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Objective

Bioreactors are a wall of organic filter 
material that remove nitrate from 

agricultural tile drainage water through 
microbial anaerobic respiration, removing it 

from our freshwater resources. 
Permeameters can be used to analyze the 
hydraulic capabilities of these media and 
optimize their performance, allowing less  

nitrates to contaminate freshwater sources. 

Materials purchased at hardware and 
plumbing supply stores throughout the Twin 

Cities were used to construct the 
permeameter, with a direct goal of making it 
as small and easy to transport as possible. It 

was constructed throughout the spring 
semester of 2021. After construction, 

bioreactor bed media that had previously 
been tested were run through the newly 
constructed permeameter to verify its’ 

performance capabilities. 

Results

Abstract

To design and construct a small, compact 
permeameter system that can be 

transported to different bioreactor sites for 
media analysis.

The permeameter was constructed using 
a water pump, a plastic waste container, 

PVC pipes, various fittings and hoses, 
steel beams, a wood pallet, and a 500 

gallon water reservoir. Water was 
pumped from the reservoir into a variable 

constant head structure. From there, it 
was directed downward and through the 

bioreactor bed media column. It 
permeated the media due to the 

difference in head, and then was directed 
out of the chamber back into the 

reservoir. A schematic interpretation is 
included below. Researchers measure the 

flow rate and pressure differential 
between the two ends of the media 

chamber.  The head height and cross 
sectional area of the column are also 

noted. Darcy’s Law can then be 
rearranged into:

ks = [(QL)/(AΔh)]
This allows the data points to be plot on 

these axes where a regression can be 
taken to obtain a numerical value for 

saturated conductivity. 

Discussion
As the graph above implies, all of the data points where within a 

reasonable range to calculate saturated hydraulic conductivity [ks]. For 
Trial 1, [ks] = 6.48. In Trial 2, [ks] = 7.36. In Trial 3, [ks] = 6.70, in units of 
cm/s. As can be witnessed, the data were much more uniform in Trials 2 
and 3 than in Trial 1. This is most likely due to Trial 1 being conducted 
before the woodchips were fully saturated. They were allowed to soak 

for 75 minutes, but the data imply that this was not long enough.  
Although a reasonable value for [ks] was returned from Trial 1, the 

values from Trials 2 and 3 should receive more focus as they are more 
uniform groups of data, evidenced by the higher coefficients of 

determination (R2). Because of this, the actual saturated conductivity 
value of the bioreactor media that was tested should be expected to be 
~7.03. This value of [ks] was higher than the one returned by the larger 

permeameter, most likely due to the greater hydraulic gradients. To 
further increase the accuracy of the manometer head readings, the 

variable constant head stand could be moved closer to the ground for 
more laminar flow through the bed media chamber. Otherwise, 

researchers were overall pleased with the design of the permeameter 
and can transport it to different bioreactor operations to test media on 

site. 
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Taps

y(1) = 1.8708x0.5194

R² = 0.7394

y(2) = 2.0003x0.5957

R² = 0.9986

y(3) = 1.9008x0.5618

R² = 0.9971
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