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Executive Summary
A Sequencing Batch Reactor is a way to treat wastewater. While SBRs are normally used
to process industrial quantities of wastewater, there are laboratory sized versions. These,
however, cost upwards of $2,000 for even a five-liter model. As a result of resources, Dr.
Richard Mines of the Environmental Engineering Department of Mercer University has
requested the construction of a laboratory sized SBR capable of processing 15-18 liters of
synthetic wastewater per day to specific biological nutrient removal standards. This document
will go over the construction, wiring and testing of this device.
On the electrical aspect of the project all the devices worked as intended. All tests were
fulfilled, and no problems arose. Some recommendations were made about the project however
these are intended to improve usability.
On the mechanical aspect of the project the device worked as intended, the container was
waterproof, the mixer spun, and the stones aerated. Everything was set to move on to the nutrient
removal testing. But due to the recent pandemic situation, the project was stopped here.
On the chemical aspect of the project no proper testing was conducted nor was any data
collected. This is a very sad note to end a senior design project on, but it is simply a consequence
of forces outside of anyone’s control. However, the electrical and mechanical aspects of this
project have been seen through to completion, meaning that this project is indeed a functional
Sequencing Batch Reactor.
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Glossary

Anaerobic: Total absence of both free oxygen (O 2 ) and bound oxygen (NO 2 , NO 3 )
Anoxic: Absence of free oxygen (O 2 ), but presence of bound oxygen (NO 2 , NO 3 )
Nitrate: The chemical compound NO 3 Nitrite: The chemical compound NO 2 -
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1. Introduction
1.1 Background Knowledge
Wastewater must be treated before it can be introduced back into the environment. Raw
wastewater contains a high concentration of microorganisms. If these high concentrations of
organics were introduced into natural aquatic bodies, they would consume the dissolved oxygen
in the water and causing mass macro-fauna deaths. Sometimes instead of organism removal it is
the nutrients themselves (Nitrogen and Phosphorus) that are targeted for removal, this is called
Biological Nutrient Removal.
A Sequencing Batch Reactor is one of the many ways available to treat wastewater, removing
microorganisms/nutrients and rendering effluent safe for the natural environment. SBRs
accomplish this by undergoing the following processes:
•

Mixed-Fill Phase: During this phase the reactor is filled with the future effluent which is
then mixed and kept in an anaerobic environment. This allows the production of volatile
fatty acids which in turn lead to the growth of phosphorus consuming organisms. (Mines,
373)

•

React-Fill Phase: The React-Fill phase is used to describe the phase in which the incoming
wastewater is subject to cycles of aerobic and anoxic conditions. Aerobic conditions allow
nitrification to occur, in other words the conversion of ammonia and ammonium into
nitrites and nitrates. When the aeration is cut off anoxic conditions soon follow. With
dwindling dissolved oxygen heterotrophic denitrifying organisms begin to use the bound
oxygen within the nitrate and nitrite, this converts them into nitrogen gas which then enters
the atmosphere. (Mines, 373)

•

Settle Phase: Aeration and mixing cease, allowing the now treated wastewater to settle,
which separates the biomass from a clarified supernatant (Mines, 374)

•

Decant/Waste Phase: Clarified supernatant is decanted from the reactor. This is normally
fed into a natural aquatic body. This supernatant is regularly tested to make sure the
removal standards are being kept. During this stage, sludge is either removed or reused
from the bottom before treating the next batch. This waste sludge must first be stabilized
in an aerobic or anaerobic digestor, after which it can be applied to land as fertilizer (Mines,
374)

•

Idle Phase: This is standard process when multiple SBRs are treating a continuous flow
of wastewater. While one SBR is being filled the other is in idle mode. However, this phase
is unnecessary when only a single reactor is being used or if the goal is biological nutrient
removal. (Mines, 374)
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Figure 1. Sequencing Batch Reactor Process
While no treatment process is perfect, SBRs offer some unique advantages compared to other
methods, and they are as follows:
•
•
•

Operation on a batch basis
Can accomplish nutrient removal
Cycles can be easily altered to accommodate different incoming wastewater characteristics

There are the disadvantages too:
•
•
•

Standard SBRs are usually restricted to 5 MGD (Millions of Gallons per Day) or less
Multiple SBRs are needed to treat a constant inflow of wastewater
The decanting phase moves such a large volume of water that a holding tank is required so
loading rates for subsequent processes are not exceeded

These disadvantages do not apply when the SBR only handling a couple of liters.

1.2 Project & Client Description
Dr. Richard Mines requests the construction of a Sequencing Batch Reactor, capable of
processing 15-18 liters of synthetic wastewater per day to specified limits. Because laboratory
sized SBRs are uncommon and moreover expensive, normally costing $2,000 minimum, Dr.
Mines requests for its construction. A functional and affordable laboratory scale SBR is a useful
and unique piece of equipment for Mercer’s Environmental Engineering department to use.
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1.3 Team Members and Responsibilities
1.3.1 Yu Binn Lim
•

•

Qualifications:
o Fourth year Mechanical Engineering student
o Employed by the Mercer Machine Shop.
o Experiences in:
 Heavy machine tools
 Welding
 Hand tools
 Wood shop tools
Work Assignments:
o Designing and building the prototypes and the final design of the Sequencing Batch
Reactor

1.3.2 Nicholas Riddell
•

•

Qualifications:
o Fourth year Environmental Engineering student
o Completion of EVE 485 “Design and Analysis of
Wastewater Systems”
Work Assignments:
o Test effluent to see if limits are reached
o Adjust cycle durations if limits are not met

1.3.3 Sebastian Sanchez
•

•

Qualifications:
o Fourth year Mechanical Engineering Student
o 2 years of research in erosion resistance
o Minor in computer science
Work Assignments:
o Program the microcontroller to automate cycles
o Designing of the user interface and user manual
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2. Project Description
2.1 Project Goal
The goal of this project is to deliver a Sequencing Batch Reactor that meets the following
criteria:
•
•
•

•

Has a volume of 5-10 liters
Able to process 15-18 liters of synthetic wastewater per day.
Able to run the following 12-hour cycle:
o Mixed-Filled-1.5hr
o Mixed-React-2hr
o Aerated-React- 3hr
o Mixed-React-2hr
o Settle-1.5hr
o Waste-0.5hr
o Aerate-1hr
o Idle-0.5hr
Able to process the synthetic wastewater to the following limits:
o ≤ 10 mg/L Chemical Oxygen Demand (COD)
o ≤5.0 mg/L Suspended Solids
o ≤2.0 mg N/L Nitrite Nitrogen
o ≤5.0 mg N/L Nitrate Nitrogen
o ≤5.0 mg P/L Total Phosphate

2.2 Chosen PDR Design
The chosen design was a cylindrical plastic container with a bottom-mounted aluminum mixer
blade and four aeration stones spaced equally on the bottom, this entire apparatus is then placed
on a hollow aluminum base which houses wiring. This design allows the user to have direct
access to the reactor, so they can easily put wastewater in and operate the reactor immediately
with no extra steps. An assembled and exploded rendering can be seen below
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Figure 2. Assembled View of the Bottom-Mounted Mixer Design
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3. Work Accomplished
3.1 Key Activities
3.1.1 Electrical Design
The electrical design is a key part to accomplish this project. It allows for the automation as well
as subjecting the water to the treatment necessary. The following schematics show the
connections done and the design specifications. The potentiometer was also included in a
connection between the relay and the actual motor. The code used for this design can be seen in
Appendix A.

Figure 4. Electrical Schematic for the Relay
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Figure 5. Electrical Schematic for the Relay
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Figure 6. Logical Circuit for air pump
The following figures show the implementation of these schematics in actual practice.

GND
5V
D2

Figure 7. Implementation of relay
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Figure 8. Back End Connection Air Pump Circuit
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Figure 9. Front End Connection Air Pump Circuit

3.1.2 Mechanical Design
The mechanical portion is what will ultimately be the machine. This includes the housing for the
machine, the rotational mechanism of the machine, and how everything is mounted. Design
expectations are seen in figures 2 and 3.
The rotational shaft of the machine will comprise of a shaft that is threaded on one end so that it
will couple with the motor. This will also compress the shaft down onto the rubber washer and
nylon washer. The rubber washer will hopefully make the shaft waterproof and the nylon washer
will reduce the friction between the rubber washer and the tank so that everything spins freely.
The final defense against leaks is a spring-loaded shaft seal placed between the shaft and the
motor. This spring-loaded shaft seal will be tight against the shaft at all times so that if any water
were to leak, it would stop there and not continue to the motor.

3.2 Design Successes & Failures
3.2.1 Electrical Design
The electrical design was a success. There were no issues while running the Arduino. However,
due to the frailty of the cable used, the circuit was less durable and a danger for failure, if
mishandled. This can be considered a failure.

3.2.2 Mechanical Design
The mechanical design ultimately was not completely complete with the closing of the machine
shop. The machine works mechanically. The motor spins the shaft, and everything is connected
prior to the closing of the shop. There is plenty of mounting and tidying up that needs to
complete.
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3.3 Revisions Made
Instead of creating walls around the base plate, legs were created as supports and spacers were
introduced to mount the motor onto the base plate.

3.4 Final Design and Construction
3.4.1 ELECTRICAL
The electrical aspects had no revisions at all. The electrical parts worked as intended after putting
it together.

3.4.2 MECHANICAL
There were no revisions to any of the moving parts in this machine. The only revisions made to
the machine covered in the previous section was to make the build easier.

Figure 10. Completed Body with Working Shaft
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4. Testing, Results and Discussion
4.1 Tests and Checks
The following is each test/check that was done:
•
•
•
•
•

Water Containment Check
Electrical Operations Check
Mechanical Operations Check
Automated Cycle Check
Nutrient Removal Test

4.2 Test Results
4.2.1 Water Containment Results
Constructed reactor held water without leaks for a period of 12 hours, passing the check.

4.2.2 Electrical Operations Results
The electrical circuit used allowed both the pump and blade to function, passing the check.

4.2.3 Mechanical Operations Results
The pump and motor were ultimately not tested due to the machine shop closing. However, the
assembly was tested against leaks without the motor and pump running and the only leaks shown
were from the aeration stones being porous. No leaks were seen around the seals of the stones
and of the shaft even when spun by hand.

4.2.4 Automated Cycle Results
The automated cycle results came out as a success. The model is ready to be submitted to the
testing phase and can handle the timings with extreme accuracy, in terms of the timing of the
electrical side.

4.2.5 Nutrient Removal Results
Due to complications with Coronavirus, this project never went into the Nutrient Removal
Testing phase. Coronavirus impacted the project in a variety of ways, the two large ones being
that it was infeasible to come to campus twice a day, every day for three weeks to conduct
testing and the other being that wastewater treatment plants were unwilling to meet with and
provide a wastewater sample for us to start the reactor with.

4.3 Results Discussion
4.3.1 Checks
All checks were passed except for the mechanical operations check.

4.3.2 Nutrient Removal
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For the one test there should be results to discuss, due to Coronavirus there are none. As such
this section go in-depth as to how the nutrient removal testing would have gone, had the
coronavirus not existed.
The following chemical tests were decided upon for the nutrient removal testing: middle-range
ammonia testing (2-47 mg/L) before processing, low-range ammonia testing (1-12 mg/L) after
processing, high-range COD testing (20-1500 mg/L) before and after processing, solids analysis
before and after processing and nitrate testing (5-35 mg/L) only after processing. Due to budget
issues phosphorus and nitrite testing were cut. However, ammonia testing is a great substitute for
nitrite testing, as the processes of an SBR converts ammonia in the water into nitrites and nitrates
and then into nitrogen gas. This allows ammonia levels to be a respectable substitute for nitrite.
It is expected that after processing ammonia levels will fall compared to before. COD should
also fall after processing. The solids content should rise, this is due to the synthetic wastewater
having almost no solids in it. There is only post-processing nitrate testing, this test should yield
≤5.0 mg N/L Nitrate Nitrogen in order to meet the requirements of the client.
In the case of high ammonia post-processing the cycles would be adjusted to allow longer
periods of aerobic conditions to allow longer periods of nitrification. In the case of high COD,
the idle phase would be extended to allow microorganisms to die as well as not aerate the water.
In the case of high solids, the waste phase would be adjusted to waste additional sludge. In the
case of high nitrate, the cycles would be adjusted to allow for longer periods of anoxic
conditions, to allow for longer periods of denitrifying bacteria activity.
This is a simplification of the actual testing. In practice this would have taken multiple weeks of
initial sample stabilizing followed by 2-3 weeks of daily testing and cycle adjustments every 1-2
days.

4.4 Miscellaneous Aspects
4.4.1 Safety
ELECTRICAL SAFETY
Future groups should take the reactor and build a circuit box in order to improve the safety of
this apparatus. There are no concerns due to potential water getting in the circuits due to the
cables separating the liquid and the electricity by a great amount of distance.
MECHANICAL SAFETY
Over time the parts such as the washers may need replacing or maintaining. The shaft is the key
point to any maintenance in the future.

4.4.2 Sustainability
This project is very sustainable. If the electronics are kept dry and the container is properly
cleaned after each experiment this piece of equipment will function for many years to come. It
also requires almost no input or maintenance, with the only parts that can malfunction being the
electronics, which can be replaced.
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5. Summary
5.1 Design Successes
The overall electrical function was a success. The timings worked so the coding portion of the
project was also a success.

5.2 Design Failures
The usability of the electrical components left much to be desired. The components were not
organized in a way that enabled ease of use. The lack of a circuit box is the key failure in the
electrical portion of the project.

5.3 Budget
Table 1. Budget
Item
High Range COD Test
Ammonia TNT 831
Ammonia TNT 832
Nitrate TNT 836
Whatman 47mm Filter
Papers
57mm Aluminum Dish
Arduino Power Adapter
Power Adapter 24V 5A
Arduino
Tubing
MOSFET
Air stones
Solderable Breadboard
Air Valve Connector
Relay Module
Air Pump
Tank
Potentiometer
Motor
Motor Wiring
Nylon Washers
Rubber Washers
Ball Bearing
Shaft Seal
Rubber Feet
TOTAL

Quantity
24
12
12
12
24
24
1
1
1
1
1
1
1
1
1
1
1
1
1
1
100
10
1
1
10

Price
Total
$241.00 per 150
$60.75 per 25
$60.75 per 25
$48.69 per 25
$45.25 per 100
$7.88 per 100
$8.99
$18.49
$18.00
$7.19
$8.99
$6.99
$8.99
$5.59
$5.50
$9.80
$29.97
$8.48
$28.39
$15.99
$9.22 per 100
$8.58 per 10
$11.85
$9.29
$12.95 per 10

$38.56
$29.16
$29.16
$23.37
$10.86
$1.89
$8.99
$18.49
$18.00
$7.19
$8.99
$6.99
$8.99
$5.59
$5.50
$9.80
$29.97
$8.48
$28.39
$15.99
$9.22
$8.58
$11.85
$9.29
$12.95
$366.25
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The budget was $66.25 over, but the money was acquired from Dr. Mine’s research budget to
afford nutrient testing.

6. Conclusions & Recommendations
6.1 Electrical
Build a circuit box for the Arduino and other electrical components so they are not scattered.
Replace the wires used for the air pump circuit due to their frailty. These are small
recommendations and do not affect the overall performance but rather the ease of usability.

6.2 Mechanical
The mechanical portion is near completion and few if any of the parts needs to be redone. A
recommendation is for the extraneous parts to be mounted safely onto the base plate or in a
separate housing.

6.3 Chemical
The biggest recommendation for future groups is to actually do some chemical testing. Besides
stating the obvious surrounding the current unfortunate circumstances the biggest
recommendation for future groups is to use a wider range of chemical tests. Being able to test
using actual nitrite and phosphorus vials would be very helpful data-wise. This will most likely
require a budget increase to feasibly happen.
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Appendices
Appendix A. Code
void setup() {
// put your setup code here, to run once:
// 2 - MOTOR
// 7 - AERATION
int minute = 60000;
pinMode(7, OUTPUT);
pinMode(2, OUTPUT);

digitalWrite(2, HIGH);
digitalWrite(7, HIGH);
delay(5000);
digitalWrite(2, LOW);
digitalWrite(7, LOW);

mixfill(minute);
mixreact(minute);
airreact(minute);
mixreact(minute);
settle(minute);
delay(minute * 30);
air(minute);
}

void loop() {
}

void mixfill(int minute)
{
digitalWrite(2, HIGH);
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for(int i =0; i < 90; i++)
delay(minute);
digitalWrite(2, LOW);
}

void mixreact(int minute)
{
digitalWrite(2, HIGH);
digitalWrite(7, LOW);
for(int i =0; i < 12; i++)
{
if(i%2 == 0)
digitalWrite(7,HIGH);
else
digitalWrite(7,LOW);

delay(minute * 10);
}
digitalWrite(2, LOW);
digitalWrite(7, LOW);
}

void airreact(int minute)
{
digitalWrite(7, HIGH);
digitalWrite(2, LOW);
for(int i =0; i < 18; i++)
{
if(i%2 == 0)
digitalWrite(2,HIGH);
else
digitalWrite(2,LOW);

delay(minute * 10);
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}
digitalWrite(2, LOW);
digitalWrite(7, LOW);
}

void settle(int minute)
{
for(int i =0; i < 90; i++)
{
delay(minute);
}
}
void air(int minute)
{
digitalWrite(7,HIGH);
for(int i=0; i < 60; i++)
{
delay(minute);
}
digitalWrite(7,LOW);
}
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