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ABSTRACT  

 

Conversion of water into steam is the primary function of a utility boiler. The steam pressure is used to turn 

a steam turbine thus, generating electricity. Within the boiler drum there exists a steam/water interface. 

Boiler steam drum water level is one of the important parameters of power plant that must be measured 

and controlled. For safe and efficient boiler operation, a constant level of water in the boiler drum is 

required to be maintained. Too low water level may cause damage boiler tube by overheating. On the other 

hand too high drum water level leads to improper function of separators, difficulty in temperature 

controlling and damage in superheater tubes. Turbine may also be damaged by moisture or water 

treatment chemicals carryover. The amount of water entering the boiler drum must be balanced with the 

amounts of steam leaving to accomplish the constant water level in the drum. Therefore it is extremely 

important to have the knowledge of the operating principles, installation requirements, strength and 

weaknesses of drum water level control system. Ignoring these considerations can result in misapplication, 

frequent maintenance, unsafe operation and poor instrument as well as system performance. In this paper 

design aspects and installation requirements of boiler drum level control are discussed for safe and 

economic operation. 
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1. INTRODUCTION 
 

Control of the proper water level in the boiler is critical for operation of the boiler. If the level is 

too low, boiler tube will be damaged by overheating. Too high water level leads to improper 

function of steam separators, difficulties in temperature control, and the moisture or water 

treatment chemical carryover can damage the super heater tubes and turbines. In addition, the 

drum pressure control is adversely affected by poor level control. Dynamic simulation studies of 

boiler conforms that internal parameters, such as steam pressure, drum level and steam 

temperature are essential to be within safety limits [1, 2].  The sliding operation pressure of 

modern three drum Heat Recovery Steam Generators, along with frequent start up and shut down, 

contributes additional challenge of selecting the proper combination of instruments and 

maintaining correct water levels under all conditions. 
 

 

Steam Drum Level is both critical and difficult to measure and maintain. Precise control of the 

water level in the drum is essential. Too high water level can result in water carryover into the 
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steam piping. On the other hand, too low water level can expose the generating tubes (down 

comers), preventing the water in the drum from cooling the furnace tubes that may be the cause of 

possible damage. For measurement of drum level following points must be taken care of. 

 

� Elimination of errors which are attributed in measurement due to fluctuating water level or 

changing rate of water inflow and steam outflow. 

� Thermodynamics of pressure and temperature, geometry of the steam drum, and equation 

of continuity are the parameters to define transmitter calibration. 

� The zero elevation and span against transmitter specifications must be checked to ensure 

proper calibration of selected transmitter. 
 

Steam drum level controllers are being used from a very long period and their performance 

criteria are influenced by various constrains pertaining to control system, process dynamics & 

mechanical structural design [3]. The fluctuation range of the water level and water supply flow 

can be effectively reduced by conventional PID controller with biological immune adjustment 

principle. It exhibits fast response and small overshoots characteristics [4].  The system 

performance can be enhanced by using fuzzy logic blocks to provide set-points for the system. 

Fuzzy supervisory control generates set-points for the conventional controllers using the strategy 

of fuzzy logic controllers (FLCs) [5]. 

 

Economic feasibility of a power plant requires smooth and uninterrupted plant operation in spite 

of varying electrical power demand. It has been observed from operation experiences of a power 

plant that one of frequent causes of shutdowns is by violation of safety limits on the water level 

and it is the common observance when the plant is at low operating power. PID controllers can 

handle most problems. However, these controllers may not work under certain conditions of 

operation such as the effects of ‘‘false water level’’ and wave action (wild oscillation of water 

surface). Adaptive Optimal control (AOC) is an important approach for dealing with nonlinearity 

problem [6],  The concept of modular advanced control system designed for a seamless and 

gradual integration into the existing distributed control system has been investigated [7]. For the 

quadruple tank process, combination of a gain scheduling controller, a linear parameter varying 

controller and an input-output feedback linearization controller have demonstrated very good 

performance [8].  
 

The Steam Drum level control is also an influencing factor of overall safety of the power plant as 

it is closely related to Main Heat Transport coolant inventory and sustained heat removal through 

natural circulation. Steam drum level control at multiple loop configurations has been proposed to 

enhance the safety margin [9, 10]. For proper control of drum level single parameter control is not 

sufficient, and three element Steam Drum Level Controller has been conventionally used for most 

of the boilers where controlling parameters are Drum level, steam flow and feed water flow. In 

this paper we will discuss on some the critical issues on drum level measurement and control, 

design aspects and installation requirements for safe and trouble-free operation. 
 

2. MEASUREMENT TECHNIQUES OF DRUM LEVEL  

 
Precise measurement of drum level is very difficult due to several factors. 

 

� The steam drum itself may not be at perfectly level. 

� Even at steady state conditions, considerable turbulence in the drum can cause the level to 

fluctuate. 

� Changing rate of water inflow and steam outflow adds to the potential for measurement 

error. 
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Measurement of boiler steam drum level using differential pressure transmitter must take into 

account of certain physical properties of the fluid. 

 

� The steam drum contains a two-phase mixture of water and steam at saturation condition.  

� The densities of water and steam vary with saturation temperature and pressure. 

� The density of saturated steam above water must be considered, as well as the density of 

saturated water in the drum.   

 

There exist several instruments which provide for determination of the boiler drum level by direct 

observation such as gauge glasses. This device provides the direct viewing of the liquid level. 

Various designs are available providing reflex, transparent or refraction (Bi-colour) images. 

However for accurate measurement of drum level and transmit to various equipments for 

processing differential pressure transmitter is used. 
 

2.1. Gauge Glass 

It is the transparent tube may be mostly enclosed within a metal or toughened glass shroud is 

mounted on boiler for direct indication of water level. Two issues are essential in selecting gauge 

glasses. Firstly, the ASME (American Society of Mechanical Engineers) Code requires each fired 

boiler to have gauge glass and secondly gauge glasses for all boilers operating above 400 PSI. 

The gauge glasses must be visible to the boiler operator at the location where immediate control 

action is initiated. 
 

2.2. Electronic Probe Level Sensors 

Increasingly popular for remote level indication is use of probe type level indicators. The device 

consists of an array of probes that provide an incremental representation of the level. These 

probes monitor the presence of water electrically and provide both an indication of the level and 

control contacts. This eliminates the need for separate devices for indication and control. 
 

2.3. Wet Leg System  

For precise measurement of drum level Wet Leg System is useful. In a wet leg system, differential 

pressure transmitter is used where the low pressure impulse line is completely field with liquid 

(usually the same liquid as the process), and hence the name wet leg. The schematic diagram of 

wet leg system is presented at figure1. 
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A level transmitter (LT), in association with three valves manifold, is used in an identical manner 

as the dry leg system. The gas phase or vapour will be condensed in the wet leg and the catch 

tank. The catch tank, with the inclined interconnection line, maintains a constant hydrostatic 

pressure on the low pressure side of the level transmitter. This pressure, being a constant, can 

easily be compensated for by calibration. Depending on the installation technique and position of 

level transmitter in respect of boiler drum, it is necessary to introduce offset at time of calibration 

of transmitter. Two approaches are explained here with mathematical interpretation. 

 

(a)  Zero Suppression: In some cases, the level transmitter has to be mounted X meters below 

the base of an open tank as shown in figure 2. 

 

 
The liquid in the high pressure impulse line exerts a constant pressure (� � �. �) on the high 

pressure side. S is the constant applied for Pressure to height relation. When the liquid level is at 

H meters, pressure on the high pressure side of the transmitter will be: 

 
����	 � �.
 � �. � � ��
� 

���� � ��
� 

Figure 2: Level transmitter with zero suppression 

 

Figure 1:  A wet leg installation 
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����� � ����	 − ���� � �. 
 � �. � 

 

The transmitter has to be negatively biased by a value of (– �. �) so that the output of the 

transmitter is proportional to tank level (�.
) only. The above procedure is called zero 

suppression and it can be done during calibration of the transmitter. 
 

(b) Zero Elevation:  When the height of the wet leg (X) is equal to or greater than the maximum 

height of the liquid column (H) inside the tank as shown at figure 3, zero elevation offset is to be 

applied while calibration of level transmitter. 

 
In a wet leg installation the low pressure side of the level transmitter will always experience a 

higher pressure than the high pressure side. When the liquid level is at H meters, we have: 

 

P_High=P_gas+S.H 

P_Low=P_gas+S.X 

                                P_Diff=P_High-P_Low=S.H-S.X=-S(X-H) 

 

The differential pressure PDiff sensed by the transmitter is always a negative number (i.e. low 

pressure side is at a higher pressure than high pressure side). For proper calibration of the 

transmitter, a positive bias (�. �) is introduced to elevate the transmitter output. The positive 

biasing technique is called zero elevation. 
 

3. BOILER DRUM LEVEL MEASUREMENT  

Drum water level is better measured by differential pressure transmitter. In a pressurized vessel, 

measurement of differential pressure is based on the phenomenon that the pressure exerted at any 

depth below the surface of the liquid is equivalent to the sum of the hydrostatic pressure acting at 

the point of measurement and the static pressure acting on the surface of the liquid. The 

hydrostatic pressure can be estimated by multiplying distance of the measuring point below the 

liquid surface with liquid density. It is illustrated by the schematic diagram at figure 4. 

 

Figure 3: Wet Leg installation with zero elevation 
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For example, a vessel is pressurized by the steam pressure PS acting on the surface of water of 

density dW, the level of the liquid being represented by h, above a datum point. Pressure-sensing 

connections are provided at the datum (A) and to the gas space (B). The pressure sensed at A is 

due to the column of hot water (h), above the datum, in addition to the static pressure (PS), acting 

on the liquid surface and drum steam pressure (P0). The pressure sensed at B is only the static 

pressure (PS). Hence the difference between two pressures PDiff will be equivalent to the 

hydrostatic head of the water level above the datum. By locating the pressure tapping points to 

give a desired range of level measurement and measuring the pressure differential between them, 

the liquid above the datum at any point within the range may be determined. 

 

The pressure differential will reach its maximum value when the liquid surface is at the datum 

level, and approaches towards zero when the liquid level reaches to the upper tapping point, thus 

governing the maximum level range. 

 

The hydrostatic pressure is due to the height of the water level above the datum. Representing the 

height of the surface above the datum as h and the density of the water at drum pressure and 

saturation temperature as dW, the hydrostatic pressure due to water column (PW) will be given by: 

 

�� � ℎ��� 

 

The pressure of a column of steam is acting on the water surface. The height of the column of 

steam will be the difference between overall ranges. Thus represents the operating range of the 

level measurement. If hr is been made equivalent to the height of the constant condensate column, 

and the density of the drum steam pressure as ds, the pressure (PS ) acting on the surface of the 

water is given by: 

 

�� � (ℎ� − ℎ)��� 

 

The pressure due to the constant condensate column is: 

 

�� � ℎ���� 
 

When the drum steam pressure is P0, the total pressure at A is equivalent to: 

 

 

Figure 4: Water level measurement in a pressure vessel 
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�� �	�� � �� � �� 

=	ℎ��� � (ℎ� − ℎ)��� � �� 

 

Similarly, total pressure measured at B is: 

� �	�� � �� 

� ℎ���� � �� 

 

Therefore ����� � �� − �  

� ℎ��� � (ℎ� − ℎ)��� � �� − ℎ���� − �� 

� ℎ��� � (ℎ� − ℎ)��� − ℎ���� 

� ℎ(�� − ��)� − ℎ�(�� − ��)� 

 

Thus above equation clearly shows that differential pressure is linearly equivalent to water level 

of the drum if other parameters are constant. However the accuracy of the method of level 

measurement as described will be significantly degraded if the following practical design 

conditions are not met. 

 

� The temperature of the condensate in the reference column must be as closed as possible 

to the water in the vessel. 

� The pressure in the vessel must not deviate significantly from the working pressure for 

which the applied values of the densities of the water and steam are taken. 

� The reference column head must remain constant and stable under all operating 

conditions during which the level measurement is required. 

� The two impulse lines from the plant tapings to the differential pressure transmitter must 

originate from plant connections at the same level, be geometrically similar and be 

maintained, as near as possible, at the same temperature. 

 

4.  BOILER DRUM LEVEL CONTROL 
 

The information on boiler drum level as measured by above procedure is fed to various process 

control units, DCS, SCADA etc. for analysis. After analyzing various information from the drum 

level system and other associated sub-systems, the actuating signals are generated from control 

units to actuate the control valves of boiler feed water inlet as well as outlet and steam outlet, to 

make them open or close. 

 

Under boiling condition, steam supporting field products such as bubbles exist below the 

water/steam level interface. There bubbles have volume and therefore displace water to create a 

misrepresentation of the true water level in the drum.  

 

Pressure in the drum has another effect upon drum level. Steam bubbles are compressed under 

pressure.  Due to varying demands of load, the drum pressure changes and therefore the steam 

bubbles expand or contract respective to these pressure changes. A higher steam demands will 

cause the drum pressure to drop, and the steam bubbles to expand to give the appearance of a 

water level that it truly is. The fictitious higher water level cause the feed water input to be shut 

down at a time when more water is really required. A surge in water level as a result of the drum 

pressure decreasing is called swell. A water level decrease due to drum pressure increase is called 

shrink. 
 

4.1. Single Element Drum Level Control 
 

The level transmitters are used to measure the actual drum level. The average of these transmitter 

output are compensated for the drum pressure. For load less than 30%, this measured level is 
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compared with the set value and the error (single element level error) is applied to the controller 

for positioning the control valve at no load (0- 30) % capacity. The control valve position signal 

is used as negative feedback for improving the response of the control system. 

 

During start of a boiler, both the feed water and main steam flow rates are below the measurable 

ranges, and therefore the three-element control with a level controller and flow controller results 

unstabilty. In such cases, it is effective to use single element control in which the feed water 

controller is bypassed and the drum level controller directly controls the feed water control valve. 

However Single Element Drum Level Control does not perform properly once the boiler is fully 

operative. For full running condition of boiler unit other parameters must be taken into account.  

In this case three elements drum level control is most effective.  
 

4.2 Three -Elements Drum Level Control 
 

If an unstable feed water system exists exhibiting a variable feed header-to-drum pressure 

differential, or if large unpredictable steam demands are frequent, a three- elements drum level 

control scheme should be considered. Three elements control is used for load greater than 30%, 

to take care of swelling and shrinking asset with load function at higher load.  

 

The control is based on three parameters - mainly a) Drum level b) steam flow c) feed water flow. 

Errors of these three elements are computed and control signals are generated to position the 

selected full load control valves (30% - 100 %).  

 

� Drum Level is measured from drum level transmitter with the compensation of drum 

pressure. 

� Feed Water Flow with compensation of pressure of feed water and temperature. 

� Main Steam Flow with the help of pressure and temperature and temperature 

compensation. 

 

This three-elements controller is often referred as cascade controller in which a drum level 

control unit is cascaded into a feed water flow control unit. A schematic diagram of Cascade 

controller or three elements drum level controller is shown at figure 5. 

 

 

 
 

 

 

Figure 5: Three Elements Drum Level Control 
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5.  INSTALLATION AND ERECTION WORK 
 
For precise controlling of the boiler drum level, the three elements control is most effective for 

considering other important parameters that govern the drum level. Therefore several instruments 

are to be installed. Differential Pressure Transmitters are used for measurement of level and flow. 

Two control valves are utilized as a final control element for controlling of water and steam flow. 

Level switches are used for indication and alarm to ensure the safety. Temperature transmitter are 

using for measurement of temperature. All these instruments must be of good accuracy and safe 

permissible limit to ensure safety and trouble free operation. The field equipments that are to be 

deployed are as under: 

 

1. Differential Pressure for drum level - 2 nos. 

2. Flow Transmitter for feed water control - 1 no.             

3. Flow Transmitter for steam flow control - 1 no.             

4. Pressure Transmitter for drum pressure measurement - 1 no.               

5. Temperature Transmitter - 1 no.      

6. Level Switches for steam drum water level indication with tripping signal: Very Low 

Indication, Low Indication, High Indication, Very High Indication 

7. Control Valve for steam flow with positioner - 1 no. 

8. Control Valve for water flow with positioner - 1 no.    

 

Minimum requirements of I/O cards in DCS for controlling the parameters and synchronous 

operation are as under: 

Analog Input card (8 channel) - 1 No.    

Analog Output card (4 channel) - 1 No. 

Digital Input card, 24 V DC (16 channel) - 1 No.  

Digital Output card, 24 V DC (16 channel) - 1 No. 
 

6.  CONCLUSION 
 

By steam drum level control, fluctuating of water level or changing rate of water inflow and 

steam outflow can be controlled in a better way. The observation data of three elements boiler 

drum level control of a power plant on a particular day is presented here. These are tabulated at 

table 1 and computer display screen is shown at figure 6. Full Load Main CV (OP) represents 

main control valve output in % for feed water flow to maintain steam drum water level. Full Load 

FW FCV (main) (PO) is the process value (PV) of feed water flow control valve. 3TX SEL Comp 

Drum Level (PV) is the process value in mm of level transmitter (average value of three 

transmitters) which  is final control parameter. Feed Water Flow (PV) is the process value from 

feed water flow transmitter that  is one of the input value to PID controller. Total steam flow (PV) 

is the process value from steam flow transmitter. Actual load (PV) is the plant capacity in %. 

Here plant capacity is considered as 120 MW and current values/ readings are shown at graph are 

taken at one hour interval. It may be observed that steam drum level is controlled in better way. 

The steam output is exactly according to the process requirement and thus overall efficiency is 

increased. 
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Table 1: Observations after installation 

 

 

Figure 6: Control panel computer display 
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