University of Southern Queensland

Faculty of Engineering and Surveying

Power Station Operations

Millmerran Power Station Feed water Dissolved Oxygen Contr ol

A dissertation submitted by

M mitsi Lefhoko

in fulfilment of the requirements of

Courses ENG 4111 and 4112 Resear ch Project

towards the degree of

Bachelor of Engineering (M echatronics)

Submitted: 1/11/07



ABSTRACT

This project investigated the operation of a cadabdf power station. The project
developed and analysed some operational contra¢éraysngineering problems faced by
Millmerran power station. The main area coveredthis project is on feed water
dissolved oxygen control. This involved feedingoal/gen gas at required amounts into
the boiler water to protect boiler tubes from ceroo effects. Millmerran power plant

uses a supercritical once through boiler which aj@srat extremely high temperatures of

about 540 and pressure of 24 Mega Pascal which can acceleoatosion of the boiler

tubes.

Oxygen injection process, which is known as oxygesdreatment performed well in
high purity feed water with a pH ranging from 8® 8.5. The OT process control of
Millmerran power plant utilized an advanced projoral integral and derivative
controller (A-PID) which regulates the opening amdsing of the servo control valve.
The control process encountered some stabilitylenad during load changes due to the
effect of large dead time. The dead time was maimdytime between injecting oxygen
gas and detecting the dissolved oxygen in the Wesdr. Dead time of the OT process of
Millmerran power plant ranges from 12 to 15 minut€xygen is injected at the polisher

outlet and detected downstream at the economiledr in

In this dissertation, simulation models for théndaor of the advanced PID controller
and a servo DC motor under various time delays warged out using simulink and
matlab software. The simulation models showed lyatarying the process dead times,
the process variable was becoming stable. Thisonfsexperienced during small time
delays of less than 6 minutes. To obtain a quidk enore stable response of the OT
process control, the dead time can be reducedniyglsimoving the injection point closer
to the oxygen sensor. This will help in maintainithgg protective oxide layer hence
reducing chances of oxide exfoliation which cardléa boiler tube failures and power
plant shut down. A proper OT control will help prot the boiler hence saving millions

of dollars for the power plant.
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Chapter 1 Background

1. Introduction

This project defines the Millmerran power statigremtions. The main focus is on feed
water dissolved oxygen control system operationh@fpower plant. This power plant is
located in southern Queensland. The project willldieking at the dissolved oxygen
control engineering problems of Millmerran poweatsin and possible solutions and
recommendations to these problems. Millmerran postation uses a sophisticated
supercritical boiler technology which produces 1fé8er greenhouse gas emissions than
the conventional coal-fired plants. The power etatalso uses air-cooled condenser
technology. This system condense the steam fromtuh@ne exhaust resulting in
reduced water usage of about 90% compared to tineentional plants. The power plant
uses Sewage water from Toowoomba which is treatedhb latest water treatment

technology to make it suitable for power generation

Millmerran power station is an advanced modern patation which has operations that
involves real time monitoring and running of themeo plant processes. These modern
control systems play an important role in the plpetformance. Millmerran power
station control systems provide the necessary tooéhable the operators to monitor the
plant’s operation which results in a continuous efiitient production of electricity. The
power station uses super-heated steam which catt regliverse power plant disorders
such as corrosion, boiler tube failures, and mseemperatures, sediments accumulation
and fatigue.

In this project, Millmerran power station oxygershtreatment control problems for

dissolved oxygen is investigated. The oxygenatedttnent (OT) control is good at



steady load but would be great if it could continlload changes. The oxygen dispenser
consists of the advanced PID controller (functiodes FC156) which becomes unstable
when the power plant experiences load changes.p&n and closed loop response tests
are carried out by DCS engineers to determine #a-dime and process lags of the
system.

1.1. Project Methodology

This section of the project includes the requiretseior the execution of a major
technical task. The project methodology compriséshe project program, project

objectives, assessment of consequential effeatisriskiassessment.

1.2. Project Program

This part of the research project gives a widereustéinding of the control systems
theory application and its importance in feed wategmistry control and monitoring. It
provides an appreciation of power plant control tays strategies and future

modifications. The following aspects need to beeaad in this project.

0 Study the operation of Millmerran power plant chetnyi feed scheme

o0 Research on the control strategy of the oxygeredisgr

o Conduct a literature search of similar problemsother coal fueled power
stations.

o Provide control simulation models of Millmerran p&w station process
performance using matlab or simulink.

0 Report results, analysis and conclusions.



1.3. Project Objectives

The objective of the project is to investigate be functions of the oxygenated treatment
control, and the problems associated with its dmaraThe control system of the process
involves the PID controller performance. Varioustsyn tuning methods are considered
like the Ziegler/ Nichols and the internal modehtol (IMC) method to work out the

robustness of the controller for oxygen injectiorogess. The change in load at
Millmerran power plant causes the oxygen injectiwacess to become unstable due to
some dead-time and process lags. Processes wile kdead times present some
challenges to any controller. The controller mustitwintil the dead time has passed
before it gets any feedback from the process. fdssarch is focusing mainly on how to
bring about a better control system which can véthd load changes and remain stable.

1.4. Assessment of consequential effects

The project work involves a consideration of thécomes. A sustainable attempt has to
be put in place to provide the best outcomes feriihman and natural environment for
now and the future. This project provides a constohtegy on how to utilize recycled
waste water for power production. A good corrosaamtrol of the boiler tubes can
minimize costs of replacing a boiler and power plsinutdown. The project plays an
important role in reducing air pollution by the ueé super-heated steam which is
produced from less coal hence less emissions.

The oxygenated treatment strategy prevents scatitige boiler tubes which reduces heat
transfer efficiency in the boiler tubes. As a resiilthis oxygen injection program, less
coal is utilized hence emissions are also cut dolre reason for this research project
work is to provide possible utilization of waste terain power stations leading to
availability of clean water for human consumptidine power plant operates at high
temperatures, voltages and pressures so humarventem with the power plant is

reduced by the use of plant automation. This resitioe risk to power plant operators.



1.5. Risk Assessment

This aspect is very important in every engineerggparch projects because it addresses
the hazards and dangers involved during the wookvelP station has a higher level of
hazard due to high voltages, high temperatureseandssive noise from machines. Risk
management has to be practiced. Risk managemanbgical and systematic approach

to the uncertainty of hazards identified in the kybace.

In this research project, the control of dissole@d/gen in the feed water is very
important and if the system fails to meet the regfispecifications, a major damage can

result in power plant such as explosions and shwrtdo

Basic steps of risk management are as follows:

1. Identify the hazard
2. Assess the risk
3. Control the risk

4. Review and monitor

Risk assessment in a power station can be extdndbd use of emergency switches and
alarms. In a power station, if there is part of pkent that is not working a warning signal
can be seen on the screen. The engineers will teagttend to the faulty section of the
plant by identifying the hazard, assessing the gsktrolling the risk and reviewing and
monitoring. According to this research, care shdwddtaken when in the power plant
premises. Some electronic devices like mobile phare=d to be switched off especially
at the generator section since electricity proaductnvolves magnetic fluxes that might
be extending to some areas in the power plant. &ixpoof these devices may cause
electric shocks due to interference of the signBls. smoking in the power plant

4



environment because there are some flammable gasbsas oxygen that can result in
fire. Use of pathways is important to reduce cantddody parts with hot surfaces and

high voltage cables.



Chapter 2 Coal Fired Power Station

2.1. How Millmerran Power Station Works

Millmerran power plant consists of a variety of quex systems. It is therefore necessary
to study the power plant’s operations before cottaéng on a specific section of the

plant. This section of the report comprises ofrttegor areas of the coal fired power plant
electricity production process. A deep study omlfeater treatment and chemistry is also

carried out in this chapter. The following descsilseme major parts of Figure 2-1 below.

COAL HANDLING SYSTEM

TRAIN UNLOADING

TRANSFER
BUILDING
oR
e
snen S
CRUSHER ReCL 4, < f
BUILDING M Ccon ¥
“Evon -~
RESERVE PILE
[EYOR
nO L PP
s\ =Y
- O HOT REHEAT STEAM TURBINES
GENERATOR
UNIT HP P _@ CIRCULATING WATER SYSTEM
e [ =TeA SUPERHEATED STEAM 03 I
DRUM COLD REHEAT STEAM EXTRACTION| AKEUP
alll 6 g_.ruﬁﬂrﬂ”—“
REHEATER HP BEP DEAERATOR| LP (

FEEDER(S)| .[L JL /r ECONOMIZER COOLING TOWER(S) e LITATINIC
DOWN- FEEDWA' WATER PUMP(S)
COMER \TER CONDENSATE

HEATER(S) PUMP(S)
e POWER CONVERSION SYSTEM
HEATER
. SO, REMOVAL
[ _ SYSTEM )
AR PARTICULATE|
WALL
TuBES HEATER TSveTEM
PULVERIZER(S
ER(S) INDUCED
FORCED DRAFT FAN
DRAFT FAN(S)
SCRUBBER SOLIDS AND
e FLY ASH TO LANDFILL
STEAM GENERATOR BRI POST-COMBUSTION CLEANUP SYSTEM
AIR FAN(S)

Figure 2-1: Modern pulverized coal fueled eleefigenerating unit



Figure 2-3 Coal transfer unit



2.1.1. Coal Handling System

Millmerran power station uses coal from the adjaagren cut coal mine. Raw coal is
taken to the transfer building (Figure 2-3) throughloading conveyer belt. In the
transfer building some of the coal goes to the leeusvhile some is stockpiled. In the
crusher, raw coal is reduced in size. From theheui is transported to the power plant
through conveyers where it is pilled up in the ag@r units (silos or bunkers Figure 2-2)
to become ready for use in the electricity productiCoal bunkers can hold 600 tonnes
of coal each and when full can run coal for 10 2ohburs before emptying with coal
feeder speeds at 50 to 60 tonne per hour. Befakerters the boiler unit, it is crushed
further in the pulverizer to about 5cm in size. Atuare of crushed coal and air is blown
into the furnace with the help of forced draft fdR® fans), this mixture of air and coal

is burnt to heat up the water in the boiler tubes.

2.1.2. Steam Generation System

Burning coal-air mixture heats the water in theddiubes to a temperature of about 540
degrees Celsius. The water is pre-compressed tmetyp Pascal or 240 atmospheres
from a series of heaters (low pressure and higkespre heaters) and about 350kg of
water is turned into steam in a second. Millmepawer plant uses a once-through boiler
which does not involve a stem drum. Super heateaihs drives the turbines which are

connected to the generator by a shaft and eldgtr&cproduced.

2.1.3. Power Conversion System

Feed water is pre-heated in the low pressure (ld®rmediate pressure (IP) and high
pressure (HP) heaters before it reaches the sigaterh These heaters are powered by
extraction steam from the turbine exhaust as casdea in Figure 2-1[1]. So energy
conversion takes place from heated steam to the vigger that has low temperatures.

The steam is then condensed through a series cbaled condensers.



2.1.4. Circulating Water System
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Figure 2-5 Air-cooled steam condenser system schiema




The steam from the turbine exhaust is re-used mggbrough the air cooled condensers
(cooling towers) which turn it back into water amdis called condensate. This
condensate goes through the cycle and it is usdbeirelectricity production process.
Make up water from the pre-treatment plant is usetbp up water that is lost through
leakages in the circulating water system. Figuré 2hows the cooling towers at
Millmerran power plant. These cooling towers consi$ 36 individual fans and

gearboxes. Cool air is blown by the fan (Figure) 2HBough the condenser fins hence

lowering the temperature of the steam pipes andtheg in condensation.

Figure 2-6 Bag house

2.1.5. Post-Combustion Cleanup System

Burning coal produces sulfur dioxide gas, carbaxidie gas and nitrogen oxides. These
combustion gases require additional treatmentdaraval of fly ash particulates, sulfur
dioxide, and nitrogen oxides by the plant pollutmntrol systems before the gases are
released through the plant exhaust stack. The bageh (Figure 2-6) extracts dust
particles from the boiler flue gases. The gasesleaen from the boiler by the induced

draft fans (ID fans) and forced out through thelstato the atmosphere.
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2.2. Millmerran Power Station feed water Treatment Cycle

This section of the report is the main area of eomdn this research project. Feed water
quality is very essential for supercritical boileit higher operating pressures and
temperatures of the modern steam power plantsgfteets of dissolved and suspended
constituents in the feed water makes the boileeguhore susceptible to damage. Boiler
tube corrosion problems are a major concern in pgMants, so feed water chemistry
control has to be practiced precisely to reducectiteosion impact on boiler tubes. In
this project, it is crucial to consider ways of ragimg the feed water quality. Millmerran
power plant feed water purification and treatmeitithe studied in more details.
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Figure 2-7 Millmerran Feed water Treatment Cycle
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2.2.1. Boiler water pre-treatment plant

Sewage water is recycled and used in the poweruptimeh. This raw water contains
some dissolved substances which can cause corrosiba power plant boiler tubes. It is
therefore necessary to treat the water before iagtehe feed water cycle. In once-
through boilers, high purity of the feed water reed be maintained. Raw water is
separated from mud and other dense patrticles inlénéer. Mud settles at the bottom of
the clarifier and clear water is pumped by the releall forwarding pump through a
filtering tank which further removes suspendedipks from the water. From this point,

water goes to the demineraliser where ion exchangereverse osmosis processes take
place.

2.2.2. Theory of Osmosis and reverse osmosis

IO OO
SEMIPERMEABLE
MEMBRANE
CONCENTRATED
SOLUTION FRESH WATER
A. OSMOSIS e NORMAL FLOW FROM LOW-

COMNCENTRATION SOLUTION TO HIGH-CONCENT
SOLUTION. i

PRESSURE
i 1 SEMIPERMEABLE
MEMBRANE
LENE OO O PN
COMNCENTRATED
SOLUTION FRESH WATER

B. REVERSE OSMOSIS — FLOW REVERSED BY APPLICA .-

TION OF PRESSURE TO HIGH-CONCENTRATION
SOLUTION.

Figure 2-8 Reverse oSBpEOCESS
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Raw water has a lot of dissolved substances whaste ldifferent ionic concentrations.
Osmosis is a process whereby a solution of diftec concentration is separated by a
permeable membrane. The membrane only allows watdecules to cross from the
lower concentration to the higher concentratiore gjligure 2-8A) until equilibrium is
achieved. Reverse osmosis in the other hand is@gs where the solution is pressurized
from a higher concentration to a lower concentratibhe semi permeable membrane is
prevented from fouling by carrying out the reveosenosis process. Millmerran power
plant feed water pretreatment system has the revemmosis process as shown in Figure
2-10.

RO MODULE
(TYPICAL)
RO FEED _.-l*\l
PUMP

CARTRIDGE f\-}_
FILTER Jm_

\/ \{
BRINE PRODUCT
WATER

Figure 2-9 A simplified reverse osmosis system idiag
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Figure 2-10 Millmerran power plant reverse osmasser treatment unit

2.2.3. Demineralization by reverse osmosis

Figure 2-9 shows a simplified diagram of the regeysmosis system configuration. Raw
water is pumped in to the RO modules by the RO faedp from the cartridge filter
which uses filter elements mounted in a pressusseale This pump creates a pressure
which reverses the flow of water molecules from osavdr concentration point. A
continuous reverse osmosis process results in prouad water quality that undergoes
other levels of purification.

The demineralization train converts raw water coing between 100 and 1500ppm
dissolved solids in to water that contains no mthien 10 to 20 ppb dissolved solids.
These treatment processes includes filtering angrgse osmosis (RO), softening,

chlorine removal, degasification and ion exchanigeverse osmosis usually requires

14



pretreatment which include removing of solid susighcontaminants to prevent fouling
the membrane surfaces [7]. The types of fouling tizan be prevented or reduced by

pretreatment include the following:

* Membrane scaling,
» Metal oxide fouling,
* Plugging,

» Biological fouling.

If fouling occurs, the membrane must be cleanedioda cleaning solutions that can be
used are mentioned in the followikgror! Reference source not found.. If cleaning is

carried out properly most foulants will be remoy&H

Chemical

Foulant Acid NaOH NH,OH Phosphate Sodium

Detergents Bisulfite
CaCoO3 X - X - -
S04 Scales X X X - -
Silica - X - X -
Metal oxides | X - X - -
Inorganic X X X X -
colloids
Biological - - - X X
Organics X - - X -

Table 2-1 Typical chemical cleaning solutions

X = denote yes

- = denote not
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2.2.4. Demineralization by ion-exchange

Demineralization is basically the removal of dis®al ionic impurities that are present in
the water. Demineralization can consist of theegnohange, membrane desalination and
thermal desalination. lon exchange is one of thestredfective processes for the
production of high purity water that is required sopercritical boilers. The process
involves an exchange of ions with the resin. Catesins have a fixed negatively (OH-)
charged sides and exchanges with a positively edargn in the solution. In the other
hand we have an anion resin which has a fixed igekit(H+) charged sites that will

react with any negatively charged ion in the water.

In the process of ion exchange, the hydrogen io¥) (Bl displaced from the cation resin
and this hydrogen ion (H+), will react with the hgelide ion that is displaced from the
anion resin. The whole idea of this process i®toave the dissolved ions from the water

and replace them by pure water. The reaction of régns with dissolved water

impurities can be represented as follows [1]:

Cation resin: RH"+C" = RC"+H"
2RH"+C% < R,C* +2H"

Anion resin: R'OH™+A" = R'A"+OH"
2R'OH™ + A* = RJA” +20H"

R = resin matrix and fixed charge site;

C = cation such :Ca* ,M3”" ancNa’: and

- _ -2
A = anions such {H€Cs | CI™ angdSOs”
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The process of ion exchange is cyclic; therefoeergsins can get exhausted or cannot
remove other impurities without releasing impustiato the water. In this situation, the
resin is enriched or regenerated with a solutiosufiuric acid which is a recommended
regenerant for cation resins. The same regenerptmress has to be done to anion resin
this time with the sodium hydroxide solution. Sianly the reactions are shown below for

the regeneration of the resins.

. ) s
Cation resin regeneration;: 2R ¢ +H.30, = 2R'H +C, 0,

R;C? +H,S0, = 2R H* +C*S07
Anion resin regeneration: R"A”+NaOH < R'OH™ +Na'A”

YA” +2NaOH = 2R'OH ™ + Na, A~
a,

2.2.5. Degasification Process

In these chemical reactions, gases can be releagddas oxygen and carbon dioxide.
Presence of these gases above certain amountsesalh in other problems such as
corrosion downstream of the feed water cycle. Presef ingress gases can lead to
inappropriate performance of the oxygenated treatnpeocess. A treatment process
called degasification is involved to help in remmayithese gases from the water. Oxygen
can be removed by vacuum degasification while gadioxide can be removed by either
vacuum degasification or forced draft degasificatiéigure 2-12 below shows a vacuum

degasification system layout.
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Millmerran power plant uses vacuum degasificatioocpss to remove gases in the feed
water. In a vacuum degasifier, water is sprayedthedjases are removed by maintaining
a vacuum in the tower.

Figure 2-11 shows how the system works. A vacuurmmasntained with the help of
degasifier vacuum pumps [1]. For the oxygenatedtriment to work efficiently, all the
gases must be removed from the feed water. Thaumadegasifier prepares the make-up

water that will be used later in topping up thedemsate waters.

AIR
EXHAUST
VENT
MIST
N ELIMINATOR
INLET
WATER $&—&—f—o
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PACKING BLOWER WITH
INLET FILTER
OUTLET
DEGASIFIED WATER
WATER
STORAGE
SECTION

DEGASIFIED WATER
TRANSFER PUMPS

Figure 2-11 Schematic of a typical forced draftasefjer
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Figure 2-12 two-stage vacuum déom

2.3. Corrosion in boiler tubes

Corrosion is the deterioration of the boiler tuhefaces when they are exposed to
chemical reactions. Most metals form an oxide odrbyide layer when exposed to
water. The oxide layer acts as a protective codtiom further chemical attack. The
formed oxide layer may collapse and become cargr.od&s the oxide layer exfoliates,
more and more chemical reactions takes place whiitihesult in more corrosion effects.
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Figure 2-13 Schematic showing difference betwe#impiattack

and uniform corrosion

2.3.1. Uniform Corrosion

This is a common form of boiler tube corrosion whby the metal surface is turned into
an oxide. The formation of this oxide reduces tbideb tube thickness. A protective layer

Fe0o,

of magnetite | ) reduces the corrosion rate with time to a lowstant rate. A layer

can be a non-protective scale which will have digamtly higher corrosion rates. In once
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through boilers, oxygen can be injected in to thedfwater to form a protective layer

which will also protect metal from getting expogedorrosion.

Figure 2-14 Pitting attack

Figure 2-15Boiler tube scaling

2.3.2. Pitting corrosion

Pitting is a localized form of corrosion where Ine tprotective oxide film breaks down.

According to Figure 2-14, once the protective laigedestroyed, an active corrosion site
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is created and corrosion speeds up. The oxide ejdo the pit is a reducing site
(cathode) for the corrosion reaction, and it is cmtroded away. This cathode oxide will
react with any impurity that has an opposite chdoggive a neutral solution. At a point
where there is no oxide film, the metal is entirelyposed to impurities which will

actively corrode it forming a pit.

2.3.3. Scale Formation

Scale formation on the waterside of boiler heasngaces is caused by the contact of

certain impurities in the boiler water with hot wes [2]. Most common impurities are

calcium ‘\Ca), magnesium Mg), and silica \802). The presence of calcium bicarbonate
and heat gives out water, carbon dioxide and aalatarbonate which form the scale.

Figure 2-15 shows the layer of scale inside thé&ebtibe.

Ca(HCO;,) + Heat = CO, + H,0 + CaCO,(scale)

Equation 2-1
Scalethickness Increasein fuel consumption dueto scale
(coal usage)
0.5 mm 2%
1.0 mm 4%
2.0 mm 6%
4.0 mm 10%
8.0 mm 20%
16.0 mm 40%
30.0 mm 80%

Table 2-2 Scale thickness and coal consumption

22



Scale is an insulator therefore heat transfer iefity between the fireside and the
waterside of the boiler tube is decreased. Thetkebsian increase in coal use hence
leading to energy losses and overheating of thieibimibes. Table 2-2 shows the effect of
scale thickness with an increase in coal usagesd faalues for Table 2-2 are mainly for
drum boilers. In a once through boiler, the bdildres have a small inner diameter which

cannot accommodate scale to this thickness.

2.3.4. Erosion-Corrosion

Erosion corrosion occurs when protective scalensaved by flowing water. Removal of
this protective scale increases the corrosion eflhiler tube surface. There are various
ways in which the flow of water can bring aboutrosion of the protective scale. These
can result from the velocity of flow and the angfempingement. Erosion corrosion can
also result from cavitation which is the formatimmd implosion of gas bubbles in a fluid.
Erosion corrosion appears in form of grooves os,itis usually occurs at restrictions
and curving points of the water tube where fluitbegy changes. This form of corrosion
is mostly common in once-through boilers which eperat high temperatures and

pressures.
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2.3.5. Typical Locations of water side corrosion of a boiler.
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Figure 2-16 Boiler locations for various types after-side corrosion

Source (adapted from referdbde

Figure 2-16 shows vulnerable sections of the baitet economizer for pitting corrosion,
stress corrosion and erosion corrosion. These siore are mostly common at high
pressure and temperature sections of the boilegodd water treatment process will

prevent these from occurring.
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2.4. Feed water measurement techniques

This section of the report outlines various wayssampling the boiler water for both
formed deposits and corrosion products. These aeual and on-line measurements
which are used to control water treatment. Thesdnigues help in determining

contaminants, investigating failure mechanismsassist in chemical cleaning.

2.4.1. Manual measurement techniques

Manual sampling involves collection of the samphe @analysis which should occur in a
short time frame to minimize absorption of atmoghgases [5]. The American Society
for Testing Materials (ASTM) in New York provideld detailed methods for sampling
of the boiler water. Some of the useful technigaes atomic absorption and ion
chromatography. Atomic absorption involves measer@s of elemental concentration
in sample solution. The solution is forced intdarfe where the elements are atomized
therefore these atomized elements become capablbsirbing light at a specific
wavelength. Passing a monochromatic light throulgl $ample, the ability of the
elements to absorb this light is measured and cordpwith absorbencies of known

standards.

lon chromatography is another useful manual samgptethod that involves measuring
of the amount of ions contained in the sample smutThe method involves the

following steps [5]:

* Isolating each ion by passing the solution throagiolarized column.
» Measuring the peak area generated by each ioneasothtion travels through a
conductance detector and comparing them with thgeeerated by known

standards.

25



In ion chromatography, several ions are determined single analysis. This process
requires low volume samples of about 20ml and ¢his occur every 30 minutes. This
technigque can be used mainly for determining thersnand cations that are present in

the feed water cycléable 2-3 below shows guidelines and techniques for measamesm

in power plant systems.
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Guidelinesfor M easurementson Manual Sampling

Measurement echhique(s) Comments(notes 1&2)

pH Electrometric SAM D 1293
Method A

Conductivity or flow type ASTM 0025

Dissolved oxygen

Suspended ion-
Oxide

Notes:

1. ASME PTC refers to Performance Test Codes of Aheerican Society of Mechanica

Engineers, New York, New York.

2. ASTM refers to testing procedures of the Amaric®ociety for Testing and Materials,

Philadelphia, Pennsylvania.

Conductivity cells Methods A or B
Energized with alternating

Current at a constant frequency

ASTM D 888
methods A,B,C

Cahoeitric or
Titrimetric

Ndezime comparison ASME PTC 31
charts. lon-exchange
Equipment

Table 2-3: Guidelines on manual sampling

2.4.2. On- line measurement techniques

On line measurement is a monitored process of sagngiie boiler feed water. This is a

continuous process and provides adequate informatiothe water quality. Millmerran

power plant uses this technique in monitoring tHegmd dissolved oxygen in the boiler

water. On-line monitoring utilizes a computer whishinterfaced with dissolved oxygen

and pH detecting devices.
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Chapter 3 Coal-Fired Power Station Control Systems

3.1. Coal-Fired Power plant control

In modern power plants, the control actions reglite operate the processes are
automated. The reason was to reduce human erpam operation and thus providing
safety for plant personnel. Secondly, automatioduces the number of operations
required to run the plant, which reduces labor £o3he control functions used in
operating a power plant can be classified in maaysw For the purpose of this report,
the functions of the plant control system are di@ssby the type of control action used.
There is on-off control known as digital controldamodulating control which is

sometimes called closed loop control [1]

3.2. Millmerran power plant Basic Control Functions

3.2.1. On-Off Control Function

This control action produces a control that variesdiscrete states. On-off control
involves two states which are either start or stopomand and no intermediate states
exist between the running and stopping states.ofkeff control operation is applicable

to motor-driven rotating equipment such as pumgss,fcompressors and conveyers.

3.2.2. On-Off Control Applications

The On-Off control has an important role in the powlant operations. This control

action involves protective interlocking, sequentiahtrol logic, and unit protection logic.
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Protective interlocking is used for the operatidninalividual pieces of power-operated
equipment. A motor driven boiler feed pump is adgpbexample. This feed pump has oil
supply for lubricating the bearings, before the pustart operating, lubricating oil must
be available at the pump bearing, sufficient watesst be in the deaerator storage tank,
water path in the suction line must be open angtimep motor must be started against a
closed discharge valve. A control signal from thektlevel limit, oil level limit, suction
valve limit, and discharge valve limit is checkeadaf a correct position of all these
parameters is attained, the pump motor start winen dperator issues the starting

command.

Sequential control logic is a composition of cohtimgic for a group of equipment
operating in a predetermined sequence. In modelverqser coal-fueled boilers, the
group equipment includes the pulveriser, feedersngry air fans, and air dampers
around the pulveriser. All these equipments mustdrgrolled in a proper order and in

correct proportions.

The unit protection logic is simply the protectivéerlocks associated with the operation
of the boiler, the turbines, and the generator.sTdontrol function actually ensures
maximum safety to plant personnel and to guardragaerious damage to the power
plant equipment. If an abnormal operating conditaises, the boiler, turbines, and
generator are tripped individually. The boiler himes and generator are closely coupled,;
the boiler supplies steam to the turbine and thbirtes drives the generator. If an
unusual condition happens to any of these equipndrg whole system will be disabled.

This will provide protection to the equipment amdesy to the plant operators.
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3.3.Dissolved oxygen closed loop control functions

Disturbances

) | Controller 1 |
setpoint £ Error CGF.FIDI‘.er ocutput Procass Wt _Process value
i
P |

Pracess valucl

Figure 3-1 Feedback control loop

The figure shows the dissolved oxygen control |ofpe dissolved oxygen is controlled

at a desired value (set point) by automatically eodtinuously modulating the control

valve supplying the oxygen to the deaerator o{iletThe basic elements of the loop are

as follows:

Controlled variable — Process parameter ( dissolwegben level in the feed
water) that is controlled by the control loop tdesired value(set point)
Controller — Element that compares the value ofcir@rolled variable to the set
point value and produces a control action to coriee setpoint deviation (error)
to zero.

Manipulated Variable or controller output — Paragngt oxygen injection rate)
that is varied as a result of the control actiothef PID controller so as to change
the value of the controlled variable towards thepsént value

Final control element — Device that changes thaevaf the manipulated variable
(control valve) to correct the set point deviatamtording to the control action of
the controller.

Disturbances — Some unknown actions that changegihcess value or the

output.

The injected oxygen flow to the feed water deaeratblet is the manipulated variable. If

the dissolved oxygen drops below the oxygen sattptie controller applies a control
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action to the oxygen deviation (error) and produaesontrol signal to increase the
opening of the control valve. This increases thgger flow into the feed water thus
bringing the dissolved oxygen level back to thepsght value. The control loop is said to
be closed in that the controlled variable is meagand the measured value is used to

verify the result of the control action.
The PID (proportional, integral and derivative) graeters are related to the relationship
between the set point error and the controller aiutp the final element. In proportional
control, the magnitude of the controller outpupisportional to the magnitude of the set
point error. A relationship between the input, eand output exists:

P=(kp) E Equation 3-1
Where

P = output

E = error (set point deviation)

Kp = proportional gain

Setpoint

Control
] Algorithm

Measurem ent BZ]

Final Control
Element
(Valve)

Figure 3-2 A simplifiedntrol system layout
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The proportional gain is a measure of the sensitiof the controller and it is an
adjustable parameter of the controller. For example¢he control loop shown in Figure
3-2, given dissolved oxygen level deviation frome gt point (error) produces a control
signal that drives the control valve to a corregjlog position depending on the
proportional gain. This relationship keeps the aligsd oxygen level at the desired set
point as long as the feed water flow, pressuretangberature supply remain constant. If
any of these conditions changes, the controllertnmigke necessary corrections to
maintain the exit oxygen flow at the set point. 3dehanges are called load changes.
When a load change is large, the controller witl @ able to produce an output to bring

the oxygen injection back precisely to the set poin

The PID controller has another parameter calledritegral control which is also known
as the reset control. With the integral controd dlutput of the integral controller changes
whenever there is a set point error. The integeadba produces an output that changes at
a rate proportional to the magnitude of the error.

dp/dt = (1/Ti) E Equation 3-2

Where

Ti = integral (or reset) time.

The equation can be written as

p = (UTI)JE dt Edon 3-3

An integral controller according to Equation 3-#gwces an output that keeps changing
for as long as there is an error in the process.dutput stops changing once the error is

reduced to zero. From Figure 3-2, when a dissobwgden level error exists in the feed
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water, the integral action of the controller keepsving the control valve as long as the
exit oxygen is not at the set point. The valve Wwi#lep moving until the oxygen is
returned to the set point.

Lastly there is a derivative control parameter \whie known as the rate control. The
controller produces an output whenever there =t @aint error and the magnitude of the

output is proportional to the rate of change ofeher.

The output becomes:

P = (Td) dE/dt Equation 3-5

Where

Td = rate (derivative) time

With the derivative control, the faster the errbacges, the greater the controller output.
In a feedback control configuration, the contropeoduces a control action only when it
detects an error in the controlled variable. Itlegspcorrective action only after the error
has occurred. So to improve system response tegsochanges, a technique known as
feed forward control is sometimes added to the ldaekl controller. The feed forward
control represents a load change in the procesb,aasignal is passed forward as a
corrective action. The purpose of this signal igptovide a control action before a set
point deviation occurs and thus to minimize anytutlzance in the controlled variable

caused by a change. So the PID transfer functioarbes;

U = KpE + Ki| Edt + Kd * dE / dt

Where U = controller output

Kp = Proportional gain
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Ki = Integral gain
Kd = derivative gain
E = error signal

t = process time
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Figure 3-3 Coordinated control system layout

3.4. Load Demand Control

The load demand control of the boiler control systeses the load demand signal from
the load dispatcher and converts the signal intoastel signal for fuel flow, air flow and

feed water flow as well as the oxygen injectiorerdemand. The coordinated control
scheme was designed to accommodate the once-thbmilgins [2]. The basic principle

of the coordinated control scheme is that load deima provided as a feed forward
signal to both the boiler, and turbine control eyst in parallel. Coordinated control
ensures a simultaneous change of processes wlead alémand signal is available. A

simple coordinated control scheme is shown in FE@iB.
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According to Figure 3-3, the turbine and the boieceive the load demand signal in

parallel, but the turbine valve is used to conthel pressure, and the firing rate is used to

control megawatts error. This kind of control isiategrated control therefore there is no

simultaneous action to a load signal within a shione frame. Having this kind of

systems will result in large dead-time and systetays.

Boiler

Unit Load

Outp

Feed water chemistry Control

Fuel Demand

Firing Rate Demand
Air Demand

A

Steam Temperature Control

A

Figure 3-4 Boiler control system

v

The boiler control system is a process in which ¢hergy and mass balances of the

boiler are managed. Figure 3-4 shows a coordined@tiol system of various controls

that build a single boiler control [4]. To obtairdasired output condition, the feed water

chemistry control, fuel demand, air demand, firnage demand and steam temperature

control must be regulated depending on the und Ideanges. When the load increases,

35



firing rate will also increase creating demandstfee mass of fuel and combustion air.
Feed water control is a process control that ire®lwater flow rate and storage tank
level controls as well as feed water chemistry mdnfFeed water control involves the
boiler water chemistry control to prevent boilebéuscale formation. Boiler feed water
can cause damages to the boiler tubes if not ttgatecisely. The common boiler tube

problems caused by poorly treated feed water wispaisised in the previous chapter.

3.5. Millmerran power plant oxygen injection structure

Oxygen gas is supplied to the boiler water at #s@edator outlet. The gas gets dissolved
in the water and the chemical reactions at highpeatures and pressures provide a
formation of a thin film that prevents formation sfale or adherence of any suspended
particles in the feed water. Oxygen supply is naed through a process control that
involves a PID controller. A closed loop systenfaemed with a loop feedback signal
measured from the condensate flow transmitter. @tiedensate flow transmitter is
located after a series of heaters and thus prowdesger time delay for a sensor to pick

up the dissolved oxygen level signal.

Pneumatic
controller

/
Flow

T transmitter

T

Transportation
lag

Figure 3-5 Typical system for oxygen injection gand detection point
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Figure 3-5 shows a typical structure of the conpestbetween a valve and a sensor. In
every controller based process, the location arsar from the injection point matters a
lot. Locating a sensor close to the injection pauit help in reducing the dead-time.
Dead-time can be caused by the following:

o0 Transportation delay/lag due to difference in theng diameter
0 Locating a probe or sensor far from the injectiomp

o Flow rate can also contribute to some process tesa-

3.6.Computer Management System

Computers are a backbone of every industrial pgdesrge and sophisticated systems of
modern coal fired power stations which have a walgge of activities that need to be
timely controlled, requires a computer to do thenitwing of the entire plant. This
section of the project includes various ways of agang the control systems applications
of a power plant.

3.6.1. Communication Network

Communication is very important in a power planbr Ffcomponents to perform
effectively as an integrated unit, they need tohexge information and share resources
(inputs, outputs, or process data) by communicatiity one another. This process of
data exchange occurs through a communication koenétimes known as the data
highway) that connects the components to form worét The communications network
handles data in binary form. A communications neknltandles a large volume of data
at a very high speed and saves a tremendous ambdigld wiring [1]. A common
network for a power station is a local area netw@AN) that is commonly employed to
facilitate data transmission between computerdfineobuildings.
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In a communications network, components are coedettt the network by nodes, and
these components are often referred to as a dro@.pattern in which the drops are
connected to one another within the network isrreteto as the network topology. There
are three basic types of network topology, these star topology, bus topology and ring
topology (Figure 3-6). In a star network topologgomponents in the system are
connected to a central computer by a point to pbirg. In this network topology
information between various components is routegdudph the central computer. The
network is very much dependent on the integritythad central computer to keep the
communications lines open.

The bus network topology involves a single cabletfansporting information between
devices that are connected to the highway (FigeB@ £ommunication of devices in a
bus topology requires a method for all componemtstiee bus to share the use of
transmission line. Millmerran power plant uses thetwork strategy to link various

components of the power plant to a transmissian lin

The ring network topology links system componenta icontinuous loop. Information is
passed around the continuous loop until it reachies destination. Information
transmission on a ring network topology is usualhydirectional. A bidirectional route
can be established by involving sophisticated sarféwand special control devices. Figure
3-7 shows typical connections for a bus topology iang topology. The diagram consists
of two main transmission highways which links ak tcomputers in the power plant. The
oxygenated treatment control systems can be céedrtirough sharing connections with
other systems in the network such as the data dmiver, historian logger where

information for this project was obtained.
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Figure 3-7 Network Structure

3.6.2. Programmable Logic Controller

A power station uses computer languages that & tescontrol the power plant pumps,
motors and other controllers needed in the powantplThe programmable logic
controller (PLC) was a digital control computer dioped in 1969 for the automobile
industry replacing the relay control logic. The Ph&s special characteristics that made it

different from other control computers:
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» The PLC was used to control the on-off control tiones like protective
interlocking, sequential control logic, and unibfaction logic.

* The software was made easy to use by the planatogpsr

Programmable logic controllers can be divided imto categories: PLC's used in balance
of plant equipment and the stand alone processand Slone processes refers to the
packaged designs that are supplied by the manuéacia a complete system with all the
control equipments included [1]. The oxygenateattreent control package is a typical
example of the stand alone process that is comeatilth the PLC; other applications

include coal handling systems, steam temperatunelimg systems and burner control

systems.

The PLC can also install equipments that are ugseth& balance of plant such as boiler
draft equipments like induced draft fans, forcedftdfans and feed water equipment such
as condensate pumps, boiler feed pumps and sivatloéfs. PLC application with respect

to balance of plant systems is mainly in the afe@neoff or start/stop operations.

3.6.3. Distributed Control System

The distributed control systems (DCS), was firsbwn to be a control system for the
boiler control and data acquisition functions o fpower plant. DCS has replaced the
centralized computer systems. The DCS programmorgndt involves the use of
function blocks. This is like a subroutine consigtiof a set of algorithms designed to
execute a specific control or data manipulatingcfioms such as a PID control function
[1]. DCS applications in a power plant typicallyveo the following:

* Recording functions

* Boiler controls, like firing rate, feed water caritrloops, steam temperature

controls.
» Burner control and pulveriser control.

» Periodic reports and event logs.
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» Historical data storage.

Figure 3-8 Millmerran power plant control room (D@®nfiguration

Figure 3-8 shows a distributed control system (D&@®m of Millmerran power plant.
The oxygenated treatment process is controllednamitored by the distributed control
system plant operators through observing the coenmgraphics and warning indicators
in the control room. Distributed control system Hhs ability to generate logs and
reports. Any information about what happened inhst can be obtained and used for
investigations. To study the behavior of the oxyded treatment process, some of the

information was obtained from the DCS.
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Chapter 4 Boiler water chemistry control and evaluation

4.1 Boiler steam-water flow circuitry

The steam-water flow of a coal fired power statias the following roles:
* It generates high purity superheated steam fromedomlet feed water at a
specified pressure, temperature and flow rate.
» It protects metal components from getting excess@reperature which might

result in boiler tube failure.

41.1 Boiler circulation methods

Superheater
(sH) SH

Economizer

Furnace
Econ
(Feon) Walls i
(Furn)
' "~ Orifices
(a) Natural Circulation (b) Forced Circulation
SH SH SH
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Separator
(Sep)
Eiifti Furn Furn
E‘ T "~ Orifices Qrifices
Econ Econ Circ Econ
Pump
(c) Once Through (d) Once Through with ‘(e) Once Through with Part-Load
Superimposed Recirculation Recirculation

Figure 4-1 Boiler Circulation Systems
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There is a wide range of circulation systems thatsied in coal fired power stations. The

commonly used systems are shown in the diagrameafféigure 4-1). These circulation

systems may be classified as either once-throughrecirculation types. In the

recirculation system, water is partially converiedto steam at all load levels. The

remaining water is then recirculated back to thepevator for further heating.

4.1.2

Millmerran power plant boiler circulation system

Millmerran power plant uses a once-through boilecutation method with part-load

recirculation (Figure 4-1 e). In a pure once-thiowgculation, water in the boiler tubes

is continuously evaporated to dryness. Availabitifya part-load recirculation overcomes

low-load and start-up limitations of pure once-tigh design.

4.2 Millmerran power station boiler water chemistry control

433 MW Specific Cation Dissolved oxygen pH Silica
Load conductivity | Conductivity

Main steam | 14.52 uS/CM| 0.10 uS/CM

(HP)

Reheat Steam 0.14 uS/CM

Polisher inlet 0.14 uS/CM 9.64 pH 0.00 ppb
Polisher #1 0.10 uS/CM 0.00 ppb
Polisher #2 0.09 uS/CM 0.00 ppb
Polisher outlet 13.37 uS/CM 103.32 ppb 9.55 pH

Deaerator 0.10 us/CM 168.43 ppb

outlet

Boiler Feed | 14.71 uS/CM| 0.11 uS/CM 200.14 ppb 9.62 pH

water 0.12 uS/ICM

Economizer 0.11 uS/CM

Inlet

Table 4-1 Millmerran unit #1 steam and water sampling data

Error! Reference source not found. above shows different results for dissolved oxygen

level in parts per billion for polisher outlet, deator outlet and the boiler feed water

economizer inlet. The measurement for pH level silica level were also taken for the
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power station unit #1 steam cycle. All these resuwltere obtained through on-line

sampling. Any offset in the results can be viewedaocomputer screen and proper

observation can be made by the plant operatorseOffan be due to ingress gases

entering the feed water cycle through leaks ormdumake-up. Figure 4-2 shows the

steam cycle, so the resultskxfror! Reference sour ce not found. were taken from some

sections of the steam cycle mentione&rnor! Reference sour ce not found..

Main
Steam

HP

Cold
Reheat
Steam

Turbine

I

Boiler Feed
Pump
Start Up
Feed Pump

Hot
Reheat
Steam

ACC
Duct

LP Turbine

IP Turbine
— -— —

L

Deaerator

Booster
Pump

Air Cooled
Condenser

Tank

o

ACC
Drain
Pot

ACC Drain
Pot Pumps

;8

UNIT STEAM CYCLE

Figure 4-2 Millmerran power plant steam cycle

4.2.1

Steam cycle for supercritical boilers

LP
Heaters
1,2 and
3

Condensate

Polishers

Condensate
Collection

3

Condensate
Pumps

In a supercritical boiler, water is directly turnedo steam. So any impurities from the

pre-treatment plant passes through the economillegitlier:

» Be deposited on the walls of the boiler tubes attansition zone.

» Dissolve in the steam and later deposit on thdararblades
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> Be carried forward in suspension in the steam apbsited at the valve opening
hence leading to valve failures due to sticking.

In a supercritical boiler the following parametars recommended for the feed water:

Total dissolved solids 75-150 p.p.b
Conductivity 10-5 mmho
Conductivity after cation column 0.3-0.5 mmho
Dissolved oxygen 2-5p.p.b

pH 8.7-9.7

H2 5p.p.b

Fe 5p.p.b

Cu 5p.p.b

Si 5-20 p.p.b

Table 4-2: Boiler chemistry requirement

4.2.2 Oxygenated treatment control background information

Figure 4-3 Oxygenated Treatment Skid

Source :( Millmerran power plant, 2007)
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Oxygenated treatment was developed in Germanyeanetrly 1970s for treatment of
once-through steam generators [1]. The basis ofrdsment is the feed of oxygen or
other oxidizers to all-steel cycle for cycle comahing. In a purely oxidizing

environment, a different protective layer is formesler the steel materials. This
protective corrosion layer of ferric hydrate oxidevers a base layer of magnetite.
Reports from Germany and the former Soviet Uniaticate that plants using this type of
treatments have operated for significantly longeniqals of time without plant shutdown

to replace a damaged boiler due to corrosion.

423 Oxygen & Ammonium Hydroxide (AVT) Feed

There are two different boiler water treatment magg in use at Milmerran power plant.
These are the traditional all-volatile treatmentV{A and the modern oxygenated
treatment (Figure 4-3). The AVT regime involves thgction of ammonia hydroxide
into the condensate system to monitor the watemitHin the range of 9.2 — 9.6. The
AVT regime of Millmerran power plant for ammoniagiag has not worked since the pH
has been upped to offset corrosion in the air abalendensers (ACC). Other power
stations have switched to conductivity to controkidg. The AVT work together with
OT and it utilizes condensate de-aeration to mainkaw dissolved oxygen levels,
typically < 10 parts per billion (ppb). The OT reg injects oxygen in a controlled
manner. The aim of this oxygen injection is to cohthe condensate dissolved oxygen
level to a range of 50 — 200 ppb. Millmeran plamnadensate water pH level is controlled
within the range of 8.0 — 8.5. To prevent removiagjaseous oxygen by de-aeration all
feed heater vents and the de-aerator vent to ceedemust remain closed during normal
operation. The AVT is used immediately after boikart-up and prior to boiler
shutdown. This maintains low dissolved oxygen ahtdlgvels in case of a prolonged

plant shutdown hence reducing the solubility offtivened oxide layer.
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The oxygen injection varies with the power plamiditions. During a load change in the
power plant, the dissolved oxygen varies anywheym 50 ppb to 300ppb. The oxygen
control logic is fairly slow and takes some time @hanges to be picked up. A recent
information of the OT performance from Millmerramvper plant showed that for an

output of 420MW which lasted 8 hours, oxygen sthdé 205ppb and dropped back to
180ppb by the end of the 8 hour session. Load ¢330 MW and oxygen came back
to 160ppb. For load changes below 300 MW, oxygehaeatment reverts to AVT and

oxygen injection stops. At this stage a manual ajpan takes place to maintain the

normal condition of the formed oxide layer.

4.2.4 Oxygen Feed System arrangement

/From condensate
DCS L Flow transmitt

A

5 APID N
i CONTROLLER
5 i 3
ﬁ | To polisher outle
E ‘<‘i ; w
s 2|
X ¢
C G |
< | To deaerator
sl ey, OULIEL

Figure 4-4 Millmerran power plant oxygen injecticontroller structure

48



Figure 4-4 above shows the dissolved oxygen imactstructure that is used at
Millmerran power plant. The system consists of dwaamced PID (proportional, integral
and derivative) controller (3) which has an erratedtor function. This function

measures the error between the primary variabletlmmdet point. Numbers (1) and (2)
shows the control valves which are controlled le/BHD controller to vary the amount of
oxygen injection in the deaerator outlet and thésper outlet. When the controller is
turned on, the valves are opened at the oxygercaesb). A controller receives a control
signal from the condensate flow transmitter throtigh control room and the DCS. At
the control room, the power plant operators cantegyrocess control variability. The
system can be manually controlled and auto-coetiolepending on the power plant
conditions. Manual control involves tuning of thentroller parameters during start-up to

obtain a better response.

425 Historian data of oxygenated treatment process

Time PV Load Valve demand
12:00:00 AM 189.95 432.15 53.21
12:01:00 AM 188.36 432.21 53.27
12:02:00 AM 187.54 431.35 53.34
12:03:00 AM 188.83 428.74 53.40
12:04:00 AM 185.09 426.16 53.47
12:05:00 AM 185.73 427.09 53.53
12:06:00 AM 190.40 428.87 53.49
12:07:00 AM 189.61 429.67 53.43
12:08:00 AM 193.97 429.31 53.37
12:09:00 AM 200.60 428.94 53.31

(ABMA.PV) (MW) (1AJFV209

Table 4-3 Historian data of Millmanrpower plant
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Figure 4-5 Millmerran dissolved oxygen control resge (5 days sampling)
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Data in Table 4-3 was obtained fribw@ oxygenated treatment control process.
The signal for the valve (1AJFV202A) was producemht the controller output due to a
demand from the process variable and the set pdhm. set point for the dissolved
oxygen was set at 200ppb. The response for theegsoeariable shows some variation
which were above and below the set point. Thisesygdiehavior shows that the dissolved
oxygen is alternating above and below the set-pdihts will result in more than the
required amount of dissolved oxygen injection ie tbed water. The lower graph shows
the response of the control valve due to variatiortbe level of dissolved oxygen in the
boiler water.

4.3 Oxygenated treatment control system process modeling

The oxygen injection process of Millmerran poweaarnluses an advanced proportional,
integral and derivative controller (A-PID). Thisraooller is different from the normal

PID controller because of the following:
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o0 It has adirect use of the feed forward signal atlD controller
0 It has improved algorithms for derivative actiohccgation
0 The controller has bumpless manual to auto transfer
0 It has a quick saturation recovery option
i
_tﬁ
L) BT | INTEGRAL
3P i &
Py -erlzﬁa-:-F: , PROPORTIONAL N ) s (T OUTRUT
I'\_}:f'l ’ ‘-Hr l'\__,_.-"l 1“ { I\.\,E/ll
T i T B0y, FEEDFORWARD
\& o \&) AW, - 0 >4
‘_ +
= T DERIVATIVE
[ TOB56A

Figure 4-6 Advanced PID controller

Figure 4-6 shows the schematic diagram of the azh@®ID controller used for oxygen
injection process at Millmerran power plant. Thisntoller has proportional part,
integral part and derivative part. The controlleonitors and controls the amount of
dissolved oxygen in the feedwater by sending etesignals to a servo valve which

either increases or decreases the amount of oxgagemjection into the feed water.

The figure above shows the internal structure efdbintroller. A simplified control loop

for the oxygen injection consists of the controlart, the plant or controlled device
which is a servo valve and a block which represieatdelay or transportation lag. The
delay or dead time is simply the duration of thediflow through a conduit. The next

Figure 4-7 illustrates the transportation delayhef oxygen injection process.
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Figure 4-7 Dead-time due to fluid transport delay

In this diagram, the arrow shows direction of fldliolw. The servo valve injects oxygen
gas in to the feed water stream. The amount of timtekes the solution to reach the
dissolved oxygen sensor is called dead time. Dea€ tan increase due to the size of
pipes which transport the solution. For a narropeghe fluid can take less time to travel
through the entire length hence reducing the delafjuid transportation. In a power
plant, there are small and large fluid passage vgagh as low pressure heaters, high
pressure heaters and the boiler which are all fferént sizes. This results in a non
uniform flow of the feed water. If we consider aifarm pipe in Figure 4-8, there is a
uniform area and a small volume of liquid passimpugh the pipe. The liquid will take

less time to travel through the pipe than for géarolume liquid pipe.

—@—-{l Small volume liquid process }-—

—

Figure 4-8 Narrow fluid passage
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Millmerran power plant's advanced PID controllecda some challenges in trying to

control the oxygen gas injection process which dd&rge dead time of about 12 to 15

minutes. The controller is over working in trying tontrol the dissolved oxygen to a

required level. To model the behavior of the oxyged treatment process, matlab and

simulink software were used. In the simulationesss valve was used as the model for

the oxygen injection system.

N

—»| Proportional ——l | Controller output current 4-20mA

Y(s)

|
ﬂﬂ'@ » Integral | T Valve » Delay
-1 +
| »  Derivative | |
- _ _ _ |
Feedback

Figure 4-9 Simplified structure of oxygenated tne@nt process control

43.1 Servo valve modeling

This section of the project is looking into intraglug a plant model that will be used in

the demonstration of oxygenated treatment contrddkehavior. This is a controlled

device that has an integrator and a time constaghtitais designed for position control

applications. The valve hosts a DC motor whichrigesh by an electric current from the

controller. The current from the controller is imetrange 4-20 mA. The valve opens and

closes depending on the amount of current whichctdmgroller outputs. In this case the
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valve will be fully open when a current of 20 mAgapplied and fully closed when a
current of 4 mA is supplied from the controller putt In between these current ranges,
the valve opening and closing can be controllededdmg on the amount of oxygen
required. Figure 4-10 and Figure 4-11 below shdwescdonnections between the oxygen
sources and the valves at Millmerran power plant.

An electro hydraulic servo valve transforms an telesignal into hydraulic power. This
involves mechanical motion by means of an electgratic torque motor which is used
to stroke the mechanical control element of thevexalThe torque motor drives the
hydraulic amplifier which in turn strokes the powspool. Figure 4-9 shows the

connections of the valve to the advanced PID ctlatrdor the simulink simulation

modeling.

Figure 4-10 Oxygenated treatmentr@aymalve panel
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Figure 4-11 Servo valve

3 =
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OFERATOR
1| COMTROLS

Figure 4-12 Servomotor and controller inputs angbois

Mathematical model of the DC motor for the serviv@acan be expressed by the time
constant (relating armature voltage and speed)i@tl by an integration (relating speed
and output shaft position). The dc motor is therhefa dc servo system. In the dc servo
system, the input is usually considered to be twred angle and the output is the actual
angle which produces torque and speed (Figure 4718 block diagram representation

of a typical dc servo system was modeled as follows
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Considering the d.c servo system with the inputallguconsidered being the desired

angle and the output as the actual angle. The dayram representation of a typical
servo system involves the input ang?e which is compared with the feedback angle

& and the error angléE converted into a voltag¥ by means of a rotary potentiometer

with a gainkp.

Ve = kp(gR —6;)

The error voltagé’s is amplified to produce the drive voltaeje for the motor.

Ka= amplifier gain

The motor rotates and produce an output srf‘éedepending on the voltage applied.

K= motor gain

Tm= motor time constant
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The resulting block diagram shows the servo systeansfer function used in the

modeling of the oxygen injection response. For $ititp, this transfer function was used

to model the response of an advanced PID contr@diethis project. The real system

consists of more complex blocks that are connelogtdeen the controller and the servo
valve or the injection valve. Using the system sfan function in the block below, the

effect of system delay can be modeled for diffetenés ranging from small dead time to
large dead time.

Loaded DC
servomotor
y
R -
.—p.
\‘TS} S(TMS+!-) J 'B{S}

=

Figure 4-18r% valve transfer function

4.3.2 Advanced PID Controller Tuning

The advanced PID controller has 5 tuning paramethrsh are as follows:
k _ : :
P = Proportional gain

k= Integral reset (reset per minute)

Ky = Derivative rate action (minutes)

Ke = Derivative lag constant (typically equal ten)
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K= Gain multiplier

Modeling the response for the servo valve, the commnethod for tuning the PID

controller was proposed by Callender et al. (19&&llender proposed a design for
widely used PID controller by specifying satisfagtwalues for the controller settings
based on the estimates of the plant parametersathaiperating engineer could make
from experiments on the process itself [9]. Therapph was developed by Ziegler and
Nichols (1942,1943), who recognized that the stegponses of a large number of
process control systems exhibit a process reactiove as shown in Figure 4-14 below.
The parameters for tuning the PID controller webéamed by using the Ziegler and

Nichols open loop method. The procedure involvesfétiowing steps:

Step 1: Make an open loop plant test (e.g. a step test)

Step 2: Determine the process parameters: Process gaidtiohe, time constant
(measure L and T as shown)

Step 3: Calculate the parameters according to the follgviotmulas in Table 4-4

Tangent line at inflection point

L

Figure 4-14 S shaped open loop response of a system
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Controller | Proportional | Integral | Derivative
Kp Ki Kd
PID U.S% 0.6 1’; 0.67

Table 4-4 Parameters for tuning PID controller

|

input

Model 4.1

—p Input
To Workspace
|_> Output
1 —>)
M = »r
s+l Output
Integrator seryo
ENE
Scope

To obtain the tuning parameters for the advanc&ldehtroller, an open loop step

response model for the servo valve transfer funaotras carried out. It is estimated that

by setting these parameters, a response with astona of 25% and good settling time

should be obtained [9]. In ZN method, tuning isdzhen the period and the critical gains

which are determined by adjusting the proportigaah until the stability limit is

reached. The parameters L and T were approximetedthe open loop response as

follows:
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Open loop response
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Figure 4-15 Ziegler Nichols first trial

10

The values of the parameters L and T from Figuid 4vere estimated as follows:

L=15
T=98

By substituting the values for L and T in Table 4kE resulting table consists of Ziegler

Nichols first trial PID tuning parameters.

CONTROLLER | PROPORTIONAL | DERIVATIVE (KD) |INTEGRAL
(KP) (KI)
APID 3.27 2.61 5.9
Table 4-5: Tuning parameters
Response | Rise Time Overshoot | Settling Time | Steady-State Exror

K, Decrease Increase | Inconclusive Decrease
K, Decrease Increase Increase Eliminates
K4 Inconclusive | Decrease Decrease Inconclusive

Table 4-6: controller parameter tuning guidance
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Tuning the advanced PID controller was mostly dbgetrial and error approach. By
tuning the parameters separately with the helaloiet4-4, 4-5 and 4-6, the response was
able to follow the set point. This simulation mginlemonstrates the effect of dead time
on stability of a system. The controller can beomdtically tuned during oxygen
injection operation. The controller tuning for th@3T process is continuous due to
variations in load.
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Chapter 5 New Control System Proposals

5.  Introduction

The block diagram below shows the complete modeltHe advanced PID controller
which is used for the oxygen injection process dinhdrran power plant. The process set
point for the dissolved oxygen in the feed wates wet to 200 ppb and 180 ppb. To show
the behavior of the controller, the model testsen@rried out for different dead times.

This was done by changing the time value in thespart delay block.

I Integral
@ SignalIF

Saturation

Signal Builder|
K*ki*dt/6

Unit Delay2

Proportional

Y P .
: 1 1 proj2
¢ e 1ol
sP . sl Output
SaturationIntegrator ggryg valve Transport
Delay

Derivative

Unit Delayl

Unit Delay

Advanced PID used to drive a servo-control valve driven by a DC motor

Figure 5-1 A system model of a servo valve and aded PID controller
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5.1.System Analysis

APID controller Process with 25 minutes dead-time
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Figure 5-2: Unstable Response

The system response in Figure 5-2 above was obtdiganserting a dead time of 25
minutes in the delay block of cHn be seen that the process variable
developed some overshoot and the system lossabtgtdlith reference to Figure 4-5,
the process response showed upsets and the dgsplygen response fluctuated above

and below the set point.

A further reduction in the time delay of 20 minuted to an unstable system which takes
some time to settle (Figure 5-3). Oxygen injectowacess of Millmerran power plant is
dynamic and has a large dead time therefore th&ailer cannot find enough time to
drive the process variable towards the set poinhdwsudden load changes. For a stable
load, the controller performance at Millmerran poyw&nt developed a better response

in the process variable which has small overshoots.
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APID controller Process with 20 minutes dead-time
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Figure 5-3: Unstable Response

APID controller Process with 10 minutes dead-time
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Figure 5-4: Stable System

The dissolved oxygen response can become stabiedoging the dead time. Figure 5-4
illustrates a response which was generated forihOtes dead time. The response shows

a better set point tracking. It can be seen thatafaeduction in the dead time, the
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response becomes more and more stable. The bestowantrol a system with large
dead time is to reduce the dead time. Figure 5ewsla perfect response generated for a

small dead time of 5 minutes.

APID controller Process with 5 minutes dead-time
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Figure 5-5: A stable system with reduced dead time

5.2.Chapter Summary

New control system proposals for the oxygenatedtriment control process are as

follows:

» Reducing the dead time of the OT process by mothiagnjection point closer to
the dissolved oxygen sensor.
» Eliminate ingress gases during make up

Moving the injection point closer to the sensoraliten reduces the delay in the solution
transportation. A proper dissolved oxygen contrelvents boiler tube failures which can
result in plant shut down and huge amount of chpitsses. Therefore relocating the

injection point is a better option for controllinbe OT process of Millmerran power
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plant. Power plant shut down results in massivét@dpsses; it is therefore important to
put more emphases on preventing corrosion of thkerbtubes. Once through boiler
operates efficiently under highly treated feed waf®r the boiler to operate for a long

time, it is important to maintain the required lisvef dissolved oxygen and pH.
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Chapter 6 Instrumentation for Boiler water Quality
6. Introduction

This chapter covers various instruments that aesl dsr determining the boiler water
quality parameters. Instruments that are used povaer plant for boiler water quality
have to be properly selected, installed and maiathito improve the overall plant
performance. The improvement in performance camlibe treatment process such as
more efficient chemical and energy use, increassdirdy, or more consistent water
quality. Instruments also provide more timely andurate process information to power

plant operators and managers.

In a supercritical boiler, water quality assuratesting plays an important role in the life

of a power plant. The objectives of quality assaeastesting are as follows [10]:

* To determine the long term maintenance requirements
» To provide a calibration reference point
* To obtain instruments that are accurate, reliahfte] stable and which do not

require excessive maintenance.

6.1.Dissolved Oxygen Measuring Instrument

Dissolved oxygen reference values are best detednwith a reference probe. This
reference probe is calibrated in air and againsoritory prepared solutions of known
dissolved oxygen concentration. The dissolved eryig the feed water is measured in
parts per billion (ppb). Figure 6-1 shows the disod oxygen sensor. This is a
luminescent dissolved oxygen (LDO) sensor whiclthis first luminescent sensor to
provide trace oxygen monitoring in pure water peses where ppb level monitoring is

needed.
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Figure 6-1Dissolved oxygen sensor

6.2.pH Measuring Instrument

Chemical monitoring in the feed water consists esuring ammonia, pH, conductivity,

and cation conductivity for either AVT or OT. Ammiancan be measured directly or
indirectly from pH and conductivity. Ammonia reaatswater to produce hydroxide ion

(OH-) therefore indirect measuring method is oftesed. Both conductivity, which is a

measure of the ions in solution, and pH, whichnisralirect measurement of OH- can be
combined to yield the ammonia concentration. Figtg below shows a measuring
instrument that can be used.

Figure 6-2High purity pH sensor (model 320Hp)
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Chapter 7 Conclusion and Future Work

This project investigated the boiler water dissdleaygen control system of the modern
supercritical boiler at Millmerran power plant. Bwi water quality plays an important
role in reducing corrosion of the boiler tubes amzteasing the efficiency as well as life
of the power plant. Millmerran power plant has aderm oxygen injection process which
helped in maintaining optimum conditions for itspstcritical once through boiler
performance. The operation of the oxygen dispeasperienced some stability problems
due to dead time. The controller can perform bettdre oxygen injection point can be
moved from the polisher outlet to the high presdeaters inlet. From the high pressure
heaters, extreme temperatures and pressuresctauild up to the superheater, so the
boiler tubes need to be supplied with a requiredllef dissolved oxygen for protection
and efficiency.

The advanced PID controller can give a better perémce with reduced dead time. Any
process with a large dead time present specialectigds to a controller, the controller
has to wait until the dead time has passed fay gdt feedback from the process. This
new system recommendation will benefit the powanpin managing a good dissolved
oxygen concentration. Enough oxygen gas will bepbeg at a required time hence
maintaining the formed oxide film and reducing theances of a power plant shut down
due to boiler tube failures.

Future work in this study may relate to involvemehtother controllers like the smith
predictor and other model based controllers. Tloesgrollers are believed to work well
in dead time processes. From a control system pmdiiew, moving injection point
would only give a better controller action. Thisyrfeve other effects in the power plant

which need to be considered in future.
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1. Describe the Millmerran power station and operaiovith specific details of

Millmerran power plant control system.

2. Review and analyse the control system problemsatteataced by the Millmerran

power station.

3. Conduct a literature review of similar problemsther coal fired power stations,

solutions to these problems and the theory of obrassociated with such

problems.

4. Develop solutions to solve the Millmerran powetistaspecific problem

5. Define the cost-benefit of these solutions
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6. Provide Millmerran with a report of the findingscarecommendations.

7. Write dissertation of the project work.

8. If time permits, report on the implementation ofyaf the recommendations, if
accepted.
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Appendix B

M atlab code

Matlab code for the controller gains:

%This code consists of parameters for the contraliging
%These gain parameters can be changed to tunéRheoRtroller.
k=0.1,

%integral gain

ki=2;

dt=0.01;

%proportional gain

kp=0.5;

ka=0.2;

%derivative gain

kd=3;

Matlab code for plotting the response curves

%This code plots the response curves
plot(tout,proj2);title('PID controller with deadntie’);
ylabel(Dissolved oxygen (pph)’
xlabel(Time);grid;

legend(Controller output’,” Process variabjle’



