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Figure 3.1 - Schematic of SBR setup 

 

 

 
Figure 3.2 - SBR setup 
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3.2 Feed Collection 

3.2.1 Primary Clarifier Effluent (PCE) Collection 

Two 55-gallon drums containing primary clarifier effluent (PCE) were collected 

every Monday, Wednesday and Fridays from the HRSD Atlantic Wastewater Treatment 

Plant (ATP) located in Virginia Beach, Virginia. ATP doesn’t use incineration, and thus 

the PCE would not be expected to contain any cyanide. 

 

3.2.2 Scrubber Water + Centrate (SW-C) Collection 

Three 5-gallon collapsible LDPE sample containers were collected at BHTP, at the 

wetwell near the Solids Handling (SH) facility every Monday, Wednesday and Friday. At 

this sample point SW and centrate were already mixed into a common pipe. To be able to 

have the most representative sample, a peristaltic pump was connected with a timer and it 

was collecting a sample of 100 mL every 16 minutes during week days, and 100 mL 

every 26 minutes during the weekends for each cubitainer. This was necessary in order to 

have 5 gallons of SW-C every Monday, Wednesday and Friday. Figure 3.3 and 3.4 shows 

the collection system for SW-C which was kept at ambient temperature. 
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Figure 3.3 - SW-C collection system 

 

 

 

Figure 3.4 - Sample point, Collection system and SH Building view 
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3.2.3 KCN preparation 

KCN stock solution was prepared using 1 L collapsible container. This solution was 

always kept with NaOH to avoid any HCN volatilization and, for safety reasons, was 

always kept inside the lab’s fume hood. From the hood there was a small tube connected 

to a pump to feed the CN to SBR A. 

 

 

 

Figure 3.5 – KCN setup. 

 

 

3.3 SBR’s configuration 

 SBR A: BHTP using six aeration tanks without the MBCNTP. 3.3.1

SBR A (22L) was used to investigate three research questions which included: first, 

find out if CN in the SW was the primary inhibitor, second, find the feasibility of sending 

SW-C to the head of the plant (as a function of wastewater temperature and process SRT) 

and finally dosing the reactor with potassium cyanide (KCN) to find the maximum 
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cyanide concentration before inhibiting nitrifying bacteria. Please refer to Appendix A to 

learn more about the exact volumes of PCE, RAS and SW-C used on each cycle. 

The first time SW-C was fed into SBR A it was done without making any dilutions. 

The second time, when trying to find out if CN in the SW-C was the primary inhibitor, 

before each profile, CN was measured with a dip strip and dilutions using PCE were 

made accordingly based on the desired concentration target for SBR A. When dosing 

with KCN, instead of feeding SW-C, the entire volume was replaced with PCE to keep 

the same HRT and just a small, but concentrated amount of KCN, was added. Figure 3.6 

illustrates the SBR A cycle. 

 

 

 

Figure 3.6 - SBR A Cycle 
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 SBR A was operating four 6-hour cycles per day. On figure 3.7 it can be observed 

a typical cycle on SBR A. The anoxic period was 1.5 hours, the aerobic period 3.5 hours 

and the settling period lasted for 1 hour. 

 

 

 

Figure 3.7 - SBR A cycle description 

 

 

 SBR B/ MBCNTP: BHTP using one aeration tank as a MBCNTP 3.3.2

SBR B / MBCNTP: Two tanks (19.22 L and 2.78 L) were used to simulate BHTP 

using one aeration tank to treat CN. To accomplish this, SW-C was only fed into the 

small reactor (simulating one aeration tank as MBCNTP) and PCE was fed into the larger 

reactor (simulating the remaining 5 aeration tanks). As it can be observed in Figure 3.8, 

before each cycle, all SW-C was mixed with RAS coming from SBR B and was 

continuously aerated until exiting the reactor. Additionally, MBCNTP and SBR B mixed 

liquor was combined before the settling period. This was attempted to simulate better 

BHTP configuration as shown in figure 1.2. As it can be observed in figure 3.9, ten 

minutes before the settling period was complete, SBR B was decanted for five minutes. 

Before sending the corresponding mixed liquor volume from SBR B to the MBCNTP 
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reactor, the mixer on SBR B was turned on for 2 minutes. This was done to obtain the 

same initial concentration of mixed liquor on SBR B and MBCNTP before every cycle. 

 

  

Figure 3.8 - SBR B/ MBCNTP Cycle 

 

 

Figure 3.9 - SBR B/ MBCNTP cycle description 
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The first time SW-C was fed to the MBCNTP it utilized a 100% RAS 

configuration. In other words, the RAS volume used in the MBCNTP was the same as the 

other aeration tanks since usually at BHTP the same RAS flow is sent to each aeration 

tank. This was representing 1/6 of the total RAS flow. Temperatures on SBR B and 

MBCNTP were maintained at 20 °C. 

When simulating 50% RAS configuration, the RAS flow used in the MBCNTP 

was simulating 50% of the regular RAS flow going to each aeration tank. In other words, 

if the total RAS flow is represented by the letter Y, and each RAS flow going to each 

aeration tank is represented by the letter X, then to represent a 50% configuration the total 

flow going to the MBCNTP will be X/2.This can be observed in Equation 3.1. 

     
 

 
     (3.1) 

Temperatures in SBR B and MBCNTP were mainly maintained at 20 °C except when the 

temperature influence was studied. To better understand the impact of temperatures on 

CN removal, worst case scenarios were simulated. SBR B was maintained at 28 °C while 

temperatures on the MBCNTP were controlled and monitored, increasing them on each 

cycle. (See section 3.4 - Temperature Control for more details).  

 

 SBR C/ NEF C 3.3.3

SBR C / NEF C: Two tanks (22 L and 3.7L) were simulating the VIP NEF process 

and also served as the control. As it can be observed in Figures 3.10 – 3.11, first NEF C 

was wasted and second all of the SBR C’s waste was sent to the NEF C where SW-C was 

treated, followed by a settling period. Initially 0.458 L of the settled solids was wasted 

but then, depending on the mixed liquor concentration, waste was corrected to maintain 
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the same SRT of 15 days. A total of 2.292 L were returned to the NEF C influent. The 

overflow from the NEF C was always sent to the SBR C before each cycle began.  

This configuration was the same throughout the study but at some point 

temperatures on the SBR C and NEF C were increased, at the same time, from 20 °C to 

28 °C (but always kept in the same water bath). 

 

 

 

Figure 3.10 - SBR C/ NEF C cycle 
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Figure 3.11 - SBR C/NEF C sequence schedule. 

 

 

3.4 Temperature Control 

3.4.1 SBRs temperature control 

In an attempt to simulate ambient temperatures and summer temperatures, all SBRs 

were exposed to two different temperatures; 20 ± 0.5 °C and 28 ± 0.5 °C. This was 

achieved by using a Finnex Deluxe Titanium Heating Tube unit heater inside the water 

bath, connected to a Ranco ETC-111000 control unit. 

 

3.4.2 MBCNTP temperature control. 

MBCNTP reactor was controlled at different temperatures in a range of 20 ± 0.5 °C 

to 49 ± 0.5 °C. As shown on Figure 3.12, when temperatures were kept at 20 ± 0.5 °C, 

MBCNTP reactor was kept in the same water bath as the other SBR’s.  

 


