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Foreword

This British Standard, having been prepared under the direction of the
Environment and Pollution Standards Committee, supersedes BS 1170:1968
which is withdrawn.
The first British Standard intended as an introduction to water treatment for
marine boilers was published in December 1947. Since that time marine
engineers have come to realize that the water in ships, boilers has to conform to
recognized standards if efficiency is to be maintained. Since the publication of
BS 1170:1968, boiler pressures and steam temperatures have again been
increased in the never-ending search for more economic working. These increases 
in pressure and temperature have demanded a purer supply of water and more
sophisticated treatment. This revised edition caters for boilers operating at 
pressures up to 130 bar1) by adding a sixth range of pressure to the five previously 
dealt with. For boilers operating above 130 bar, the control of treatment and the
requirements for the limits of impurities in the feed water would be even more
stringent.
Other changes made for this edition include considerable expansion of the
glossary of terms (Appendix A), explanation of the concepts of pH value, acidity 
and alkalinity (Appendix B), inclusion of a section on safe handling of chemicals 
(Appendix C), new ship-board methods for determination of copper, iron, silica
and suspended solids (Appendix D), 16 additions to the list of reagents
(Appendix E), and the inclusion of a brief outline on on-line instrumentation and
automation (Appendix F).
Each of the control tests in Appendix D is preceded by a short introduction to the
principles underlying the chemical reactions. No method of test for nitrate is 
available that can readily be carried out on board ship; to obtain an estimate of
this contaminant, a sample is taken and sent ashore for analysis.
The standard should enable an engineer to control boiler water and feed water
treatment under all normal working conditions. Detailed instructions for use
when conditions are abnormal are beyond the scope of this standard and expert
advice should be obtained from qualified advisers.
Basic methods of chemical treatment are described from which it should be
possible to select a suitable treatment for most ships, bearing in mind the quality 
of make-up feed water, the boiler pressure and whether a deaerator is fitted or
not. In all cases alkaline treatment chemicals are used, often with various oxygen
scavengers. The use of neutralizing and filming amines for protection against 
corrosion of the steam and condensate systems, hydrazine for oxygen removal and
anti-foams for preventing carry-over are included.
A British Standard does not purport to include all the necessary provisions of a
contract. Users of British Standards are responsible for their correct application.

Compliance with a British Standard does not of itself confer immunity 
from legal obligations.

Summary of pages
This document comprises a front cover, an inside front cover, pages i to iv,
pages 1 to 86, an inside back cover and a back cover.
This standard has been updated (see copyright date) and may have had
amendments incorporated. This will be indicated in the amendment table on the
inside front cover.

1) 1 bar = 105 N/m2 = 100 kPa = approximately 14 lbf/in2.
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Section 1. General

1 Scope
This British Standard gives recommendations on the treatment of water for marine boilers with working
pressures up to 130 bar. It applies to six groups of boilers, classified according to their operating pressures 
as follows (see also 17.1).
Group 1. Boilers up to 17.5 bar
Group 2. Boilers from 17.5 bar to 31 bar
Group 3. Boilers from 31 bar to 42 bar
Group 4. Boilers from 42 bar to 60 bar
Group 5. Boilers from 60 bar to 80 bar
Group 6. Boilers from 80 bar to 130 bar

Section 6 of the standard gives detailed information on each of these groups. This section gives 
recommendations for feed water and condensate as well as for the water in the boilers.
This standard is concerned with water conditions for boilers and associated plant, but is not intended to
cover all details of the maintenance of equipment.

2 References
The titles of the publications referred to are listed on the inside back cover.

3 Definitions
For the purposes of this British Standard, the following definitions apply. (See also Appendix A.)

3.1
feed water

water fed by the feed pumps to the boiler

3.2 
boiler water

water circulating within the boiler containing dissolved solids from the feed water and also conditioning
chemicals

3.3 
make-up water

water added to replace system water losses, e.g. from blowdown
NOTE 1 This is sometimes known as extra feed or make-up feed.
NOTE 2 Suitable water quality is normally produced by evaporation, though base exchange softening or evaporation followed by 
demineralization may be used.

3.4
condensate

water formed by condensation of steam from the boiler

4 Control of treatment ashore and afloat
In order to secure uniformity and continuity of water treatment throughout a fleet of vessels, it is important 
to organize a system of supervision and control on lines similar to those suggested in this standard. It is
advisable to secure the cooperation of water treatment consultants for this purpose.
It cannot be too strongly emphasized that control, including regular testing, is the keystone upon which
success of treatment depends, and if a company’s own chemical staff is not available, a member of the
engineer superintendent’s staff should be trained in water treatment.
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The application and control of any chemical treatment should be in the hands of the engineer in charge of
the boilers and the success of the treatment can be assured only by close cooperation between the engineers 
and those responsible for specifying the treatment. It is recommended that this cooperation should include
the shore staff, i.e. superintendents and those responsible for maintaining the supply of materials. There
is, therefore, an administrative as well as a technical effort required, the former requiring first attention.
The development of a particular case may be visualized in stages somewhat as follows.
a) Contact between consultants and the engineer superintendent. Collection of information on boiler
problems, e.g. on feed water, failures and matters of general interest. General discussion of methods of
treatment and control.
b) Inspection of the boilers. Discussion with ships’ chief engineers.
c) Formulation of chemical treatment and methods of application and control.
d) Presentation and explanation to the engineer superintendent and discussion of arrangements to put 
the chosen chemical treatment into effect.
e) Training of ships’ staff in control tests and routine application of chemicals, and similar training of
any members of shore staff who will be responsible for supervision of water treatment and maintenance
of chemical supplies throughout the fleet.
f) Arrangements for regular inspection of boilers and test records by trained members of staff.
g) Regular discussion of difficulties and improvements with specialists.

These items give some idea of the steps required to institute properly controlled water treatment.

Section 2. Sources of water and limiting impurities for various groups of boilers

5 Sources of water
5.1 General. There are three main types of water used to prepare make-up feed for marine
boilers: evaporated waters, fresh or shore waters, and sea and tidal waters. River waters are used to a
lesser extent.
5.2 Evaporated waters. These waters are obtained by distilling either fresh water or sea water.With sea
water for boilers of groups 4, 5 and 6, it is better to double-evaporate or, alternatively, after a single
evaporation, to pass the water through a mixed-bed demineralizing plant. Evaporated water should not 
contain more than 4 mg/L of dissolved solids and usually as little as 1 mg/L.Within certain limits 
contamination at this level should not affect the type of treatment. The dissolved oxygen content may be
as high as 3 mg/L to 4.5 mg/L but this depends on how long ago the water was evaporated and whether a
large surface area has been in contact with the air.
5.3 Fresh or shore waters. Immediately it forms, rain water is probably one of the purest waters in
nature, but it subsequently dissolves various gases of which oxygen, carbon dioxide and sulphur dioxide
are usually the most important as far as boiler plants are concerned. The carbon dioxide and sulphur
dioxide combine with the water to form carbonic and sulphurous acids. These subsequently dissolve
limestone and other minerals when the water passes through and over the earth’s crust.Other substances,
e.g. common salt (sodium chloride), Epsom salts (magnesium sulphate) and decaying vegetable matter, also
dissolve in the water which then becomes a complex solution, depending on the composition of the ground
through and over which it has passed. The dissolved oxygen content is usually of the order of 9 mg/L
to 10.5 mg/L.
No two waters are exactly alike and a full analysis of shore water is usually obtainable from the water
authority of the port in question. Some waters may be very soft but acid in nature, e.g. moorland or peaty 
waters; others may be very hard and alkaline. In addition all waters contain small amounts of silica in
solution and may have varying quantities of solid matter in suspension.
The dissolved salts may be divided into two classes; salts of calcium and magnesium (commonly referred
to as hardness salts) and other salts. The commonest of the former are the bicarbonates, chlorides,
sulphates and sometimes nitrates; these are potential scale-forming compounds. The other salts consist 
principally of sodium bicarbonate, sodium chloride, sodium sulphate and sodium nitrate; these do not 
produce scale.
Whenever possible, waters containing the lowest quantity of calcium andmagnesium salts and/or corrosive
compounds (e.g. chlorides) should be used in preference to others.
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All fresh water is liable to contamination by sea water once on board. The composition may also be changed
as a result of attempts to prevent corrosion of storage tanks, either by adding lime to the water or by the
action of the water on cement or other alkaline materials that may be used to cover the walls.
5.4 Sea and tidal waters. The sea receives an enormous contribution of water from rivers and at the same
time loses a large volume of water by evaporation. River waters provide a continuous supply of dissolved
solids to the seas, as a result of which the dissolved solids in sea water are concentrated to about fifty times 
that of a poor quality fresh water. The composition of sea water varies slightly according to the locality and
the dissolved solids content varies in the oceans from about 32 000 mg/L to 38 000 mg/L. In landlocked seas 
greater variations are found at different seasons of the year.
A typical sample of sea water contains the following salts:

In estuaries the composition of the water varies according to the state of the tide and is affected to some
extent by winds and rainfall. The general composition of an estuary water more closely resembles that of
sea water than that of fresh river water and, for the purposes of this standard, sea and tidal waters are
considered together. The dissolved oxygen content is usually of the order of 9 mg/L to 10.5 mg/L.
Estuary waters contaminated with sewage, industrial effluents, organic matter, etc. should not be used.
5.5 River waters, canals and lakes.Whilst it may not be common practice to use fresh waters from
rivers, canals and lakes as make-up feed, nevertheless many merchant vessels do navigate along such
waterways. On occasions it may be necessary to use this water but it should first be filtered. The dissolved
solids content may vary considerably but for practical purposes the filtered water can be regarded as fresh
or shore water as in 5.3.
It is essential that excessively dirty water or water contaminated with sewage, industrial effluents, organic
matter, etc. is not used.

6 Effect of boiler plant design and operating conditions on required water
quality
6.1 General. The recommended water qualities given in Table 1 to Table 7 are generally applicable to
boiler plant of current design. Some of the other boiler types that require special consideration are
described briefly in clause 7. The manner in which design and operating procedures can influence the
necessary water conditions is described in this clause. For convenience the subject is divided into two
categories, low-pressure and high-pressure boilers. The first category covers basically all boilers in
groups 1 to 3; the second category covers high-pressure main propulsion boilers.

6.2 Low pressure boilers

6.2.1 Feed system and economizer. The rating of the evaporator, the feed pump, the deaerator (if provided)
and the feed system generally should take into account the quantity of make-up feed water required to
replace water lost, for example, by blowdown.
In plant where a deaerator is not employed, it is good practice, when arranging the layout of pipework at
a hot well, to avoid cold water being fed to the tank in close proximity to the outlet connection.Water at
ambient temperature contains approximately 10 mg/L of oxygen in solution and therefore the extra feed
water should be mixed with the hot returned condensate, in a manner that minimizes re-aeration, so to
produce as constant a composition as possible for the final feed water. Deaerators, where fitted, should be
brought into operation as soon as possible during start-up. If a boiler is used intermittently, it is, of course,
necessary to ensure that the conditioning chemicals are applied in relation to the boiler operation.

mg/L

Calcium bicarbonate Ca(HCO3)2 180

Calcium sulphate CaSO4 1 220

Magnesium sulphate MgSO4 1 960

Magnesium chloride MgCl2 3 300

Sodium chloride NaCl 25 620

32 280
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It is generally desired that the pH value of the condensate and feed water should be in the
range 8.5 to 9.5 (see appropriate table). This minimizes corrosion of the pipelines and economizer (if fitted)
and also corrosion that is liable to occur when the colder feed water comes in contact with boiler water with
the result that corrosive gases, such as carbon dioxide and oxygen, are released.
Boiler water conditioning chemicals, i.e. phosphate and sodium hydroxide, should preferably be dosed
directly to the drum or, less satisfactorily, intermittently to the feed water. To avoid precipitation in
feed-lines, phosphates (other than polyphosphates) should not be dosed continuously to the feed water. The
point of injection into the drum should be remote from the steam off-take, sampling and blowdown
facilities. If slug injection to the feed water is employed, the injection pump should be interlocked with the
feed pump so that chemicals are introduced into the feed-line only when the feed pump is running.
Distillate from the evaporator is corrosive to both iron-based and copper-based materials. It is 
recommended that service tanks are protected with epoxy resin or other coating.
NOTE Several procedures are available for reducing the pick-up of iron and copper from this source, but they are outside the scope
of this standard.

6.2.2 Boiler. Flame impingement is generally unlikely to cause overheating of tubes provided there are no
significant water-side deposits. If such deposits are present the metal temperature is increased, which
leads to an increased deposition rate and blistering or corrosion.
Steam purity is impaired by turbulence of water and steam within the boiler shell or steam drum. In order
to maintain the desired steam purity it is important that, in addition to maintaining the recommended
water conditions, the operating limits of pressure and output are observed. Operation of a boiler at 
significantly lower pressure than the design pressure can lead to serious carry-over due to the increase in
specific volume of steam. The effect of load change on steam purity depends on the sensitivity of the
automatic drum water level control. A sudden increase in load tends to reduce boiler pressure, leading to
the formation of additional steam bubbles, increase in water level and possible carry-over. The operation
of safety valves has a similar effect.
In water-tube boilers settling of sludge occurs in the lower drum due to the low velocity. The facility for
removal of this sludge by intermittent blowdown should be provided. Small boxes incorporated in furnace
wall water circuits for distribution purposes are not suitable for blowing down; indeed the operation of box 
drains on load for this purpose may lead to severe damage by its effect on the boiler circulation. Boilers are
sometimes designed so that distribution boxes are subject to direct heating, others have nozzles or
restrictors in the water circuits. These types may require feed water and boiler water of better qualities 
than those given in Table 1 to Table 7.
6.2.3 Superheater. The prevention of carry-over and consequent deposition of salts in the superheater is 
contingent upon maintaining concentrations in the boiler water below the maximum levels given in
Table 1 to Table 7.
6.2.4 Turbine. It is generally accepted that steam fed to a turbine should contain less than 0.02 mg/L silica
and at the pressures being considered this should present no problem. A steam purity of less 
than 0.03 mg/L of sodium ion should be aimed at; this corresponds to approximately 0.1 mg/L of total
solids.

6.3 High pressure boilers

6.3.1 Feed system and economizer. The rating of the evaporator, the ion exchange plant (if provided), the
feed pump, the deaerator and the feed system generally should take into account the quantity of feed water
required to replace water lost, for example, by blowdown. The deaerator should be brought into use as soon
as possible during start-up.
It is generally desired that the pH value of the condensate/feed water should be in the
range 8.5 to 9.5 (see appropriate table). This minimizes corrosion of the pipelines and boiler internal
fittings.
Boiler water conditioning chemicals, i.e. phosphate and sodium hydroxide, should be dosed directly to the
drum. The point of injection into the drum should be remote from the steam off-take, sampling and
blowdown facilities. Feed water conditioning chemicals for pH control and oxygen scavenging should be
continuously dosed to the feed-line. If the feed water is also used as attemperator spray water, then it is 
essential to use only volatile chemicals for conditioning the feed water.
Distillate from the evaporator is corrosive to both iron-based and copper-based materials. It is 
recommended that service tanks are protected with epoxy resin or other coating.
NOTE Several procedures are available for reducing the pick-up of iron and copper from this source, but they are outside the scope
of this standard.
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Ingress of iron and copper debris is one of the prime causes of tube failures. The problem is most critical on
tankers where the occasional use of feed water pumps as cargo pumps gives rise to very high levels of debris 
during their start-up.Maintenance of the correct chemical conditions serves to reduce the production of
this debris, but even under ideal conditions some will be formed. Being particulate in nature this lends 
itself to removal by filtration, and consideration should be given to installing a 5 4m cartridge-type filter
in the feed-line.
6.3.2 Boiler.Heat transfer surfaces are more prone to corrosion/deposition the higher the heat flux density 
and the operating temperature and pressure. For these reasons, generally lower impurity limits are
recommended for high pressure boilers and for all boilers with a heat flux density exceeding 300 kW/m2.
Flame impingement is generally unlikely to cause overheating of tubes, provided there are no significant 
waterside deposits. If such deposits are present, the metal temperature is increased which leads to an
increased deposition rate and blistering or corrosion.
Steam purity is impaired by turbulence of water and steam within the steam drum. In order to maintain
the desired steam purity it is important that, in addition to maintaining the recommended water
conditions, the operating limits of pressure and output are observed. Operation of a boiler at significantly 
lower pressure than the design pressure can lead to serious carry-over due to the increase in specific
volume of steam. The effect of load change on steam purity depends on the sensitivity of the automatic
drum water level control.A sudden increase in load tends to reduce boiler pressure leading to the formation
of additional steam bubbles, increase in water level and possible carry-over. The operation of safety valves 
has a similar effect.
If a boiler design incorporates a lower drum, then settling of sludge occurs in this drum due to the low 
velocity. The facility for removal of this sludge by intermittent blowdown should be provided. Small boxes 
incorporated in furnace wall water circuits for distribution purposes are not suitable for blowing down; 
indeed the operation of box drains on load for this purpose may lead to severe damage by its effect on the
boiler circulation. Boilers are sometimes designed so that distribution boxes are subject to direct heating,
others have nozzles or restrictors in the water circuits. These types may require feed water and boiler water
of better qualities than those given in Table 1 to Table 7.
Surface-type attemperators are particularly susceptible to corrosion where there is a build-up of deposit. It 
is important that the tube surfaces are kept clean by attention to the feed water quality and blowdown
routine.
6.3.3 Superheater. The prevention of carry-over and consequent deposition of salts in the superheater is
contingent upon maintaining concentrations in the boiler water below the maximum levels given in
Table 1 to Table 7. It is also vital that, where control of superheat temperature is by spray attemperation,
the spray water should be of suitable quality, i.e. less than 1 mg/L of total solids. If an attemperator coil is 
incorporated in the steam or water drum, leakage at a joint or perforation of a tube is to be avoided to
prevent boiler water entering the secondary superheater.
6.3.4 Turbine. It is generally accepted that steam feed to turbines should contain less than 0.02 mg/L of
silica. Figure 4 gives the corresponding maximum concentrations of silica in the boiler water for various 
operating pressures and pH values. These silica levels are readily achieved by most boilers, except during
the period following commissioning or extensive repairs or when shore water with a high silica content is 
used as feed to the evaporator. A steam purity of less than 0.03 mg/L of sodium ion should be aimed at; this 
corresponds to approximately 0.1 mg/L of total solids.

7 Effect of boiler type on required water quality
7.1 General. The recommendations for feed water quality and boiler water conditions given under the
various boiler groups are for boilers of traditional design. There are many boiler designs for which the
water treatment requires special consideration; the list given below includes the more commonly found
types together with brief notes on the important features. The list is not intended to be comprehensive and
may not cover all types of boiler encountered. In other cases it is recommended to seek advice from the
boiler supplier.
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7.2 Water-tube boilers. The only water that is suitable for water-tube boilers is distilled water. This 
should be obtained from fresh or sea water as described in 5.2. For water-tube boilers in groups 1 to 4
(see 17.1), the distillate from the evaporator should not contain more than 4 mg/L of dissolved solids. Any 
source of impurity giving rise to more than 10 mg/L of dissolved solids in the feed water cannot be treated
in a satisfactory manner as the constant addition of chemicals to counteract this may result in the boiler
priming. A further source of impurity is dissolved oxygen, and this should not exceed the limits given in the
appropriate table.
For boilers in group 5, the distillate from the evaporator should contain not more than 2 mg/L of dissolved
solids. A condenser leak giving rise to not more than 5 mg/L of dissolved solids in the feed water can be
treated for a limited time. The dissolved oxygen content should be kept within the limit given in Table 5.
For boilers in group 6, the distillate from the evaporator should contain not more than 2 mg/L of dissolved
solids. The distillate from the evaporator should be further purified by a demineralization process to
provide extra feed water with a sodium ion content of less than 0.1 mg/L. The dissolved oxygen content 
should be kept within the limit given in Table 7.
Two methods of treatment are recommended for group 6 boilers, i.e. the use of congruent 
phosphate/pH treatment (see 28.5) and low solids non-phosphate treatment (see 28.6).
7.3 Scotch boilers, vertical boilers and steam/steam generators. The following waters are suitable
for these types of boiler:
a) evaporated water;
b) fresh water with the lowest calcium plus magnesium content available but in general not more
than 300 mg/L of total hardness as calcium carbonate.

A condenser leak giving rise to about 30 mg/L of dissolved solids in the feed water can be treated for a
limited time but should be repaired as soon as possible.
7.4 Scotch boilers with impure feed.As with all boilers the purer the feed the better, but it is recognized
that in certain ships, e.g. trawlers, a supply of good quality water cannot be provided.Waters for which
only very limited treatment can be carried out are:
a) shore water contaminated with sea water;
b) sea water.

7.5 Exhaust gas boilers. Exhaust gas boilers are designed to produce low-pressure steam utilizing the
heat contained in the exhaust gases from main propulsion (or large generating set) diesel engines and gas 
turbines. The boilers mostly have forced circulation, but may also have natural circulation, usually in a
parallel water circuit with a conventionally fired auxiliary boiler. The water-side problems of this type of
boiler are more often associated with operating procedures than with design. For instance, a reduction in
steam demand should be achieved by bypassing gas and not by reducing the feed flow nor by isolation of
sections on the water-side. Either of these actions can result in drying out and deposition of solids within
the boiler. It is good practice to continue circulating water through the boiler for a period after steam
production has ceased.
7.6 Dual pressure boilers. Dual pressure boilers have, as the name suggests, two water circuits. The
primary circuit produces high-pressure steam which in turn passes through a secondary steam generator
producing low-pressure steam. The primary circuit is basically a closed cycle requiring only minimal
make-up water to replace incidental losses.
Sodium sulphite should be used for oxygen scavenging in the primary circuit to avoid the build-up of high
levels of ammonia that would occur if hydrazine were used. If feed water to the secondary circuit contains 
a high level of dissolved oxygen, hydrazine is recommended as the oxygen scavenger so as to avoid the high
level of solids that would result from the use of sodium sulphite. In other respects the water conditions 
should be as given in the appropriate table.
7.7 Coil boilers.Coil boilers have a single-pass forced circulation generating section from which amixture
of steam and boiler water is delivered to a separator or accumulator vessel. In this vessel the steam is 
separated from the water by a mechanical separator or by flashing, and the residual boiler water is 
recirculated to the feed tank or to the inlet of the coil. These boilers can tolerate a poorer quality of feed
water, i.e. a higher than tabulated level of dissolved solids provided that all hardness has been removed.
7.8 Reheat boilers. Boiler/turbine systems using a reheat cycle are becoming more common. The use of
reheat does not affect the boiler water conditioning in any way.
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7.9 Packaged boilers. The modern packaged boiler is a highly rated shell and tube boiler, the heat flux 
density in the fire tube often being as high or higher than in a water-tube boiler. It is therefore given a
separate entry in Table 1.

Section 3. Chemical cleaning

8 General
The high rate of heat transfer in modern marine boilers makes it essential that the heating surfaces are
absolutely clean when new and remain clean in service. It is strongly recommended that chemical cleaning
should be carried out by a recognized chemical cleaning contractor and that the operation be efficiently 
supervised, with chemical testing to ensure that the main acid stage is efficient and carried out without 
damage to the plant and that subsequent rinsing, flushing, neutralizing and passivation are satisfactory.
It is essential that the following safety precautions are observed.
a) Some gases given off during chemical cleaning are toxic or flammable or form an explosive mixture
with air. The working area should be well ventilated and all means of ignition, including smoking,
should be avoided.
b) Inhibitors used to restrain the attack by acid on boiler metal may leave toxic residues.Entry to a boiler
or similar confined space after the use of inhibited acid should be made with care; the space should be
vented thoroughly before entry and if necessary full protective clothing should be used with a face
respirator having pressurized fresh air supply.

9 Pre-commission cleaning of boilers and feed systems
Wherever possible, boilers and their associated feed systems should be chemically cleaned before they are
put into service. This cleaning should preferably be carried out after preliminary trials but before final
acceptance by the owners. The process is designed to remove any oil, grease and surface rust that forms 
during erection,mill scale remaining from manufacturing processes and siliceous material that enters the
plant during erection. These deposits, if not removed chemically, can cause boiler tube failures or lead to
carry-over of silica and oxide particles which may deposit on turbine blading with consequent loss in
efficiency.
Separate cleaning processes should preferably be used for the feed system and for the boiler or,
alternatively, they can be combined. The following is an example of a commonly used sequence.
a) Initial degreasing. This is often carried out by boiling an alkaline solution in the boiler and circulating
an alkaline solution through the feed pipework to remove traces of oil, grease and dirt.
b)Main ammoniated citric acid clean. This process is carried out at the appropriate temperature to
remove surface rust and traces of mill scale.
c) Flushing. This is carried out several times to remove traces of acid and undissolved deposits.
d)Passivation. This often involves ammoniated citric acid at a pH value of 8 to 9 with an added oxidizing
agent being circulated through the boiler and feed system. This is often followed by boiling hydrazine
solution.
e) Inspection. This includes manual removal of undissolved deposits and debris.

Connections are needed for installation of the temporary pipework required for circulating the cleaning
solutions. Provision should be made for such connections in the early design stages so that the temporary 
circuits can be quickly and easily placed in position when needed, with the minimum amount of
dismantling of the permanent installation. It may also be necessary to bypass any units that are not to be
cleaned, and suitable connections for this purpose should be fitted. Provision should also be made for an
electricity supply to circulating pumps, for an adequate water supply, for heating the solutions and for
disposing of the effluents to the satisfaction of local authorities.
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10 Post-commission cleaning of boilers
Even with the purest feed water, reaction of steel with water to form magnetite (a protective iron
oxide, Fe3O4) makes chemical cleaning necessary for boilers belonging to groups 5 and 6 from time to time
during service. At the present time there is no generally accepted way of accurately assessing or
“measuring” the potentially harmful effect of a deposit. It has become fairly common for boilers to be
chemically cleaned on a preventative maintenance basis every 2 to 5 years; the interval between cleans 
should depend on a review of water conditions and on an examination of the boiler. It has also become fairly 
common to remove a section of tube and subject it to metallurgical examination; if it is found to have a
significant thickness of dense deposit, then the boiler should be chemically cleaned.Non-destructive testing
for this purpose has not yet reached a state of general acceptance as to methods and interpretation,
sufficient for it to be endorsed by this standard.
If copper alloys are used in the condensate/feed system, copper will undoubtedly deposit in the boiler.
This may require an additional one or two stages of copper removal but otherwise the procedure is on lines 
similar to that indicated above.

Section 4. Objectives of water treatment

11 General
The objectives of the treatments described in this standard are as follows:
a) to overcome the effects of scale-forming salts present in the feed water;
b) to reduce or prevent corrosion of the boiler and associated equipment;
c) to maintain a high steam purity to protect turbines and prevent deposition on ancillary equipment;
d) to prevent corrosion in systems where steam is condensed and recovered for further use.

If treatment is to be effective, these objectives should be achieved simultaneously.
Before any treatment is applied, a careful study should be made of the information given in this standard
on various types of water, scale formation, corrosion, steam purity and feed-line corrosion.
(See clauses 5, 12, 14 and 15.)

12 Scale formation
When water containing dissolved and suspended solids is evaporated in a boiler the solids concentrate and
scale/deposit formation may occur.Any such scale/deposit will impede heat transfer andmay restrict water
flow, causing overheating and ultimate failure. One way of controlling this concentration is to use
“blowdown” (see clause 16).
Scales are complex mixtures and a large number of substances have been identified in samples taken from
boilers. Typical constituents of scales and deposits are calcium carbonate, calcium sulphate, complex 
silicates of magnesium, sodium, iron, calcium and aluminium, calcium and magnesium phosphates,
magnesium hydroxide, and iron and copper oxides. Some scales consist of a number of layers of differing
nature and composition.
Although the physical form of scales may depend on the constituents present, the conditions giving rise to
scale formation are likely to be the dominant factor governing the nature of the scale formed. It is possible
for the same constituent, e.g. calcium carbonate, to form both hard and soft deposits.
When scale is found in boilers, its physical characteristics should be noted before any chemical analysis is 
carried out. Chemical analysis may be supplemented by, for example, X-ray diffraction examination of the
deposit, since the information thus obtained may be useful in deciding the type of water treatment to be
applied.
Calcium bicarbonate decomposes when its solution is heated, releasing carbon dioxide and forming calcium
carbonate which can precipitate and deposit on heat transfer surfaces. Solutions of calcium sulphate do not 
decompose on heating but may still form deposit due to saturation and precipitation at the hot surfaces 
where high rates of water evaporation are encountered.
The effect of adherent scales is to hinder the flow of heat from the heating surfaces. Scale build-up, acting
as a thermal insulator, leads to a rise in temperature of the underlying metal which in severe cases can
cause softening or rupture of the metal surface.
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13 Hideout
The disappearance or reduction in the concentration of certain normally soluble salts in an operating boiler
indicates that hideout is occurring. This effect has been found mainly in boilers having a high rate of heat 
input per unit area of heating surface. Hideout may be expected to occur when the heat transfer rate
exceeds about 300 kW/m2.
The causes of hideout are not fully understood, though several have been suggested. One possible cause is 
inadequate circulation due either to poor design or faulty operation, such as boiler overload resulting in
steam blanketing, producing restricted circulation.
Hideout has also been attributed to boiler deposits laid down in the tubes during the life of the boiler.
The deposits normally have a high iron content, are very hard, and are invariably porous. Seepage occurs 
through the porous medium until the true metal surface is found. The concentration of the dissolved
substances in the film of boiler water adjacent to these highly rated heating surfaces increases.
The film of concentrated boiler salts thus formed is assumed to remain fairly stationary close to the metal,
its high concentration of salts resulting in a high boiling point and little disturbance from bubble formation.
Boiling thus takes place mainly outside the film and the consequent evaporation helps to maintain or
increase the concentrated film.
Eventually, some of the least soluble materials and especially those such as trisodium phosphate for which
the solubility decreases markedly with increasing temperature, are actually deposited on the metal
surfaces, the “mother liquor” tending to diffuse away. This leads to the disappearance of the deposited
substances, which is characteristic of hideout.
Once hideout conditions have started, even sodium hydroxide will eventually be lost from the boiler water.
This is liable to result in a direct reaction of the strong caustic solution with the boiler metal to produce
ferroates which, when later deposited, increase the depth of the oxide layer and cause a vicious spiral
condition. There is also a risk of tube failure from hydrogen embrittlement, the hydrogen being generated
as a result of the aforementioned reaction between sodium hydroxide and the metal surface.
Hideout can therefore be identified by a rapid drop in the phosphate concentration while the boilers are
under full load. The phosphate reserve returns when the boiler is operating under idle conditions or very 
low steaming conditions.
Under low steaming conditions the concentrated film and deposited solids mix with the boiler water and
the concentrations of the salts concerned return to normal.
It should be stressed that the only satisfactory method of curing hideout conditions, which can eventually 
lead to tube failure as a result of overheating, is to chemically clean the boilers.

14 Corrosion
Corrosion results from the interaction of a metal with its environment in which the metal is dissolved or
forms an insoluble reaction product such as oxide.
Reactions in boiler plant are generally between steel and an aqueous solution resulting in pitting, general
wasting, caustic gouging, hydrogen embrittlement or corrosion fatigue.
Corrosion reactions are complex but may be summarized by saying that they are directly or indirectly 
associated with dissolved gases, oxygen, carbon dioxide, and dissolved salts either in the bulk solution or
locally concentrated at the metal/water interface.
The presence of carbon dioxide and sulphur dioxide carried over in the steam may result in an acidic
condensate causing corrosion in steam recovery systems (see clause 15).
Corrosion may proceed undetected under a layer of scale until the metal is perforated or at least so
weakened that it fails to withstand the pressure of the steam in the boiler.
Corrosion fatigue occurs when the metal is subjected to repeated or fluctuating stresses while in contact 
with a corrosive medium.
Historically, caustic cracking was a major corrosion concern in riveted drum boilers. The use of welded
stress-relieved drums has alleviated the situation, although a few instances have been reported at or near
expanded tube ends and in bolts securing flanged connections exposed to concentrated boiler water salts.
Precautions to prevent corrosion in idle boilers are dealt with in section 7.
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15 Steam purity and feed-line corrosion
Provided that carry-over does not occur, the main impurities in the steam are likely to be carbon dioxide,
oxygen and possibly silica and ammonia. Since silica has a limited solubility in steam, it is possible that if
waters of high silica content are used for producing boiler feed, troubles may be experienced due to silica
deposition in the cooler portions of the steam-using equipment. The limited solubility of silica means,
however, that volatilization and deposition are only likely to give rise to trouble in groups 5 and 6 boilers.
Of the gaseous impurities mentioned, dissolved oxygen produces the more intense local attack, i.e. pitting.
However, when oxygen and carbon dioxide are present in solution together, the corrosion rate is greater
than the sum of the corrosion rates due to each gas acting separately.
Oxygen can enter the boiler dissolved in the feed water and this should therefore be treated to eliminate
oxygen (see 18.8 and 18.9). This is achieved by a combination of physical and chemical means. Physical
removal is accomplished by passing the feed through a deaerator which removes most of the oxygen, and
the remainder is chemically removed by the addition of a reducing agent.
Carbon dioxide and sulphur dioxide may be generated by the breakdown of salts within the boiler and may 
contaminate the steam giving rise to acid condensate and feed-line corrosion.
Corrosion by acid condensate can be reduced or prevented by the use of volatile amines of either the
neutralizing or filming type (see 20.7). Overdosing of neutralizing amines should be avoided because a pH
value greater than about 9.5 in the steam condensate increasingly favours attack on copper alloys by 
ammonia in the presence of 20 × 10–3 mg/L or more of dissolved oxygen. Overdosing with filming amines 
can result in the deposition of wax-like deposits.
Feed-line filtration helps to prevent any particulate matter arising from corrosion of pre-boiler equipment 
being carried into the boilers (see 17.6).

16 Blowdown
Assuming a boiler produces dry pure steam, any non-gaseous impurities present in the feed are
concentrated in the boiler water and either deposit in the boiler or can be removed by operation of the boiler
blowdown valve. Table 1 to Table 7 indicate maximum levels of chloride, dissolved solids and silica that are
not to be exceeded, otherwise steam purity may be affected or corrosion of the boiler may occur. Suitable
means for blowing down are a large valve opened intermittently or a small valve and/or orifice passing
blowdown continuously.
Traditionally the blowdown operation for boilers operating at lower boiler pressures was also associated
with removal of “suspended solids” from a boiler. These suspended solids were precipitated hardness salts,
such as calcium carbonate, magnesium hydroxide, calcium phosphate, especially if shore water was used
as evaporator feed or direct feed.
These suspended solids normally settled in areas of low velocity in a boiler and particularly in the lower
drum of a bi-drum or multi-drum boiler. To remove the resultant sludge, a blowdown valve at the bottom
of the drum was opened wide to subject the sludge to vigorous turbulence.
The adoption in recent years of higher boiler pressures and high heat flux densities has required lower
levels of chloride in boiler waters,mainly to prevent boiler corrosion. This has been accomplished primarily 
by increasing evaporator distillate quality and generally tightening-up specifications and operating
standards concerned with the ingress of sea water to the condensate/feed water system. This has been so
successfully accomplished that the need for blowdown for concentration control has been greatly reduced.
Furthermore, there is no longer any question of using shore water as evaporator feed for modern
high-pressure boilers, so that voluminous quantities of sludge resulting from the calcium and magnesium
hardness are never encountered in this class of plant.
The result of this development has been the decreasing use of the boiler blowdown valve. This may have
contributed to the tendency observed in recent years for deposits of iron oxide and copper/copper oxide to
form on boiler tubes. Some of the iron oxide arises due to the slow conversion of the tube metal to iron oxide,
but much of it originates from the products of corrosion of the condensate/feed system. A high proportion
of these products are swept from the feed system into the boiler during load change.

Full document details: BS 1170:1983

http://www.avadocuments.com/doc/bs-1170-1983
http://www.avadocuments.com/doc/bs-1170-1983


BS 1170:1983

© BSI 10-1999 11

Thus, notwithstanding that visual examination of boilers may indicate insignificant quantities of deposit 
by the standard of previous years, the blowdown facility should not be regarded as being only for the
purpose of concentration control but should also be used to remove corrosion products from the boiler. Even
if its operation is not required for the control of chloride, dissolved solids or silica, the valve should
nonetheless be operated at least daily and, for best results, after each load change.
It is important to note that valves on some manifolds are for emptying the boiler and it is essential that 
they are not operated when the boiler is steaming; reference should be made to the boilermaker’s operating
instructions.

Section 5. Treatment of feed water

17 Design considerations
17.1Types of boiler.Owing to the wide range of operating conditions,marine boilers are (for the purposes 
of this British Standard) designated as follows.
Group 1. Boilers operating at pressures up to and including 17.5 bar. These boilers generally have open
feed systems and no deaerators and may be of the vertical, Scotch, packaged or water-tube types and
also steam/steam generators.
Group 2.Water-tube boilers operating at pressures between 17.5 bar and 31 bar with open or closed
feed systems and with or without deaerators.
Group 3.Water-tube boilers operating at pressures between 31 bar and 42 bar with closed feed systems 
and with or without deaerators.
Group 4.Water-tube boilers operating at pressures between 42 bar and 60 bar with closed feed systems 
and deaerators, and possibly including condensate filtration.
Group 5.Water-tube boilers operating at pressures between 60 bar and 80 bar with closed feed systems 
and deaerators, and possibly including condensate filtration.
Group 6.Water-tube boilers with integral furnaces, operating at pressures between 80 bar and 130 bar.

17.2 Choice of treatment. The principal factors that determine the choice of water treatment for marine
boilers are the nature and composition of the feed water and the type of boiler. For higher-pressure
water-tube boilers, the feed water should ideally contain no oxygen, carbon dioxide, oil, scale-forming
constituents or suspended solids. For lower-pressure water-tube and shell-type boilers, the requirements 
for feed water are less exacting and depend upon heat flux density and other design factors.
17.3 Make-up water. The quantity of make-up (extra feed) water used varies considerably from ship to
ship depending upon the type of installation and the service, the amount varying from about 1 % to
about 5 % of the total feed water. This make-up water may consist of distilled fresh water, distilled sea
water, raw fresh water or softened fresh water. In an emergency, water of poorer quality than that given
in section 6 may have to be used. The use of such water should be confined to as short a time as possible,
and during this period the boiler steaming rate should be reduced whilst maintaining the normal operating
boiler pressure and temperature.
For boilers in groups 3, 4 and 5, make-up water of evaporated water quality is essential under normal
conditions.
For boilers in group 6, it is essential to purify evaporated sea water by a demineralization process for use
as make-up water.
Reserve water storage tanks should be thoroughly cleaned and treated internally as required prior to
loading with fresh water. The structural and piping arrangements should be such that it is virtually 
impossible to contaminate the make-up water by sea water or oil. Bituminous or synthetic resin coatings
are preferred for the internal treatment of water tanks.Methods such as cement washing should be
avoided.

17.4 Ion exchange processes

17.4.1 Treatment of water by ion exchange. Ion exchange may be used in a wide variety of ways to remove
part or virtually all of the dissolved mineral impurities in make-up water or feed water. A comprehensive
description of the range of treatment processes that can be performed by ion exchange on land is given in
BS 2486 but for ship-board treatment only two processes are normally used, namely sodium ion exchange
and mixed bed demineralization.
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Ion exchange materials used in these processes are usually made from synthetic resins in the form of
spherical beads of about 0.5 mm in diameter. These ion exchange resins are normally used in the form of a
packed bed containing many millions of ion exchange beads, retained in a pressure vessel through which
the water to be treated may be passed without loss of resin.
The resin beads have a cross-linked polymer structure and during manufacture fixed active ionic groups
are incorporated which render the beads hydrophilic and water permeable. The fixed active groups have
associated exchangeable ions which may be either cations or anions depending on the type of fixed active
group implanted into the structure, if the exchangeable ions are cations, the resin is called a cation
exchange resin and if the exchangeable ions are anions, the resin is an anion exchange resin.
The exchangeable ions in the water absorbed within the resin structure can only leave the resin and pass 
into the water surrounding the beads if they are replaced by similarly charged ions derived from salts, acids 
or alkalis dissolved in the surrounding water.
As the exchange occurs with many different cations or anions in the water, it is convenient to express the
concentrations of all the cations or anions in the water in a common form, namely milligrams of calcium
carbonate per litre, in order to assess the total ion exchange load imposed on the resin during the water
treatment cycle.
The ion exchange reactions are reversible.When most of the original ions in the resin have been replaced
by other ions from solution, the resin is restored to its original form by treatment with a solution containing
the original ions. This process is called “regeneration”.
Various ions have different affinities for the resin. An ion of higher affinity will displace one of lower
affinity. This phenomenon permits resins to be used for selective removal of certain unwanted ions from a
solution containing both beneficial or acceptable ions and those that are detrimental to the operation of
boiler plant.
17.4.2 Ion exchange resin capacity. The capacity of an exchange resin is normally given as the weight in
kilograms of the ions, expressed in a common form as calcium carbonate (CaCO3), capable of being removed
from the water by one cubic metre of exchange resin, i.e. kg CaCO3/m3 resin.
The capacity is a variable depending, for example, on the original ionic form of the resin and the nature
and concentration of the ions being exchanged from the water and also on the operating temperature. It 
also depends upon the type, quantity and concentration of regenerant used and is affected by the age of the
resin and by fouling.
17.4.3 Removal of calcium and magnesium hardness. The hardness due to calcium and magnesium salts 
present in fresh water or shore water can be eliminated by passing the hard water through an ion exchange
column charged with a strong acid cation (s.a.c.) exchange resin in the sodium ion form. The softening
process is correctly known as sodium ion exchange but is frequently referred to as base exchange. The
treatment and regeneration stages are as follows.
a) Treatment stage.When water is passed through the ion exchange bed the calcium (Ca2+) and
magnesium (Mg2+) ions derived from the hardness or scale-forming salts dissolved in the water are
exchanged for sodium (Na+) ions contained in the ion exchange resin. The calcium and magnesium salts 
originally present in the water are thereby converted into their corresponding sodium salts which are
not scale-forming.

The sodium ion exchange process does not reduce the total concentration of salts in solution or the total
alkalinity of the water. The softened water in most cases still requires treatment to adjust the pH value
to a suitable level and to remove dissolved oxygen.
b) Regeneration stage. Regeneration of the exhausted ion exchange resin is effected by treatment of the
bed with a solution of sodium chloride. This treatment displaces the Ca2+ andMg2+ ions from the resin
and converts the resin back to its original Na+ ion form. The waste product of regeneration is a mixed
solution of sodium, calcium andmagnesium chloride salts whichmay be discharged directly into the sea.
Following regeneration, it is essential to rinse the resin bed to waste with fresh water in order to remove
residual regenerant within the exchange bed before the unit is returned to service.

1) 2 Na+R– + CaCl2 F Ca2+ + 2 NaCl

s.a.c. resin
(sodium form)

calcium chloride s.a.c. resin
(calcium form)

sodium chloride

R –
2

Full document details: BS 1170:1983

http://www.avadocuments.com/doc/bs-1170-1983
http://www.avadocuments.com/doc/bs-1170-1983


BS 1170:1983

© BSI 10-1999 13

The regeneration procedure may be carried out undermanual or automatic control and the treatment stage
may be monitored by a simple chemical test or by an automatic hardness detector. On automatic units, the
regeneration sequence may be initiated by the hardness detector or from a water meter on a throughput 
basis.
17.4.4 Purification of evaporator distillate. The distillate from evaporators frequently contains 
between 1 mg/L and 4 mg/L of dissolved solids and may at times be further contaminated by excess 
carry-over.When operating boilers in groups 4 to 6, removal of these contaminants may be required and
can be achieved by polishing the distillate with a mixed bed (ion exchange) demineralizer. The treatment
and regeneration stages are as follows.
a)Treatment stage. Themixed bed demineralizer contains both strong acid cation (s.a.c.) and strong base
anion (s.b.a.) exchange resins intimately mixed. The cation resin is in the hydrogen form and releases 
its hydrogen (H+) ions in exchange for the metallic calcium (Ca2+),magnesium (Mg2+) and sodium (Na+)
cations derived from the salts contained in the distillate. In so doing, it converts the salts in the distillate
into their corresponding acids.

The anion resin is in the hydroxyl form and releases its hydroxyl (OH–) ions in exchange for the chloride
(Cl–), sulphate (SO4

2–), nitrate ( ) bicarbonate ( ) and silicate (SiO3
2–) anions derived from the

acids produced by cation exchange. The hydrogen (H+) ions displaced from the cation resin and the
hydroxyl ions displaced from the anion resin combine to form water.

By this two-stage reaction, which occurs repeatedly through the entire depth of the mixed bed column,
virtually complete removal of all dissolved solids is achieved.
b)Regeneration stage. For regeneration, the two resins are hydraulically separated by backwashing. The
anion resin, having a lower density, rises and forms a separate layer above the cation resin. Acid is 
injected into the unit via a distribution system located at the interface between the two resin layers and
passes down through the cation resin and then to waste. A solution of sodium hydroxide is injected into
the top of the unit and passes down through the anion resin layer, being collected and removed from the
unit via the mid-collector.
Regeneration of mixed bed strong acid cation (s.a.c.) exchange resin is depicted by the following
equations:

or

2) Ca2+ + 2NaCl F 2Na+R– + CaCl2
s.a.c. resin
(calcium form)

sodium chloride
(regenerant)

s.a.c. resin
(sodium form)

calcium chloride
(waste product)

3) H+R– + NaCl F Na+R– + HCl

s.a.c. resin
(hydrogen form)

sodium chloride s.a.c. resin
(sodium form)

hydrochloric acid

4) R+OH– + HCl F R+Cl– + H2O

s.b.a. resin
(hydroxyl form)

hydrochloric acid s.b.a. resin
(chloride form)

water

5) 2 Na+R– + H2SO4 F 2 H+R– + Na2SO4

s.a.c. resin
(sodium form)

sulphuric acid
(regenerant)

s.a.c. resin
(hydrogen form)

sodium sulphate
(waste product)

6) Na+R– + HCl F H+R– + NaCl

s.a.c. resin
(sodium form)

hydrochloric acid
(regenerant)

s.a.c. resin
(hydrogen form)

sodium chloride
(waste product)

R –
2

NO –
3 HCO –

3
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or

Regeneration of mixed bed strong base anion (s.b.a.) exchange resin is depicted by the following
equation:

After separate regeneration of the anion and cation resins the individual beds are rinsed with distillate
to remove most of the residual regenerant and waste products. The two resins are remixed with
vigorous agitation of the total bed by introducing air into the bottom of the bed. The bed is finally rinsed
with distillate and is then ready to be returned to service.

17.4.5 In situ regenerated marine mixed bed units.With in situ regenerated marine mixed bed units, where
the quantity of regenerant chemical required is fairly small and regeneration is required infrequently,
strong liquid chemicals may be supplied and stored on board in drums. The hazards associated with storage
and handling of very strong acid and liquid caustic soda (sodium hydroxide) on board ship are obvious and
therefore solid regeneration chemicals, such as sulphamic acid (H2NSO3H) and caustic soda, are preferred
in this situation. Dissolving and/or dilution tanks provided to permit preparation of sufficient regenerant 
solution for each regeneration should be designed to prevent spillage or splashing due to the motion of the
ship.
17.4.6 External regeneration. Ships travelling regularly between fixed ports of call may sometimes be
equipped with non-regenerable ion exchange units.When the ship enters port the exhausted resin is 
removed and replaced by a fresh charge, the regeneration being done on land.
17.4.7 Installation of mixed bed units. Evaporator distillate is usually slightly acidic, or at the very best 
neutral, and therefore tends to be corrosive. The very pure water produced by mixed bed demineralization
is not corrosive to mild steel even when it is saturated with dissolved oxygen, but becomes corrosive when
exposed to air due to pick-up of carbon dioxide.Mild steel pipework is therefore suitable for conveying
mixed bed demineralized water that has not come into contact with air. However, the distillate tank and
the interconnecting pipework to the mixed bed unit should be protected against corrosion. A suitable filter
may be installed to protect the ion exchange resin bed from contamination by corrosion products that may 
be present in the distillate from time to time.
In order to ensure that the mixed bed demineralizer produces the highest quality of treated water at all
times when the boiler is operating, the demineralizer should, if possible, be installed in a position where it 
can continuously recirculate a small proportion of the demineralized distillate back to the distillate storage.
If the mixed bed unit is operated on an on/off basis, there may be a temporary deterioration in the treated
water quality when the flow is re-established after an idle period.
The mixed bed unit should be furnished with monitoring conductivity instruments to provide continuous
indication of the treated water quality and with alarm contacts to signal abnormally high conductivity and
the necessity for regeneration.
Regeneration waste effluent from the mixed bed unit may be highly acidic or highly alkaline. For reasons 
of safety, facilities may have to be provided on board for collection, mixing and neutralization of this 
effluent before it is discharged, particularly if regeneration is likely to be carried out when the ship is 
stationary in port or in an inland waterway.
17.4.8 Condensate polishing. For boilers in group 6 and others designed to operate with a high rate of heat 
flux density, continuous full-flow condensate polishing may be required. As with the distillate from the
evaporators, the condensate may be polished by mixed bed (ion exchange) units and these should be
preceded by filtration to protect the ion exchange resins from corrosion products that may form in the
condensate system.

7) 2 Na+R– + H2NSO3H F 2 H+R– + Na2NSO3H

s.a.c. resin
(sodium form)

sulphamic acid
(regenerant)

s.a.c. resin
(hydrogen form)

sodium
sulphamate
(waste product)

8) R+Cl– + NaOH F R+OH– + NaCl

s.b.a. resin
(chloride form)

sodium hydroxide
(regenerant)

s.b.a. resin
(hydroxyl form)

sodium chloride
(waste product)
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Under normal conditions the ionic load on the ion exchange resins of the boiler condensate polishing mixed
bed unit is very low and consequently this unit may be operated at a higher flow rate than those used for
the distillate. The units provide amargin of capacity to cater for any unexpected ingress of salt water. Any 
ammonia or volatile amine present in the condensate is removed by the cation exchange resin in the mixed
bed units, unless the cation resin is converted to the ammonium form before commencement of the
treatment cycle. If the cation resin is operated in the hydrogen form, the proportions of cation and anion
resin used in the mixed bed condensate polisher may be selected so that there is sufficient capacity in the
cation resin to handle the ammonia in addition to the neutral salts that constitute a load on both the cation
and anion exchange resins.
17.5 Impurities in the feed water.Most impurities that cause scale, corrosion or overheating are carried
into the boiler with the feed water. These contaminants include sea water, carbon dioxide, oxygen and oil.
Salinity due to the ingress of sea water may be caused by leaking condensers or heat exchangers, or by the
priming of evaporators. Condensers and heat exchangers should be tested, for example, with a fluorescent 
chemical and an ultraviolet lamp, as soon as contamination is suspected (see 18.6).
Water from evaporator plant contains solids and carbon dioxide and it is strongly recommended that the
vapour lines from the evaporators should not be coupled directly to the condensers in case evaporator
carry-over occurs. Regular attention should be given to the automatic control mechanism for the heating
steam and water levels, whilst automatic dumping valves should be fitted in the feed water make-up
system which would operate in the event of contamination.
The main causes of contamination with oxygen are open feed tanks directly coupled to the boiler feed
pumps, loss of steamon the low-pressure (LP) turbine glands, or leaking LP piston rod and LP valve spindle
glands.Under normal running conditions or manoeuvring, contamination with oxygen may also be caused
by reduction of the condensate temperature below the saturation temperature of the steam in the
condenser.
To overcome these difficulties glandless types of extractor and feed pumps should be fitted in conjunction
with an enclosed feed system. All the feed water should be fully deaerated prior to being pumped into the
boilers and automatic gland steam pressure regulators should be fitted in lieu of hand control. Chemical
treatment should be used for the removal of the last traces of oxygen and neutralization of carbon dixoide.
Oil contamination is prevalent with reciprocating engines and should be controlled using the minimum of
oil recommended by the engine builders and by changing the filters in the low-pressure and high-pressure
sections of the feed system at short, regular intervals.
17.6 Condensate filtration. The infrequent or intermittent use of steam-operated equipment on board
ship frequently produces condensate that is heavily contaminated with corrosion products from steam and
condensate lines associated with this equipment.
Heavily contaminated condensate should ideally be discharged to waste as the corrosion products, which
are mainly iron and copper oxides, should be prevented from entering the boiler. In many cases, however,
dumping of contaminated condensate is not practicable due to scarcity of make-up water and other
considerations, and protection of the boiler can only be effectively achieved by full-flow condensate
filtration.
The filters used are normally of the cellulose fibre porous cartridge type. The filter unit should contain a
sufficient number of cartridges or elements to provide the required filtration area to handle the required
flow. For 5 4m particle retention, the filtration area is normally calculated on the basis of about 45 tonnes 
of water per hour per square metre of filtration surface area.
As the cartridges are not regenerable they should be replaced with new cartridges when they are
exhausted. The solids retention capacity depends on the nature of the suspended solids and the
construction of the cartridges, which determines whether filtration is purely on the surface or in-depth.
With surface filtration exhaustion is usually indicated by an increase in hydraulic head loss 
(manufacturer’s stated value) whereas with in-depth filtration breakthrough of solids may occur without 
appreciable increase in head loss. In the latter case filtrate quality should be tested at intervals to
determine whether replacement is required; alternatively, the cartridges may be replaced after a fixed
quantity of water has been passed.
Inmany cases the replacement of cartridges can be carried out speedily but, to ensure continuous filtration
capability, it may be necessary to use both duty and stand-by filters.
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17.7 Instrumentation (see also Appendix F).Where appropriate, use should be made of instrumentation
to simplify chemical testing or to give a better degree of control than can be obtained with intermittent 
chemical tests. Indicating or recording instruments are preferably installed while the ship is being fitted
out, but portable instruments are available that may be fitted at any time. In a low-pressure system the
reserves of treatment chemicals are usually sufficient to buffer it against the effects of inadvertent 
admission of harmful impurities. Daily analysis of the boiler water may then be adequate and fully 
instrumented and automated chemical treatment may not be justified.
However, as boiler operating pressures and heat flux densities increase, it becomes necessary to decrease
the chemical reserves in order to avoid damage caused by local concentration of the treatment chemicals,
e.g. caustic gouging attack. Feed water quality and boiler water conditions become more important and
deviations from the recommended chemical limits need to be corrected promptly. On-line instrumentation
and automation of the chemical treatment merit careful consideration for highly rated, high-pressure
boiler installations. For boilers in groups 3 to 6, there should be continuous monitoring of dissolved oxygen
in the feed water. If the feed water is treated with hydrazine or a neutralizing amine, the pH value of the
feed water should also be monitored. Either recording or indicating instruments may be used for these
tests.
If continuous monitoring is considered unnecessary, portable meters should be provided for dissolved
oxygen (groups 2 to 6), for electrical conductivity (all groups) and for pH value (where the chemical
treatment renders it of interest). If continuous monitoring is provided, portable meters may be used for
checking purposes and also for testing at other points. Evaporators should be provided with an electrical
conductivity meter on the distillate line.
For group 6 boilers, a pNa+ (sodium ion) monitor should be used to monitor continuously the levels of
sodium ion in the feed water and condensate. For boiler waters, a portable dissolved solids (electrical
conductivity) meter is recommended for boilers in all groups as the best means of rapidly checking dissolved
solids content; for boilers in groups 5 and 6, a dissolved solids (electrical conductivity) recording or
indicating meter is recommended in addition.Other instruments for specific constituents, e.g. to determine
and record phosphate values (and also pH values where congruent phosphate/pH treatment is used),may 
be justified for highly rated marine boiler installations.
The accuracy and reliability of on-line instrumentation are influenced by its environment, so it is advisable
to install all the equipment in an enclosed, air-conditioned space. Such centralization simplifies the
sampling requirements and makes it easier to carry out routine calibration, maintenance and repair.
All instruments that operate continuously can be fitted with an alarm (a bell or a flashing light) or can be
arranged to shut down an item of plant, such as a sea water evaporator, if the maximum permitted level of
the impurity being measured is exceeded.
With continuously recording or indicating electrical conductivity meters for feed water, a sample of the feed
water just prior to the boiler feed pump should be passed through a hydrogen ion exchange column to
remove dissolved gases, such as ammonia and neutralizing amines. This is particularly important if the
feed water is being treated with hydrazine or a neutralizing amine. On-line conductivity meters at other
points in the feed system are used to locate the source of contamination.With all instruments the
instructions of the manufacturer about the sampling and other requirements of the instruments should be
strictly followed. For instruments provided with electrodes, the manufacturer’s recommendations for the
care and maintenance of the electrodes should be followed.

18 Factors under the control of the engineer
18.1 The control of impurities in make-up water and feed water. For the satisfactory operation and
maintenance of boilers, it is essential that the impurities in boiler feed water are kept to a minimum.
Chemical means are available for controlling the effects of contamination but the main emphasis should be
on the limitation of the ingress of impurities by the correct operation and maintenance of engine-room
equipment.
18.2 Make-up water. It is of utmost importance that all water used for filling boilers and for make-up
water is clean. Feed water tanks filled with sea or river water at any time for ballast purposes should be
thoroughly washed out before replenishing with fresh water. Filling feed water tanks with sea or river
waters should be avoided if possible. The make-up water taken from tanks is seldom as pure as the
condensate to which it is added, so it is important to reduce to a minimum the losses that the make-up
water is required to replace.
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18.3 Impurities in feed water. The feed water that enters the boiler is the source of most of the
impurities in the boiler water which give rise to scale formation or to corrosion. It is essential that any 
contamination of the feed water is traced to its source and stopped. The main contaminants in feed water
result from the following causes:
a) priming of evaporators and boilers, leakage of condensers and heat exchangers, and ingress of sea
water into feed water tanks;
b) oxygen dissolved in make-up water and from air leakage into condensers and other systems below 
atmospheric pressure;
c) carbon dioxide dissolved in make-up water, and from air leakage into condensers and decomposition
of carbonates and bicarbonates in the boiler;
d) oil from the lubrication of engines or fuel oil from faulty heating coils;
e) scale-forming constituents arising from sea water contamination or from the use of unsoftened shore
water as make-up water;
f) iron and copper oxides in condensate from deck steam lines and cargo heating coils;
g) impurities arising from the faulty operation of regenerable demineralization plant.

18.4 Evaporators. The salinity of the output from the evaporator should be monitored to ensure that 
distillate of an adequate quality is maintained. If the distillate is to be used as make-up water for
water-tube boilers, the output should be monitored continuously by means of a suitable conductivity meter.
To maintain the quality of the distillate in submerged-coil type evaporators, priming or carry-over of water
from the evaporator should be avoided. Adequate quality of the distillate may be achieved by the following.
a)Maintaining the water in the evaporator at the correct concentration and avoiding unsteady 
conditions in any part of the evaporator system. If exhaust steam is used, additional attention is 
required as unsteady evaporating conditions may result.
b) Ensuring that the designed output of the evaporator is not exceeded.
c)Maintaining the correct water level in the shell of submerged-coil type evaporators.
d) Keeping the heat exchanger tube expansions tight.
e)Ensuring that the baffles fitted in the shell of submerged-coil type evaporators are correctly assembled
and free to operate, i.e. that drainage is correct.

NOTE Chemical treatment of the sea water fed to evaporators to minimize scale formation and carry-over is usual but is outside the
scope of this standard.
18.5 Oil contamination. Although slight oil contamination can be treated chemically, all possible steps 
should be taken to prevent any traces of oil entering the feed system.
18.6 Condenser operation. For vessels not fitted with full feed flow deaerators, the condenser serves as 
the sole means of effecting mechanical deaeration of the feed water. The condenser should be operated with
as high a condensate temperature as possible, consistent with the required vacuum, to minimize the extent 
to which the gases present dissolve in the condensate. The vacuum system should be maintained free from
air leaks at all times.
The conductivity of the condensate should be checked frequently when steaming to ensure that cooling
water leaks have not developed; it is recommended that a suitable conductivity meter should be fitted for
this purpose. If hydrazine or a neutralizing amine is used for feed water treatment, the condensate sample
should first be passed through a hydrogen ion exchange column in order to remove the ammonia (or amine)
present before measuring the conductivity. It should be noted that some condensers may show traces of
ammonia (or amine) in the residual condensate when standing idle. Time should therefore be allowed for
the steam flow into the condenser to displace any such residual condensate from the hot well before any 
test result is taken as an indication that the condenser is leaking.
For detection of leakage of condensers or other heat exchangers, the following method has proved to be
effective, being particularly useful for the location of small leaks otherwise difficult to trace.When the
plant is shut down and the tubes and water boxes are emptied, the steam space in the condenser is filled
with water up to the exhaust flange, a small amount of the sodium salt of fluorescein being added to the
water during the process to give a concentration of 50 mg/L. After the fluorescein-treated water has been
in the condenser for a few minutes, the tube plate and tubes are illuminated by ultraviolet light and any 
small leaks are immediately revealed by a bright green fluorescence. The fluorescein should be flushed out 
of the system after testing.
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18.7 Gaseous impurities in condensate and feed systems.The steam condensatemay be corrosive due
to the solution of certain gaseous impurities originally present in the steam. These gaseous impurities 
include the following:
a) oxygen dissolved and entrained in feed water;
b) carbon dioxide dissolved in feed water and also formed by decomposition of carbonates added to the
boiler water;
c) ammonia present in the condensate of all boilers using hydrazine as an oxygen scavenger owing to the
thermal decomposition of hydrazine in the boiler water;
NOTE Traces of ammonia may be present in all feed waters.

d) sulphur dioxide from the decomposition of sodium sulphite.
Uncontrolled ingress of these impurities into the condensate and feed systems leads to rapid corrosion of
these systems and also of the boiler. The effect of any corrosion taking place, apart from any wastage of
equipment, is to transfer a proportion of the corrosion products (mainly iron and copper oxides) into the
boiler where they may in turn be deposited on the steam-generating surfaces.
The degree of corrosion, due mainly to the presence of oxygen, is dependent on the alkalinity. Severe
corrosion takes place if carbon dioxide or sulphur dioxide is dissolved in sufficient quantity to render the
condensate acidic.
Corrosion of the feed and condensate system may be minimized by:
a) removing as much gaseous impurity from the feed water as possible by physical means;
b) chemical dosing of the feed water to maintain a slight alkalinity (pH value not less than 8.5) to
neutralize any acidity present and to remove any remaining dissolved oxygen.

18.8Mechanical removal of oxygen. Every effort should be made to remove, by efficient mechanical
deaeration, as much of the dissolved oxygen as possible from the feed water before it enters the feed pump.
Supplementary chemical treatment should normally only be used to remove the last traces of oxygen. The
dissolved oxygen content of the feed water is critical in boilers with working pressures above 17.5 bar and
particularly for high-pressure water-tube boilers. In lower-pressure boilers, particularly Scotch marine
boilers, conditions are not so critical.
When feed systems open to the atmosphere are used, a large amount of air will be dissolved in the feed
water.
The amount of oxygen may be minimized by attending to all possible sources of air leaks on the vacuum
side, by avoiding splash of water in hot wells, drain and filter tanks, by closing snifting cocks on feed
pumps, and by maintaining the optimum operating conditions in the condenser.

18.9 Chemical treatment of feed water
NOTE Attention is drawn to any regulations governing the use of volatile treatment chemicals in relation to the end use of steam.
The mechanical removal of gaseous impurities from condensate may be supplemented by the use of a
suitable chemical treatment that will remove or neutralize the remaining impurities.
Chemicals that may be added to the feed water to minimize corrosion include the following.
a) Hydrazine. Hydrazine may be added to remove the residual oxygen. The hydrazine is continuously 
dosed into the feed water in order to maintain a suitable reserve (see 20.4) in the boiler water. The
residual hydrazine decomposes in the boiler to yield ammonia in the steam which raises the pH of the
condensate. The quantity of hydrazine used should be sufficient to raise the pH value of the condensate,
as measured by a continuously recording pH meter at the extraction pump outlet (before the addition
point of hydrazine), to the figure indicated in the appropriate table.
CAUTION. Hydrazine is toxic, and suitable precautions for its handling should be observed. Its use is 
usually prohibited where the steam may come into contact with food or beverages.
b) Neutralizing amines (e.g. cyclohexylamine or morpholine). The action of these amines is similar to
that of ammonia. They are volatile in steam and neutralize the acidity of the condensate. They should
be injected periodically into the feed system in order to maintain the pH value of the condensate within
the range 9.0 to 9.5 as measured by a continuously recording pH meter.
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c) Filming amines (normally octadecylamine). These amines are wax-like solids and protect the system
by forming a barrier between the metal and the water. The amine is added continuously as a dispersion
in water in order to maintain a suitable reserve in the condensate. It may be injected into the steam lines 
or into the feed system at a point where the feed water temperature is above 80 °C.
Filming amines should under no circumstances be applied to water that is to be treated by ion
exchange processes as the amines would permanently foul the resins.

Section 6. Treatment of water in the boiler

19 General
The criterion of correct treatment is the internal condition of the boiler. Since the boiler can be inspected
only at infrequent intervals, its condition is assessed by carrying out regular control tests on the boiler
water. In the light of the test results, appropriate remedial action should be taken through the addition of
chemicals, repeated as necessary until the test results are again satisfactory.
Details of suitable treatment for various types of boilers are dealt with separately under each group of
boilers.

20 Chemicals
CAUTION. All chemicals can be harmful if mishandled and suppliers’ recommendations for safe handling
should be carefully followed (see also Appendix C).
20.1 Sodiumphosphate for precipitation of hardness salts.The important types of phosphate for this 
purpose are:
disodium phosphate
trisodium phosphate
glassy sodium phosphate

The principal conditions required for scale prevention are the maintenance in the boiler water of a reserve
of trisodium phosphate and of a small but definite alkalinity. In the boiler, under correct alkaline
conditions, disodium phosphate and glassy sodium phosphate are converted to trisodium phosphate, and
any excess of trisodium phosphate is stable even at high boiler pressures and temperatures. Trisodium
phosphate precipitates from solution all the calcium in the boiler water in the form of basic calcium
phosphate.Magnesium salts, even in the presence of phosphate, are usually precipitated as hydroxide
(sometimes associated with silica) in the form of a sludge. The choice of a particular phosphate is governed
by the alkalinity requirement of the feed water. Under comparable conditions, the alkalinity produced in
the boiler by the phosphate increases in the order: glassy sodium phosphate, disodium phosphate,
trisodium phosphate.With shore waters of high bicarbonate content as make-up water, trisodium
phosphate often gives an excessive alkalinity and therefore glassy sodium phosphate is more suitable.
20.2 Sodium hydroxide or sodium carbonate for providing alkalinity. It is often necessary to
supplement the alkalinity produced even when the highly alkaline trisodium phosphate is used. For this 
purpose sodium hydroxide (caustic soda) or sodium carbonate (soda ash) may be used. Under the action of
temperature and pressure in the boiler, sodium carbonate is partly converted to sodium hydroxide which
reacts with the magnesium hardness salts to form insoluble magnesium hydroxide and the corresponding
sodium salts. Sodium carbonate is not normally used for the precipitation of calcium in the treatment of
water in marine boilers.
For boilers in groups 3 to 6, it is preferable to use sodium hydroxide in place of sodium carbonate since
decomposition of sodium carbonate would release carbon dioxide.
For boilers in group 1, it is preferable to use sodium carbonate in place of sodium hydroxide to provide
alkalinity because of ease of handling. For such boilers, a carbonate/organic polymer treatment should be
used in place of the more usual alkali/phosphate treatment.
For boilers in group 2, sodium hydroxide and sodium carbonate are equally suitable.
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20.3 Polyelectrolytes, tannins and other chemicals for physical conditioning of precipitates 
(sludge conditioning). Any precipitate produced should not be allowed to adhere to the heat-transfer
surfaces. To prevent this possibility many treatments include polyelectrolytes, tannins and various other
chemicals that physically affect the finely divided particles and form a non-adherent sludge rather than
scale. The amounts of these ingredients required are dependent on the conditions to be met and can only 
be prescribed when these conditions are known.
The problem of excess sludge in group 1 boilers can be overcome by using an alkali/organic polymer
treatment. By avoiding the use of phosphate, cleaner boilers result since the organic polymer prevents the
formation of scale, adherent deposits and sticky sludges.The elimination of phosphate sludge accumulation
enables salt water contamination to be tolerated to a greater extent.
20.4 Sodium sulphite (preferably catalyzed) or hydrazine for removal of traces of oxygen. The
dissolved oxygen content of the feed water is critical in the case of boilers with working pressures
above 17.5 bar, and particularly so for highly rated water-tube boilers.
In certain types of low-pressure boilers, particularly with the more highly rated boilers, removal of
dissolved oxygen is also necessary and this is generally carried out by chemical means alone.
For boilers in groups 1 and 2, sodium sulphite (preferably catalyzed) is used to remove residual oxygen. A
reserve of 50 mg/L to 100 mg/L of sodium sulphite (as Na2SO3) should be maintained in the boiler water.
For group 2 boilers, the oxygen content of the feed water should not exceed 0.06 mg/L (0.04 mL/L) and
efforts should be made to reduce it to below 0.03 mg/L (0.02 mL/L) especially for highly rated water-tube
boilers.
For group 3 boilers, sodium sulphite or hydrazine is used to remove residual oxygen. A reserve of 20 mg/L
to 50 mg/L of sodium sulphite (as Na2SO3) or 0.1 mg/L to 1.0 mg/L of hydrazine should be maintained in
the boiler water. In boilers working at these pressures, the oxygen content of the feed water should not 
exceed 0.03 mg/L (0.02 mL/L).
For boilers in groups 4, 5 and 6, only hydrazine should be added to remove oxygen from the feed water. A
reserve of 0.1 mg/L to 1.0 mg/L of hydrazine should be maintained in the boiler water or, if the reserve in
group 6 boilers is too small to measure, the dosage of hydrazine applied continuously should be at least 
twice the stoichiometric requirement of the dissolved oxygen in the feed water following physical
deaeration.
20.5 Chemicals for the prevention of caustic cracking
NOTE The comments and recommendations given in this subclause are the best that can be made in the light of present knowledge
on a subject still under investigation. Chemicals other than those given have been suggested for the same purpose, e.g. tannins and
sodium silicate.

The prevention of scale and corrosion is to a great extent dependent upon maintaining the correct kind and
amount of alkalinity in the boiler water.However, the presence of caustic soda in the boiler can lead to the
development of caustic cracking (intercrystalline cracking) of the boiler metal in places where an excessive
concentration of sodium hydroxide occurs in contact with heavily stressed metal, e.g. within riveted
overlapped seams, especially where there is a slight leakage to atmosphere.
For boilers in groups 1 and 2, the use of sodium sulphate and sodium nitrate is recommended to prevent 
the development of cracks (for details see Table 1 and Table 2). For boilers in groups 3, 4 and 5, persistent 
leakagemay cause caustic cracking, and appropriate remedial action should be taken if leakage is detected.
For boilers in group 6, if the feed water quality is suitable and adequate control testing facilities are
available, two alternative procedures are recommended: congruent phosphate/pH treatment (see 28.5) and
low solids non-phosphate treatment (see 28.6).
No water treatment can prevent the extension of any existing intercrystalline cracks. Any boiler with a
history of persistent leakage or seepage at rivet heads or seams should therefore be examined by a
responsible person with a wide experience of this class of trouble.
20.6 Antifoams for minimizing foaming. Foaming may be minimized by the application of small doses 
of antifoams that destroy and suppress the layers of foam on the boiler water which lead to carry-over. The
use of antifoam, however, will probably not be effective if the boiler operation is faulty or if the carry-over
is caused by purely mechanical factors.
Antifoams may be applied separately or as a constituent of chemical mixtures. They are complex organic
compounds of high relative molecular mass and should be used according to the instructions provided by 
the suppliers.
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20.7 Filming amines or neutralizing amines for prevention of corrosion in steam and
condensate systems. Steam and condensate lines are subject to corrosion caused by oxygen, carbon
dioxide or sulphur dioxide in the steam (see clause 15 and 18.7). Such corrosion may be prevented by 
treatment to remove the last traces of oxygen (see 20.4) supplemented by the use of either filming or
neutralizing amines.
Filming amines may be added to boilers in groups 1 and 2 with open feed systems. Neutralizing amines
(such as cyclohexylamine and morpholine) are used in boilers where the amount of make-up feed water is 
small and where either a deaerator is fitted or a closed feed system is in use.
The recommendations of the suppliers of both filming and neutralizing amines regarding dosage and points 
of application should be followed.
20.8 Chemical mixture. If a feed water has a constant composition, it may be convenient to use a
phosphate, alkali and sludge conditioner ready mixed in constant proportions (see C.11). Such prepared
mixtures allow the three constituent chemicals to be added simultaneously.
For group 1 boilers using alkali/organic polymer treatment, irrespective of whether the feed water is of
constant or variable composition, it is more convenient to apply separate formulations of alkali with
antifoam and of polymer with antifoam to allow for the variable alkali requirements.

21 Limits of treatment
If gross contamination occurs, either as a result of serious leakage or of unavoidable use of sea water feed,
the addition of chemicals to the full extent required by the impurities would produce an excessive quantity 
of sludge that could lead to tube and furnace failures. Further, the amount of soluble salts left in the water
would increase to such a high figure that there would be a serious risk of foaming and carry-over.
The addition of chemicals is therefore not appropriate to all feed water conditions and should be stopped if
the contamination becomes excessive. The causes of such contamination should be rectified before further
treatment is undertaken.

22 Sampling arrangements and equipment
For efficient sampling, the provision of a cooling coil and sampler valve panel with labelled valves is 
recommended (see Figure 1).
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If oxygen and hydrazine tests are being carried out, the cooling coil should be made of stainless steel. The
rate of flow (about 300 mL/min) should be adjusted by a control valve at the cooling coil outlet pipe.
Water-tube boilermakers provide shut-off valves at selected sampling points, which are piped individually 
to the stop valve on the sampler panel.
For feed water and distillate, sampling points with shut-off valves are recommended for the extraction
pump outlet, the feed pump discharge line and the deaerator outlet. These points should be piped to stop
valves on the sampler panel. If a deionization plant is installed, the maker’s instructions for sampling
should be followed. The instructions for pH meters, conductivity meters and pNa+ (sodium ion) monitors 
should be carefully followed when selecting sampling points for these instruments.
To provide a sample at ambient temperature, cooling is required. Fresh or evaporated chilled water is 
recommended for cooling purposes, and is a necessity where stainless steel cooling coils are fitted.
Before taking the test sample, the water from the coil and pipework should be run to waste for a time
sufficient to flush out the sampling lines, and then the collecting vessel should be rinsed three times with
the water to be tested. Samples should not be taken within 2 h of chemical dosage. However, they should
be tested as soon as possible after collection.
The special sampling procedures for individual tests should be carefully followed, and it is recommended
that tests be carried out and the results recorded at the frequency given in the table applicable to the boiler
pressure.
Smaller boilers in group 1 may have a sampling cock without a cooling coil for sampling. In such
circumstances the sample becomes more concentrated than the water in the boiler due to the loss of flash
steam when the sample is taken.

23 Group 1 boilers
23.1 Operating pressure. Group 1 boilers operate at pressures up to and including 17.5 bar.
23.2 Types of boiler. The following types of boiler are found in group 1:
Scotch boilers
vertical boilers

Figure 1 — Sample cooling coil for multiple sampling points
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packaged boilers
water-tube boilers (low pressure)
steam/steam generators.

These boilers generally have open feed systems and no deaerators.
23.3 Make-up water. The make-up water used is usually fresh water, or occasionally distilled sea water
or distillate water from an evaporator. Some tugs, colliers and trawlers occasionally use raw sea water in
emergency as make-up (see 23.5.1) whereas some small older steam vessels use raw sea water as make-up.
23.4 Treatment chemicals. The principal chemicals used are as follows:
a) sodium phosphate to prevent scale;
b) sodium carbonate or sodium hydroxide to give a suitable alkalinity in the boiler water and to assist in
minimizing corrosion;
c) polyelectrolytes, sodium aluminate, starch and tannins to condition the sludge;
d) sodium sulphite (preferably catalysed) to remove the last traces of oxygen;
e) sodium sulphate or sodium nitrate to minimize the risk of caustic cracking in riveted boilers;
f) antifoams to minimize carry-over due to formation of a foam layer;
g) filming amines to protect against corrosion of feed and condensate systems when necessary.

23.5 Treatment

23.5.1 Initial treatment.Whenever a boiler is filled, suitable quantities of the appropriate chemicals should
be added.
In the absence of any special instructions the appropriate chemicals may be applied in the form of amixture
similar to that described in C.11; 0.5 kg of this mixture should be added for every 1 000 kg of water used
to fill the boiler.
If sodium sulphate or sodium nitrate is used, it should be put into the boiler as part of the initial treatment 
and replaced when the boiler has been blown down, or emptied and refilled. On each occasion,
either 0.75 kg of anhydrous sodium sulphate or 1.5 kg of the crystalline salt or 0.2 kg of sodium nitrate
should be used per 1 000 kg of water put into the boiler.
If a boiler has unavoidably to be filled with hard or moderately hard fresh water and the advice of a water
treatment specialist is not available, twice the stated amounts of chemicals should be used. Any 
discrepancy between the resulting boiled water characteristics (measured after the boiler has steamed for
at least 2 h) and those given should be corrected during the subsequent period of steaming.
23.5.2 Subsequent treatment during steaming.During steaming the chemicals should be added to the boiler
water as described in 23.5.3, if required, following the routine control tests and in the amounts indicated
by the results of these tests. The usual control tests and the frequency of making them are stated in
Table 1, together with the recommended characteristics to be maintained in a correctly treated boiler
water. Other values may at times be recommended by water treatment advisers to meet special conditions.
23.5.3 Methods of applying chemicals. The various chemicals in the amounts required following each series 
of daily or weekly control tests should be dissolved in water of evaporated quality, using hot water at
about 65 °C for chemicals that are difficult to dissolve. The water should be contained in a steel or plastics 
tank of suitable capacity and the whole of the solution should be added as a “slug”. To make the solution
use about 4.5 L of water for each 500 g of chemical, adding the latter slowly to the water (not vice versa)
with constant stirring until solution is complete. See Appendix C for precautions to be taken in handling
chemicals.
When the boiler is open it may be filled by pouring the solution through amanhole, but when the boiler is 
closed the solution should be conveyed through a special feed-line; suitable alternative arrangements for
this are shown in Figure 2.Whichever of these arrangements is employed, the chemical solution should be
followed by condensate to make sure that the interior of the dosing equipment is left in a clean condition.
This prevents any chemical crystallizing and possibly blocking the pipe during the periods between
applications of the chemicals.
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