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Previous works on Membrane Aerobic Biological Reactors (MABR) CoMANDR 1.0, 
CoMANDR 2.0, and R-CoMANDAR have demonstrated their ability to stabilize various space 
based waste streams over operating periods of ~1 year. Biological pretreatment by MABR 

systems can stabilize space based waste streams. Biological stabilization includes reducing the 
pH, conversion of organic N to NOx

- and oxidation of dissolved organic matter to CO2. These 

processes produce a more stable waste product (brine), facilitate the distillation processes, and 
enable evaporative or membrane based systems. An alternative to aerobic operation would be 
to include anoxic operation to promote denitrification and production of N2 gas. This results 

in a reduced O2 demand and increases ammonia oxidation efficiency. Denitrifictaion can be 
accomplished in either a single reactor (Simultaneous Nitrification Denitrification) or in a two-
stage system with separate aerobic and anoxic reactors. We evaluated the performance of both 

architectures in pilot scale systems (1-2 crew/d). Each system was continuously operated for 
over 2 years during which they processed a variety of habitation waste streams (ISS, Transit, 

and EPB) in both a continuous and on production feed mode. Here we report the results of 
the two stage system. Results indicate that the two stage system can successfully remove 
organic carbon, lower pH and convert organic N to N2 gas. Organic carbon and organic N 

oxidation reaction rates for the two stage system are similar to past studies for single stage 
aerobic systems. The two stage system is more complex and requires an additional pump. 
While no maintenance was required on the system during the nearly two year period of 

operation, the packed bed did produce N2 gas for many operational test points. The 
performance and comparison of operational conditions are detailed below. 

Nomenclature 

MABR     = Membrane Aerated Bioreactors  

CoMANDR =Counter Diffusion Membrane Aerated Nitrifying Denitrifying Reactor  
HC   = Humidity Condensate 
ISS   = International Space Station 

EPB   = Early Planetary Base 
C   = Continuous 
P   = Pulse 

N   = Nitrogen 
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Figure 3.  Transformation of carbon and N and organic N oxidation for Transit waste stream for on production 

feeding for different recycle flow and loading rate conditions  
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Figure 4.  Transformation of carbon and N and organic N oxidation for ISS waste stream for continuous and 
on production feeding for different recycle flow and loading rate conditions  
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D. Loading and Reaction Rates   
Carbon Oxidation- DOC influent loading rates ranged from ~15-20 g/d for all test points (EPB, ISS, and Transit) 

excluding one test point conducted at a loading of 1 crew-d. Similarity in loading given the more than two fold 
difference on volumetric flow rates is due to the urine, which dominates the C and N mass loading and is present in 
all waste streams. Effluent loading rates were generally very low (<2 g-C/d) for recycle ratios greater than 120 L/d. 

Recycle ratio impacted effluent loading at low flow rates and to a lesser extent at the highest flow rate. Effluent loading 
for treatment of EPB waste water was always greater than Transit or ISS recycle effluent loading, regardless of recycle 

ratio or influent loading. Although the organization of the data in Figure 5 appears to indicate that effluent loading 
decreased with subsequent test points, it should be noted that the test points were not conducted in this order (Table 
3). Excluding test points with recycle ratios less than 230 L/d, volumetric DOC transformation rate ranged from ~100-

130 g/m3-d for all waste streams and all recycle ratios. Recycle flow rate did not appear to consistently impact reaction 
rate but reactions rates were generally higher for test points with higher C influent loadings. This suggests that the  
system is not rate limited for C oxidation. Carbon oxidation rates are similar but on the lower end of previously 

reported rates for pilot scale single stage MABRs treating EPB or ISS waste water at for a 2 crew-d volumetric load8.  
Organic N Oxidation- Influent N loading rates ranged from 16-31 g N/d for all 2 crew-d test points (EPB, Transit, 

and ISS), although all but three represented a smaller range of values (16-25 g-N/d). Influent N loading was similar 
between waste streams for reasons discussed above (e.g. urine contribution). Organic N effluent loading rate ranged 
from 2-8 g-N/d for all test points with no relation to recycle flow or influent N loading. Effluent N loading was slightly 

lower for EPB test points. There was also no effect of feeding mode on effluent N loading. With one exception (lowest 
influent N loading rate), the range of volumetric reaction rates (90-165 g-N/m3-d) were similar for all waste streams, 
recycle flow rates, and feed modes for a 2 crew/d volumetric load. The higher range of reaction rates appear mainly 

to be due to higher influent organic N loadings, suggesting that the system can accommodate higher N loading rates 
as effluent N loadings did not relate to influent loadings. Volumetric reaction rates are very similar to ra tes from past 

studies on pilot scale single stage MABRs treating similar waste streams at a 2 crew-d load 8,9. 
Total N Reduction- Influent N loading was previously discussed. In contrast to organic N effluent loading (excludes 

���� �6
�? and������ �7

�?), total N effluent loading was higher reflecting the contribution of ���� �6
�? and ���� �7

�?. Excluding one outlier 
with very high influent N loading, effluent total N loads for all 2 crew-d test points regardless of waste stream, recycle 
ratio or feed mode ranged from 8-15 g-N/d. Nitrogen removal rates (50-135 g-N/m3-d) were lower than C oxidation 

rates but the ratio of C/N removal rates ranged from ~0.5 to nearly 1, reflecting the variation in C removal due to 

oxidation by O2 rather than ���� �v
�?. There was a weak relation (r2=0.44) between influent C loading and N reduction 

rate but a much stronger relationship (r2=0.77) between organic N influent loading rate and N removal rate. Given that 

N removal is driven by carbon reduction and the observation that ���� �v
�? was available for reduction for all test points, 

the stronger relationship between N removal rate and N influent loading may reflect the impact of O2 availability in 
the biofilm. N oxidation requires more O2 per gram oxidized than organic C and elevated influent N loadings may 

have reduced O2 availability allowing increased N removal.  
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Figure 5.  Volumetric reaction rate for carbon oxidation vs. influent and effluent loading rate for all test 

points  

 
Figure 6.  Volumetric reaction rate for N oxidation vs. influent and effluent loading rate for all test points  
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Figure 7.  Volumetric reaction rate for N removal vs. influent and effluent loading rate for all test points  

 
 

E. Peripheral Operation Issues 
Treatment efficiency and rate of treatment are not the only issues that impact evaluation of biological reactors in 

life support systems. Operational issues are also important. The two-stage system rCoMANDR-PB was operated for 

almost 2 years. During that time no maintenance was performed on any part of the system excluding the in-line sensors 
and peristaltic pump tubing. The system is defined as everything downstream of the influent pump to the effluent tank. 

For instance, no recycling tubing or effluent tubing was changed or cleaned, the recycle pump was not cleaned or 
replaced, and no solids were removed from the reactor.  One issue that was a consistent problem was build -up of gas 
in the packed bed reactor. While not reported here, low recycle ratios often led to increased gas build-up. It is possible 

that at higher pressures (>7 PSI), the N2 would not have exceeded the bubble point. Past studies have been conducted 
as pressures as high as 25PSI, although operating at elevated pressures can produce other issues in terms of reactor 
operation. We also conducted one hibernation test lasting for 3 weeks in which the system was placed on recycle with 

a minimal air flow (~50ml/min). After hibernation period the system resumed treatment at the full pre-hibernation 
flow rate within 0-5 days.  

IV. Conclusion 

 

Overall, the two stage system appears to be a viable configuration for treatment of habitation wastewater. Once 
the current study is complete, the performance of the system will be compared to results from a single stage system 
which evaluated treatment of the same waste streams under oxic and anoxic conditions. Performance and sizing will 

need to be contrasted with system complexity and reliability. The 2 stage system may be overly complex for micro -
gravity operation where N2 production in the packed bed may be an unwarranted risk, while for an EPB gas generation 
would be less of an issue. Also not included in this paper are results of effluent stability testing and distillation testing. 

These tests evaluated the growth potential of treated wastewater and the quality of distilled wastewater as well as the 
potential recovery without solids formation.  
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