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Abstract

The water industry has been facing a lack of young, qualified workers for
many years while simultaneously having aging employees retire or change
fields. This is creating a lack of workers in treatment plants. As technology
has become more advanced, the industry has also become more automated.
This should make it easier in the future to attract and train young people to
the sector due to their interest in automation and computer learning. The
creation and adaption of didactic computer simulators and virtual reality
programs is one method the water industry has begun using in training to try
to attract young workers. We use Festo’s Environmental Discovery System®
(EDS) for Water Management to prove the usefulness of these systems.
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1. Introduction

Water and wastewater treatment plants are facing the crisis of an aging work-
force. According to a report by the Brookings Institute, the number of retire-
ments in the water sector workforce is leading to staffing vacancies of up to 50%.
The average age of workers in the water industry is 42.8 years, which is slightly
older than the national median across all jobs, which is 42.2 years. However,
some areas of the water sector have skilled workers that are significantly older
than the national average, such as water treatment plant operators, who have an
average age of 46.4 years. The U.S. Bureau of Labor Statistics (BLS) also esti-
mates that each year from 2016 to 2026, about 10.6% of workers in the water
sector will either retire or transfer out of the field (Kane & Tomer, 2018). The
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BLS estimates that during this time, there will be 9200 job openings each year in
the United States water sector (Kane & Tomer, 2018; United States Government
Accountability Office, 2018). An aging workforce was listed as the eighth out of
30 most pressing issues facing water utilities in 2019 (Flancher, 2019). Beyond
simply having an aging workforce, the water industry has a lack of young work-
ers. Only 10.2% of workers were between the ages of 22 and 24 in 2018 (Kane &
Tomer, 2018). Other countries are facing the same dilemma. In Australia in
2016, about a third of the water sector workforce was over the age of 51 (Gralton,
2018). Similarly, in the United States in 2016, 24.7% of water operators were 55
years of age or older (United States Government Accountability Office, 2018).
Both the aging workforce and the lack of young workers in the water industry
make training new talent extremely important. One challenge with training is
that water treatment plants are becoming more automated. Because of this, op-
erators are becoming supervisors that monitor the plant rather than continually
controlling it. This lack of continuous control means that operators no longer
receive as much on the job training leading them to have more trouble dealing
with disruptions in operation (Van der Wees, 2009; Worm et al., 2012).

Many product manufacturers are trying to address the difficulties of training
and attracting young people by creating computer simulators and virtual reality
programs of water and wastewater treatment. One of the hopes is that by doing
this, it will make training more appealing to young people by making it more
game-like. It is also thought that computer-based training may help improve the
technological skills of trainees, which is necessary due to the increasing automa-
tion of treatment plants (Lui et al., 2012; Mirauda et al., 2019).

Waterspot is a drinking water simulator developed for the Weesperkarspel
drinking water treatment plant in Amsterdam. One of the reasons this simulator
was developed was to try to fill the skill gap of operators created by increasing
plant automation (Van der Wees, 2009). The Waterspot Simulator allows for
both operator training and process optimization (Lapikas et al., 2009; Van Der
Helm et al., 2012). The virtual treatment plant can be either manually controlled
or partially automated. Changing a pump speed, valve position, or chemical do-
sage shows their effect on the division of flows in the treatment plant and/or on
the chemical properties of the water (Worm et al., 2012). The simulator allows
for modelling ozonation, pellet softening, and activated carbon filtration processes.
Waterspot uses real-time and historical data of on-line water quality measure-
ments, flow measurements, process data, and water quality laboratory measure-
ments in the simulator. This helps to provide more realistic training for opera-
tors. The virtual plant is also run using a SCADA (supervisory control and data
acquisition) interface, which helps improve the reality of training. Despite the
possibilities of using Waterspot for training operators, the plant decided not to
begin training operators and instead is doing further research on the simulator
(Van Der Helm et al., 2012).

Another platform that has been used for training is LabVIEW. LabVIEW is a
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3D modeling software. It has been used in university programs to create virtual
labs to teach hydraulic pump diagnostics and flow meter calibration, as well as to
track the profile of the jet trajectory from an orifice fitted in a tank and to draw
the flow net for a given velocity potential stream function (Mirauda et al., 2019;
Nedeljkovic et al., 2019).

The Wastewater Treatment Simulation (WaTr Sim) is a computer-based si-
mulation of a plant for purifying wastewater. The focus of the operator is to have
as little wastewater remaining at the end of the simulation as possible. There are
four different processes that an operator handles in WaTr Sim to achieve this
purpose. These processes are: 1) delivery, during which tank trucks bring waste-
water to the plant; 2) homogenization, where wastewater is mixed to a 50:50 ra-
tio of water and solvents and brought to an even temperature; 3) separation,
during which the operator separates the water and solvents by bring the mixture
to a boil in a distillation column; 4) and finally, product repository, where prod-
ucts and waste are received and moved on for further processing. The simulation
also logs the interactions between the operator and simulation. This can then be
viewed after using the simulation and allows performance to be evaluated. The
simulator also includes five alternate scenarios to increase the operators’ expe-
rience. There is a start-up and a shut-down scenario as well as two scenarios af-
fecting truck delivery and one including heavy rainfall. Each of these scenarios
changes how the operator must run the plant and provides experience beyond
the default settings. WaTr Sim can also be altered, and new features can be add-
ed to tailor the simulation to the needs of the user. Research has suggested that
this simulator can be used in training experiments to analyze the demands of
process control tasks. Unfortunately, WaTr Sim is only available for experimen-
tal use and is not for sale. Furthermore, the user manual is only available in
German, which limits the number of people who can use the simulator
(Burkolter et al., 2009). After the date of this referenced paper, further informa-
tion does not appear to be available.

StreamflowVL is a virtual laboratory that was designed for Hydraulics Engi-
neering students at the University of Basilicata in Italy to be used in combination
with traditional teaching methods. This virtual laboratory was designed to help
students familiarize themselves with sophisticated equipment and advanced me-
thodologies for the measurement of the water discharge in open-channel flows
(Mirauda et al., 2019). Treatment plants such as the Milwaukee Metropolitan
Sewerage District (MMSD), often sample water from surrounding rivers and
lakes to test for new sources of pollution and may find such training useful
(MMSD, n.d.). This simulation differs from many others because it does not fo-
cus on working in a treatment plant, but rather on collecting water samples from
bodies of water. Traditionally, this must be practiced by going to rivers and col-
lecting samples many times to learn proper methods and equipment handling.
Learning to move within a river is also important. It can be difficult for students

to get enough practice sample collection, especially in autumn and winter when
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there are poor weather conditions. There is also limited time during open-air
exercises, making it challenging to complete an entire measurement procedure.
The simulator makes it possible for students to complete the entire process, ra-
ther than just part of it, giving them a better idea of procedures. One challenge
with this simulator is that manual skills are not improved through its use. The
simulator also does not require the same amount of care as working in the field
requires. This means that StreamflowVL should not replace traditional water
sampling training but could be used to supplement it, instead (Mirauda et al.,
2019, 2020).

EON Reality and Festo Didactic worked together to create a virtual reality si-
mulation of a water treatment plant. The simulation allows users to virtually in-
teract with the plant, machinery, and practice for emergency situations. Some of
the operations included in the simulator are cleaning and reinstalling the water
inlet sensor, operating bypass sliders, lifting the sand pump with a crane, and fi-
guring out the best way to fix an oxygen probe. Users are also able to look over
the entire treatment facility from a simulated control room (EON Reality, 2015).
Furthermore, the system allows for practice with situations such as power fail-
ures, breakdowns, and accidents that can’t be trained for in real-life (Festo Cor-
poration, n.d.-a). This simulator allows students to make and learn from mis-
takes without real life, and sometimes dangerous, consequences. The simulator
also brings together aspects of mechanics, electrics, chemistry, and biology, all of
which are needed as a water or wastewater treatment professional. This helps
provide a well-rounded experience for users (EON Reality, n.d.).

Festo Didactic, by itself, has also created educational material for water man-
agement, distribution, and treatment. One such product is the Environmental
Discovery System® (EDS) for Water Management. This system includes both a
computer program and a physical model of the water treatment process. The
model includes four stations, the Water Purification station, the Water Supply
station, the Wastewater Transport station, and the Wastewater Treatment sta-
tion. These stations can be used individually or together to show how changing
one station can affect the rest. The system includes handbooks with background
information on different processes of treatment plants as well as exercises that
can be carried out using the system (Festo Corporation, n.d.-b). To date, to the
best of our knowledge, there are no research papers on the use of efficacy of the
EDS® for Water Management.

In this paper, we will focus on water and wastewater treatment plants that use
coagulation and flocculation to remove suspended particles from water as one of
the middle steps in drinking water purification. There are three steps to remov-
ing suspended particles from water. The first step is coagulation. A coagulant
with positive charge is added which brings together negatively charged suspended
particles and forms microflocs (Grof3 et al., 2013). The second step is floccula-
tion. Flocculation occurs with gentle mixing which causes the microflocs to col-

lide and form larger macroflocs (Prakash et al., 2014). Sedimentation is the third
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step for removing suspended solids. This is the step in which floc settles and can
be removed. Multiple factors can affect the coagulant needed such as the type of
particle load (organic, inorganic, or biological), temperature of the water, and
the pH level of the water (Grof3 et al., 2013). Simple hydrolyzing metal salt (HMS)
coagulants are aluminum sulfate (Al,(SO4);-14H,0), also known as alum, ferric
sulfate (Fe,(SO4)3-XH,0), and ferric chloride (FeCl;-XH,0O) (American Water
Works Association & Edzwald, 2011). Generally, a multichamber system is uti-
lized for this process. In the flash mix chamber, chemicals are added and mixed
into the raw water. Significant turbulence is required here to ensure collision of
the chemical and raw water particles. Water is then pumped into a flocculation
chamber with lighter mixing so as not to disturb the formation of floc. The final
chamber is the sedimentation chamber. Here, floc is allowed to settle to the bot-
tom of the chamber while the clean water is permitted to flow from the top of
the chamber into the rest of the treatment system. For this process to be done in
a single chamber, different zones within the tank serve separate functions (Grof3
et al., 2013).

This paper looks at an iron flocculation experiment done using Festo’s EDS®
Water Management System as a model experiment, where synthetic raw water
was created by adding sodium hydroxide to tap water and ferric chloride was
used as a coagulant. This system demonstrates the process using a single cham-
ber. Our goal is to evaluate whether the EDS system is a valuable tool to prepare
students with hands-on experiments at pilot scale, bridging the gap between lab
bench experiments and large-scale plants, and suggest improvements to the op-
eration of the system to merge that gap and facilitate the process of preparing

the next generation of workers in treatment plants.

2. Materials and Methods
2.1. Materials

Sodium hydroxide (50%) solution (CAS #1310-73-2) was used, which was ob-
tained from Wheaton Scientific and from Cole-Parmer. A ferric chloride (100%)
solution (CAS # 10025-77-1) was obtained from Ricca Chemical Company. The
ferric chloride was diluted to two 40% solutions. Originally, 1 liter was made us-
ing 400 mL of ferric chloride and 600 mL of deionized water. An additional 200
mL of 40% solution was made using 120 mL of ferric chloride and 180 mL of

deionized water.

2.2, System Set-Up

The iron flocculation experiment was done using the Water Purification and
Water Supply stations of the Festo EDS® for Water Management. The system
was set up based on instructions obtained elsewhere (Grofi et al., 2013). The
closed loop of the water purification system (Figure 1) was expanded to connect
the two stations according to the Piping & Instrumentation Diagram (Figure 2).

To run the system, the EasyPort™ programmable controllers of both the Water
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Figure 1. The piping and instrumentation diagram for the Water Purification system of the EDS® for
Water Management (Reproduced with permission of Tony Oran, FESTO USA).

Purification and Water Supply station were turned on. Then, the software,
“FluidLab Water Management” (FESTO, version.07 by ADIRON Copyright
2012) was started on the connected PC. The “Initialize” button was pressed for
both stations and then the picture for the stations was clicked on to open their

control panels.

2.3. Methodology

This experiment was based on instructions obtained elsewhere (Grof§ et al., 2013).
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Figure 2. The piping and instrumentation diagram for the experiment ((Reproduced with permission of Tony Oran, FESTO USA).

However, the instructions only call for doing one run using 32 mL sodium hy-
droxide (50%) and 54 mL ferric chloride (40%). Variations using 15 mL sodium
hydroxide (50%) and 54 mL ferric chloride (40%), 50 mL sodium hydroxide
(50%) and 54 mL ferric chloride (40%), 32 mL sodium hydroxide (50%) and 25
mL ferric chloride (40%) were also used. A fifth variation, 32 mL sodium hy-
droxide (50%) and 75 mL ferric chloride (40%), was planned, but could not be
completed due to time constraints and lack of an adequate supply of ferric chlo-
ride. Three runs of each variation were done except for the 32 mL sodium hy-
droxide (50%) and 54 mL ferric chloride (40%) variation. This variation had six
runs. The first three runs were used to figure out timing for the sampling and
did not have standardized timing for sample draws. To enhance our under-
standing of the experiment we kept samples of each solution prepared and took
additional measurements of the solutions. This included taking measurements of
pH and conductivity.

We used ferric chloride as our HMS to coagulate our raw water solution.
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When ferric chloride is added in sufficient concentrations, it reacts with hy-
droxides (OH-) to form solid ferric oxyhydroxide, floc (FeOHs). Suspended
particles are trapped in the precipitate and can be removed from the water along
with the floc (Shammas, 2005). Ferric chloride can be used to remove organic
materials, some viruses, arsenic, and algae (Bratby, 2016; Samrani et al., 2004).
In this paper, the ferric chloride and sodium hydroxide combined to form so-
dium chloride and ferric oxyhydroxide according to the formula:
FeCl; + 3NaOH - 3NaCl + Fe (OH)s(s)

The ferric oxyhydroxide is a solid and forms a precipitate at the bottom of the
tank.

As noted previously, Festo’s system demonstrates the coagulation and floccu-
lation process in a single tank, rather than a multichamber system. The “raw
water” is held in tank B201. Tank B102 acts as the mixing, flocculation, and se-
dimentation chamber all in one. The middle of B102 works as the mixing cham-
ber. The flow of water from B201 into B102 provides the turbulence required to
mix the coagulant with the raw water. The lower part of B102 (B102L) works as
the flocculation and sedimentation chambers. Provided the water from B201 is
not flowing too quickly, the floc is able to form and settle with only minor dis-
turbance here. Once the water rises sufficiently, the weir at the upper part of
B102 (B102U) then allows the cleaned water to overflow back into B201 which

now symbolizes the next steps in the treatment process.

2.3.1. Optimization and Standardization of EDS® Parameters

Several test runs were done without collecting samples to be sure the experiment
was running properly. Initially, the instructions in the workbook were misread
and too little sodium hydroxide was added. When no flocculation occurred,
small amounts of sodium hydroxide were added. Eventually, flocculation did be-
gin. This led to a reread of the instructions and the correct amount of sodium
hydroxide was found, which was significantly higher than the original amount
used. The water flow into tank B102 was also experimented with. Because the
flow meter was not working properly, pump P201 could not be set to a specific
flow rate. Instead, valve V210 was partially closed to control the flow. When the
valve was open all the way, tank B201 filled too fast and did not allow for gentle
mixing and enough time for the sodium hydroxide and ferric chloride to react so
that the floc would form and settle. Closing valve V210 about 45° slowed the
flow sufficiently. The instructions in the workbook said to set the delivery rate of
the ferric chloride to about 5 drops per second using valve V113. However, only
opening this valve enough to allow drops into tank B102 could not achieve this
rate and was too slow. Tank B102 would fill too far before all the ferric chloride
entered the tank and the same problem that occurred with an excessive water
flow rate resulted. Instead, valve V113 was opened completely, and the ferric
chloride was allowed out in a steady stream.

Before adding water to the system, valve V205 was closed. Tank B201 was
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filled with 1.5 L of tap water by pouring the water into the top of the tank. Pump
P201 was started by turning on Switch 3 at the bottom of the Water Supply con-
trol panel on the EDS® software graphic user interface (GUI). The pump was
run until water filled the piping to tank B102 and the piping was clear of large air
bubbles. If bubbles continued to exit the pump, it was turned on and off until
bubbles were no longer released. Water is approximately 1000 times denser than
air so the pump will not work properly if it has air stuck in inside. If needed,
more water was added until this could be accomplished. Any water collected in
tank B102 was drained into a waste bucket by clicking software Switch 1 at the
bottom of the Water Purification control panel to open valve V102. Then the
valve was closed by clicking the switch again which activates a solenoid to repo-
sition the valve.

Tank B201 was then filled to the 2 L mark with tap water. The proper amount
of sodium hydroxide was added and then the tank was filled to 3 L mark with
tap water. Valve V210 was partially closed by turning it about 45°. The valve was
also marked to make it easy to turn the valve to the same location for each run.
Tank B103 was filled with the proper amount of ferric chloride (40%) with its
valve, V114, closed. Valve V113 was opened completely. To begin the run, pump
P201 was turned on and a timer was started. As soon as the pump was started,
the ferric chloride was allowed to drain into the water by opening valve V114
completely.

A 25 mL graduated pipet was used to draw 20 mL samples that were collected
in Falcon 50 mL polypropylene conical tubes. Vials were labelled with the amounts
of sodium hydroxide and ferric chloride used in the run, the run number, the
time taken and the location of the draw. Each run resulted in a total of 10 sam-
ples. Each time a sample was drawn, the time it was taken was written in a table.
A total of four sets of samples were taken per run. A sample was drawn from
tank B201 after it was filled with sodium hydroxide and water but before run-
ning the experiment. Samples were also drawn from the very top of the water in
tank B102 just outside of the weir, from the middle of the floc formed at the
bottom of tank B102, and from tank B201. The samples were drawn when the
water in tank B102 reached the top of the weir and began to overflow into tank
B201. The next set of samples was taken 2 minutes after the final sample from
the previous set was drawn. After the system had run for 10 minutes, pump P201
was turned off by clicking Switch 3 in the Water Supply control panel. The floc
was permitted to settle for two minutes before the final samples were taken. A
sample of tap water was also collected for comparison.

After the final sample was taken, tanks B102 and B201 were drained into the
waste bucket by opening valves V102 and V205. The valves were closed, and the
system was run with plain tap water to rinse it out. All the tap water was drained,
and the system was set for the next run.

After several runs, it appeared that backflow valve V104 failed. Since tank
B102 is higher than B201, this valve is meant to prevent water from flowing
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backwards from B102 to B201 through the piping that brings water from B201 to
B102 when the pump is not running. To prevent backflow during the settling
period when the pump was turned off, valve V103 was closed as soon as pump
P201 was stopped. This had to be done for runs two and three of the 32-mL so-
dium hydroxide (50%) and 25 mL ferric chloride (40%) variation and all three
runs of the 32 mL sodium hydroxide (50%) and 54 mL ferric chloride (40%)

variation.

2.4. Characterization of Water Samples

2.4.1. pH Testing

The pH testing was done using the Oakton PCTS 50 handheld pH meter. Before
testing, the meter was calibrated with pH 4, 7, and 10 standards. Each sample
was shaken and then poured into the cap of the meter to the “Max” fill line. The
meter was attached to the cap, and it was checked that there were no air bubbles
around the electrode. The meter reading was allowed to stabilize until a check
mark appeared. The resulting pH was written in a table. The cap and electrode

were rinsed with deionized water between each sample.

2.4.2. Turbidity Testing

Turbidity testing was done using a La Motte 2020 we Turbidimeter. Prior to
testing, the turbidity meter was calibrated using 20 and 200 NTU standards.
Each sample was shaken prior to testing. After shaking the sample, it was poured
into the testing vial. The vial was wiped off with a Kim wipe and inserted into
the turbidity meter. The reading was written in a table. After testing, the sample
was returned to its sample vial. The testing vial was washed and dried between

each sample.

2.4.3. Conductivity Testing

Conductivity testing was done using the YSI Model 32 Conductance Meter. The
function knob was set to “Conductance” and the temperature coefficient was set
to 2.7. To check that the meter was reading properly, Oakton Conductivity
Standards of 84 and 1413 microohms/cm were measured. The cell constant used
was K = 1/cm. Each sample was shaken and then the electrode was dipped in
several times and stirred to be sure that no air was trapped in the electrode
chamber before being held submerged in the sample. The range was set to the
lowest value that resulted in a reading. Over-range values were indicated by a “1”
and under-range values were indicated by a “u”. Once the reading stabilized, the
value and range used were written in a table. The electrode was rinsed between

samples with deionized water and excess water was patted off with a Kim wipe.

2.5. Data Analysis

Graphs were created using SigmaPlot 14.0. The graphs compare the average pH
and conductance of each sample location (Tank B102U, Tank B102L, and Tank

B201) over time for each variation of sodium hydroxide and ferric chloride.
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3. Discussion

In this series of experiments, our goal was to demonstrate that a sophisticated
training system can be used to educate technical students on drinking water pu-
rification processes. And that the results of chemistry variations in raw water
and coagulant chemistry used for flocculation are controllable and measurable in
a model system. Raw water was made with NaOH mixed with tap water, then the
FeCl; coagulant was added.

The following chemistry solution variations were used:

15 ml NaOH (50%), 54 ml FeCl; (40%)

32 ml NaOH (50%), 54 ml 32 ml NaOH (50%), 25 ml FeCl; (40%)

FeCl; (40%)

50 ml NaOH (50%), 54 ml FeCl; (40%)

We performed three runs of variations 1, 2, and 4, and six runs of variation 3
using the methods explained in section 2 of this paper. Tank B201, was the tank
holding raw water and tank B102 was the mixing tank used to dose the raw wa-
ter with FeCl; coagulant. Samples for evaluation were taken at various points in
these tanks.

Raw water was transported from tank B201 to tank B102, and iron chloride
was gradually added. Samples were taken from U, the upper portion of tank
B102 just before the water ran over a weir for transport to tank B201 as purified
water, and L, the lower portion of tank B102 where precipitation of flocs oc-
curred. The flocs created during the various experiment mixtures were of vary-
ing degrees of density. Figure 3 represents the visual affect created when the
flocs began to develop.

This chemical reaction is as follows:

FeCl; + 3NaOH -> 3NaCl + Fe(OH); (s)

The following is a summary of average results and patterns for pH, conduc-

tance, and turbidity.

4

Figure 3. Tank B102 in the middle of flocculation. Floc is beginning to settle to the bot-

tom of the tank as the water rises to the weir.
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3.1. Acidity (pH)

The pH of the various fluids remaining after cycling the experiments was meas-
ured with the following results:

Samples from tank location B102U resulted in similar pH results for all runs
with only a variation from 12 to 12.5 pH (Figure 4). Variation from highest pH
to lowest pH was as follows for the performed experimental runs:

15 mL NaOH, 54 mL FeCl;

32 mL NaOH, 54 mL FeCls, runs 4 - 6

32 mL NaOH, 25 mL FeCl;

32 mL NaOH, 54 mL FeCls, runs 1 - 3

50 mL NaOH, 54 mL FeCls

Tank location B102L, however, had a broad range of acidity (Figure 5). Some
of the samples resulted in heavy opaque floc (Figure 6, right), while others were
a dark, transparent brown liquid with no floc (Figure 6, left). Why this hap-
pened is unsure. Samples with heavy opaque floc precipitant were very basic,
and those that were the dark brown liquid were very acidic. Because of the varia-
tion, it is difficult to discern much of a consistent pattern. It does appear that
variations 32 mL NaOH, 25 mL FeCl; and 32 mL NaOH, 54 mL FeCl; (runs 1 - 3

and runs 4 - 6) all decrease in pH after the first two samplings. Variations 15 mL

I\,_\
12.30 - e
~.
O ., — —n
1225_ .................... O ..................................................... O
————————————— ‘v—————_—‘————_
Y yY_——"" T T T 4
T 1220 -
a .’///,.’4—\.
12.15 -
__—=8
12.10 - _—e
o ———
12,05 +— : T
1 2 3
t
—e— 3254R1-3
........ o 32,54R4_6
——-v—— 3225
—-—&—-- 1554
— -8 — 5054

Figure 4. Tank B102U pH: average pH values of the samples taken from tank B102U
throughout each run for each variation. T is the time of the draw. 1 is when water reached
the weir in tank B102; 2 is 2 minutes after the first draw; 3 is after the 2 minutes settling
period after the system ran for 10 minutes. In graph legend, the number of milliliters of
NaOH is first, followed by FeCls.
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Figure 5. Tank B102L: average pH values of the samples taken from tank B102L throughout
each run for each variation. T is the time of the draw. 1 is when water reached the weir in
tank B102; 2 is 2 minutes after the first draw; 3 is after the 2 minutes settling period after
the system ran for 10 minutes. In graph legend, the number of milliliters of NaOH is first,
followed by FeCls.

Figure 6. On the left is a picture of an example of the samples for tank B102L that came
out as a transparent, brown liquid. On the right is an example of the samples from tank
B102L that came out as an opaque floc (samples in picture are shaken). When not shaken,
the brown liquid remains the same, while the opaque floc settles into a layer on the bot-
tom with clear liquid on top.
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NaOH, 54 mL FeCl; and 50 mL NaOH, 54 mL FeCl; stayed fairly level through-
out all three samples.

Tank B201 had pHs in a range of 12 to 12.5 (Figure 7). This finished water was
clear with a hint of yellow and showed the same results as the water in tank
B102U. The water in tank B102U was a similar color. This water ran over the edge
of a weir and was transported to tank B201. The similarity in pH was the result
that we expected. Variation from the highest pH to lowest pH occurred as follows:

15 mL NaOH, 54 mL FeCl;

32 mL NaOH, 54 mL FeCl;, runs 4 - 6

32 mL NaOH, 25 mL FeCl;

32 mL NaOH, 54 mL FeCl;, runs 1 - 3

50 mL NaOH, 54 mL FeCl;

3.2. Conductance

All chemistry variations had consistent conductance within their group in the
tank B102U location (Figure 8). In comparison, the samples with different che-
mistry had large variation in conductance. The 15 mL NaOH, 54 mL FeCl; mix-
ture had a conductance of 17 millimho while the 50 mL NaOH, 54 mL FeCl;
preparation tested at 50 millimho. The order of conductance from the highest to

the lowest was:

—&—— 32,54R1-3

........ Q:-vveeee 32,54R4_6
——-v—— 3225
— & — 1554
— —0—— 50,54

Figure 7. Tank B201: average pH values of the samples taken from tank B201 throughout
each run for each variation. T is the time of the draw. 0 is of the “raw water” (NaOH and
water) before the run began; 1 is when water reached the weir in tank B102; 2 is 2 mi-
nutes after the first draw; 3 is after the 2 minutes settling period after the system ran for
10 minutes. In graph legend, the number of milliliters of NaOH is first, followed by FeCls.
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Figure 8. Tank B102U: average conductance values of the samples taken from tank
B102U throughout each run for each variation. T is the time of the draw. 1 is when water
reached the weir in tank B102; 2 is 2 minutes after the first draw; 3 is after the 2 minutes
settling period after the system ran for 10 minutes. In graph legend, the number of milli-
liters of NaOH is first, followed by FeCls.

50 mL NaOH, 54 mL FeCl; at 50 millimho

32 mL NaOH, 54 mL FeCl; and 32 mL NaOH, 25 mL FeCl; at 35 millimho

15 mL NaOH, 54 mL FeCl; at 17 millimho

Tank B102L had variations in conductance from 15 millimho to 33 millimho
(Figure 9). Chemistry mixture 50 mL NaOH, 54 mL FeCl; had the highest con-
ductance while the other chemistry groups varied within their sample groups
from a low for 32 mL NaOH, 25 mL FeCl; and 15 mL NaOH, 54 mL FeCl; chemi-
stries and midrange readings for 32 mL NaOH, 54 mL FeCl; runs 1 - 3 and 4 - 6.

Tank B201 averages were the same as those from tanks B102U (Figure 10).
This was expected because this water was transported from the B102U location
over the weir. Just like in tank B102U, the order of conductance from the highest
to the lowest was:

50 mL NaOH, 54 mL FeCl; at 50 millimho

32 mL NaOH, 54 mL FeCl; and 32 mL NaOH, 25 mL FeCl; at 35 millimho

15 mL NaOH, 54 mL FeCl; at 17 millimho

3.3. pH and Conductance Generalizations

After measuring the pH values for all the samples and finding the averages, we
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Figure 9. Tank B102L: average conductance values of the samples taken from tank B102L throughout
each run for each variation. t is the time of the draw. 1 is when water reached the weir in tank B102; 2
is 2 minutes after the first draw; 3 is after the 2 minutes settling period after the system ran for 10 mi-
nutes. In graph legend, the number of milliliters of NaOH is first, followed by FeCls.
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Figure 10. Tank B201: average conductance values of the samples taken from tank B201 throughout
each run for each variation. t is the time of the draw. 0 is of the “raw water” (NaOH and water) before
the run began; 1 is when water reached the weir in tank B102; 2 is 2 minutes after the first draw; 3 is
after the 2 minutes settling period after the system ran for 10 minutes. In graph legend, the number of
milliliters of NaOH is first, followed by FeCls.
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observed that the variation with 15 mL NaOH, 54 mL FeCl; results in the highest
pH values (most basic) and the variation with 50 mL NaOH, 54 mL FeCl; results
in the lowest pH values (most acidic). The other three variations were in the
middle. The exception to this pattern was in tank B102L. These results could
help demonstrate to students and trainees how the water that leaves the sedi-
mentation tank (B102L) is different from the floc that settles to the bottom. The
pH of the water overflowing the weir in B102U and the water that ended up in
B201 at the end were all very similar, only ranging from a pH of about 12 to
12.35 (Figure 4 and Figure 7, respectively). Meanwhile, most of the pH mea-
surements from B102L were highly acidic (Figure 5).

This pattern was the opposite for conductance. The 15 mL NaOH, 54 mL FeCl;
had the lowest conductance values while the 50 mL NaOH, 54 mL FeCl; variation
had the highest values. The conductance pattern even seems to follow in tank
B102L. Again, B102U and B201 very similar conductance’s (Figure 8 and Figure
10, respectively) while differing more significantly from B102L (Figure 9).

3.4. Turbidity

We also planned to run tests on turbidity, however, the typical turbidity tests are
run to understand the clarity of water. The test device available in our lab is only
for measuring relatively clear water and we determined it would not produce
reasonable and consistent results here because the water solution containing floc
was opaque. It may be appropriate to use a different type of meter for this test in

the future.

3.5. Visual Representation

Not only do the results of the experiment have the potential to enhance under-
standing the water treatment process, but the hands-on visual representation
does, as well. Simply reading about coagulation and flocculation only provides
so much understanding. The Festo EDS® for Water Management provides stu-
dents with an effective representation of the separate parts and processes of this

step-in water treatment, despite not having a full multichambered system.

4. Issues and Future Experiments

There were several issues that made performing the experiment challenging.
Some of the instructions for running the experiments with the Festo EDS® for
Water Management were unclear or incorrect. At the beginning of the experi-
ment, the instructions for filling tank B201 did not make sense. The tank holds
3.0 liters, however, the instructions said to add a total of 3.5 liters of water, then
add the sodium hydroxide, then fill to the 3.0-liter mark on the tank. The tank is
overfilled with water before the sodium hydroxide is even added if the instruc-
tions are followed. The instructions for making the “raw water” in the “Prepare
Raw Water” section were also confusing because there were instructions on how

to prepare the sodium hydroxide 50%. However, the sodium hydroxide that
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comes with the EDS® kit is already at the proper concentration and does not
need to be diluted. What is required is that a 50% sodium hydroxide solution is
added to tank B201 to a particular amount of water, thus diluting it.

There were also some issues that occurred with the system itself that required
some problem-solving. The impeller flow meters were not working, so the flow
rate could not be adjusted properly. It had to be done manually using valve
V103. The backflow valve V104 also failed to operate on several occasions so
valve V103 had to be closed once pump P201 was turned off to prevent the water
from running in reverse. It was also almost impossible to control the input flow
off the ferric chloride into the water system. This input flow is critical to produces
a gradual flow rate which later produces flocculation. The instructions say to set
the valve to 5 drops per second, but the manual valve would not allow for that ad-
justment. It either dripped slower or flowed at a steady rate. After some experi-
mentation, opening the valve completely to allow a continuous flow seemed to
allow for proper flocculation.

A variety of other experiments could help students better understand coagula-
tion and flocculation. Students could investigate how the flow rate of ferric chlo-
ride or that of the raw water affects the mixing floc formation. While these were
not part of our official experiment, they were both things that we had to adjust
various times while deciding how to set up and run the system for our experi-
ment to allow for proper mixing of the coagulant and “raw water”. Playing with
these setting could help students understand the importance of flow rate. The
time the floc is allowed to settle at the end could also be varied before taking the
final sample. In future experiments, another good measurement to take would
be the amount of floc that settled. Different coagulants could also be experi-

mented with.

5. Conclusion

The shortage of trained incoming employees is well known in academia, star-
tups, utilities, and industries. To have college students succeed in water educa-
tion and research anything that they can learn in high school or technical college
on the topic will insure a better retention rate at their next level. The tools we
researched could be used for that purpose as well as general education of the
public.

After pursuing methods for hands-on education and automation training
hardware and software, some of which are not accessible or complete, we were
able to perform this research to evaluate whether the EDS system is appropriate
for educational research. After performing experiments on a selected topic, we
had a few suggestions for improvement in the training materials, but we consi-
dered very successful the technical results and conclusions we could draw out of
this experiment. We believe that adding this system and its very thorough in-
struction package to a curriculum regarding water purification, transportation,

and wastewater processing would provide hands on learning and experimenting.
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We experimented on only one element of the system, purification of raw water
using sedimentation and flocculation. Many other areas of the system could be
used to produce learning opportunities. The idea of experimenting with different
chemistries and measurement equipment allowed us to experience a more
in-depth knowledge of the science and the system. This could be a very good
way to lead students into further studies and ultimately careers in the water in-

dustry.
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