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their existence in growth arrest. At some point increasing the solids concentration simply results in a 
greater portion of bacteria in growth arrest and at risk of dying off. The best strategy is to maintain 
enough bacteria that can quickly respond to increase in COD loading but not enough to result in death and 
cell lysis. 

Environmental Operating Solutions, Inc. (EOSi), the supplier of the carbon substrate, performed an 
evaluation and found that the COD in the treated effluent contained no carbon substrate. The effluent 
COD was composed of the following two items: (1) residual polymer from the recycle of filtrate and 
centrate, and (2) biological byproducts from cell lysis. 

EOSi was not able to q~tify the relative contributions of cell lysis or polymer. EOSi believed that these 
materials were difficult to biodegrade; in the time available in the MBR, the lowest COD achievable was 
6 to 7 mg/L. Additional solids would not make an appreciable impact on this value. 

3.5 Mean Cell Residence Time 

During the course of this investigation, another parameter, the mean cell residence time (MCRT), was 
evaluated. MCRT is defined as an expression of the average time (days) that a microorganism will spend 
in the membrane bioreactor. This can be a useful parameter for operating a biological plant. It is derived 
from the mass of biota in the bioreactor and.the waste rate (Equation 1): 

where: 

MCRT = vx 
QX 

MCRT = mean cell resident time (d) 

V 

Q 

V = volume ofbioreactors = 4 reactors x 1,9018 gal/reactor= 76,072 gal 

X = biological solids concentration 

Q = solids waste rate (gal/d) 

For example, given a sludge waste rate of 55 gal/min, the MCRT would be as shown in Equation 2: 

MCRT = 76,072gal + 1440 minutes= 0.96 days 
55 gallons per minute day 

(1) 

(2) 

When the impact of MCRT on COD is evaluated the resulting relationship (Figure I) shows maximum 
COD removal at 0.95 days. When compared to other operations, 1 day is a little short, which is a 
reflection of the relatively low COD load. An MCRT of0.95 days is typically associated with a bacterial 
population that is in a growth phase. 

Equation 1 can be rearranged to solve for Q, the rate of solids waste to determine the optimum solids 
waste rate. When four AMTs are on line the optimum waste rate is 55 gal/min. With three AMTs on line 
for more than 2 days, such as during membrane replacement, the optimum decreases to 40 gal/min. The 
optimum waste rate is likely dependent on the COD load to the MBRs. The values presented are for 
illustrative purposes only and should not be considered as optimum for all conditions. 

. ' 

It is advisable to consider the MCRT in the operation of the MB Rs and develop guidelines for varying 
COD loads. Such an endeavor may take time to develop, but once complete would provide useful 
guidance for maintaining low COD in the plant effluent. 
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• 
y = -543.62x2 + 1036.lx- 207.58 
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Figure 1. Impact of MCRT on COD Removal at COD Loadings of 250 Ibid 

4 Summary and Recommendations 

1.40 

In summary, increasing solids above approximately 3,000 mg/L has minimal impact. The best strategy is 
to provide enough biological inventory to respond to sudden increases in COD load. It appears that in 
most cases a solids concentration of 3,000 mg/L is sufficient. 

. Further evaluations of MCRT, especially under different loading conditions, may be helpful, particularly 
during excursion events such as when glycerin is flushed from new membranes. During the last such 
event, the COD in the plant effluent often exceeded 10 mg/L. If an MCRT target was previously 
established, additional COD may have been removed during the glycerin flush event. 

However, the effort will have fairly small improvement under normal conditions. It has been estimated by 
EOSi that it will be difficult or impossible to decrease the COD below 6.5 mg/L in the plant. In 
March 2018 COD in the plant effiuent' has averaged 6.5 mg/L. 
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