Need for boiler & feed water treatment.
Water-tube boiler plant is much less tolerant of high TDS levels, and even less so as the pressure increases. This is due to a number of reasons, including:

· Water-tube boilers have a limited water surface area in the steam drum, relative to the evaporation rate.

This results in very high steam release rates per unit of water area, and turbulence.

· Water-tube boilers tend to be higher rated, perhaps over 1 000 tonnes / h of steam. This means that even a small percentage blowdown can represent a high mass to be blown down.

· Water-tube boilers tend to operate at higher pressures, usually up to 150 bar g. The higher the pressure, the greater the energy contained in the blowdown water.

Higher pressures also mean higher temperatures. This means that the materials of construction will be subjected to higher thermal stresses, and be operating closer to their metallurgical limitations. Even a small amount of internal contamination hindering the heat transfer from tubes to water may result in the tubes overheating.

· Water-tube boilers often incorporate a superheater.

The dry saturated steam from the steam drum may be directed to a superheater tubes situated in the highest temperature area of the furnace. Any carryover of contaminated water with the steam would coat the inside of the superheater tubes, and inhibit heat transfer with potentially disastrous results.

The above factors mean that:

· High quality water treatment is essential for the safe operation of this type of plant.

· It may be economically viable to invest in a water treatment plant that will minimise blowdown rates.

The operating objectives for steam boiler plant include:
· Safe operation.

· Maximum combustion and heat transfer efficiency.

· Minimum maintenance.

· Long working life.

The quality of the water used to produce the steam in the boiler will have a profound effect on meeting these objectives. 

There is a need for the boiler to operate under the following criteria:
· Freedom from scale - If hardness is present in the feedwater and not controlled chemically, then scaling of the heat transfer surfaces will occur, reducing heat transfer and efficiency - making frequent cleaning of the boiler necessary. In extreme cases, local hot spots can occur, leading to mechanical damage or even tube failure.
Energy Losses From Scale Deposits

The following table is an estimate of how scale effects fuel usage:
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levels when there is insufficient blowdown. In a number of cases, blowdown has been treated
as an unrelated procedure to the chemical treatment program, rather than part of an overall
treatment plan. At the same time, excessive blowdown wastes enerqy, water, and chemical

treatment. The most common problem is excessive blowdown

Suggested Actions

Use surface blowdown to control total dissolved solids (TDS) wherever practical. This
is achieved with a manual throttling valve or an automated microprocessor blowdown
controller. Itis better to control blowdown continuously or in small frequent increments rather
than infrequent long increments.  This avoids wide swings in the TDS level as well as chemical

levels.

TDS CONTROL

—4—Series
—8—Series2

€ attachments

Series 1 depicts continuous or frequent small incremental blowdown.

Series 2 depicts manual, infrequent large incremental blowdown

Control Range: 3,500 - 5,000 ppm TDS for this example. Above 5,000 ppm risks
scaling and carryover. Below 3,500 ppm is wasteful of energy, water,
and chemical treatment

Use bottom blowdown to remove sludge. It is not used to control TDS unless it is the
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Scale Thickness

(Inches)
	Additional Fuel Usage

(Percentage)

	1/32
	8.5%

	1/25
	9.3%

	1/20
	11.1%

	1/16
	12.4%

	1/8
	25.0%

	1/4
	40.0%

	3/8
	55.0%

	1/2
	70.0%


· Freedom from corrosion and chemical attack - If the water contains dissolved gases, particularly oxygen, corrosion of the boiler surfaces, piping and other equipment is likely to occur. 

If the pH value of the water is too low, the acidic solution will attack metal surfaces. If the pH value is too high, and the water is alkaline, other problems such as foaming may occur.

Caustic embrittlement or caustic cracking must also be prevented in order to avoid metal failure. Cracking and embrittlement are caused by too high a concentration of sodium hydroxide. Older riveted boilers are more susceptible to this kind of attack; however, care is still necessary on modern welded boilers at the tube ends.

Lessons Learned

1. Inadequate Control of Oxygen Is a Major Source of Boiler Corrosion

A common maintenance problem for boiler water treatment is a lack of control of corrosion due to oxygen. Mistakes are made in the mechanical removal of dissolved oxygen or the chemical scavenging of oxygen or both. This results in corrosion pitting attack by oxygen on boiler water tubes and  feedwater lines which calls for expensive replacement of failed metal and downtime for the boiler.

Suggested Actions

A. Improper Mechanical Removal of Oxygen from Feedwater Mechanical removal of oxygen is accomplished with a deaerator (DA). The DA works by heating the water to a boil at which point the solubility of dissolved oxygen and other dissolved gasses are at their lowest level. The undissolved gasses are vented to the atmosphere and the deaerated water is used in boiler feedwater. The little remaining dissolved oxygen should be no more than the parts per billion range (ppb) which is scavenged by chemical treatment. Proper DA operation requires a vessel pressure of 3-4 psi above atmospheric and a water temperature measured at the storage section of 8°F above the boiling point for water at the installation’s altitude. There should be a visible 18-24” steam plume coming from the DA’s vent. This contains the unwanted oxygen and other gasses. Three things to check once per shift is 1.) operating pressure, 2.) temperature of water in the storage section, and 3.) an 18- 24” steam plume at the DA vent. Oxygen should then be in the 7 to 20 ppb range depending on the type of DA.

B. Chemical Scavenging of Dissolved Oxygen

The deaerator removes most but not all of the dissolved oxygen. The remainder must be reacted with oxygen scavengers such as sodium sulfite. Sodium sulfite is the most common oxygen scavenger. A common mistake is to overexpose sulfite to air so that it is already consumed before it is applied. This can result from excessive mechanical mixing of sulfite in the mix/feed vessel. A mix/feed vessel should also include a floating lid to minimize it’s exposure to air.

Sulfite and other oxygen scavengers should be fed into the storage section of the DA - upstream from the boiler. This allows for it react with oxygen before the oxygen gets into the boiler and it also helps to protect feedwater lines.

Sulfite should be fed continuously as a function of feedwater flow as opposed to slug dosages. This allows for a proper residual in the operating boiler at all times and avoids conditions of overtreatment and undertreatment swings.

2. Inadequate Treatment of Carbon Dioxide Is a Major Cause of Condensate

Piping Corrosion And Boiler Deposits

Carbon dioxide comes from the decomposition of the carbonate and bicarbonate

alkalinity that is naturally present in the makeup water. The decomposition occurs in the boiler and the carbon dioxide that is formed is volatile enough to escape with the steam and later condense in the condensate system forming carbonic acid which is acidic and corrosive. The presence of carbon dioxide can be easily determined by measuring the pH of the condensate. Carbon dioxide lowers the pH. A reading below pH 7.5 indicates corrosive levels

of carbon dioxide.

Suggested Actions

A. 

Reduce the amount of carbon dioxide produced in the boiler.

One method is to reduce the amount of makeup water used. This is accomplished by

maintaining the optimal cycles of concentration through proper blowdown and also by recovering as much condensate as possible since condensate combines with makeup water to form boiler feedwater. Cycles of concentration, often measured with conductivity or total dissolved solids readings, should not exceed the point where scaling or carryover occurs. The amount of condensate returned can be increased by eliminating wasted steam and of course

repairing condensate leaks.

Another method to reduce carbon dioxide is to reduce the amount of alkalinity

(bicarbonate) in the makeup water. Dealkalizers remove alkalinity from the makeup water

which is the precursor of carbon dioxide. This is a form of external treatment.

B. 

Carbonic acid can be neutralized using neutralizing amine treatments which are used to raise the pH to between 7.5 and 8.5. The proper amine or blend of amines is dependent upon the length of condensate piping runs to be protected. Morpholine for example is more effective for short runs of say 800

feet or less. Diethylaminoethanol (DEAE) is more effective for runs of up to 1 mile while cyclohexylamine is more effective for runs over 1 mile.

Neutralizing amines should be fed directly into the boiler or into feedwater piping. It should not be fed into the deaerator where it can escape via vent piping. For long and complex condensate systems (over 1 mile with multiple locations for steam demands), “satellite” amine feed stations can augment amines being fed at the boiler plant.

Neutralizing amines should be fed continuously as a function of feedwater flow as opposed to slug dosages. This allows for a proper pH in the condensate system at all times and minimizes overtreatment and undertreatment swings.

3. Inadequate Control of Scale And Sludge Impacts Boiler Performance

Scale and sludge can result from mistakes made in: 1) the external treatment to

remove the unwanted scale forming minerals or 2) the internal chemical treatment or both. This results in scale and/or sludge that reduces boiler efficiency and even tube failures which calls for chemical cleaning to remove scale or expensive replacement of failed boiler tubes. External treatment (ET) is designed to remove unwanted minerals before they enter the boiler system i.e. sodium zeolite softeners remove calcium and magnesium hardness. Problems develop when ET capacity is exceeded allowing the unwanted minerals to enter the boiler system. The inadequate capacity can result from improper sizing of ET equipment, excessive makeup water usage, and/or inadequate regeneration. Often scale/scale damage is a result of poor monitoring and control of softeners. The use of improper internal chemical treatment can result in scale and sludge

deposits.

Suggested Actions

Determine the efficiency of external treatment by comparing the design versus the

realized capacity of ET equipment. The design capacity is information supplied by the manufacturer, but can also simply be calculated based on the size of the equipment for resin volume. The run time on a softener is measured by the amount of water it can soften before regeneration is required. A running log of softener capacity will show a trend of softener efficiency. As the realized capacity drops below design capacity, regeneration needs to be

performed more often to prevent excursions of hardness or other unwanted ionic species. When the realized capacity is unsatisfactory, regeneration procedures should be reviewed which can include elution studies. Resins may need replacement or replenishment. Industrial Water Treatment Procedures define phosphate and dispersants (polymers or tannin) as the accepted treatment for deposit control. Phosphate comes as orthophosphate or various polyphosphates. In the boiler, polyphosphates break down to orthophosphate. Orthophosphate should always be fed directly into the boiler. If fed into equipment and piping upstream from the boiler, it can precipitate in the presence of calcium. Feed polyphosphates and dispersants directly into the boiler through dedicated chemical feed piping or inject into feedwater piping.

Feed phosphate and dispersant treatments continuously as a function of feedwater as opposed to slug dosages. This allows for a proper residual in the operating boiler at all times and minimizes overtreatment and undertreatment swings.

TDS CONTROL

4. Improper Blowdown Is a Major Cause for Scale Formation and Wasted
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Energy

Scale and sludge can result even when chemicals are applied at the desired treatment levels when there is insufficient blowdown. In a number of cases, blowdown has been treated as an unrelated procedure to the chemical treatment program, rather than part of an overall treatment plan. At the same time, excessive blowdown wastes energy, water, and chemical treatment. The most common problem is excessive blowdown.

Suggested Actions

Use surface blowdown to control total dissolved solids (TDS) wherever practical. This is achieved with a manual throttling valve or an automated microprocessor blowdown controller. It is better to control blowdown continuously or in small frequent increments rather than infrequent long increments. This avoids wide swings in the TDS level as well as chemical levels.

Use bottom blowdown to remove sludge. It is not used to control TDS unless it is the only blowdown option available. The frequency of bottom blowdown depends on feedwater quality and the type of treatment program being followed. Boiler load also impacts blowdown requirements. The heavier the load, the more frequent bottom blowdown is required. Excessive blowdown is a common problem with boiler operations. The general attitude is that blowdown will avoid trouble. However, the cost in wasted energy, water, and chemicals along with the possible replacement of boiler elements can be significant. Proper blowdown is achieved when adjustments are made to match boiler load changes, while

maintaining the specific control ranges for TDS, alkalinity, and/or silica.

