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Abstract—Every Power Station in Eskom — South Africa, usemideralized (demin) water to keep their
boiler's functioning and generators producing eleity. There is a constant demand of demin wateit t
needs to be met by the demin plant. The demin waieduction process has many inputs and dynamic
variables and many of these variables have fluictgarends. Sometimes these fluctuations can direct
impact the availability of demin water to the povgtation. The focus of this article is to investegéhe
random nature of some of these variables and sloawtiis (mostly overlooked) randomness can affeciry
demin water production and ultimately the avail@pibf demin water to the boilers. This investigatiwas
done, by using a system dynamics model built witbei Stella that has been implemented at the siation
project the station’s demin water availability tbhe next week. Three parameters were investigdteel first
being water quality, second the demin water consismpate outliers and lastly the impact of unfees
maintenance activities on one vessel. The reshlisvghat water quality has a large influence on idem
water availability but the occurrence of poor wateality is less prevalent, while the outliers endn water
consumption are dominant and also have a signifiogpact on water availability. Thus cannot be &alily
averaged out for the projection period. The effafctnaintenance is dependent on the current statbeof
system, whether the maintenance is planned or onethand its duration: 10 hour unplanned maintemanc
interruption could lead to a 180% fall in tank lesveThe System Dynamics Simulator was successful in
showing the impact of the normally neglected andhbrity” operational fluctuations on a demin platitese

effects need to be taken into account if possible.
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I. INTRODUCTION
A. What is demineralised water and how is it produced?

Demineralized (demin) water is water that is frédissolved minerals and contains only pure water
ions (H+ and OH-). Demineralization can be doneuyh the process of lon Exchange. Most of the
Eskom coal fired stations are equipped with iorhexge vessels, as this was the cheapest and most
reliable demineralization technology at the timehafir construction (ENViCare).

Resin beads are small spheres which are manufdctarbave a fixed ion (positive-Anion) and
(Negative-Cation) which then attracts the negadivpositive ion counterpart. Therefore they rely on
the resin being able to replace the mineral iorhwaithydrogen(+) or hydroxide(-) ion. As these
replacements take place, the resin has less exeallegions and when most of the resin inside a bed
has exhausted their ions, the water being prodwdédtart leaking some of the mineral ions. When
this leakage takes place, it means that the vesselot produce any more demin water, since its
ability to remove ions has been exhausted. The rddga of the resin lies in its ability to be
regenerated. The resin can then be regeneratedhwidhor caustic, depending on the type of resin.
This regeneration removes the mineral ions fromrésin and replaces it with hydrogen®J+br
hydroxide (OH) components. After regeneration, the vessel canplte back into service to
demineralize the filtered water again (ROHM & HAAX)08).

B. Factors influencing demin water

In this paper three factors that influence the patidn of demin water is investigated by using a
system dynamics model build for a specific wateatiment plant in Eskom. The three factors are:
water quality outliers, higher consumption disttibos and unplanned maintenance.

C. Research Questions

The following points list the main research quesithat will be investigated:

* Can a System Dynamics model built in iSee Stellads®l to evaluate the unpredictability of
the demin plant?

* How does raw water quality affect demin water aity?

» How does the outliers in demin water consumptidecaidemin water availability?

* What is the possible effects of having a compofahire on demin water availablity?

II.  BACKGROUND AND LITERATURE

All the variables mentioned above fluctuate ongular basis. Process control has been put in place
to minimize these fluctuations, but outliers stificur. The effect of water quality outliers is first
operation variable that will be analyzed.



A. Raw water quality

Demin water operation has two main phases: prooluctind regeneration. The production side
depends highly on the quality of the filtered wafBne more mineral ions that exist in the demin
water, the faster the resin reaches its adsorptapacity. This would result in the end of the
production period. On the regeneration side, trength of the acid, temperature of the water aed th
amount and type of ions inside the resin all plaagor role on the time it will take to completeth
regeneration.

lon exchange’s main focus is to replace existinggim the raw water with acceptable ions for the

designed system. In the water-steam cycle, itgsired to have completely ion free water, which

means that the ions in the raw water are replagddhydrogen and hydroxide. It is then clear that

the more ions in the raw water, the less demin meee be produced due to the higher concentration
of ions (salts).

In this case the more ions that are in the walber bigger the loading would be on the vessels. This
would mean that the same vessel would produce Besraeount of water before having to undergo

regeneration. In the simulation that was built Eskom’s Duvha Power Station, this is defined as
“Throughput Limits”. This variable represents thexamum amount of water that can be produced
before the vessel has to undergo regeneration.

The mathematical relationship between ions in th&ew defined as mg of ions per litre of water, and
throughput limit, defined as liters of water, iv@énse proportional. This means the more ions in the
water (lesser water quality), the less the throughmould be. To quantify the effect of raw water
guality on the demin tank levels, it is assumed tha percentage change in raw water ions would
have an inverse proportional effect on the throudghpf all the vessels.

There are many components to raw water quality 8kelium, Magnesium, Calcium, Sulfate etc.
concentrations, Alkalinity or pH, but data was #afale for the sodium concentration in parts per
billion (PPB) for the water after the cation ves3die following graph shows the change in water
quality over a few months.
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Figure 1: Sodium Concentration changes (Data frarvh2a Power Station)

From this graph it is clear the concentration \&ageeatly. There are three major outliers of whieh
largest was on the 18th of April 2015 at a value8600 PPB. The average is 630 PPB while the
standard deviation without the outliers is 204 PPBerefore it is seen that the normal variation on
the sodium concentration is about 32%. The vesgelsun in such a way that it will still produce
7000 n? during the normal fluctuations of the quality. T3800 PPB is however 3 times higher than
the Upper Band in Figure 1, which means that thewater quality reduced by 75% at that time. If it
is assumed that the water quality was experienaingtlier of high ion concentration due to some
variation in feed for about 7 hours, it would sfiggantly influence your production. This would
mean that for the same amount of water to be tledtevould require 3 times more resin than normal
rates during these 7 hours. This aspect will beestigated and assessed in the Results and
Discussions section.

B. Outliers in Demin Water Consumption

Demin water is produced so that the six units atgbwer station can be in operation. The units all
require “make-up demin water”. The amount of demater required changes frequently due to the
large system and many inputs to the units. A comoamurrence is high consumption when a unit
that was off-line and is returned to service, tisisdefined as a “Light-Up”. This outlier high
consumption has a major effect on the availabdftgemin water. The demin water that is produced
is stored in Demin Storage Tanks (DST) and the atnofuwater contained in these tanks, gives an
indication of demin water availability. The highdistribution of demin water consumption is also
investigated in the paper and it was seen thagysst an average value for consumption could lead
to deceptive results.



Demin water consumption would theoretically be base the amount of electricity that the station is
producing. The more electricity a unit would produthe more demin water it would consume to
make up the water lost through the steam leaksbéowidowns of a unit. In real time, it does not
have such a direct relationship due to aspectdigké ups. A unit can only be put back online, whe

a light up has been completed. During all this time electricity is being produced while demin
water consumption is at its highest. Demin watarsconption therefore depends on a few aspects.
The daily demin water consumption for unit 1 at Bavower Station for the 2014 calendar year can
be seen below:

2500 L 4

2000

1500

1000

o 8
E’

(« 9 aa~w 3)

S =3 o O
5 0 — T 3 € w 3 0 o

2014/01/01 2014/02/20 2014/04/11 2014/05/31 2014/07/20 2014/09/08 2014/10/28 2014/12/17

. . _Time
@ Unit 1 Daily Consumption

Figure 2: Demin Water Consumption for unit 1

In Figure 2 is can be seen that the data is higafiable. During May 2014 it can be seen that the
average consumption was higher than the rest ahtirehs, but overall there seems to be fluctuating
times when the consumption was much higher thamaloDesign consumption on a unit should be
around 12.5 rihr, which is about 300 ffday. The average is 575%uay while the standard
deviation is 361 riiday. The values above 936/day (average + 1 Standard deviation) were then
removed and the following set of points were oldin
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Figure 3: Demin water consumption for unit 1 afemoving higher values



The average for this distribution is 473/nr while the standard deviation is 238/in. It was then
investigated if a normal distribution could fit $hilata. So the distribution curve was drawn and the
following was found:
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Figure 4: Distribution data

From this graph it can be seen that the actualildigion is not a uniform normal distribution. This
would mean that exact data would not be able tdreemn from the data themselves, but that there
seems to be two distributions of data. The data thvas split into higher consumption data and
“average”/lower consumption data. It was then disfaddd how often those values larger than 936
m*/day appear. The outliers were then counted andhén period of 356 days, there were
outliers/higher consumption on 48 days which mesbwut 13.48% of the time, there were outliers.
The outliers had an average of about 1 24&lay and a standard deviation of 31&day. These
larger values would have a direct effect on thelagity of demin water.

Duvha should produce around 2068/ilm of demin water per train. If the operation nuetblogy is
followed so that they are having one train prodgairater, one train being on regeneration and one
train online always, then the total amount that banproduced in one day is 4 80G/day. The
average consumption in those high outliers was 6l @¥day for unit 1. If all six units were
experiencing a similar outlier, that would mean 76 4¥/day, but you can only produce 4 800
m°/day, so the deficit will come from the demin tankss even more shocking comparing the design
value of 300 rifday with the 1 246 ffday when outliers are experienced. This is moae thtimes

the design consumption. If the frequency of owlieicrease, it is easy to see how the station would
experience problems with demin water availabilitythe results section, the effect of these ouwtlier
and their standard deviation is investigated.

C. Unpredictable component failure

Although there can be many unforeseen events, driteose events are component failures. A
component like a pump failure would result in oressel being out of service and although this
seems insignificant when you have three availatdag and the maintenance takes 10 hours to
complete, the question is how the same failure daiffect the system when the consumption is



fluctuating towards higher consumption values. Ehestliers, randomness and predictableness’
effects on the water quality were investigatedis article.

There are many components that are subject to ae@rtear on the demin plant: pumps, flow

distributors, pipes, valves and the vessels theresghot exhaustive list). All these components are
subject to temperature changes as well as fridtimm the water flow. Valves can experience very
high differential pressures and pumps would losgr timtegrity over time. All these effects take a

long time to have a fatal effect on the componehénvoperated within its specified conditions of

service.

It has however happened that these conditions m&renet and it could have a significant reduction

on the component life span. Acids and caustic aegl wn the plant and if the wrong concentrations
or temperatures are used, it could damage the valnd vessels themselves. The integrity of every
component is also not measured hourly and thissléa@n uncertainty to when precisely it reaches
component failure. (Everett al.,2012)

Different components have different failure rates different replacement/repair times and due to
the conditions being irregular it makes it almaspossible to know exactly when a component will
fail. When a component like a vessel obtains a &akipture, it would take significant time to ré&pa
the component and having one component out of gerwould most likely lead to the whole train
being out of service. If the repair takes a wekis, would mean that the train would be out of sErvi
for at least a week considering that the resin nesgd to be removed to perform the repairs.

In the results section, the effect of a random camept failure on the sustainability of the demin
water supply is investigated. Typical failure rafi@scentrifugal pumps in a process are 17.5 fagur
per 16 hours. The definition of Failure rate is the pioibty that a component will fail per unit of
time at time t, given that it has survived untihé t (Miguelet al, 2010). This could be written into a
formula and would appear as:

# of failure
Hours of operation

Failure Rate =

This would mean that a failure would definitely ¢aglace at the reciprocal of failure rate. This is
then 57 143 hours or roughly 6.5 years. This timald be increased when maintenance is done
correctly, but Duvha has been in operation sinc@419vhich is about 32 years. In this time the
pumps would have been replaced, but it clearly shibvat due to the age of the station, components
have experienced severe degradation and compaikeme$ could take place at any time.

When maintenance is done on a component it wouldjusi be the time taken to repair the
component that will be lost to the train, it ne¢olsake the following aspects into consideration as
well:



Maintainability = Mean time to repair (MTTR)
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Figure 5: MTTR (Josepét al, 2010)

To get an estimate the downtime for a pump repaulcc be around 10 hours (Vicente, ABB
Argentina). The probability of failure would incemas the component ages and this is where the
uncertainty comes into play. A station that is 82ng old has many components which are aged and
the probability for failure is higher than when #tation was recently commissioned. The exact time
when the failure would take place, would never b@vin and that brings in another random
component into the production of demin water. k& Results and Discussion chapter, the effect of a
random unforeseen component failure on the demiangastainability will be investigated.

D. System Dynamics

1) Description of the software that was used:

The software used in this model is iSee Stella.fohewing is a description of the software froneth
iSee website: “STELLA allows you to quickly creagstem diagrams that can be simulated over
time. Working in a completely risk-free environmamid discover hidden aspects of your system that
lead to unexpected outcomes. STELLA also allows twogreate a user interface on top of your
system diagram that makes it easy to share yowratahding of the system, run your scenarios as
part of a presentation, and enable others to exgeti with their own policy combinations.”
(iSeeSystems, 2015)

2) Why was this software chosen:

This tool was chosen since it is one of the leadirads in the field of System Dynamics. It is well-
established software which is continuously beingettgoed but the main reason for using this
specific tool is for the creation of the interfackhe interface can be customized to customer
requirements and enables the user to interact thithmodel through this easy-to-use interface.
STELLA also provides almost instant comparisonsvben scenarios and the effect of doing a
sensitivity analysis can easily be seen.

3) Causal Loop Diagram:
During the construction of the model, countlessrhouas spent with the stations, subject matter

experts and managers to obtain a better understaradi the system and what was driving this
system. The basic understanding of the system a@sied in the following causal loop diagram:
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Figure 6: CLD of driving forces behind problemgta demin plant

The CLD shows the reader what are the main drivetsnd the problems experiences in the station
environment. Loop Bshows the core focus of the demin plant: DeminKTlaevels. These levels
should always be kept high at about 280% out o®@0This is done by varying the demin water
production.

Loop R: The CLD will be explained by starting at the entr main issue: Plant Maintenance. When
plant maintenance is deteriorating, the demin watasumption will increase. There is a delay here,
which means that the effects of poor maintenarioe tisne to increase demin water. As demin water
consumption increases (leading to many outlierdemin water consumption as discussed in this
paper), the demin tank levels will decrease. Whertdank levels reach dangerously low values, Light
up failures will increase. When a light up failsmeans that the unit that was supposed to produce
electricity will not be put in service and no ekéity will be sent out. This will therefore decsea
the plant’s Net Energy Sent Out (ESO). Since ddsstricity is produced, the station’s energy tésge
will not be met and if the energy targets are net,reenior management will experience much more
stress and put more pressure on the station taipeathore electricity. With the increased pressoire t
perform, the units cannot do all the required nenabce and demin consumption will keep on
increasing! This is the first reinforcing loop astibws how this is a downward spiraling system. This
downward spiral is one of the factors that leagegetually low demin tank levels and deteriorating
demin plant conditions.

Loop B, and B: Starting at Demin Tank Levels, when these tankltedecreases, the total demin
water production needs to increase to keep theléaels high. When production increases too much,
the operators and supervisors will start overrugrtimeir demin plant, just to keep up with the
consumption of demin water. This means that thdlyb&irunning out of the design specifications or
limits of the system, just to meet the demin watarsumption from the units. Overrunning the plant
could easily mean that they will not be doing theine washes (one of the system requirements). If
this process is not done, it will reduce the awdéaesin capacity over time. Initially the effecti®e

not seen, but as the overrunning becomes a frequtinity, the capacity starts decreasing. As this
capacity decreases, the amount of water that cgordmkiced by the train diminishes. If the train
produces less water, the plant would have lessugtmh. Moving back to loop B this would mean
that the tank levels decrease and loopwwuld be spiraling down faster and the demin plant
condition deteriorating!



Loop B; shows that the more the plant is overrun, thetgrehe probabilities for component failures
which will also lead to reinforcing loop;Rgain. Water quality is an external variable wraffects
the available capacity of the resin. When the watmity deteriorates, less capacity will be avada
and less water will be able to be produced, simddoop B and B.

In summary, one of the main unseen concepts arthengoroblems experienced at the plant is the
delays that are inherent to the system. The demaint fnas many delays and unfortunately when
these effects start taking affect, it is already ate and the demin water tank levels cannot be
sustained and can even lead to overall station® BSng limited or reduced.

4) Stock flow diagram:

The model development is not the focus of this papet Figure 7 shows the model structure in
stocks and flows. It can be seen, that if the mogelds to be discussed in detail, it will require a
report on its own. There is a research report evrittn the generalized model for Eskom SOC in
South Africa.
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Figure 7: Overview of model structure
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. RESEARCHAPPROACH

The simulator was built as part of a suite of ptgevhere each coal fired power station’s demin
plant is simulated. The main purpose of the toa ¥eagive the people working on it, the ability to
project whether there will be enough demin waterti@ week going ahead. The project was started
by doing a literature survey on the ion exchangegss specifically for demin water production.

Time was spent at the power station so that thetipeh experience of the demin plant operation
could be obtained. Data was also obtained duhisgtime that was later used in the simulation. The
simulation was then built with regular feedbacktihe customer and then validated. The final
validation was done by using an actual week ofohishl data and then initializing the simulator
accordingly to check if the results were in the sarder.
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A. Key Variables and Concepts

Demin water is produced by passing filtered wateough different beds of resin. One set of cation,
anion and mixed bed resin vessels are referred tona train. There are three trains available at
Duvha power station, to produce all the demin wé#bet the whole station requires. The whole
station is refers to the six units that require engkdemin water to produce electricity. The watat t

is produced by the demin plant is stored in the DeBtorage Tanks (DSTs) and make up water to
the units are supplied from these storage tanks.oferators of the demin plant should ensure that
the tank levels never drop by a third of its taapbacity, which in this case is referred to as 1@9%
300%. 300% signifying all three of the demin steraanks are full of demin water and 100%, only
one demin tank is full and two are empty. The caxipy of the demin plant operations comes into
play due to the regeneration phase of the traie. Simulation is based on what the power station
staff required and how they operated their plant.

B. Dynamic Hypothesis

System Dynamics can be used to simulate the demii@ryproduction process and accurately project
the demin water availability on an hourly level tore week ahead.

C. Assumptions

. Water quality is not a major factor that will inflnce the production of demin water in this
simulation and can be compensated by changinditbedhput of the vessels.

. When regeneration is completed, it is assumedtieathroughput is fully restored.

. The maintenance defined in the simulation is maiwee that will be done excluding
maintenance that will be done simultaneously wetipeneration or any other state.

D. Decision Rules

. The simulation will set the train’s status to auatically go into regeneration state if the
maximum throughput of the status is reached anctimer state has been defined previously.
The station will only be able to perform one regafien of a certain type and no
simultaneous regeneration is possible. The sec@md that needs to be regenerated will
therefore go into awaiting regeneration.

. Train’s online status will be determined by theiwdual priority of the train, maximum
number of trains that can be online and the amotwater that can still be produced before
it needs to be regenerated.

. Automatic crossfeeding is done in such a way tamshdhe best combination based on the
throuhgputs.

. A simulation time of 169 hours has been used (week)

E. Testing

Actual data was used to test the model and ther&ig§shows how the simulated and actual values
compare. The blue line shows the simulated valeeemted from the simulation, while the green
dots shows the actual values that could be obtdioad the station’s historical data. The validation
shows that the simulation is able to accuratelygotahe tank levels, if the main events thattare
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take place during the week are known at the sfathe week, for example maintenance or brine
washes.
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Figure 8: Validation of simulation (actual compatedgimulated)

F. Model Structure

The model structure is very large but it can b&énodown into the following segments:

» Vessel operation

* Regeneration

* Maintennace

* Brine washes

* Demin water consumption

» Tank levels

» Feedback loop control on train operations
» Train priorities

Iv. RESULTSAND DISCUSSION

The initial simulation data was selected on anaotteek of demin water production in June 2015.
Data was collected from the station and mined ¢talpce the initial conditions for the simulation for
a period of a week. The following results were thmEsed on these mined values, but changed
according to each scenario as discussed belowas@ tclose approximation to an actual production
week can be obtained.

A. Raw water quality deviation effects on demin wateduction

As discussed in the literature section on Raw Wateality, it was found that the normal variation on
water quality is around 34%. There is however a éemliers and the biggest outlier in that specific
time frame was three times higher than the uppedbaf normal values. This meant that the
throughput will be reached 4 times faster durirgytime when the water quality is experiencing this
outlier.
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The simulation was then adapted to increase thietilmpin throughputs 4 times the normal flowrate
to incorporate the effect of this reduced qualityinlg this outlier. Two variables were added, the
first being the time step when the bad quality atev enters the system and the second the duration
that this bad quality lasts. When looking throulgh data in Figure 1, the next data point afte b
reading is 2 days later. This accounted for ab&ubhdurs. If we assume that the bad quality water
lasted for half of that time: 24 hours, it would ibg&eresting to see how this outlier would affdu t
week’s production. The outlier has a different efffen the net system depending on when the outlier
started. This can be seen below:
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Figure 9: Effect of the water quality outlier ormai@ water production for 24 hours at different star
times

Figure 9 reveals some of the effects about pooemeuiality outliers: The first scenario which i24
hour period of poor quality water which startedreg 7th hour. Looking at the red stripes, it can be
seen how drastically this water quality change caffehe system just before the 20th hour and is
much lower than the base. The real problem howevet the 133th hour where the water is
completely depleted and remains depleted for 18shdthis is extremely negative to the station,
since they would not be able to feed demin watéhéounits which could easily result in units going
offine and a massive financial loss to the powtti@n since less electricity is produced, not to
mention the expensive starting up of the unit/s.

The second scenario shows if the 24 hour perigabof quality water was moved to the 110th hour,
shown by the green dots. As expected the produdii@s not change until about the 115th hour. It
drastically falls to zero tank level. The stati@miins without water for about 13 hours. Thisiit st
extremely dangerous and undesirable as explainedealbut it remains without water for 5 hours
less than the first scenario. The other positiveark about this scenario is that the final tanlelsv

for this case at the end of the week matches glogdh the base case scenario, which means the net

13



result after a week on tank levels are fairly thene (assuming the 13 hours of no water can be
handled correctly). The reason behind this woulthiaé during the time when all the vessels exhaust
due to overloading with poor quality water, thedBsvreach zero and consumption then needs to
adjust to zero as well. During zero consumptiontth@s can regain their ability to produce water
without depleting tank levels due to no consumption

The third and final scenario shows if the outlie@swnoved to the 140th hour. This is shown by the
purple crosses. Evaluating the entire series aftppit is easy to see that this is the best seegat

on the overall production week. There is almospomt where water runs out, since it still follows
the baseline curve until the 147th hour. The firdle however is the lowest of the three scenatios
around 81% out of the 300% total. This is not ideat it is the best case compared to the other
scenarios.

The three scenarios were chosen at these speniés since they represent different phases of net
accumulation. The first scenario takes place whemet accumulation is almost zero, which results
in the total tank level to relatively stay the sarfbis revealed the worst projection. The second
scenario is in a time where consumption was highthe net accumulation of demin water becoming

a negative value. This was the second worst camditout was saved due to the no water — no
consumption concept explained above. Although msemption would be devastating, this scenario

does however reveal that if production can be stdpguring the time when the bad water quality

outlier is present, it could save much of the ptawater.

The third scenario is when the net production ahilewater is positive and shows the best case.
Although the final levels are lower than the baaseeg it is much more acceptable than having a
complete loss of demin water capacity. The reasoy this would be the best scenario is because of
the positive net accumulation of demin water. Thestimption is low enough so that the system is
able to handle the multiple train regenerations.

B. High consumption distribution and it's effect onrdi water availability

As discussed in the literature section, outliershim water consumption are quite regular at about a
13% chance to be encountered with an average w&lli€46 ni/day compared to the normal unit
consumption of 473 Fday and a design consumption of 308day. If this information could be
translated to a week’s time period where it is digo¢ sample of the whole, it would mean that dut o
the 169 hours there would be about 22 hours ofenighnsumption during which the consumption is
about three times higher than normal consumption.

Although the historical data is not exactly a ndrdiatribution, data was then approximated for the
consumption based on the information above and oongpit with a normal distributions to
generate data. The same procedure was followeekfdr of the six units at Duvha power station. It
was assumed that the same distribution in datawees would be seen on an hourly level. The
random, inverse normal distribution and statistptameters were used in excel to generate two sets
of consumption data. All the units were summateditae following graph represents the data during
the 169 hours (1 week):
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Figure 10: Data generated for weekly consumptidh wand without outliers.

The distribution of points for the high outliessvery similar to the original data. These two sdéts
consumption data was then imported into the modelthe ability to choose which set to use, was
built into the simulator. Three different scenanasre then used with this consumption data. These
scenarios can be seen in the figure below whereffieet on the demin tank levels can clearly be
seen:
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Figure 11: Effect of outlier high consumption onkdevels

One of the settings for this scenario was thad#sgn methodology, keeping one train online, was
used. In Figure 11 the blue (*) line indicates hitw tank levels will change when the consumption
of demin water would remain close to the averagegmption of each unit and six units are online.
This shows that although it takes time for all ¢htanks to be full (300%), it is a sustainable

production. Using this same methodology but with thutliers included, the red (squares) were
achieved. This scenario shows that when the osithes included, the higher consumption depletes
the tanks near the end of the run. This is mainky t the simulator being forced to only keep one
train online all the time. This also reveals thaisinot possible for the demin plant to sustaipabl

supply demin water to the station if all 6 unitsrevenline, while following the design methodology.

This is the main reason why two trains are sometimea at the same time to increase the supply of
demin water and meet the demand. The third casenditriangles), shows if the methodology was
changed to put two trains online when the tanklgefal below 140%. It can be seen in this case,
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that it is possible to handle the outliers on comstion when two trains are online but it should be
noted that the system cannot always respond ak tpigsigher consumptions and that that the tank
levels falls to about 110% even though the settpisii40%. This means that a set point should
ideally be chosen above 100% to give the systersapacity to deal with random high consumption
events and not fall close to 0%.

C. Unforseen Component Failure

During this section, the simulator will be set teesthe effect of a component failure and the
consequence of having to do maintenance. The nmainte duration is defined as the total time that
the component will be offline, not only the actuapair time, demonstrated by Figure 5. The
simulator will be started off on the basis of tlieyious section and assumed that there is neitgker h
outlier water consumption nor poor water qualityinig the week of operation. The results can be
seen in Figure 12. The basis (blue stars) would/here there is no component failure. The second
scenario (red squares) is exactly the same condigacept that there is a pump failure connected to
Cation 3 at the 60 hour which would take 10 hours for the whole medeince duration and
therefore the Cation 3 vessel will be unavailahigrdy this time. The third scenario (green triasyle
shows when the maintenance “slips”. This means ttiatmaintenance takes longer than initially
issued. This is sometimes a common occurrence waanits are not issued beforehand due to the
high safety standard Eskom tries to adhere ttdfrhaintenance slips by 5 hours the green triangles
represents this scenario. The extra 5 hours incéée, did not make a large difference, since that
specific train was not a primary production linelahe second train finished regeneration, so itccou
take the train on maintenance’s place. The foucgmario (blue stripes) shows when the higher
consumption rates are experienced simultaneoustythhe component failure.

The first scenario shows how the tank levels stgadcrease until they reach around 300%. The
second scenario shows that the maintenance’s effeproduction, as the tanks lose about 40% of
their levels, while the third case which is 5 holorsger, loses about 48%. This shows that the lesse
increase of 8% with 50% increase in maintenancatdur would be because of the third train
becoming available after it has been regenerateel |ast scenario is alarming, since it shows tmat t
tank levels fall almost 100% (one full tank lostiecto the 10 hours lost on the maintenance.

According to design, trains should easily be ableandle one train on permanent maintenance, since
one train will always be on standby, but as seeienprevious result, the higher consumption rates
required two trains to be online for a specification. The danger then comes into play when one of
those trains needs to go for regeneration andttier @ on maintenance. This leaves only one train
to produce demin water and in the high consumpsitenario, the production for one train is less
than the consumption, leading to the tank leveilsgoeonsumed at an alarming rate.
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V.

CONCLUSIONSAND RECOMMENDATIONS

The following are conclusions and recommendaticaset) on the results and discussions from the
simulator and knowledge gained on this project:

Water quality experiences large fluctuations andas seen how a misfortunately timed poor
water quality outlier could lead to an 18 hour pérof no demin water. This could result in a
high financial loss and the operator could not himreeen the outlier. From the simulation

the following recommendation would be made: if pheduction could be reduced or stopped
during the time when the outlier is present, thiald negate it's effects dramatically without

losing the integrity of the plant. The station wabthen just increase their sampling frequency
when an outlier is present and return to normalpsiaugn rates and production when the

outlier’s effects have subsided.

Changes in demin water consumption plays a majte¢ mo demin water availability.
Including the outliers in the consumption of demmwater could result in the difference
between having three full tanks of demin water draving no demin water in a week’s time
lapse. Due to the higher consumption values tleatémin plant would be forced to run at, at
least two trains during some periods of the weekti keep up with the higher demand, even
though nothing has affected the production side fldtommendation would be to keep the
target value of the demin tanks at a minimum of %5Q@o prevent an outlier in the
consumption from depleting the tank levels.

Unforseen component failures become much more |anetvas the station ages. This power
station is currently 34 years old and pumps hawenaponent failure rate of 1 in less than 6.5
years. The effects of having to repair a pump fohburs was investigated and it was seen
that during a period of high consumption, the plemtld lose one full tank of demin water
(out of the three) due to the maintenance. A maantee slip’s effect will depend on what the
state of the whole plant is and it was seen thaha specific case, the 5 hour extension on
the pump maintenance had a lesser effect than riti@l i10 hour maintenance. The
recommendation would be to do reliability and imiggtests on the components regularly.
This would give the manager a good indication oewko have spare parts ready, to reduce
the maintenance time period.

In summary, three aspects of random events angi@uvere investigated on the demin plant. It
is clear from these conclusions that these randeente could drastically alter the demin water
availability. The impact ranges from having thra# fanks (300%), to having no demin water in
any tank (0%) when evaluating for the impact oflietg. This paper clearly illustrates that the
system dynamics model can be used effectively tmomstrate the unpredictability of this
complex water system.
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