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Self- Monitoring Manual for Energy Generating Plants

10. Operation Control

10.1 Operation Control for Water Treatment Unit

Table (10.1) shows the aspects to be monitored for water treatment unit

Table (10.1) Operation Control for Water Treatment Unit

	Treatment Method
	Monitored Parameters
	Monitoring Method
	Frequency
	Indication

	
	Feed water
	Outlet water
	
	
	

	Clarification
	· Flow rate

· BOD and COD

· O & G

· SS

· TDS

· Hardness


	· S.S

· TDS

· Chlorides

· Hardness

· pH


	Chemical analysis
	
	

	Filtration
	
	· S.S


	Chemical analysis
	
	

	Ion-exchange
	· Flow rate

· TDS

· Chlorides

· pH
	· TDS

· Chlorides

· Hardness

· PH


	Chemical analysis
	
	

	Demineralization
	
	· S.S

· TDS

· Chlorides

· Hardness

· pH


	Chemical analysis
	
	


10.2 Operation Control for Boilers

Controls are those items which carry out the function of regulating the various quantities indicated by the instruments and which can be arranged, with interlocks, to shut the plant down if any values pass outside the allowable operating range. Control systems can vary in sophistication from local manual operation of the various valves and dampers to a fully computerized system with little manual intervention once the system is programmed and verified. It is worth reflecting on the statement, “Before you can control you must measure”. This applies to manual as well as to automatic control.

Manual control, however, is tedious, it is prevailing in small capacity boilers. It requires continuous watch on all the instruments to ensure that safe conditions exist. It is also necessary to include alarms to alert the operator to the fact that corrective action is required. 

To control a boiler, the following quantities require to be regulated as applicable to a particular system:

1. The heat input to the boiler to match the required heat output;

2. The fuel/air ratio to maintain optimum combustion conditions (combustion control);

3. In the case of steam boilers the water flow to match the steam flow from the boiler;

4. Combustion chamber pressure in the case of balanced-draught boilers to maintain a small negative pressure on the gas side;

5. Where high degrees of superheat are generated, the steam temperature may be controlled to protect the superheater, steam pipework, and the device using the steam against overheating; and

6. Combustion safety (burner management).

The scope and complexity of automatic controls and instrumentation can vary enormously from the simple on/off schemes as applied to small fire-tube boilers to the more complex modulating schemes with extensive visual-display and computer data storage facilities used on some of the larger boilers.

10.2.1 Boiler Pressure Measurement, Indication and Relief

Local Pressure Indication

This, along with the corresponding temperature measurement and control is perhaps the most basic function required. First, the display (which must be easily seen and read by the operator) is necessary to ensure the safety of the plant, a pressure rising above a clear mark indicating the working pressure on the dial signals that the heat input must be reduced immediately. A falling pressure means that the demand for heat is exceeding the heat input and therefore that the firing rate must be increased. The indicating instrument is the well-known Bourdon gauge, which consists of a flat tube bent to a curve. This tends to straighten out as the internal pressure increases and is arranged to drive a pointer over a circular scale.

Safety Valves

Boilers are designed to withstand certain pressures only, and on no account must be subjected to greater pressures. In most cases the measuring and control devices described suffice to avoid an overpressure condition but it is mandatory, on both steam and hot water boilers, to fit safety valves, which lift and relieve the pressure.

10.2.2
Combustion Control

This incorporates both the control of the boiler heat input and that of fuel to air ratio. Combustion control systems must ensure that at all times adequate quantities of air are available to meet the fuel requirements, so as to burn the fuel efficiently without smoke and with minimum harmful emissions discharge from the stack.

The main source of signal for the operation of a combustion control system is the steam pressure at the boiler outlet, in the case of steam generators, and the water outlet temperature, in the case of hot-water boilers. Combustion controls therefore also control the boiler pressure as a stage in controlling the heat input.

Combustion Control Schemes

There are three basic control schemes used for regulating multiple variables such as fuel and airflow in a combustion control system. These are: 

· Series, in which a variation of the master control signal, steam pressure, causes a change to take place in the combustion airflow, which, in turn, causes a change in fuel flow,

· Parallel control, in which a variation of the master control signal adjusts the fuel and air flows simultaneously and represents a typical positional control system, and 

· Series/parallel control, in which a variation of the master control signal adjusts the fuel flow and, as steam flow is approximately proportional to air flow, variations of steam flow resulting from a change of load are measured and used to adjust the air flow.
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Fig (10.1) Basic Control Schemes

(a) Series control, (b) Series/parallel control, (c) Parallel control

Types of Combustion Control System

There are three basic types of automatic combustion control. These are: on/off, positioning and metering.

a) 
On/off Control Systems

On a steam boiler, using an on/off system, the fuel and air are shut off as the steam pressure rises to a preset value. The steam pressure then falls gradually as the demand continues, until it reaches a preset low value at which the fuel and air are turned on again.

With hot-water boilers, high and low water temperatures are used as the initiating signals. A typical example of the on/off control is the system used with a gas-fired domestic heating system. This method of control results in a fluctuating steam pressure. Its use tends to be restricted to very small units generating hot water or saturated steam. It cannot be used when generating superheated steam because, during the off periods, there are no gases flowing over the superheater from which the steam can receive its superheat. A variation of the on/off system is “high/low/off”, where there are three control settings instead of two.

b)
Positioning Control Systems

With positioning systems, the fuel and combustion air controllers (the fuel valve in the case of oil or gas firing, and dampers or fan speed in the case of combustion air) are interconnected mechanically in such a way that for a given fuel valve position the air damper will always be in the same position. Such systems are called “open-loop” and assume that the flow through the valve or damper will always be the same for a given valve or damper position. The interconnecting linkage usually incorporates some form of cam, the shape of which is determined during commissioning by manual adjustment of the fuel and air controllers to give optimum conditions over the load range of the boiler. 

On a typical positioning system applied to fire-tube boilers the pressure control signal is generated by separate sensors, two of which are generally used. The first is to signal an overpressure condition to the fuel-feed regulator, which in turn is linked to the combustion air supply. Should an overpressure condition occur, the firing appliance is shut down, generally accompanied by visual and audible alarms, and needing manual reset. This control is mandatory for automatic boilers. The second sends an electrical signal, which is proportional to the change of pressure from the set point to a servomotor connected to the fuel regulator and to the air-regulating dampers (or to the fan-motor speed controls). These are thus adjusted to restore the pressure to the set value.

c)
Metering/Modulating Control Systems

With metering systems, the fuel and air are regulated by the master signal from the steam pressure, a fall in pressure indicating that an increase in fuel and air inputs is required. The fuel and airflows are measured, the two signals are compared in a ratio controller (feedback) and one of them is adjusted by operating the flow controller until the correct ratio or set point is achieved. The combustion conditions are therefore maintained at the optimum irrespective of any changes that may occur to the system resistance or characteristics of the controller. Such systems are called “closed-loop”. The ratio controller is arranged so that the set point can easily be adjusted manually while the boiler is in operation should there be any change in the fuel characteristics and hence in the heat input to the boiler for a given fuel flow signal. Metering systems require a flow-measuring device in the fuel and air systems.

10.2.3
Soot Blowing

To ensure that the performance and thermal efficiency of a boiler are maintained, it is essential that the heated surfaces are kept clean. On the gas-swept surfaces, this necessitates removal of material deposited on the tubes from the flue gases. If this is not done, the rate of heat transfer from the gases will be reduced and the gas temperatures will rise. On most solid-fuel fired boilers and (depending upon fuel properties), on some gas- and oil-fired and waste-heat boilers, sootblowers are installed to enable the boiler surfaces to be cleaned while the boiler is operating.

A sootblower is a device that directs a jet of steam or compressed air to blow across tube surfaces in contact with the flue gases. This technique is used to remove material deposited on the tubes. Sootblowers can be of the multi-nozzle or multi-jet rotary type, or of the retractable type.

A multi-nozzle sootblower (Fig 10.2) consists of a steel tube of 50-64 mm diameter which is inserted through the wall of the boiler, which has been equipped with nozzles, which project a blowing medium (steam). The nozzles are positioned to coincide with the spaces between the tubes to enable the steam to blow down the gas passages between the tubes. The blower can be rotated through any angle up to about 280°, to cover the greatest amount of heated surfaces. Where it is required to blow around a full 360°, two rows of diametrically opposite nozzles are used and the blower is rotated through 180°. The effective radius of cleaning from the centerline of tube is about 2 meters. Multi-nozzle blowers which remain in the gas stream can only be used in gas temperatures up to about 1000 °C due to the lack of suitable materials of construction for higher gas temperatures. Their use is, therefore, mainly restricted to the evaporative convection, economizer, and air heated surfaces.
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Fig (10.2) Multi-Nozzle Rotary Sootblower

Where gas temperatures exceed those for which fixed blowers are suitable, the retractable type has to be used. These can be either short or long. With the short type, see fig (10.3), the nozzle projects just beyond the boiler wall and can be used to blow either the combustion chamber wall tubes, or the convection heating surfaces on narrow boilers. With retractable blowers, the tube is withdrawn from the gas stream when not in use, and there are nozzles only at the end of the tube. When soot-blowing is being carried out with a long retractable blower, it is rotated and moved in such a way to traverse the gas stream and  cover the full width of the boiler. Consequently, the steam jet will follow a helical path. 

The full cycle includes blowing while the tube traverses back across the boiler and withdrawn. The steam issues from the nozzles immediately as they enter the gas stream to ensure that the tube is always adequately cooled. Long retractable blowers have opposing nozzles at the end to ensure that the reaction of the steam jets is balanced, so as to reduce deflection of the tube.

The tube is available in lengths up to about 15 m as required by the width of the boiler. Blowers can be fitted in both sides if required, to reduce the length of the tube. For wide boilers, allowance has to be made in the layout of the heated surfaces for the deflection of the tube due to its own weight.
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Fig (10.3) Short Retractable Sootblower
Soot blowers use steam at a rate of 2 – 4 t/hr, which on small industrial boilers can be a significant percentage of the boiler output for the duration of the blowing sequence. This can be several minutes, depending on the width of the boiler and the number of blowers fitted. Because of this rate of steam consumption, blowers are only used one at a time to reduce the effect on the boiler steam production. For this reason also, soot-blowing should preferably only be carried out during periods of low load. The steam usage has to be taken into account when designing the feed water system.

Multi-nozzle and short retractable blowers can be manually operated by hand wheels, but the effectiveness of blowing is then dependent on how the operator manipulates the blower. However, electronically operated blowers are increasingly used .

Long retractable blowers are always electronically operated to ensure that the sequence is completed and the blower safely withdrawn from the gas stream. While the sootblowers can be operated locally or remotely, automatic sequence operation is now more usual, with programmable controls enabling the sequence of operation of the various blowers to be varied to suit the cleaning requirements of the boiler.

The use of sootblowers applies mainly to water-tube boilers, where regular on-load cleaning is essential. In most cases fire-tube boilers are not required to operate for such long continuous periods and sootblowers are not often fitted. The boilers are shut down at weekends, the smoke-box door opened, and the tubes swept by brushes which may be mechanized and equipped with a vacuum extraction device to remove the loosened material. An effective method is to use a “percussion lance” This discharges rapid pulses of compressed air down each tube to which the lance is presented. Both brushes and lances are hand-held and are not attached to the boiler.

A more recent method of soot-blowing, still to achieve its full potential, is to use intense sound. This is the 'sonic' soot-blower which, as with the percussion lance, discharges rapid pulses of compressed air into the cavities in the boiler which it is designed to clean. The frequency of the pulses can be tuned to resonate with the natural frequency of the cavity, so increasing the amplitude of the pulse. In many cases deposits are of a porous structure, gases existing in the pores. A positive compression wave is followed by a negative wave, which causes the gases included in the deposit to expand, thus disintegrating the mass. Sonic soot-blowers are now increasingly used on both fire-tube and water-tube boilers, and in some cases are proving very effective.

10.2.4
Water Level Indication

This applies essentially to steam boilers where there is a visible water level. A simple gauge glass or, at high pressures, a double-plate glass variation on the steam/water drum or boiler shell is used as the indicator (shown in fig 10.4). Two must be provided and arrangements made so that a breakage will not be a hazard to the operator. The instrument should also be easily read from the operating level and be adequately illuminated. This time-tested device is used on the vast majority of boilers and is arranged to give a visible range of water level of ± 125 mm from normal water level.

There have, in recent years, been developed more sophisticated devices, which involve the use of electrodes, which are sensitive to water level. These may be of either the capacitance or the conductivity type. As well as providing a very clear visual display, the fact that they use electricity enables them to generate signals from which controls and alarms can be operated.
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Fig (10.4) Double-Plate Glass Water Level Indicator

10.2.5
Boiler Water Quality

It is important that the quality of water within the boiler be kept within the limits recommended. Sampling and testing the water on a regular basis generally carry this out. The conductivity of the water is, broadly, a measurement of the total dissolved solids content of the boiler water, which is an important property. This should be limited as indicated by the boiler vendor. The recommended limit for TDS is 3500 ppm. For water-tube boilers, the recommends TDS is according to boiler pressure (up to a maximum of 3000 ppm). 

The conductivity instrument can be arranged to trim the discharge from the continuous blowdown system and the display should guide the operator to adjust his manual blowdown regime as necessary.

Measurement of pH gives an indication of alkalinity. Normally, this should be about 9: higher figures indicating high alkalinity with the likelihood of priming; low figures warning that the water in the boiler could be corrosive.

Given that blowdown is essential for the maintenance of the boiler and the quality of the steam it supplies, two things require attention:

1) The quantity of blowdown should not exceed the minimum amount necessary. Anything in excess is a waste of energy. Proper control is most important.

2) When control of blowdown has been achieved, the recovery of heat from the blowdown should be examined to see whether it is economical. On average, about 50 percent may be recoverable.

Control of Blowdown

In a simple, manually controlled system, the blowdown valve must be set by hand to give the required amount of blowdown. The aim is to maintain the total dissolved solids in the boiler water (usually expressed in ppm, parts per million) just below the prescribed maximum limit. It is therefore essential to sample and analyze the water and adjust the blowdown until the desired conditions are achieved.

The following provides a simple checklist for estimating the quantity of blowdown from a boiler if it is not already known:

· For existing plants, the present blowdown method may consist of blowing down say one inch from the gauge glass at regular intervals. This may be converted to a volume by estimating the water surface area of the boiler (width times length), and multiplying this by the frequency, so that an equivalent continuous blowdown flow rate can be calculated. Remember that this will be related to the present average steam generation rate.

· Alternatively, the existing blowdown method may consist of opening the bottom blowdown valve for a given time at certain intervals. For the standard full-bore valve, the flow rate is controlled by the length and bore of the blowdown line, and the boiler pressure. A pressure drop calculation may be used for estimating the flow rate when the valve is open. From the figure obtained, an equivalent continuous blowdown flow rate can be calculated. Again, results will be related to the average generation rate.

To check boiler water quality, it is necessary to take samples at regular intervals. It is most important that the sample is properly cooled and not drawn directly off the boiler at the blowdown line, or flash loss will completely upset a true analysis. A sample cooler is essential.

Provided the average blowdown requirement exceeds 40 kg/h, blowing down a boiler continuously to control the TDS becomes the ideal procedure. With constant make-up water flow and steam-generating conditions, the continuous blowdown rate can be determined and controlled precisely. With varying conditions, a compromise has to be made either:

· The average continuous blowdown rate is accepted, resulting in the actual TDS level fluctuating up and down about a norm or

· The blowdown rate maintains the base level of TDS, and the peaks are controlled intermittently.

Reliable maintenance-free continuous blowdown can only be achieved using good quality valves. Given the need for fine control, large pressure reduction, and the presence of suspended solids, the valve must:

· Control accurately, and be easily and precisely set for the given flow rate.

· Withstand arduous duty.

· Be easily moved to a purge position for cleaning deposits, and easily reset to the control position.

10.2.6
Combustion Safety (Burner Management)

A burner management system incorporates interlocks to ensure that the correct sequence of events is carried out during start-up, operation and shutdown of the boiler. There are a number of codes of practice and guidelines for safety interlocks and pre-and post-ignition purging for the various systems. A simple system is where the operator manually positions the various dampers and valves in the correct sequence during the start-up procedure. Interlocks are included to prevent one stage being carried out if the previous stage is incomplete. For most modern boilers with gas or oil burners, a fully automated system can be incorporated in which the start-up procedure is initiated by the press of one button.

One of the major features of a burner management system is the use of scanners that detect the presence of ignition and of the main flame of individual burners with oil, gas and pulverized fuel firing. These ensure that, in the event of a flame failure, the burner or burners concerned are shutdown. On a single burner installation this means a boiler shutdown until the fault has been rectified. 

Table (10.2) summarizes the important items which should be monitored for safety operation control for the boilers. 

Table (10.2) Operation Control for Boiler

	Equipment
	Monitored Item
	Monitoring Method
	Frequency
	Indication

	Boiler no. (…)
	· Insulation
	Visual
	
	

	
	· Pressure
	Pressure Gauge
	
	

	
	· Fuel consumption/ day
	Inventory
	
	

	
	· Fuel/ air ratio
	Flow meter 
	
	

	
	· Excess air
	Stack analysis
	
	

	
	· Actual combustion efficiency
	Calculations
	
	

	
	· Leakage in pipelines
	Visual
	
	

	
	· Blowdown rate
	Flow meter
	
	


10.3 Operation Control for Diesel Engines and Gas Turbines

When large diesel engines and gas turbine units are connected to electric-generators for the purposes of power generation their speed must be maintained while supplying a varying load. This is achieved by attaching governors to the engines. 

An engine governor is, commonly, a speed-sensitive device that automatically controls or limits the speed of the engine by adjusting the amount of fuel fed to the engine. The usual kind of governor adjusts the rate of fuel supply in such a way as to keep the engine running at a steady speed regardless of the amount of load. Engine governor can be of mechanical type, which is less accurate in speed controlling, or hydraulic type, which is more sensitive to load variation and therefore is more suitable for engines of power generation.

Table (10.3) summarizes the major items for monitoring operation control for the diesel engines.

Table (10.3) Operation Control for Diesel Engines

	Equipment
	Monitored Item
	Monitoring Method
	Frequency
	Indication

	Diesel Engine no. (…)
	· Air flow rate
	
	
	

	
	· Cooling water rate


	Flow meter
	
	


Compliance Monitoring

Section (5) presents the various laws and regulations that apply to emissions, effluents and wastes from the steam generating plants. Tables (11.1, 11.2, 11.3 and 11.4) give the compliance monitoring activities for the different aspects of pollution as per environmental laws.

Table (11.1) Compliance Monitoring for Air Pollution

	Major Pollution Sources
	Monitored Parameters
	Monitoring Method
	Frequency
	Operating

	
	
	
	
	Normal
	Exceptional

	Stacks
	SOx, CO, CO2, particulates, heavy metals
	Stack measurements
	Once a week
	
	

	Storage tanks
	VOCs
	Ambient air measurement 
	Once a week
	
	


Table (11.2) Compliance Monitoring for Wastewater

	Major Pollution Sources
	Monitored Parameters
	Monitoring Method
	Frequency
	Operating

	
	
	
	
	Normal
	Exceptional

	Boiler

	- Blowdown
	· Rate
	Flow meter
	Continuous
	
	

	
	· TDS
	Chemical analysis
	Once a month
	
	

	Water treatment unit

	- Backwash water
	· Rate
	Flow meter
	Once a month
	
	

	
	· TDS
	Chemical analysis
	Once a month
	
	

	Cooling tower

	- Blowdown
	· Rate
	Flow meter
	Once a month
	
	

	
	· TDS, oils
	Chemical analysis
	Once a month
	
	


Table (11.3) Compliance Monitoring for Work Place

	Major Pollution Sources
	Monitored Parameters
	Monitoring Method
	Frequency
	Operating

	
	
	
	
	Normal
	Exceptional

	Boiler
	· Noise
	Noise meter
	
	
	

	
	· Temperature
	Thermocouple
	
	
	

	Diesel engine
	· Noise
	Noise meter
	
	
	

	Gas turbine
	· Noise
	Noise meter
	
	
	


Table (11.4) Compliance Monitoring for Solid Wastes

	Pollution Source
	Type of Waste
	Quantity
	Operating
	Disposal Method

	
	
	
	Normal
	Exceptional
	

	Clarifier
	Sludge
	
	
	
	Dumping site

	Softener
	Sludge
	
	
	
	Dumping site

	Chemicals empty containers
	Plastic
	
	
	
	Sold
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