
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