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Introduction
Effective denitrifying bioreactor design and 
performance entails knowledge of physical 
and hydraulic properties of the woodchip 
media. Key properties include saturated 
hydraulic conductivity (Ksat), porosity, and 
particle size. Prior research has determined 
these values of some woodchip media, but 
different woodchip types are used across 
bioreactor installations in Illinois. The 
objective of this study is to quantify Ksat, 
porosity, and particle size of 
approximately 30 types of woodchips to 
provide guidance for bioreactor design.

Methods
Two novel constant head permeameters
were used with Darcy’s Law to calculate 
Ksat. Porosity was determined by filling a 
container of known volume with 
woodchips and filling the remaining space 
with water. This was done in the 
permeameter columns as well as smaller 
jars. Particle size distribution was 
determined using a coarse sieve shaker.

Current Results
Nine types of woodchips have been 
collected and studied. The average Ksat of 
the first seven types is 1.43 cm/s (0.047 
ft/s). While this is lower than commonly 
cited design values, these first woodchips 
are not necessarily the recommended sizes 
for bioreactors and the novel 
permeameters are still being refined. Thus, 
these results may not be accurate 
representations for bioreactor design. The 
particle size distributions of different 
woodchip types follow similar patterns but 
have a range of threshold sizes. The D50 
ranged from 7.18 mm (0.282 in) to 60.19 
mm (2.37 in). Drainable porosity ranged 
from 65 to 78% using the jar method. This 
is at the upper end of values reported in 
earlier studies, indicating that the jar 
method may overestimate values for larger 
woodchips.

Future Work
Data collection on more types of 
woodchips will continue. This will create a 
database of woodchip media properties. 
Multivariate regression and image analysis 
of woodchip photos is also being 
performed to correlate these physical 
properties in the database to photographs. 
This aims to enable automatic 
determination of these properties.

Table 1: Particle size data in mm (except UC)

Figure 5: (a) Photograph of woodchips used for image analysis, (b) 
photograph after analyzing particles in image analysis software

Figure 1: (a) Permeameter 1, (b) Permeameter 2 
“Chipometer”, (c) Jar porosity test, (d) Particle size analysis 
by sieving
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Figure 2: (a) Chip 1, (b) Chip 2, (c) Chip 3, (d) Chip 4
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Figure 3: Particle size distribution of Chips 1 
through 6 and Chips 8 and 9

Figure 4: Saturated hydraulic conductivity from 
the “Chipometer” and jar method drainable 
porosity results for Chips 1 through 7

Chip D10 D50 D60 D90 UC
1 5.89 15.78 19.37 35.60 3.24
2 3.62 9.85 11.49 23.36 3.26
3 3.10 9.39 10.52 27.87 3.39
4 8.73 21.42 24.43 36.43 2.81
5 2.35 7.18 9.14 17.94 3.89
6 2.25 7.43 9.90 21.83 4.39
7 29.41 60.96 68.01 84.39 2.31
8 2.59 10.18 12.67 21.63 4.89
9 1.07 7.32 10.40 29.03 9.50
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