




Figure 16: Re-activated carbon and 
CSA added before blending.

Figure 17: Blended Char21™ SW just 
before loading into tubes.

Figure 19: A closeup comparative view of the biochar and 
the re-activated carbon. The re-activated carbon is smaller 
and harder, the biochar is larger and softer. Both activated 

materials are used as part of a broad-spectrum affinity.

Figure 18: Closeup of blend – switchgrass, 
biochar, re-activated carbon, and CSA.
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Figure 20: Measuring bulk density of the biochar. Since bucket weighs 
2.2 lbs., the sampled biochar is about 9.5 lbs. per 5-gallon bucket. 

41 buckets per cubic yard calculates to 389 lbs. per cubic yard.

Figure 21: Measuring the bulk density of the re-activated carbon. 
Removing the bucket weight leaves about 23 lbs. but the bucket is 
slightly underfilled. Filled we estimate the 5-gallon bucket at 24.5 

lbs. of re-activated carbon or about 1,000 lbs. per cubic yard.

Figure 23: Two rigs are set up – each with 36 tubes 
available. Not all the tubes were used during this test.

Figure 22: The vertical flow tubes. 48-inch long and 6-inch 
diameter N-12 smooth wall inside. Tube is filled with 36-inches 

of lightly compacted Char21™ SW with 12-inches open at 
top. A plastic mesh screen is zip-tied across the bottom of 

tube to allow water flow through but not Char21™ SW.
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Figure 24: Motor oil, gasoline, and red-die diesel 
being measured out before being added to water.

Figure 25: Stainless steel buckets were used to prepare 6 liters of 
polluted water per pollutant. The 50ml bottles from ERA Labs hold 

the pollutants. Buckets and funnels were rinsed between each pour.

Figure 27: Lab tech pouring polluted water into top of vertical flow 
tube using stainless-steel bucket and stainless-steel funnel.

Figure 26: Three 6-liter samples ready to pour. For each pollutant, 2 
tubes were set up with 3 liters being poured through each one. On the 
sample collection days, a small input sample was taken before pouring 

with the remainder being split between the two tubes. Output water from 
the two tubes was combined and a sample for the lab was collected.
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Figure 28: Another picture of lab tech pouring pollutant water. Notice that all vertical tubes in the test were labeled with blue painter’s 
tape. Also notice the small white collection buckets at bottom of vertical flow tubes. Pouring the water into each tube took about 
30 seconds. Early on in the test, the observed vertical flow time before water came out the bottom was about 30 seconds. This 
increased over time to about 40-45 seconds. We believed this was caused by the wetted filter media compressing over time.

Figure 29: Water being collected at the bottom of each vertical flow tube. Notice 
the plastic mesh screen zip-tied across bottom of each tube.
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Figure 30: For motor oil, diesel, and gasoline the 3 liters per tube were mixed and poured separately so each tube would get the right 
amount of pollutant in the water. This gave rise to this picture. On the right is motor oil and water ready for the second tube pour, and the 

bucket directly above it is the output from the first tube pour moments before – almost no oil showing. More interesting was the bucket to the 
right – red dye diesel set up for the second tube pour (water not yet added). Directly above it is the output from the first tube pour moments 

before – almost no red dye showing. We observed throughout the 20 simulated rain events – almost no hydrocarbons getting through.
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Figure 31: Bottles and labeled 
plastic baggy provided by Suburban 
Testing Labs for sample collection. 
This picture shows the input and 

output water sample for Chromium 
collected during rain event 10.

Figure 32: Same as Figure 31 with 
bottles in baggy. Notice the output 

water has a minor amount of color. We 
saw this for most of the output samples 

– a small amount of brownish color 
would come with the beginning output 
flow and then diminish. We think this 

was coming from both the switchgrass 
and the biochar. It was very minor.
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Figure 33: Picture of Char21™ SW fill removed from a vertical tube after the 3 months and 20 rain events. Notice the dark color. We think 
the switchgrass is beginning to decay in the vertical tube and contributed to the increase of pollutant affinity we observed.
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Figure 34: Dried sample of Char21™ SW removed from the vertical tube after 3 months and 20 rain events. Also shown are the 50 ml pollutant 
bottles used from ERA Lab. Also shown is a piece of switchgrass, a quarter, a piece of re-activated carbon, and a chunk of biochar.

Figure 35: Same as Figure 34. The filter media is quite dark, but nothing is falling apart. 
Our observation is the media pollution affinity has not begun to diminish.
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