


occur. Boked sludge is difficult to remove by mechanical
means and is not disinteqrated by treatment chemicals. Ex-
cessive accumulation of sludge indicates that blowdown
has been inadequate. The presence of sea water resulting
fromexcessive condenser tube leakage is a common cause
of heavy sludging. The preducts of corrasion of condensers
and feed piping aystems also contribute to excessive boiler
sludging.

9540.27. PROCESS OF CORROSION

1. Corronion Osposits and High Temperature Oxide. Cor-
rosion deposits, like scales, form directly in place, but
they are formed by reaction of the metal with the water, as
in rusting. High temperature oxide, sometimes called mill
scale because it resembles the surface of newly rolled
steel, Is a speciol type of coarrosion product which results
from reaction of hot metal with water or air.

2. Electrolytic Corrosian (Pitting), All carresion is elec-
tralytic in noture; however, the term is usually applied to
local effects like the pit shown in fiqure 95604 and the
scab shown in figure 9560-5. It is possible for a tube to
be completely sound exceptfor one or two such pits. Fora
number of reasons, enadic and cathodic areas exist even
in the most perfectly farmed metal tubes. When exposed to
a conducting medium {electrolyte} such as boiler water,
iron goes into solution.

3. Generol Corroston, lnder certoin conditions, the water
in contact with the tube metal is corrosive enough so that
there is general metal loss over the entire tube area. How-
ever, this phenomena rarely occurs in Naval boilers.

4. Corrosion of Boiler Watersides. Corrasion of boiler
watersides is o special case of electrolytic corrosion.

Iron in contact with water tends to go into solution, as has
been previously mentioned. This effect cannot be pre-
vented completely, but it can be reduced to a tolerable
minimum. This can be accomplished by simultaneously
keeping boiler-water conditions in the prescribed range
and eliminating dissolved oxygenfrom the feedwoter and
boiler water. The importance of these factors is eloberated
below,

9340.28. EFFECT OF LOW ALKALINITY

Acid corrosion, that is caused by low alkalinity witl
cause general wostoge of the waterside surfuces and may be
accompanied by localized pitting.

9580.29, EFFECT OF EXCESSIVE ALKALINITY

If the boiler water alkalinity is too high, strong caustic
concentrations may develop in the film in contact with the
evdporative surfaces. Such streng caustic solutions will
then penetrate cracks in the protective film and react with
the tube metal.

This process can cause severe furrowing and grooving
in firetow and studwall tubes where high evaporation rates
establish a local, high concentration alkaline film, Thus
it can be seen that the proper treatment is a choice of a
mean hetween two extremes.

95460.30. EFFECT OF DISSOLYED OXYGEN

Dissolved oxygen causes localized electrolytic cor-
rosion. Oxygen corrosion can be identified by the ocour-
rence of scattered, localized pits and the absence of generol
corrosion in the intervening areas, Qxygen pitting is acgel-
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erated by Increase in temperature, dissolved oxygen, and
acidity (decrecse in alkdlinity). The normal introduction of
feedwater to the top drum of a steaming boiler usually reduces

"the dissclved oxygen to a tolerahle residual, since the

evolved steam scrubs the dissolved gases away, but there

is considerable evidence that traces of oxygen can cause
serious pitting of fire-row of stud-wall tubes or in other re-
latively hot portions of the boilers. Economizers, which
cperate at low temperatures and can provide no escape for

the dissolved oxygen, are particularly vulnerable to dissolved-
oxygen corrosion.

95560.31. SOURCES OF DISSOLVED OXYGEN

Aerated feedwater is one of the principal sources of
axygen contamination of boiler water, Atmospheric oxygen
is also drawn into a boiler which is secured at steaming
level and permitted to cool, Air will dissolve readily in
feedwoter and, if not removed by the condensers or deaer-
oting feed tanks, will poss on to the economizer and
generating-tube nest. It is imperative that the dissolved-
axygen content of the feedwater be reduced to the lowest
possible level hefare it leaves the decerating feed tank,
ond that the feedwater be protected ageinst air from leaking
in during its travel through the suction lines. It is also
impetative to secure a boiler to prevent oxygen from enter-
ing the boiler while it is cooling and while it is cold. Se-
curing procedures should be as outlined in chapter 9510.17.

9560.32. PROCESS OF DEAERATION

Modern methads of deaeration take advantage of the
solubility characteristics of quses. The solubility of oxy-
gen increases with an increase in the pressure of the
oxygen-bearing otmosphere above the water, and decreases
with an increase in the temperature of the water. The
solubility of oxygen in water at vorious temperatwes and
pressures is {lustrated in fiqure 95606, This figure illus-
trates that at reduced pressures, the solubility of oxygen
decreases rapidly with an increase in temperature and
reaches zero at the temperature comesponding to the boiling
point,
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The deaeration process simply removes gases from the
feedwater by either heating to reduce solubility, applying
vacuum to reduce solubllity and remove gases, or scrubbing
with steam to remave the goses mechanically. The three
basic mechanical deqeration systems (feedwater heater
systems) are the open feedwater heater, the semiclosed
feedwater heater, and the pressure<losed deerator. These
systems are diagrammed in figure 9560-7. All dederation
systems must be operated carefully and checked regularly
if dissolved oxygen in the feedwater is to be minimized.
The decerating principles of the several systems are dis-
cussed below.

1. In the open feedwater system, vOCUUM iS5 obtained in the
condenser with o steam-powered air ejector (aspirator
principle). The low pressure reduces the solubility of the
gases which pass out of the ejector. From the condenser,
the water flows tc an open tank where it is kept hot to
minimize solution of guses. The airejecting, low-pressure
condenser is common to cll of the three systems.

The efficiency of the open feedwater system depends
on maintenance of the condenser vacuum hy air ejection and
the extent of open feed tank heating. Low feed tenk tem-
perature is the principol source of trouble.

2. The nemiclosed foedwater system introduces less air
than the open system because it has centrifugal pumps in-
stead of reciprocating wet air pumps, and because it uses a
surge tank floating on the line instead of an open feedwater
tank through which all of the water {lows. The surge tank
has a constant overflow near the expected water level to
remove the suriace layer continuously and thereby to mini-
mize the introduction of aerated surface water to the feed-
water line. The purpose of the surge tank is defeated if
water is not averflowed from this point continuously by
adding makeup feedwater to level out feedwater demands.
Low surge tanks temperature has the same effect as low
open tank temperature.

3. In the pressure-closed deaerating system,  Spray type
deaerator is substituted for the feed or surge tank. Hot
feedwater from the condenser is sprayed into the deaerator
shell through a number of spring loaded atomizing valves.
Simultaneously, exhaust steam is blown through the spray
to sweep the gases out of the vent.

The orimary step in degeration, therefcre, is to raise
the temperature of the feedwater to the boiling point corre-
sponding to the deaerating feed tank pressure. This renders
the oxygen insclutle, but the problem of purging the water
of the last traces of axygen and transporting the air-free
water to the boiler without reaeration remains. The feed-
water systems used for solving these problems are discussed
in detail in section II.

9550.33. NATURE OF CARRYOVYER

In addition to the frevention of scale and corrosion, the
third principal object of boiler-water treatment is the pre-
vention of such abnermeal beiling conditions as priming or
foaming. The greater the amount of dissolved solids in a
water, the greater will be the tendency of the water to foam
or froth when it is boiled violently. Solids will accumulate
in the surface layer and will stabilize bubble formation so
that the bubbles pile up instead of bursting. If these stabi-
lizing forces are great enough, no amount of steem space
above the liquid surface will prevent foam from carrying
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over into the steam line. The boiling over of a coffeepot is
an everyday example of this phenomenon,

If the amount of suspended matter is considerable, any
foam which forms is stobilized by the small particles and
the film thickness, so that the steam bubbles fail to break
before entering the dry olpe. Small particles of water then
will be carried along with the steam; this process is called
carryover. Excessive alkalinity will also cause the boiler
water to foam and to carryover. Carryover causes wet steam
and objectionable deposits in the steam lines, superheaters,
and turbines. Figute 9560-8 illustrates the effects of
carryover in a superheater line.

Priming is a violent type of carryover caused by erratic
firing, carrying boiler water level too high, very rapid in-
creases in steam withdrawal, and rough weather, so that
large quantities of water may be thrown into the steam
space as though small intermittent explosions were occur-
ring. Large amounts of water then will be carried into the
dry pipe.

Fouming can generally be controlled by reducing the
amount of dissalved and suspended solids in the boiler
water; however, priming is a mechanical matter.

Part 4. Care of Feodwater and Makeup Feedwater

9580.41 SEA WATER DISTILLATE

All water used for boilerHfeed purposes contains some
undesirable impurities. It is impossible to make evaporater
distillate free from cll impurities. The distillate from ship-
board evaporators will normally cantain less than 0,065 epm
of chloride. Associated with these chlorides are smaller
amounts of all the other salis found in seawater. All of
these impurities enter the boiler with the makeup feedwater.

9560.42 ELECTRICAL SALINITY INDICATORS
Electrical conductivity meters, or salinity indicaters,
are installed in virtually all naval vessels. Their operation

is based upon the fact that the electrical resistance of a
water solution varies with the amount of ionized salts dis-
solved in it. This resistance and the corresponding meter
indication vary both with the temperature and the ionized
salt concentration of the water flowing through the cell.
Temperature compensation is provided to eliminate the
temperature effects. The compensatcr must be set ata
value corresponding to the temperature of the solution being
measured. This compensation is accomplished manually in
the older types of indicators and automatically in the newer
types of indicators. Power factor type meters are used to
eliminate the effects of line voltage fluctuations. Salinity
indicators are most sensitive dt low jonized salt concen-
trations. The salinity indicators should be operated and
checked as recommended in chapter 9650 ard in the manu-
facturer's instruction book supplied with the equipment. To
further ensure that the salinity equipment is operating
properly, the maintenance schedule set forth in the main-
tenance requirement cards (MRC} must be followed. The
results obtained with the indicator may be compared with the
corresponding chloride titrations (methods for determining
the concentration of a substance in solution), The dicls of
salinity indicators are calibrated in grains of sea salt per

-qallon and eom of chlaride, To convert the dial reading

for checking against results abtained from chloride titration
multiply by the factor 0,261; e.g., grains of sea salt per
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TABLE Il

Graine of seg sait Egquivalents per Groins of seo salt Equivalents per
per gallen: millien chloride: per gallon: mililon chloride:
0.1 0.026 1.3 0.339
2 .052 1.4 . 365
.25 065 1.5 . 392
.3 .078 1.6 .418
4 .104 1.7 .444
.5 .130 1.8 .470
.6 .157 1.9 . 4596
7 .183 2.0 .522
.8 .209 3.0 .783
.9 . 235 4.0 1.044
1.0 .61 5.0 1.305
1.1 . 287 10.0 2.610
1.2 .313
TABLE Il
Equivalents per Grains of sea salt Equivalents per Grains of sea zait
million chloride: per gallen: million chloride: par gollon:
0.01 0.038 0.29 1.111
.02 77 .30 1.149
.03 .115 .31 1.187
.04 153 .32 1.226
.05 192 .33 1.264
.06 .230 .34 1.302
.07 .268 .35 1.340
.08 . 306 .36 1.379
.08 . 345 .37 1.417
.10 ,383 .38 1.455
11 .421 .39 1.494
212 . 460 .40 1.532
13 498 .41 1.570
14 53 .42 1.609
15 574 .43 1.647
16 613 .44 1.685
17 651 .45 1.724
18 €89 .46 1.762
19 728 .47 1.800
20 766 .48 1.838
21 804 .49 1.877
22 843 .50 1.915
23 881 .60 2.298
24 919 .70 2.681
25 958 .80 3.064
2% 9% .90 3.447
27 1.034 1.00 3.830
28 1.072 1.5 5.745
2.0 7.660
2.5 9.575
galion (meter reading) X 0.261 = epm. chloride. For example, 9560.43. UNDESIRABILITY OF SHORE WATER
titration of a sample which the indicator shows to have 0.60 All shore waters contain varying amounts of contami-
grain of sea salt per gallon should give a tesult of approxi- nating salts, depending on the character of the rocks, sand,
mately 0.15 epm. of chloride. Tables Il and III will assist and earth over which they have flowed and on the extent
the operator in making necessaty conversion for checking and nature of municipal treatment to which they have been
the values read from the salinity indicator against the subjected. The impurity centent of shore water will always
values in the chloride test and vice versa. be higher and, more important, will be chemically and pro-
portionately differentfrom that of the sea water distillate
which navel water-weatment s designed to control. Water
received fram shore should not be used in the bailers (except
Chapter 9560 ' ORIGINAL
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in emetgency} without first being evaporated in the ship's
distilling plant. Censult chapter 9580 for discussion of
conditions under which the ship’s distilling plant may be
used for evaporating shore water and operoting precautions
to be taken under these circumstonces. If necessary to use
shore water without distillation, the water should be tested
ond only a neutral water, low in hardness, should be accepted
for temporary use during the emergency. A neutral water is
one which is colorless with phenolphthalein indicator and
green with methyl-purple indicator. The evaporation of shore
water, to obtain satisfactory feedwater for the hoilers, may
result in depesiting on the evaporatar tubes an extremely
hard scale different from that resulting from evaporation of
sea water. For the use of shore source distillate, refer to
article 9560,92.,

9560.44 PROTECTION OF FEEDWATER

Feedwater shall be maintoined as free from impurities
as possible. This requirement involves careful attention
to the entire plant through which the water passes, either
in the form of steam or as water, for, even though evaporator
distillate quality is excellent at the time of enury into the
system, by the time it is used as makeup feed, it may absorh
impurities from the various parts of the instollation,

9560.45 SOURCES OF SALT WATER CONTAMINATION
The most prolific source of contomination of the water
in naval boilers is salt-water ledkage into the feedwater
system. The mrincipal parts of the system where this leak-
age may occur are listed below:
1. Condensers: main, auxiliary, and dynamo,
2. Salt-wotercaoled air-ejector condensers,
3. Distilling plants.
4, Salt-wotercooled glond-exhaust condensers.
5. Leaky bottom-blow valves on idle boilers.
6. Leaky feed suction and drain lines which run
threugh bilges.
7. Leoky seams ond rivets in reserve feed tanks,

9560.46 CONDENSATE CHLORIDE

Condensers ore the most common source of salt-water
leakage into the feedwater system. Particulor attention
should be given to detect leakage of salt water into the
fresh-water side of candensers. In most naval installotions,
the condensate consistently contains less than 0,05
epm of chloride. Any consistent increase above this value
is a definite indication of o leak. When a legk is detected,
it should be corrected as soon as operating conditions will
permit dismantling the unit affected. Attention is directed to
appropriate parts of chapter 9460 for operation and main-
tenance of condensers.

9560.47. EFFECT OF CARRYOYER ON CONDENSATE
CHLORIDE

Whenever the condensate from any condenser shows the
mesence of chloride to be above the usul operating value,
it is well to check the steam from the bailers by testing a
sample of water from cne of the steam drain lines. The
results of the steam-condensate analyses will indicate
whether or not there is any curryover of boiler woter in
sufficient quantity to give mare than normal chloride read-
ings in the condensate. Sudden lorge increases in ship
speed may cause carryover from the boilers. The effect of

Chapter 9560

this carryover on the chleride in the condensate will be
more pronounced the higher the chloride content of the boil-
er water,

$540.48. FINDING SOURCE OF CHLORIDE CONTAMI-
NATION

It is of the greatest importance that any unusual rise in
the chloride cantent in the feed tanks, feedwater, or boilers
be investigated ot once and the source of the leakage found
and corrected. To locate these sources, test the feedwater
from different units in the system, and where possible cut
out the elements one at a time until the source of contami-
nation is located. A test for chioride in the feedwater
should be made each time ane of the elements is cut out.
Before making a test, the plant should be allowed to oper-
ate for several minutes without this element in commission
so that the chloride concentration of the feedwater due to
thot element may have time to be diluted with salt-free
water. The methods of testing the condensers to locate a
leak are described in chapter 9450,

9560.49 LEAKING EYAPORATOR TUBES

Leaky evaporator tubes occasionally are responsible
for salting up the feed system and for cabising excessive
sludging in the boiler water. The salting-up usually oceurs
after the distilling plant has been secured, when a leak in
the first-effect evaporatar tube nest will permit salt water
to enter the first-effect tube-nest drains and eventually
some part of the system. Therefare, tube-nest drains
should be tested for salinity upon starting up the distilling
plant. It is possible, through faulty evaporator operation,
ta permit the level of the brine in the shells to rise to the
point where salt water backs up through the first-effect
tube-nest vent line, thus contaminating the drains. The
first-effect tube-nest drain line should be secured during
all periods when the distilling plants are idle.

9650.50, LEAKING SUCTION LINES IN BILGES

The system may be salted up by leaky feed suction lines
which run through the bilges. Such leaks will alsa be re-
sponsible for some loss of mokeup feedwater. Periodic
tests of feed-suction lines should be made, as very often
leaks will exist which ore responsible not only for o less
of feedwater but for loss of pumping efficiency when the
lines are being used.

9650.51. SALT WATER AND FEEDWATER CROSS-
CONNECTIONS PROHIBITED
No cress—connection shall be permitted between salt
water and feedwater piping.

9560.52 ELIMINATION OF AIR IN FEEDWATER
For reasons made clear in part 3, it is imperative that

all possible precautions be taken to eliminote dissolved
airfrom the hoiler feedwater in arder to reduce corrosion of
boilers and, particularly, of economizers. Elimination con-
sists in cortecting oll possible sources of air leaknge into
the feed system and of maintaining the efficiency of the
degerating equipment. A list of precautions is given in
section II for each type of boiler feedwater system.
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9560.53. ELIMINATION OF OIL AND GREASE IN
FEEDWATER
The presence of oil and grease in the feedwater and in
the boilers is oot a frequent occurrence in naval instal-
lations. The following precautions should be effective in
preventing ony oil from reaching the poilers:

1. No oil shall be used for the internal lubrication
of the steam cylinders or valve chests ot any reciprecating
machinery. Saturated steam provides encugh water of
condensation 10 give the necessary lubrication, and in
superheated steam units the metals used are designed to
operate satisfacterily without lubrication. The use of a
pure mineral oil may be authorized by the command in
in special cases only. Only a light, smooth coating of
petrolatum shall be applied to the inside of cylinders at
specified inspections.

2. Very little lubrication of rods is necessary and
this lubrication shall be kept at a minimum by the use cf
small quantities of mineral oil at each application. With
main reciprocating engines using forced lubrication,
the oil from such ports os crassheads and quides should
be prevented fromgplashing on the piston rods ar valve
stems. ‘

3. When filters or qrease extractors are fitted, they
always should be used and kept in efiicient condition.

4. Filtering material should be cleaned or renewed
as often as found necessary as outlined in section II.
Special precautions and instructions when using asbes-
tos ond digtomaceous-earth filter-aid should be chserved.

5. Droins from fuel cil heaters and from heating
coils in lubricating oil wanks end fuel oil tanks always
shall be possed through an inspection tank betore dis-
charging into the feed system. Frequent inspections of
these tanks are necessary in order that the presence of
oil will be discovered soon after its first appecrance,
in order that drains may be diverted to the bilge until
the source of contamination is removed. 8

9560.54 AVOIDING EXCESSIVE MAKEUP FEED

It is necessary to add makeup feedwater to the system
to replace water lost by leakage. All boilers, piping, glands,
and valves should be kept tight and in efficient condition.
The amount of makeup feed used per hour in port and per
mile under woy should be checked daily and every effort
made to keep these amounts at low and consistént level.

9560,55. FILLING BOILERS

A boiler which has been opened for cleaning, overhaul,
and inspection should be filled with hot deaerated feedwater,
treated immediately and subsequently lighted off within 48
hours cfter filling whenever conditions permit (see chapter
9510). The short time of a steam test is sufficient to
initiate the changes in the treatment chemicals discussed
in the following article, as well as mixing the beiler water
thoroughly so that the maximum protecticn against corrosion
will be inswred. The hottest deaerated water aveilable
should be used for filling o boiler, the method for obtaining
such water depending upon the feed system as discussed
in section II. An idle boiler should always be secured in
accordance with chapter 9510,17, unless it is to be lighted
off immediately. Partial filling or securing boilers at
steaming level introduces the possibility of steam drum
general corrosion discussed in chapter 9550,31. Steam test-
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ing a boiler scon after its overhaul is good engineeting
practice.

Part 5 - Water Treatment-600 psi Boilers and Below

9560.71. NATURE OF BOILER COMPOUND

The system of water treatment usad for naval vessels
with auxiliary and propulsion boilers cperating at pressures
at or below 600 p.s.i. is based on the use of Navy boiler
compound, This fofmula has been designed to meet the
most severe conditions which are likely to be encountered
in a well-managed ship. However, the factor of salety thus
pravided in the compound is not sufficient to warrant any
laxity on the part of ship’s personnel in keeping the purity
of the boiler feedwater at the highest attainable point. The
ingredients of Navy boiler compound are disodium phosphate,
Na,HP 04, sodium carbonate {soda ash), Na,COy, and corn-
starch. The first two chemicals work together in converting
scale—forming salts into relatively harmless sludges., The
two in conjunction are not only more thorough than either
by itself but, in addition, form & mixed sludge, which, being
made up of both phosphate and carbonate, has less
tendency than either alone to aggiomerate and form an
adherent, cohesive mass. The sodium carbonate serves the
addit‘enal purpose of providing the necessary alkalinity
control. Actually, under boiler steaming conditions, most
of the soda ash is converted to sodium hydroxide, while the
remainder goes into the conditioning reaction described
dbove. The cornstarch lends fluidity to the sludge resulting
from the reaction of the other two ingredients so that it
does not pack in the mud drums, but may be sluiced out
easily. The comstarch also effects a very desirable
reduction in the tendency of boiler water to foam and thereby
reduces carryover and moisture in the steam.

9560.72. DETERMINATION OF DOSAGE

The amount of Navy boiler compound required by a boiler
may be determined from the nomographs of figures 9560-3
and 9550-10 if the volume of water in the bailer at steaming
level and the alkalinity and hardness of the boiler water
are known, [llustrative lines are given in figure 9560-8 to
demonstrate the use of the charts. The upper line illustrates
the calculation of the dosage necessary to bring the alkalini-
ty to 3.5 epm when filling a boiler which holds 3,400 sallons
at steaming level. Reserve feedwater or condensate may
be assumed to have zero alkalinity so that a straight edge
is held from the point of zero alkalinity on the right scale
to the point of 3,400 gallons on the left scale. This line
cuts the middle scale at 15 pounds, indicating that 15
pounds of Mavy boiler compound are required for the initial
dose. The lower line illustrates the calculaticn of the
dosage for a steaming boiler which holds 1,500 gallons at
steaming level, the botler water of which has been found
to have an alkalinity of 1.5 epm. A line from 1.5 on the
right scale to 1,500 on the Ieft scale cuts the middle scale
at 3.5. This indicates that a dose of 3.5 pounds of "~y
boiter compound is required 1o bring the Glawuity to 3.5
epm. In case hardness occurs in boiler water, the required
amount of Navy boiler compound for the elimination of the
hardness is calculated from figure 9560-10 in a similar man-
ner. A straight edge is laid across the chart {rom the point
of the determined hardness on the right scale to the
point cn the left scale corres ponding to the water content of
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CHART FOR GALCULATING DOSAGE
FROM
BOILER-WATER ALKALINITY
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Figure 9560-3.

the hoiler at steaming level. The point at which this }ine
intersects the middle scale indicates the amount of com-
pound requited to reduce the hardness to zero, Generally
when hardness is found in the boiler water, the alkalinity is
low, Far example, assume a boiler holds 1500 galions at
steaming level and the water has an alkalinity of 2.4 epm
and a hardnes s of 0.04 epm. The atkalinity dosage chart
should be employed in determining the necessary addition
of Navy boiler compound. For this example, the two pounds
of dosage required would result in a boiler water alkalinity
of 3.5 epm and eliminate the hardness. The addition of one
ounce of dosage would eliminate the hardness but would
have little, if any, effect on the alkalinity.

?560.73 USE OF CHARTS

The amount of boiler compound calculated from figure
9560-9 as outlined above, in each case will be sufficient
to raise the boiler-water alkalinity to 3.5 epm. If the
boiler-water alkalinity is within the range of 2,5t0 3.5
epm, no dose need be given. However, prior to securing a
boiler for bottom blowdown, the required dosage should be
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CHART FOR CALGULATING DOSAGE
FROM
BOILER-WATER HARDNESS
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Figure 9560-10,

added to bring the boiler water alkalinity to 3.5 epm. In
Iare cases in which hardness occurs in boiler watet, the
full dose indicated by fiqure 9560-10 shali be added, even
though this amount of compound increases the boiler water
alkalinity above the higher allowable limit. The excess
alkalinity then must be removed by blowdown.

9560.74. BOILER-WATER HARDN ESS

The occurrence of boiler-water hardness usually is
evidence that the makeup feedwater contains excessive hard-
ness, aithough fulse soap hardness may resuit from the
presence of zinc supplied either by condenser corrosion ar
from galvanized storage tanks. The amount of compound
which is added to maintain the proper alkalinity should
simultaneously ensure zeto hardness of the boiler water if
propet feedwater is used.

The soutce of any unusual hardness in the hoiler or
feedwater should be searched for, found, and corrected. If
the koiler water consistently shows hardness, and the
measures taken fail to remedy this condition, the Ship
Systems Command shall be adyised. Navy boiler compound
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shall be added immediately to a boiler water containing
hardness.

9560.75 METHOD OF ADDING COMPOUNDS

Navy beiler compound should be mixed by stirring
vigorously for about 5 minutes in hot, preferably boiling
water, The mixture should be made up using about 1 pound
of compound to 5 quorts ofwater. The compound may be
added to the boilers in several ways. Each dose must be
added to the individual boiler for which it is intended. The
method applicable to most types of naval feed systems
consists of adding the compound to the {eed compound injec-
tion tank and discharging to the desired boiler through the
main feed line. The feedwater should be run through the
injection tank for at least several minutes to insure com-
plete injection into the boiler and flushing of the tank,
The method applicable to ships not equipped with feed
compound injection tanks consists of using the emergency
feed pump end discharging through the auxiliary feed line
to the desired boiler, the compound being added to the
feed pump suction. After the compound has been added,
the emergency pump should be run a sufficlent length of
time to wash out the entire feedline. When only one boiler
is steaming, as in port, the dose may be added directly to
the port-use feed-pump or auxiliary-feed booster-pump suc-
tion. Boiler compound should be added in single or inter-
mittent doses, but never in a continuous, dilute stream.
Boiler compound should never be added to the fresh-water-
drain collecting tanks.

9560.76 FREQUENCY OF TESTS OF BOILER WATER
Boiler water must be tested for alkalinity, chloride,
conductivity and hardness under various conditions as
follows:
1. Steaming boilers—daily and after any water treatment
(Chemical addition cr blowdown)
2. Idle boilers —weekly, after any treatment und prior
to light off.
3. When boilers arefilled with feedwater.
4. One hour after the addition cf boiler compound and
one-half hour after blowdown.
5. Whenever unusual conditions make it desirable,

9560.77 FREQUENCY OF FEEDWATER TESTS
1. Alkolinity. Alkalinity of feedwater is determined
only when it constitutes the charge of o freshly
filled boiler or when it consists of shore water as
an emergency feed.
2, Chloride. Feedwater is tested for chloride in accord-
ance with the following schedule:

a. Distiller discharge to reserve feed tanks at each
tilling of the measuring tank.

b. Condensate: main condensers—cvery 15 minutes
while underway und every 30 minutes while
standing by.

C. Condensate: auxiliory condensars—every 30
minutes.

d. Feed tanka-such feed tanks on the main line as
deaerating feed tanks and surge tanks once
each watch.

e, Reserve feed tanks—Daily and prior to use.
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Chloride can be determined either with the electrical
salinity indicator or by the chemical method described in
article 9560.106. It is recommended that the chemical
method be used whenever checking feedwater from the feed
tanks and reserve feed tanks. The electrical salinity in-
dicator readings should be checked frequently by the chem-
ical methods.

3, Hardness. Feedwater is tested for hardness in

accordance with the following schedule:
a. feed tanks-daily
b. Reserve feed tanks-daily and prior to use

4. DISSOLVED OXYGEN, Vessels equipped with
deaerators {decerating feed tanks) shall make daily
determinations of the dissolved oxygen cantent of the water
discharged from each deaerator in operation {idle deaerators
should not be tested).

Dissolved-oxygen determinations should also be made
on samples of water from other points in the feedwater sys-
tem to locate sources of air leaking into the system or
sources of oxygen contamirnation of the feedwater, The
prescribed metheds for drawing o sample, and fixing and
titrating the dissolved oxygen samples must be followed in
detail if reliable results are to be obtained.

9540.78. PREPARATION OF REAGENTS

Reagents for use in the various tests on woter dre sup-
plied as standard stock solutions either 10 or 20 times
reagent strength, in powder form, or ready for use. These
stock solutions or powders must be diluted or dissclved
accurately te reagent strength with the equipment provided
in the boiler=water testing cabinet. Distilled water shall
be used for all dilutions of stock solution in which water is
used. Standard stock solutions of reagents should be used.
Requisitions should state that reagents are for use with
the boiler-water testing outfit. Far informatian regarding
stock catalog numters see article 9560.116.

9560.79., REAGENT NITRIC ACID

A twentieth normal (0,05 N} solution of nitric acid
is used for alkalinity determinations. The method for the
prepardtion of the twentieth-narmal solutian from standard
stock sclution is given below.

Preparation from stock salution. The reagent solution
for use in the cabinet is made up from the stock,
normal (1.0 N) nitric acid. Rinse the bottle from the cabi-
net marked ACID at least twice with distilled water. Rinse
the 100-ml. graduated cylinder with distilled water and then
a small amount of the stock acid solution. With the gradu-
ated cylinder, measure exactly 50-ml. of the stock solution
of standard acid into the rinsed bottle. Fill the bottle
exactly to the 1,000-ml, mark with distilled water, stopper,
and shake unti} contents are well mixed. Remove the

stopper, replace the burette assembly, and return to cabinet.
Fill the burette.

9540.80, REAGENT MERCURIC NITRATE

A faortieth normal (0.025 N} solution of mercuric nitrate
is used for the chloride determination. It should be prepared
from the standard stock solution in dccordance with the
instructions given below.

Preparation from stock solutien. The stock solution of
mercuric nitrate is one-half normal (0.5 N) and thus is 20
times as strong us the regeant solution. Rinse the liter
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bottle marked MERCURIC NITRATE and the 100-ml. grad-
uated cylinder at least twice with distilled water. Then,
tinse the 100-ml. graduated cylinder with a small amount

of stock solution of mercuric nitrate. Fil} the cylinder to
the 50-ml. mark with stock scluticn and transfer to the liter
bottle, Fill the bottle tc the mark on the neck with distilled
watet, stopper and shake until the contents are well mixed.
Remove the stopper, replace the burette assembly, and
return the bottle to the cabinet. Fill the burette.

9560,81. REAGENT S0AP SOLUTION

A hundredth normal (0.01 N) soap solution is used for
determination of hardness. It should be prepared irom the
standard stock solution in accordance with the following
instructions. The stock soap solution is 10 times as strong
as the reagent solution.

1. Preparation from stock solution Rinse the bottle
marked SOAF with distilled water and then with ethyl
aicohol. Rinse the graduated cylinder from the cabinet with
ethyl alcohol and then with a small amount of the steck
soap soluticn, Fill the cylinder to the 100 ml, mark with
stock soap solution and transfer to the liter bottle, Add
sufficient pure ethyl alcahol to bring the level in the hottle
exactly to the 1,000 ml, mark, stopper, and shake until
thoroughly mixed. Replace the burette assembly and return
to the cabinet, Fill the burette. Denatured alcohol should
not be usedfor the preparation of soap solution.

2. The lather factor of a solution of soap is the amount
of the solutjon required toform a lather which persists for
at leastfive minutes on a sample of pure water. This
lather factar is fairly constant, hence, it is assumed to be
0.4 ml.

9560.82 PHENOLPHTHALEIN INDICATOR

To prepare phenolphthalein indicater solution, dissclve
1/2 gram of phenolphthalein powder in 25 ml. of pure ethyl
alcohol, add 25 ml. of distilled water, and mix well.

9560,83. METHYL PURPLE INDICATOR
Methyl purple indicator is furnished in solution ready
to use.

9560.84, CHLORIDE INDICATOR

To prepare the chleride indicator solution, empty the
contents of a single capsule of dry chloride indicator into
the chloride indicater dropping bottle. Next add 50 ml. of
95 percent ethyl alcohol or isopropyl alcohol. Then place
the stopper in the bottle and shake to dissolve the contents.

9560.85, DISSOLYED-OXYGEN TEST REAGENTS
There are two shipboard methods for dissolved axygen
in the feedwater from the deaerating feed tank, They are
Method A, the titration method, and Method B, the colorimetric
method,
1. Method A Reagents:

a. ‘Reagent sodium thiosulfate -~ A stock solution
of sedium thicsulfate 20 times reagent strength, is supplied.
To make up the recgent solution for titration, remove the
burette and stopper assembly from the thiosulfate reagent
bottle and rinse the bottle several times with distilled water.
Rinse the 100 ml, graduated cylinder from the boiler water
testing cabinet with a small porticn of distilied water and
then with stock sodium thiosulfate solution. Measure exactly
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50 ml of stock solution into the thiosulfate reagent bottle.
Fill the thiosulfate bottle to the 1,000 mi mark on the neck
with distilled water; stopper witk: the solid rubber stopper
provided, and mix the solution thoroughly by shaking the
bottle. Replace the burette and stopper assembly ir: the
neck of thiosulfate bottle, return the reagent bottle to the
cabinet, and fill the burette. Mark the date in pencil on the
roughened area above the label of the hottle, At the end of
the week, discard whatever remains of the sclution and make
up fresh reagent thiosulfate solution.
b. Starch indicator ~ Prepare starch indicator
in accoardance with the following instructions. Rinse and
then fill the 150 ml beaker three-fourths fuil with distilled
water. Place the beaker on the hot plate in the cabinet,
heat the water to boiling, and sprinkle into it from the tip of
the spatuia a mound of soluble starch about one-half-inch
long. Stir the boiling solution for about one-half minute with
the blade of the spatulg, turn off the Lot plate, remove the
beaker, and allow its contents to cool. Rinse the starch
dropping bottle with distilled water and fill it with the cooled
starch solution. Starch solution must be prepared fresh on
day of test.
c. Dissclved oxygen fixing solutions - The dis-
solved oxtygen fixing solutions {I, mangancus sulfate; I,
alkaline iodide; I, sulfuric acid) are supplied in the proper
strength and are 1o be used in the recgsnt battles, These
reagent bottles should not be more than 1/3 filled with reagent.
2. Method B Reagents:
The three reagents for this method are supplied
in plastic tubes for ready use without dilution in an amount
premeasured for one determination.
a. Class A - Manganous sulfate reagent,
b. Class B - Sodium hydroxide reagent.
c. Closs C -~ Sulfamic acid and ortho-tolidine
dihydrochloride reagent,

9540.86. BOILER WATER CONDITIONS TO BE MAINTAINED

Caonstituent or Property Requitements
Alkalinity, Phenolphthalein 2.5 - 3.5 epm
Hardness Zero
Chloride {see 9560.92)
Conductivity

1300 micromhos/cm
max.

(For propulsion boilers only)

9560,87. ALKALINITY AND HARDNESS LIMITS

Navy boiler compound shall be used as necessary to main-
tain zero hardness ard glkalinity between 2.5 and 3.5 epm
in the water of ali boilers at all times. A ship umble to
adhere to these instructions, or obtaining unsatisfactory
conditions despite adherence to these instructions, shall
advise the Ship Systems Command.

9560.88, ALKALINITY OF IDLE BOILERS

Until @ freshly filled boiler to which boiler compound
has been added has been steamed, the phenolphthalein
alkalinity test does not give the total alkalinity of the
boiler water. It measures only the alkalinity from the
hydroxides and one-half the carbonate present. After filling
an empty boiler with hot, deaercted feedwoter, the alkalinity
test made on the cold water with phenolphthalein indicator
will show only about one-half of that expected because all

the aikalinity originally introduced by the compound is carbonate.
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After the boiler has been lighted-off and steamed for a few
hours, the carbanate is converted almost entirely to hydrox-
ide: thereafter the alkalinity readings will be those normally
expected, even though the boiler subsequently becomes
idle. If the alkalinity of a boiler freshly filled and not yet
steamed is determined using phenolphthalein as the indi-
cator, then the reading obtained must be multiplied by two
to give the approximate alkalinity, This must be checked
by making a test using methyl purple indicator {see article
9560.101), When the boiler contains a mixture of steamed
and unsteamed water, as when a boiler is secured and then
filled to its air cock, methyl purple indicator must be used
since there is no way to determine the phenolphthalein
comection factor.

9550.89. CONDUCTIVITY LIMITS

A direct relationship exists between the amount of
ionized dissolved salids in the boiler water and the con-
ductivity of the boiler water. Therefore, conductivity
values can be used to determine when the boiler water con-
tains an excessive amount of dissolved solids and, hence,
establish when the boiler should be blown down. The maxi-
mum boiler water conductivity permitted in main propulsion
boilers operating at 600 psi and below is 1300 micromhos/
cm. When the conductivity exceeds this limit, the boiler
must be given surface blows until the conductivity is less
than 1300 micromhos/cm.

9540.90. CHLORIDE LIMITS

The chleride concentration is another indication of the
amount of dissolved solids in the boiler water. To aveid
the troubles caused by high concentrations of dissolved
solids, the chloride concentration of the boiler water should
be maintined as low as possible, preferably below 1 epm.
The maximum chloride concentration permitted for boilers
of various types is given below:

1. Main propulsion boilers 2 epm max.
(600 psi and lower)
2. Auxiliary boilers 15 epm max.

Whenever the chloride content of o bailer water exceeds
the maximum limit, the excess chloride must be removed by
blowdown or the boiler secured, drained and refilled. It is
better feedwater economy to secure, drain, and refill,
tather than attempting to blowdown a propulsion boiler which
has reached a chloride content of 5.0 epm. provided, of
course, that the contdaminating source has been corrected.

9580.91, FEEDWATER REQUIREMENTS

Feedwater and feedwater components normally are
tested for chloride, hardness, and dissolved oxygen.
Dissolved oxygen is determined only by ships having
degemating feed tanks.

The following requirements must be observed in the
case of feedwater, being deviated from only in emergencies.
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Requirements
Chloride - 0.065 epm max.
Chloride - 0,25 epm max.
Hardness - 0.20 epm max.
Chleride - 0.25 epm max.
Hardness - 0.20 epm max.
Chloride - 0.05 epm max.
Chleride - 0.15 epm max.
Hardress - 0.20 epm max.
Dissolved oxygen-
0.02 ppm mex (DFT's only)

Feedwater Component
Evaporator Distillate
Resetve feed tanks

Makeup feedwater

Condensate
Feedwater
{Deaerating feed tanks
and surge tanks)

9560.92. SHORE SOURCE FEEDWATER AND STEAM
REQUIREMENTS

Each shipment of shore source feedwater (**rainmaker, !
shore steam condensate or commercial), shall be accompa-
nied by a centificate of analysis showing that the water
meets the tequirements :listed below. Share steam employed
s a steam blanket on an idle boiler or as superheater pro-
tection steam during boller light-off shall meet these tequire-
ments.

Constituent or Property Requirements

pH 5.0-9.0

Dissolved Solids 10 ppm max.
Conductivity 25 micromhos/cm max.
Dissolved Sikica 0.2 ppm max.
Hardness 0.1 epm max.

Each shipment of shore source feedwater shall be
sampled and tested prior to acceptance for agreement with
the following requirements:

Constituent or Property
Hardness
Alkalinity

Requirements

0.1 epm max.

Colorless to phenclphthal-
ein, green to methyl
purple

The hardness test shall be performed in accordance
with article 9560.108. The alkalinity shall be determined
as follows:

1. Measure approximately 5) ml of feedwater
sample with a clem qraduated cylinder.

2, Pour the 50 ml sample into a clean casserole
and add 4 drops of phenolphthalein indicator.

3. Stir and observe any color development. The
samole should remain colorless.

4. Rinse the casserole with distilled water.

5. Measure a second 50 ml sample of the feedwater
and pour into the clean cassetole.

6. Add 4 drops of methyl purple indicator, stir and
observe the color of the sample.

7. The color of the sample should be green.

The collection of drains for use as feedwoter, when
using shore steam, is prohibited.

95560.93. ADDITIONAL FEEDWATER REQUIREMENTS
Shore water should not be used except in case of emer-

gency. Before use, it must be distilled in the ships evap-

orators. Shore water should be low in hardness and chloride.

In addition it should be neutral, green to methyl purple and

colorless to phenoiphthalein (Consult article 9560.43).
Evaporator coil drains are to be tested when starting

the evaporator plant.
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Figure 560-11. Boiler water testing cabinet.

9560,94, SAMPLING BCILER WATER

The boiler water samples should be representative of the
boiler water in the boiler. To accomplish this, the sampie
flow should pass through a semple cooler so that the sample
collected is cooled to less than 1000 F., preferobly to 800 F,
{a thermometer should be used). “The first step is o initiate
coolant flow through cooler. "This is an important safety
step. Sample valves before the cooler are then opened full.
The sample valve after the cocler is opened until, on o
steaming boiler, the sample flow flashes to steam. The
ceoler cutlet sample valve is throttled until the sample flow
is at the proper temperature. The sample container, ideally
a quart plastic container with a screw cap (see article 9560,
116), is rinsed three times with small portions of the sample
flow. "The sample container is then completely filled with
boiler water sample and capped. The sample should be
subjected to testing within cne-half hour after collecting.
The sample should be protected against cantamination
through undue exposure to air of particles dropping into the
sample by tightly stoppering the bettle.

9560.95, SAMPLING FEEDWATER

All feedwater samples except feedwater dissolved oxygen
samples shail be collected in clean plastic bottles with caps.
“The sampling connection or apparatus shall be flushed with
the sample flow so as to aid in obtaining a representative
sample. Hot samples must be cooled to less than 10(° F,
prior to testing (a thermometer should be used).
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9560.96. COLLECTING DISSOLVED OXYGEMN SAMPLES
FROM DEAERATING FEED TANK

The dissolved oxygen sampiing connection should be
lorated on the side of the vertical section of the DFT out-
let to the main feed booster pump upstrean of any branches
to other pumps in the feedwater system. ‘The sampling
lines, valves and coolers shall be installed in accordance
with BUSHIPS (NAVSHIPS) Mechanical ‘Standerd Dwg. #810-
1385735-B. Attach a short length of black neoprene rubber
tubing, provided in the testing cabinet, to the outlet nipple
of the sample line. Insert into the rubber tubing a length
of gloss tubing. With the cooling water secured in such a
monner that shell pressure developed on the coolant side
by hot sample flow is relieved, start a flow of sample water
a maximum rate through the cooler or coalers to flush the
sample system. Measure the approximate rate of flaw,
When the sample flow reaches a temperature of 40P F., as
measured by a thefmometer, continue the sample flow for
the length of time corresponding to the flow rate in the
following table:

Flow, ml. per min. Time, minutes
800 5

500 8

400 13

300 20

Upon completfon of the hot flush, start a flow of cooling
water and adjust cooling water and sample flow rate for the
correct conditions depending on which analytical method 1s
employed.
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Method A - Titration

The sample flow rate should be adjusted to 300 mi.
per minute with a sample temperature less than 70° F. as
measured by a thermometet. Insert the glass tubing to the
bottem of a clean sample bottle. Allow the sample to flow
continucusly for seven minutes and keep the pointed glass
stopper wet in water which overflows the sample bottle.
Slowly withdraw the glass tubing without interrupting the
sample flow and drop the glass stopper into the neck of the
bottle immediately, twisting it securely in place. Hold the
stopper securely in place, invert and tap the bottle gently.
If a bubble is present, no matter how small, discard the
sample and collect a new one. Do not confuse an imperfec-
tion in the glass with an air bubble in the sample. The
sample is then treated as is given in article 9560.111.

Method B = Colorimetric

The sample flow rate should be adjusted to 500 ml.
per minute having a temperature at least 70° F. but no more
than 10° F. as measured with a thermometer. Insert the
glass tubing to the bottom of a clean sample bottle. If the
sample flow rate has been adjusted properly, the bottle
should fill in two minutes. Allow the somple bottle to over-
flow for 17 minutes, keeping the sample bottle stopper wet
in the overflow. Slowly withdraw the glass tubing without
intertupting the flow. :Drop the stopper immedidtely Into
the neck of the bottle, Twist the stopper with slight
pressure to secure it. If a bubble is present, no matter how
small, discard the sample and collect a new one. Do not
confuse an imperfection in the glass with an air bubble in
the sample. The sample is then immediately fixed at the
sampling location as given in article 9560.111.

9560.97. EQUIPMENT FOR BOILER WATER TESTS

The equipment required for conducting all but the con-
ductivity test is assembled in the boilerwater testing
cabinet which is illustrated in figure 9560-11. A l-liter
bottle is provided for each of the following three reagents:
nitric acid, mercurie nitrate, and soap solution. Each hot-
tle has a raised or ground mark on the neck which indicates
1 liter (1,000 ml.} so that testing solutions can be made up
directly in the reagent bottles without the necessity for
separate measurement and mixing. A 10-ml. qutomatic-zero
burette and an aspirator bulb for {illing the burette are
fitted into the stopper of each reagent bottle. In filling
burettes, however, care should be taken to ensure that the
delivery tip is filled to the outlet with the reagent liquid.
All titrations must be started at the zero mark. The burette
is designed to drain to the zero mark qutomatically after
filling. The reading of the liquid level in a burette, pipette,
or graduated cylinder should olways be made at the bottom
of the curved surface, called the meniscus. Do not attempt
to remove the burette or bulb from the stopper. If it is nec-
essary to Teplace a broken burette, the stem of the new
burette and the stopper should be thoroughly wet before the
new burette is inserted.

CAUTION: If the stem and stopper are not wet, the stem
will bind in the stopper and may break under the force ap-
plied. Such a treck produces broken glass with dangerously
sharp edges that could cause serious injury to the hands.

Occasionally lubricate the stopcock of each burette
with the grease provided, Excessive grease should be
avoided since it will plug the burette tip and stopcock
bore. Care should be exercised to aveid any [ressure on
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the burette tip, especially when turning the stopcock. The
stopcock can be manipulated best with the left hand. The
thumb and farefinger should encircle the burette nozzle,
with the finger ends on the stopeock handle, the right hand
then is available for stirring. The following equipment also
is included in the cabinet:

Bottle for phenolphthalein indicator.

Bottle for methyl-purple indicator.

Bottle for chieride indicator.

Six stirring rods.

Two porcelain casseroles.

100 ml. and 10 ml. qraduated cylinders.

One B-ounce, square bottle for soap-hardness

b5
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test.
8. One collapsible tube of stopcock grease.
9. Solid stoppers for reagent bottles for use in mixing
testing solutions.
Replacement of any of these items may be obtained
from usual naval sources. For infermation regarding stock
ca:alog numbers, see article 9560.116.
The equipment used in the conductivity test consists
of two elements: (1) A meter containing a compact and accu-
rate Wheatstone Bridge with a cathode-ray tube as a balance
indicatar, and (2) a conductivity cell with two platinized
electrodes. The meter is calibrated in terms of micromhos/
cm and for accurate results must be used with a conductivi-
ty cell of definite cell constant, Infarmation regarding
stock numbers is given in article 9560.116.

9560.98. CARE OF CHEMICAL EQUIPMENT

All chemical equipment must be kept scrupulously clean
1£ relicble results are to be obtained. All burettes should be
full at all times to prevent solutions from drying on the
upper walls and thus alterlng the strength of the reagent in
the buretta. The scap-solution burette can be cleaned with
either distilled water ot ethyl alcohol. Dishes, pipettes, and
graduated cylinders should be kept clean by rinsing in dis-
tllled water and wiping immediately after each use. Fubbing
with the fingers may be required to remove the purple ring
lefs by the chloride indicatar on the side of the casserole,
No chemical glassware or porcelain ware should be c¢leaned
with strong lye or scouring powders. If soap and water will
not clean these properly, a weak acid solutian can be used.
The acid solution must be rnsed out thoroughly with dis-
tilled water.

9580.99. DETERIORATION OF CHEMICALS

Test chemicals are subject to deteriomation due o
stotage at high temperatures and/or old age. Deteriorated
chemicals are not to be used as they will lead to incorrect
test results. To ensure accurate results, all test chemicals
must be stored In areas where tempetatures are preferably
below BOP F hut not exceeding 100° F.  After one year,
test chemicals should be discarded in accordance with
BUSANDA Manual 35041.

To assist in the detection of deteriorated chemicals,
standard solutions have been developed and are available in
the stock system. A list of the standards and the respective
stock numbers is given below:
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Federal Stock
Standords . NHumber
Class a.- Standard alkalinity selution, 1H6810-985-7129
6.0 epm methyl purple
alkalinity

Claoss b.- Standard chloride solution,  1HBB1 0-985-7130
5.0 epm chloride

Closs c.- Standard chloride solution,  1H681 (-985-7131
0.1 epm chloride

Class d.- Standard hardness solution,  1HB810-985-7132
zero hordness

Class e.- Standard hardness solution, 1H5810-985-7133

1.0 epm hardness

Using the applicable standard, check the quality of
the boiler water testing chemicals at least once every 3
months. The standards should be analyzed in accordance
with the methods set forth in this chapter. The analytical
results obtained should be within the following limits:

Stondard Limits

Alkalinity (6.0 epm) 5.4 ~ 6.6 epm
Chlaride (5.0 epm) 4.5 - 55epm
Chloride (0.1 epm) 0.075 - 0.125 epm
Hardness (zero) 0.4 ml titation or less
Hardness (1.0 epm) 0.9-1.1 epm

If the results obtained are not within the specified
lmits, fresh test chemicals should be prepared and check-
ed against the oppropriate standard. If the results still
are not within specified limits, a shipyard chemist should
be contacted at the earliest apportunity for assistonce in
locating the source of the errar.

9560.100. ALKALINITY OF STEAMING BOILERS
The alkalinity of water fram steaming boilers, or idle

boilers that have been steamed, is determined in the fol-
lowing manner:

1. Rinse the clean, 100-ml. groduated cyl inder
with same of the water to be tested.

2. Transfer exactly 50 ml. of sample into the clean
porcelain cassetale which has been rinsed with distil-
led water.

3. Add two or three drops of phenolphthalein indi-
cator, which will give the sample a deep pink color if
the sample is alkaline.

4. Fill the nitric acid burette and allow it to drain
down to zera.

5. Add the reagent acid solution {0.05N) from the
butette while stirring the sample continuously. Add
only a drop ot o time as the color begins to fade until
the pink color entirely disappedrs.

6. Read the busette.

7. The burette reading {in milliliters} equals the
alkalinity of the sample in equivalents per million.
For example, a burette reading of 2.6 milliliters repre-
sents an alkalinity of 2.6 epm.

9560.101. ALKALINITY OF UNSTEAMED BOILERS
The alkalinity of woter from a boiler which has not
been steamed is determined by the following procedure:
Measure 50 ml. of water into the procelain casserole,
taking the precautions outlined above, and add wo drops
of methyl-purple indicator, which will give the solution a
green color if the sample is alkaline. Stir the sample and
simultanecusly odd reagent acid solution (0.05N) until the
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color changes to purple. A gray tint precedes the purple
end point color and serves as o waming of its approach.
As saon as the color of the titrated sample changes from
green b purple, read the burette and record the result.
This color change is quite sharp in clear water, but if the
water is red with suspended iron campounds, as may be
the case with boiler water, a greenish grey color frequently
persists between the green and the purple rendering the
end point indefinite. However, as pointed out in article
9560.%4, all water samples should be free from suspended
matter. 1f turhid water is encountered, it should be dis-
carded for a clear sample. In the event that it is impos-
sible to obtain a sample of clear water, an approximate
walue for the total alkalinity in a boiler water which has
nat yet been steamed can be obtoined by making a phe-
nolphthalein test and multiplying the result obtained by
two, Once a boiler has been steamed, the phenolphthalein
test as prescribed for steaming boilers gives the correct
alkalinity. In case a boiler hos been idle for more than
one week, use the methyl-purple test to check the alka-
linity.

9560, 102. DETERMINATI!ON OF CHLORIDE
Determine the chloride content of the boiler water as
follows:

L Hinse the clean, 100 ml groduated cylinder with
some of the water to be tested.

2. Measure 25 ml of sample and pour into the clean
porcelain casserole that has been rinsed with distilled
water.

3. Add five drops of chloride indicator to the sam-
ple. This will tum the sample red or violet depending
on the alkalinity.

4. Place the casserole under the nitric acid burette,
odd reagent nitric acid one drop at a time until the vio-
let colar changes to a pale yellow and then add exactly
I'ml, excess of reagent nitric acid.

5. Phce the casserale under the mercuric nitrate
burette and fill the burette to the zero point

6. Add reagent mercuric nitrate solution (0.(25N)
from the burette while stirring continuously until the
pale yellow of a sample disappears and a pale blue-
violet color persists throughout the solution. The rate
of mercuric nitrate should be reasonably constant during
the early part of the titration then reduced to drops of
the solution as the end point is approached (blue-violet
color).

7. Read the burette.

8. The burette reading in milliliters equals the
chloride content of the sample in equivalents per
million. For excmple, a burette reading of 5,5 ml,
indicates a chloride concentration of 5,5 epm in the
sample. In case the chloride concentration exceeds 20
epm, it will be more convenient to use a comrespondingly
smaller sample of boiler woter rather than to refill the
burette repeatedly. In such o case, dilute the smaller
sample to 25 ml. in the graduoted cylinder with distil-
led water and mix well. The chloride concentration of
the original sample can then be calculated as follows:

Burette reading (ml.) x 25  =epm of chloride
Volume of solution diluted (ml.)
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For example, if a 5 ml. sample is diluted to 25
ml., and the burette reading is 10 ml., then the chlo-
ride content is calculated os follows:

10ml x25
oml.

=50 epm

9560.103. DETERMINATION OF HARDNESS
Determine the hardness content of the boiler water as

follows:

1. Rinse the clean, 100 ml. graduated cylinder with
some of the water to be tested.

2. Measure 50 ml. of sample and pour into the B-
ounce bottle which has been rinsed with distilled water.

3. Fill the soap burette and allow it to drain down
to zero.

4 From the burette, add 0.4 ml. of soap solution;
stopper the bottle, and shake it vigorously. Lay the
bottle on its side on the bottom of the cabinet and start
a stop watch.

5 If the lather persists and completely covers the
surface of the water for 5 minutes, report ‘‘zero hard-
ness."’

6. If the lather does not persist, add more soap
solution, in 0.1 ml increments; stopper and shake. Loy
the bottle on its side and start a stop watch.

7. Repeat (6) unttl a lather is obtained which com-
pletely covers the surface of the water for 5 minutes.

8. Read the burette.

g, Subtract 0.4 from the burette reading.

I0. The burette reading minus 0.4 tmes 0.2 equals
the hardness of the sample in equivalent parts per
million. For example, if the titration is 0.6, the hard-
ness of the sample is 0.04 epm:

(06-04) X 0.2 = 0.04 epm
The amount of soap solution to be odded under para-
graph six will vary between 0.1 m} and 0.5ml. A few
titrations on waters of different hardness values will aid in
gaging a proper oddition. Too much soap solution should
néver be added.

9560.104., DETERMINATION OF CONDUCTIVITY
L Connect the conductivity meter and the conductivity

cell and warm up the instrument in accordance with the
manufacturer’ s instructions.

2, Add a sufficient quantity of sample solution to a 250
m] bedker so that the air holes of the conductivity cell are
at least %' below the surface of the water.

3. Rinse the conductivity cell with distilled water.

4 Place the cell in the boiler water sample. Move the
cell up and down under the solution several imes o insure
removal of air bubbles inside the cell. Immerse the cell
to a point above the alr vents.

5 Measure the temperature of the solution with a
thetmometer; then set the temperature compensation dial to
the corresponding value.

6. Adjust the conductivity dial until the tuning eye
deflects to the widest angle.

7. Record the conductivity reading on the Boiler Record
Sheet (NAVSHIPS 114).

8. When the conductivity determination is completed,
rinse and store the conductivity cell in distilled water.
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Distillate from shipboard distilling plants {s adequate for
this purpose.

9. If it is necessary to store the cell out of water at
any time, rinse the cell well before it drys. If this is not
done, an insoluble coating may form on the electrodes which
will result in lack of sharpness of the ''eye’’. Sharpness
can frequently be restored by dipping the cell for about two
minutes in 10-15 percent by weight hydrochlorc acid and
then rinsing well with distilled water. The cells should be
replaced if no improvement is noted after this treatment.
Every three months, check the accuracy of the meter and
cell using the standard solution described below for this
purpose.

Class i ~ Standard conductivity solution, FSN 1H 6810-
945-7682, 1400 micranhos/cm.

“The analytical results obtained should be.in the range
of 1300 to 1500 micromhos/cm. If the results are not within
these limits, a shipyard chemist should be contacted ot the
earliest opportunity for assistance in locating and comect-
ing the source of error.

9560.105. FEEDWATER TESTS

Alkdlinity is not determined on feedwater except when
the feedwater constitutes the charge of a freshly filled
boiler or when it consists of shore water used as emer-
gency feed. Methyl purple indicator is used for determining
alkalinity of a freshly filled botler. This test is made anly
to determine the proper Initial boiler-compound dosage.

9560.106. CHLORIDE DETERMINATION
To obtain the chloride content of feedwater in temms of

eom, the chloride test is the same as that cutlined in
article 9560.102 for botler water, except that the sample
size is 100 ml. and the burette reading is divided by four.
For example, if 100 ml. of feedwater requires 2.0 ml. of
mercuric nitrate, the chloride concentration is {2.0 + 4) ar
0.5 epm.

#580.307. HARDNESS DETERMINATION

.The methods for determining and calculating soap hard-
ness in normal feedwater are identical with those cut-
liried for boller water in artcle 9560.103. This methad
should be supplemented as indicated below when the hard-
ness of shore water is being determined since such waters
frequently yleld false end points.

9560.108. ASSURANCE AGAINST FALSE END POINT
When detemmining the hardness of samples in which o
false end point is suspected, follow the procedure below,
Determine the hardness as described in article 9560.103
ad record the amount of soap solution required for the
Sminute lather. Add 0.5 ml. mote soap solution and shake
the bottle vigorously, If the lather persists for 5 minutes,
use the ortginal titration value (milliliters required to form
the first S-minute lather) in calculating soap hardness. 1f
the lather Is destroyed or falls to perslst S minutes, con-
tinue adding soap solutlon in 0.1 ml. increments until a sto-
ble lathet is estahlished Calculate the true hardness from
the total volume of scap consumed by the method given in
article 9560.103. A second false end point will not occur.
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Figure 9560-12. Dissolved oxygen testing cabinet, Method A

9360.109. DISSOLYED OXYGEN TESTING EQUIPMENT
Methad A - Titration
“The cabinet is illustrated in figure 9560-12. The prin-
cipal items In the cabinet are three 400 ml. reagent bottles,
each with a side arm ospirator and a 2 ml. automatic zero
pipette, for manganous suliate, akaline iodide, and sulfuric
ocid solutions; one-liter reagent bottle with an aspirator
and a 10 ml. automatic zero burette for sodium thiosulfate
solution; two sample bottles with conical pointed qlass
stoppers; a hot plate and beaker for preparing starch salu-
tion; and a large casserole for making titrations. The
cabinet also contains glass and rubber sampling tubing,
a bottle of saluble starch, a starch dropping bottle, a ther-
mometer, a spatula, and a tube of lubelcant.
Method B - Colorimetric
"The principal items in this cabinet are the following:

1. Two one-liter sample bottles with ground glass
stoppers

2. (One bottle rack

3. Cne colorimetric comparator

4. Foutr canparson tubes

5. “Three color stondards representing (.02, 0.04,
and 0.06 parts per million {ppm) dissclved oxygen

6. A plan glass disc representing 0,00 ppm dis-
solved oxygen

7. One pdir of scissors

8. One holder for three reagent tubes

9. One two-foat length of 3/8 inch {.d. rubber tuking
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10. ‘Six 10 in. lengths of glass tubing
For informatian regarding stock catalog numbers, see
article 9560.116.

9540.110. CARE OF OXYGEN TESTING EQUIPMENT

General rules for the core of equipment are given in
article 9560.98. Additional precoutions are required for
maintaining oxygen testing equipment in satisfactory work-
ing order.
Method A = Titration

"The manganous sulfate (I) and alkaline lodide (1T) solu-
tions are very concentrated so that a slight evaporation
clogs the discharge tubes of thedr pipettes. The dlkallne
iodide solution, in addition, wilt attack the glass of .its
pipette and cause freezing of the stopcoock if it is allowed
to remain In the pipette for more than 8 hours. These
diffieylties can be avoided if both pipettes are cleaned
promptly after eoch use. To clean the mangonous sulfate
{1) pipette, fill the heaker with distilled water and raise it
slowly onto the tip of the pipette with the stopcock opened,
then lower the bedker and pemnit the stopcock tip to draln.

‘Repedt this operation several times with at least two

changes of water. Perform the same rinsing operation of
the alkaline iodide (IT) pipette with at least two chenges of
distilled water, finally removing the stopcock plug from the
alkaline icdide {II) pipette and allowing.it to remain covered
with distilled water in the beaker until the next use of the
cabinet.
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CAUTION: The dkaline icdide (I} and sul-

furic ocid (II) solutions are very strong,

corrosive reagents. Care should be taken to

avoid spilling elther of these solutions on the

person or the clothing of the operator or in

the cabinet. A further danger is that mixing

these concentrated solutians causes o vio-

lent reaction which results in spattering.

Accidental mixing can be avoided by clearly

marking the 400 ml. reagent bottles from left

to right with 1 {mangancus sulfate), 11 {alko-

line jodide), I (sulfuric acld)., An etched

drcle is provided on each bottle for such

pencilled markings.
Method B ~ Colorimetric

The sample bottles must be kept scrupulously clem o

all imes. The bottles should not be used for anything else
tut collecting dissolved oxygen feedwater samples. If the
ground glass of the stapper or the neck of the bottle becomes
scored, the bottle should be replaced. Dust must not be
allowed to accumulate on the surfaces of the color compare
tor; therefore, the comparatar should only be exposed when
inserting vials for the actual dissolved oxygen deter-
mination. The scissors should be rinsed with water and
dried immediately after use, The vials employed in the
colorimetric comparison should be rinsed with water after
every use. The bottoms of the vials should not be seratched
or mated in ony way. The class B and class C reagents
are strong, corrosive reagents. Care should be tdken to
avoid spilling either of these reagents on the person.

9560.111. FIXING DISSOLYED OXYGEN SAMPLES

The methods for fixing dissolved oxygen samples cal-
lected as prescribed in article 9560,9% are given below:
Method A - Titration

1. 'Replace the plug, which has been stored in water in
the bedker, in the stopcock of the oxygen II pipette, and
close the stopcocks on all three pipettes. Fill each pipette
using the aspirator bulb.

CAUTION: The capacities of the pipettes
are small so that care must be exercised in
filling, or excess reagent will be forced out
of the vent hole. Upon release of pressure,
excess reagent will siphon back into the
tottle. Draln a small amount from each pi-
pette into the 150 ml. beaker so that each
pipette tip is full of reagent without any air
bubbles. Discad the drained reagent and
rinse the beaker. ‘Refill the three pipettes,

2. ‘Remove the stopper from the sampling bottle and
ratse It onto the tip of the oxygen I pipette; open the stop-
cock on the pipette and ollow the contents to drain into the
sample.

3. ‘As the level of the solufion in the pipette drops into
the tip, lower the sample bottle fram the tip of the oxygen [
pipette, and immediotely raise the sample bottle onto the
tip of the oxygen Il pipette, opening that stopcock.

4. Allow the contents of oxygen II pipette to drain
completely. into the sample bottle, lowering the sample
bottle as the liquid level drops in the pipette tip. ‘Replace
the stopper in the sample bottle and clase the stopcocks on
the oxygen I and oxygen II pipettes.
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3. Pour to waste the excess solution around the neck
of the stopper and then, holding the neck of the sample
bottle between two fingers with the thumb on top of the
stopper, swing the sample bottle in o harizontal circle to
mix the contents thoroughly.

6. Allow the sample to-stend until the precipitate set-
tles and the sample is clear above the shoulder of the
boitle.

7. Remove the stopper ond raise the bottle onto the tip
of the oxygen III pipette, opening the stopcock on the
plpette.

8. When the contents of the pipette have drained into
the sample, close the stopcock; replace the stopper; ond
again swirl the sample to mix it thoroughly,

9. When all the precipitate has dissolved and the sample
is clear, it is fixed, and may be exposed to the air.

Method B

1. Prior to collecting sample, cut off the tops of the
tubes, Class A reagent and Class B reagent, and place
them in their respective holes in the reagent holder. Invert
the Class C reagent tube and cut off the bottom. Place
this tube in the reagent holder.

2. Carry the reagent holder containing the reagents to
the sampling location.

3. Immediately upon collection of the sample, proceed
quickly, after removing the stopper from the sample, to in-
vert the Class A reagent over the bottle opening and have
the tube opening about 1/2 inch above the surface of the
water. Squeeze the tube thereby injecting the reagent into
the sample. Quickly add the Class ‘B reugent in the manner.

4. Immedicately drop the glass stopper into the neck of
the bottle. Twist the stopper ta secure and mix the contents
of bottle by swirling in an almost horizontal circle,

5 Let the bottle stand until the precipltate settles
below the shoulder of the bottle,

6. Remove the stopper and quickly add the reagent
‘Class C.

7. Immediately drop the stopper.into the neck of the
bottle. Twist to secure. Mix the contents as before.

B If ot any time, an air bubble {s entrapped in the
bottle up to this point, the sample should be discarded and
a new one collected. Most air bubbles are introduced by
too careful inserflon of the stopper into the neck of the
bottle. Just drop the stopper into the bottle when requited
to do so, giving a slight twist with gentle pressure.

9. When all the precipitate has dissolved and the sample
is clear, it iz fixed, and may be exposed to the air.

9560.112. DISSOLVED OXYGEN DETERMINATION
The fixed sumples of article 9560.111 are determined as
fallows:
Methad A = Colarimetric
Titration must be completed within 15 minutes ofter
fixing and within 30 minutes after the sample has been col-
lected. The temperature of the fixed sample must be below
7GP F. during the titration with sodlum thicsulfate.
1. Fill the burette in the thiosulfate battle using
the aspiratar. .
2. Ploce the iron ring in the holder between the
thiosulfate bottle and the rack for sampling bottles.
3. Place the clean casserole which has been rinsed
with distilled water in the ring beneath the tip of the thio-
sulfate burette,
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4. Pour to waste any liquid from the neck around
the stopper of the sampling bottle; remove the stopper; and
pour the entire contents of the sampling bottle into the
casserole.

5. Add about 10 drops of starch solution from the
dropping bottle to the sample in the casserole. (Note in
article 9560.85 that starch solution must be made up fresh
daily.)

6. If no blue colar appears in the sample at step 5,
record the oxygen value as less than 0.02 ppm.

7. If the solution tums blue, add thiosulfate solu-
tlon fram the burette, drop by drop, stiming continucusly
with a glass rod or length of glass tubing until the blue
color just disappears.

8. Read the bureite and multiply the reading by (.2.
"The resulting fiqure is the dissolved oxygen content of the
sample In parts per millien. Far example:

Burette reading = (L4

0.4 x 0.2 = 0,08 ppm dissolved oxygen
bethod B - Titration

The determination must be completed within 10 minutes
of fixing the sample.

1. Rinse a clean comparison tube with a small
amount of the fixed sample. Discard the tinse. Fill the
tube to mark with the fixed sample.

2. Tum on light switch to the right of the tube
holder.

3. Move comparator forward and insert the comparison
tube in the hdle 1o the left of 0.02 ppm standard.

4. Compare the color of the sample to the color of
0.02 ppm standard colar.

S If the sample is less yellow than the 0.02 ppm
‘stondard, repart less than (.02 ppm.

6. If the color of the somple matches the 0,02 ppm
standard, report (.02 ppm.

7. 1f the color of the sample 1s more yellow than the
(.02 ppm stendard, move the sample tube to obtaln a coler
match or a position between two standard colors,

8. If the color of the sample matches one of the
standards, report the value of the matching standerd.

9. If the color of the sample 15 between two standard
colors, report the average value.

10. If the color of the sample Is mote yellow than
0.06 ppm standard, transfer the sample 1o g graduated
cylinder, add an equal amount of distilled water to the
graduated cylinder, mix and pour bock into the comparison
tube to the mark. Proceed as obove and multiply result by 2.

11. When test is completed, record result in working
log, switch off light, rinse all glassware with distilled
water, store the equipment and close comparator.

9560.113. INTERPRETATION OF RESULT

Deaerating feed tanks are guaranteed by their manufac-
turers to reduce the dissolved cxygen concentrations of
feedwater to less than 0.014 ppm. A result greater than
0.02 ppm of dissolved oxygen is evidence of malfunctioninn
of the deaerator, the source of which should be sought and
corrected. Despite the fact that normal results on a well-
run ship will be 0.02 ppm or less on successive days, there
should be no relaxation of the several precauticns enumer-
ated in foregoing articles and daily dissolved oxygen
determination should not be cmitted.

9540.114. BLOWDOWN

Blowdown is one of the most neglected treatments in
shipboard service. Since it represents an apparent waste
of water, personnel are prone to minimize blowdown and 1o
permit solid concentration. This lack of blowdown is pri-
marily responsible for failures from baked sludge. Blow-
down points are shown in figure G560-13.

Inasmuch as the conductivity test is the guide to blow-
down, it only measures the amount of ionized dissolved
solids in the boiler water. [t does not indicate the presence
of such corrosion sludges as iron oxide. Consequently,
some blowdown must be given even if the conductivity is
low. At the present time, it is required that the boiler be
given a 10-percent surface blew daily, This daily surface
blow should keep the chloride and other dissolved solids
in check. I{it does not, apply extra surface blows to keep
the conductivity and chloride below the limit.

The procedure for calculating the amount of water
employed in performing blowdown is as follows;

1. Just prior to the blowdown with the boiler
steaming at normal water level, obtain a bailer water samplie.

2. Determine and record the conductivity result of
this first boiler water sample.

3. Perform the blowdown procedure.

‘4. Collect a second boiler water sample after the
boiler has been steaming for 30 minutes at normal water
level.

5. Determine and record the conductivity result of
the secand boiler water sample.

6. Calculate the percent {%) blowdown by substitu-
tion of the respective conductivities in the following:

(Before blowdown conductivity - After blowdown conductivity)

X 100 = % Blowdown

Before blowdown conductivity

For example:

Assume that the conductivity before blowdown = 900 micromhos/cm
Assume that the conductivity after blowdown = 810 micromhos/cm
Then the percent blowdown is found by substituting in the formule given in step #6 above

900 - 810

Chapter 3560

90 X 100
X100= —
900 900

= 10% blowdown
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In addition to the daily surface blows, the boilers must
be given periodic bottom blows to remove solids which
have settled out of the water. Blowdown should be applied
before adding treating chemicals rathet than after adding
treating chemicals. Bottom blows dlso should be applied
each tme the boiler is secured and whenever the boiler
water is turhid.

The methods for applying blowdown and the recommended
uses are given in articles 9510.361-.365.

9560.115. TEST RECORDS - WATER TREATMENT
LOGS FOR FEEDWATER AND FOR BOILER
WATER OF 400 PSI BOILERS AND BELOW

1. For Feedwater: Feedwater logs (NAVSHIPS 956G/4)
cre provided for feedwater.

2. Fer boiler water of 600 psi bollers and below:
Boller water treatment logs ~ NAVY BOILER COMPOUND
(NAVSHIPS 9550/1) are provided for boiler water tests of
600 pel bollers ond below.

Ships should prepare such additicnal test sheets as are
necessary for entering the results of other tests. See
article 9560.4 for availability of forms.

9540.114. STOCK INFORMATION FOR WATER TREAT-
MENT CHEMICALS, TEST CHEMICALS AND
EQUIPMENT

1. ‘Navy Bojler Compound, Specification MIL-B~3242,
0 1b. drum, FSN 6850~-255~-04 8.

2. 'Boiler water testing outfit Specification No. MIL~
W-16642 distributed fram Naval Supply Centets, Norfolk and
Ook land.

6640-372-0839 - Complete outfit includes the following
standard stock items (individual items may be requisi-
toned separately):

1 Tube, collapsible, stopcock 9150-273-2406
lubricant

3 Aspirator-bulb assemblies for 6640-291-1162
tilling burettes

1 Dropper bottle “TK* 60 ml. for  6640-264-8307
methyl-putple indicator

1 Dropper bottle **TK" 60ml. foe  6640-264-8308
phenolphthalein indicator

1 Dropper bottle #TK" 60 ml. for  6640-264-8306
chloride indicator

1 Bottle, 8 oz, square for hardness 81251790136
test -

1 Reagent bottle, 1-1. fer nitric 8125-253-2495
acid solution

1 Reagent bottle, 1-1. fer mercuric  B125-253-2498
nitrate

1 Reagent hottle, 1-1. for scap 8125-253-2497
solution

3 Burettes, automatic-zero, 10 ml.  6640-264-6351
capacity

1 Cabinet 6640-292-3679

1 Casserole, parcelain, white 6640-271-1398

1 Cylinder, 10 ml. capacity, 6640-264-8302
graduated

1 Cylinder, 100 ml. capadty, 6640-264-8303
graduated

6 Rods, stirring, glass, 7 in long,  6640-290-01%4

3/16 in. diameter
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‘3. 'Heagents-Boiler water testing, Specification No.
MIL-C-15000:

Nitric acid solution, 1.0 normal, 6810-270-9978
1-qt. bottle
Mercuric nitrate solution, 0.5 normal 6810-2814163
1qt. bottle
Stock soap solution, 0.7 nommal, 6810-252-1345
l-qt. bottle
Methyl-purple indicator, 4-ounce 6810-616-9185
bottle
Phenolphthalein (indicater), 1-oz.  6810-134-0000
bottle
Chloride indicator, 12 capsules  HAG6810-753-4907
Ethyl alcohol, ACS, 1-gal. can 6810-264-6507
(For preparing soap, phenolphthal-
ein and chieride indicator
solutions)
Isopropyl alcohol, ACS, l-gal. 6810-227-0410
(For preparing chloride
indicator}

4 A. = Method A. [issolved oxygen testing outfit Spec-
ification No. MIl ~T-20641 distributed from Noval Supply
Centers, Norfolk and Qaklond.

6640-372-0840 - Camplete outfit includes the following
standard stock items (individual items may be requisitioned

separately):
1 Tube, callapsaible, stopcock 9]150-273-2406
lubricant
1 Electric heater unit, ring-type 6640-290-4404
(hot plate)
4% ft. rubber tubing 4720-169-9718

1 Aspirator-bulb-assembly for filling 6640-291-1162
hurettes

3 Aspirator-bulb-assemblies for 6640-291-8076
filling pipettes
1 Beaker, Griffin, 150 ml. 6640-254-8313

1 Dropper bottle for starch-indicater  8§125-179-0142

2 Sampling bottles, 300 ml. 8125-179-0143
3 Reagent bottles, 400 mL. 81252858489
1 Reagent bottle, 1000 ml. 812524849010
1 Burette, 10 ml. capacity 6640-264-6951
1 Metal cahinet 6640-292-3676
1 Casserole, porcelain, 500 ml. 6640-271-1397
3 Pipettes, 2 ml. capacity 6640-290-4407

1 Spatula, loboratary, steel, nickel- 6640-174-1967
plated
6 Lengths tubing, glass 6640-245-7130
‘4.B. - Method B. Dissolved oxygen testing outfit spec-
ification MIL.-T-24209(SHIPS} distributed from Naval
Supply Centers, Norfolk, Oakland, end Long Beach.
60850-985-2988 -~ Complete outfit
5.A. « Method'A. Redagents fcf Method A dissolved
oxygen testing specification No. MIL-C-20640.
Manganese sulfate solution 1-qt. 6810-290-3842
bottle, (solution [}
Alkaline potassium-jodide solution, 6810-290-3843
1-qt. bottle (solutjon II}

Sulfuric acid solution, 1-qt. bottle 6810-290-3836
(sclution III)
Sodium thiosulfate solution, 0,15 6810-70-5553
normal, 1<qt. bottle
Soluble starch, 1-oz bottle 6810-818-1813
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5.B. - Method B. 'Reagents for Method B dissolved
oxygen testing specification No. MIL-C-24208(SHIPS).

Class A - Manganous sulfate 6810-926-9136
teagent, box of 12 tubes

Class B ~ Sedium Hydroxide 6810-926-9137
reagent, box of 12 tubes

Class C ~ Sulfamic Acid - Ortho-  6810-926-9138

tolidine reagent, box of 12
tubes
6. Conductivity Testing Equipment.
Solubridge, specific canductance, IPB625-620-4539
50-8000 micromhos/cm

Dip-type conductivity cell, cell  IP5630-620-4540
constant of 2.0

Beaker, plastic (Griffin style), 9L6640-720-2755
250 ml

Thermemeter, metal, dial type 6685-290-5533
(0~2200F)

Class i standard conductivity 6810-945-7682

soluticn {1400 micromhos per cm)
7. Sample Bottles,
Polyethylene hottle, 1-qt., screw
cap

8125-326-5479

Part § - Water Treatment - 1200 psi Boilers

$560.131. NATURE OF TREATMENT

It is necessary o control the quality of the boiler water
in 1,200 psi boilers within narrower limits than can be main-
tained with Navy Boiler Compound. For such closer control,
two chemicals, disodium phosphate, and caustic soda
(sodium hydroxide), have been substituted for boiler com-
pound to pravide independent control of pH (Instead of alka-
linity) and phosphate {instead of hardness). Treatment
consists simply in adding either chemical in small increments
as necessary to keep the proper balonce of pH and phos-
phate. For closer control of the dissolved solids in the
boiler water, an electrical canductivity method is used to
determine the need for blowdown. The methed of mixing and
adding chemicals, testing for chloride and blowing down
are essentially the same as on other naval vessels, The
tests for alkalinity and hardness are no longer required
for boiler water, but hardness still is required for feed-
water.

NOTE.~The following articles of this chapter do not
apply to boilers treated in this manner:

95%60.71. Nature of Navy Boiler Compound.
9560.87 Alkalinity and Hardness limits.
956 0.72. Determination of Dosage.
9560.73. Use of Charts.

9560.74. Boiler-Water Hardness.

9560.88 Alkalinity of Idle Boilers.
9560.100 Alkalinity of Steaming Boilers.
8560.101 Alkalinity of Unsteamed Boilers.
9560.103 Determination of Hardness.

95560.132, CHEMICAL TREATMENT OF BOILER WATER
1. Determination of dosage to o freshly filled boiler.
The amounts of disodium phosphate and caustic soda needed

to raise the phosphate content and pH walue of the boiler
water approxdmately to the specified upper limits are shown
in wble IV.
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Table ¥
Low Phosphate Treotment

Gallons Untreatad Qunces Disodium  Ounces Coustic

Water Added Phosphats To Be Sedo Te Be
Added Added
100 0.5 1
500 2.5 5
1000 5.0 10
1500 7.5 15
2000 10.0 20

2. Dstermination of desage to a stecming boiler. Add
disodium phosphate or caustic soda as required to maintain
the phosphate cantent and pH value of the boiler water with-
in the specified ranges. The amount of disodlum phosphate
needed to raise the phosphate content to 25 p.p.m. may be
estimated by use of fiqure 95650-14. For example, to ralse
the phosphate content fram 8 p.p.m. to 25 p.p.m. draw a
horizantal line from 8 p.p.m. on the vertical scale. Draw a
vertical line down from where it intersects the disodium
phosphate line. Read the amount of phosphate o be odded
at the point where the vertical line intersects the horizontal
scale. In this example, approximately three and one-half
ounces of disodium phosphate are needed for each 1,000
gallons of water in the boiler.

To determine the amount of ctustic soda needed to main-
tained the pH of the boeiler water within Umits, fiqure 9560-
15 should be used. For example, to ruise the pH of the
bailer water from 10.2 to 11.0, draw a harizontal line from
10.2 on the vertical scale. Draw a vertical line down fram
where it Intersects the caustlc sada line. Read the amount
of coustic soda to be added at the point where the vertical
line intersects the horizontal scale. In this example,
approximately six and one-quarter ounces of caustic soda
are needed for each 1000 gallons of water in the hoiler.

3. Addition of chemicals to the boller. Completely
dissolve the disodium phosphate in several gallons of hot
water and feed the solution to the boiler. Completely dis-
solve the caustic soda in several qollons of cold water be-
fore adding to the boiler. Care shall be taken to ensure the
following;

a. the chemical treatment is not lost in the bilge
b. the chemical treatment is fed to the boiler
Tequiring the treatment
c. the treatment tank and lines are well flushed
CAUTION: Avoid contact of caustic solution with
skin or eyes. In case of contact, rinse quickly and
thoroughly with cold water and report to sick bay.

9560.13). FREQUERCY OF BOILER WATER TESTING

The boller water will be sampled and tested for pH
value, phasphate content, chloride content and conductivity
as listed below. Sample the boiler water from the water
drum through a cooler capable of reducing the temperoture
to 100° F. or less. The boiler water will be retested for pH
value, phosphate content, chloride content and conductivity
one-half hour after blow-down and one hour ofter addition of
chemicals.

1. Sample and test freshly filled bailers hourly until
proper water conditions have been estgblished.
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Figure 9650-14. Cunces of treatment per 1000 qallens to
raise the pH value to 11.0.
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Figure 9560-15. Qunces of treatment per 1,000 qollons to
raise phosphote content to 25 ppm.

2. Sample and test normal steaming bailers daily and
after any water treatment (chemical addition or blowdown).

3. Sample and test idle boilers weekly, after any water
tredtment and prior to light-off.

4. In case of sea-water contamination ar cther instances
of impraper water cenditions in steaming boilers, sample and
test hourly, while adjusting conditions until they are within
the specified limits.
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9560.134. FREQUENCY OF BOILER FEEDWATER TESTS
The testing of toiler feedwater is the same cs described
in article 956 0.77.

9560.135. BOILER WATER CONDIT{ONS TO BE

MAINT AINED
Constituent or property: Requirements
pH 10.4 10 11.0
Phosphate 10 to 25 ppm
Chloride 2 epm. max.
Canductivity 700 micromhos/
cm. max.

NCTE.—Soap hardness will ke zero if the phosphate is
in the range specified.

{t should be pointed out that the chloride and conduc-
tivity values given above are maximum and not required
values. In practice, it is possible to keep the pH and phos-
phate content of the boiler water within limits while main-
taining the conductivity and chlaride content of the boilet
water well below maximum values. The best way to ensure
that low dissolved solids are being carried in the boiler
water is to maintain the chloride content as low as possible,
preferably below | epm.

To ensure that an adequote phosphate reserve always is
present in the hoiler water, the phosphate content should be
kept near the upper limit at all times. Wherever it is
necessary to add treating chemicals to the boiler water, a
sufficient quantity should be added to bring the constituents
{eH or phosphate) to the upper limits. If the phosphate
content of the boiler water drops below 10 ppm on two con-
secutive days, the boiler water should be sampled and tested
at least once per watch until the source of contamination is
located and Eorrected. Prior to securing a boiler for
bottom blowdown, tle boiler water should be chemically
treated to bring conditions to a pH of 11.0 and a phosphate
concentration of 25 ppm.

95560.136. FEEDWATER CONDITIONS TO BE
MAINTAINED
The feedwater conditions to be maintained are the same
as those described in articles 9560.51 and 9560.92.

9560.137. PREPARATION OF REAGENTS FROM STOCK
SOLUTIDNS

1. Dilute stannous chloride reagent (to be prepared
daily). Remave the cap from the vial of cancentrated stan-
nous chloride and insert the 0.5 ml. pipette. Wash the empty
vial with distilled water and measure into it 0.5 m} of the
concentrated stannous chloride solution, using the 0.5 ml
marked pipette, Fill the vial to the shoulder with distilled
water and mix well by shaking the vial with its stopper in
place.

CAUTICN: Diluted stannous chlotide reagent will
deteriorate rapidly and will give erroneoustesults if it is
not prepared daily. Discard the diluted sclution when it
18 older than 24 hours or when it becomes turbid and
prepare fresh reagent. The concentrated stannous
chloride contains an acid so that it should be handled to
prevent spilling on clothing or skin. Spilled reagent
should be neutralized with sodium bicarbonate and
flushed with water. The vials of dilute and concentrated
stennous chleride should be kept stoppered. The
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pipettes should be replaced when the rubber bulb becomes

brittle.

2. Instructions for preparation of other reagents required
are given in articles 9560,78 through 9560.85.

9560.138 SAMPLING
The sampling instructions are the same as those de-
scribed in articles 9500.%4 through 9560,96.

9560.139. METHODS OF ANALYSIS-BOILERWATER
TESTS

1. General Test Procedures,

a. Boiler water is tested for pH value and phosphate
content using the Taylor comparator kit, (The kit con-
tains plastic components which are reasonably durable;
however, they may warp or deteriorate if not properly
cared for. Water or other liquids should not be allowed
to stand on them nor should they be exposed to heat for
prolonged periods. When liquids are spilled on the plastic
components, they should be dried promptiy.}

b. The chloride determination is made using the
boiler water testing cabinet and test procedures
described in article 9560.102,

c. Conductivity is determined with o Solu-Bridge,
commercial device manufactured by Industrial Instru-
ments, Inc. Each Solu-Rridge is calibrated in sucha
way that it must be used with a conductivity cell of a
definite cell constant. It is important tc always remem-
ber that for acourate results, ¢ Solu-Bridge con be used
only with a cell of the correct constant. The cell contains
two electrodes plated with platinum black, the surfaces
of which should not be scraped or handled at any time.
When the cell is not in use, it should be stored in dis-
tilled water.

2. pH Determination. This test is madeusing the
Taylor pH slide comparator, pH range of 10.0 to 11.6 and
acyl red indicator provided with the Taylor kit. The com-
mercial Taylor pH slide comparator must be modified to
make it suitable for use with Navy boiler water. Revise the
pH soale on the comparator by adding 0.2 pH unit to each
reading. {For example, the pH reading 10.0 should be re-
vised to read 10,2, This should be done by completely oblit-
erating the present value and durably inscribing the cotrect
value directly on the comparator.) Also, the acyl red indi-
cator deteriorates after being expased to air for &6 months,
therefore, it should be discarded 6 months atter it is opened.
The expiration date sheuld be recorded directly on the
bottle. The test procedure is as follows:

a. Carefully filter the water to be tested, using the
folded filter paper and plastic funnel to remove all
sludge, scale and other suspended solids which will
interfere with the test. Sufficient water should be
filtered to conduct both the pH and phosphate tests.
Collect the filtered water in the graduated cylinder or a
clean sample bottle,

b. Rinse three test tubes with o small portion of the
filtered boiler water sample.

c. Then, fill three test tubes to the 5 ml. mark with
the filtered water to be tested and place them in the
holes back of the three slots in the base.

d. To the middle tube «¢dd 0.5 ml. ofacyl red pH in-
dicator solution by means of the 0.5 ml. pipette and
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nipple and mix thoroughly. The 0.5 ml. pipette (dropper}

contains 0.5 ml. of solution when filled to the mark,

e. Place the acyl red pH slide on the base and the
base on the shelf of the lamp. With the lamp switch on,
move the slide in front of the test samples until o match
is obtained. Read the pH directly from values on the
slide. If, however, the color of the sample does not
match either of two standards but lies between the colors
of two consecutive standards, th pH is taken as the
average of the two.

3. Phosphate Determination. This test is made using
the Taylor low phosphate slide comparator, range from 0 to
25 ppm phosphate, according to the following instructions:

a. Wash one of the mixing tubes with the filtered
sample to be tested {see pH Determination) and fill to
the lower mark (10 m}.) of the tube. Carefully add
molybdate reagent to the second mark (14 ml, }, stopper,
and mix well. Add exactly 1 ml. (twice volume contained
in a pipette filled to the mark) of diluted stannous
chloride solution, stopper, and again mix well. A blue
color will form. Wait a full minute before camparing with
the standord but complete the phosphate determination
within the five minutes or the color will fade, making a
color match difficult.

b. Rinse a 5 ml.test tube with a small amount of the
blue solution.

c. Then fill the 5 ml. test tube with the blue solu-
tion and place it in the middle hale of the comparator
base. Fill two other 5 mi. test tubes with the filtered,
but untreated, boiler water and place them in the re-
maining holes hack of the slots of the comparator base.

d. Place the phosphate slide on the lnse and place
the base on the shelf of the lamp. With the lamp on,
move the slide in front of the test samples until a color
maich is obtained. Be sure the artow on the slide is
directly in line with the arrow on the base. The phos-
phate value is then read off directly from the values on
the slide. If the color does not match either of two
standards but lies between them, the phosphate is taken
as the average of the two.

e. If the color of the sample is darker than the
darkest standard on the slide, repeat the test using a
diluted solution consisting of one half filtered boiler
water and one half distilled water. Multiply the compara-
tor value by two to obtain the phasphate content of the
original bailer water.

CAUTION: Molybdate reagent is a streng acid and
should be handled like the stannous chloride reagent.

4. Conductivity Determination. Some as described in
article 9560.104.

5. Chloride Determination. Same as described in article
9560.102,

9560.140. FEEDWATER TESTS
Same as described in articles 9560.105 through 9560.112.
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9550.141, DETERIORATION OF CHEMICALS

The acyl red pH indicator and the concentrated stannous
chloride solutions, used in the preceding tests, are subject
to deterioration when repeatedly exposed to air and high
tempemature. For accurate test results, the containers of
these chemicals should be closed immedijately after use and
stored in areas where temperatures are preferably below
80° F. but not above 100° F. After 6 months, the acyl
red and concentrated stannous chloride solutions should
be discorded in accordance with BUSANDA Manual 35041.
To assist in determining when these two solutions have
deterioroted, standards are available in the stock system.
These standards and the respective stock numbers are
given below:

Federal Stock

Standords Number
Class q - Standard lew phosphate 1H6810-985-7135
solution, 15 ppm phosphate
Class h - pH standard, buffer 1H66810-985-7128

tablets or powders, pH -
10.8
Using the applicable standard, check the quality of the

boiler water testing chemicals at least once every 3 months.

The standards should be analyzed in acoordance with the
methods set forth in this chapter. The analytical results
should be within the following limits:

Standard Limits
Low phosphate (15 ppm) 10 - 20 ppm
pH 10.8* 16.8-11.2

* The standard pH solution should carrespond to a value
of 11.0 on the ships’ corrected pH slides.

If the results obtained are not within the specified limits,
fresh test chemicals should be used and checked against the
appropriate standard. If the results still are not within
specified limits, a shipyard chemist should be contacted at
the earliest opportunity for assistance in locating the source
of the error.

Other test chemicils should be checked for deterioration
as stated in article 9560,99,

9560.142 BOILER WATER BLOWDOWN
Same as described in article 9560.118.

7560.143. TEST RECORDS - WATER TREATMENT LOGS
FOR FEEDWATER AND FOR BOILER WATER
OF 1200 PSI BOILERS

I. For Feedwater: Feedwater logs (NAVSHIPS 9550/4)
are provided for feedwater.

2. For boiler water of 1200 psi boilers: Boiler water
treatment: Logs - {.ow phosphate treatment (NAVSHIPS
9560/3) are provided for boiler water tests of 1200 psi
boilers.

Ships should prepare such adéltional test sheets as are
necessary for entering the results of other tests. See
article 9560. 4 for availability of forms.

9560.144. STOCK INFORMATION

The disodium phosphate required, purchased under
Federal Specification O-3-639, is available in the standard
Navy stock system under FSN 6810-584-4298 in 25-pound
drums. {This chemical is also known as dibasic sodium-
phosphate, anhydrous, technical grade; or disodium mono-

W. A. Taylor Co. Boiler Water Slide Comparator Qutfit for 1200 psi Ships Taylor Cotalog
He.

1 —Complete Kit (Model P) 1106
(Contains all equipment for low phosphate determination, except Dalite Lamp)

1 —pH color standard slide, Acyl Red, pH {10.0-11.6} 1000-P
(Contains pH slide comparator, vial of indicator solution and 0.5 ml pipette)

1 — Midget Dafite Lamp 1070

Replacement Farts for above Kits:

1 — Bulb, electric, spedial, 40W, 110v. 506

1 — Bottle, 16 oz., plastic, dispensing assembly 4B6A

1 — Test tube, 5ml 500

1 —Vial, 2/3 oz. Reagent, empty, with 0.5 ml pipette 5024

1 — Filter paper, No. 5, 9.0 cm. 518

1 — Cleaner, sponge, 7' for mixing tube #516 529A

1 —Mixing tube, low phosphate 516

1 — Color standard, single (give actual slidevalue, name of slideor set) : 503

1 — Dalite lamp glass filter 505

1 — Furmel, 50 mm, plastic 5817

1 — Low phosphate slide only 11058

Low Phosphote and pH Stock Sclutions

1 — Molybdate Reagent, 1 gt. Taylor Code No., 801

1- Stannous Chloride Solution (concentrated), vial, 1/2 oz. Taylor Cede No. 602
1 = Acyl red indicator selution, vial, 1/2 oz. Taylor Code No. 1003P

Faderal S10ck Number

1HA-6810-503-0507
1H-6810-965-2320
1H-6810-965-2321

NOTE: The stannous chloride (concentrated) solution and the Acyl Red Indicatar solution are forwarded quarterly to
each ship requiring them for testing. This is done on an automatic basis by the supplier.

Chapter 9560
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hydrogen phosphats, anhydrous, technical grade.) The
caustic soda, also known as lye or sodium hydrexide, is
purchased under Federal Specification 0-5-598 and is avail-
able under FSN £810-243-4435 in 13-ounce cans, Stock in-
formation an equipment required to conduct the pH and
phosphate tests is given below.

Information on other chemicals and equipment required
is given in article 956G,116,

Part 7 - Water Treatment-Ships with Diatomite Feedwater
Filters

9560,151 REASON FOR SPECIAL INSTRUCTIONS

1. Ships equipped with diatomite feedwater filters
(Republic, Skinner, Hercules or Davis) have different water
conditions from other naval ships. In other ships, sea water
is the only feedwater contaminant. Censequently, the feed-
water is neutral or slightly acid and the chlorde concen-
tration is a good indication of the total dissolved solids
being fed to the boilers. The uniform cemposition of the sea
water contaminant makes it possible simultaneously to con-
tral hardness and alkalinity with Navy Boiler Compeound.
This is nomally a uniform mixture of disodium phosphate,
soda ash, and starch in proper propertions te counteract the
effects of sea salts.

2. The filter aids used in the Diatomite filters on certain
ships add hardness to the feedwater over and above that
introduced as sea salts. If extra boiler compound is added
to contrel this hardness, high boiler water alkalinity results,

9560.152. THEORY OF SPECIAL TREATMENT

The revised treatment overcomes this problem of extraor-
dinary hardness by supplying separate trecting chemicals
rather than a mixture, They include caustic soda (lye)
which increases alkalinity, disodium phesphate which
reduces hardness without increasing alkalinity signifi-
cantly, and com starch which aids in conditioning of
sludges. The coustic soda is added on the basis of the
present alkalinity tests to keep the hoiler water between
2.5-3.5epm of alkalinity, The phosphate is added on the
basis of a new colorimetric phosphate test as necessary to
keep 20 to 100 ppm of phosphate in the hoiler water at all
times. Starch is added in proportion to the phosphote.

NOTE:—The following articles of this chapter do not
apply to boilers treated in this manner.
9560.71. Nature of Boiler Compound
9560.72. Detemmination of Dosage
9560.73. Use of Charts
950.74. Boiler Water Hardness
9560.87. Alkalinity and Hardness Limits

9560.153. CHEMICAL TREATMENT OF BOILER WATER
1. Determination of dosage to a freshly filled boiter.™
The amounts of disodium phosphate, comstarch, and caustic
soda needed to raise the phosphate content and alkalinity
approximately to the upper specified limits are shown in

table V.
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TABLE ¥
Trectment For Ships With Diatomite Feedwater Filters

Phosphate - Starch Addition

(allons Qunces Qunces Qunces
Untreated Disodium Cornstarch Caustic
Water Phosphate o be Soda to be
Added to be Added Added Added
100 2 0.5 2
50 10 2.5 10
1000 20 5.0 20
1500 3@ 7.5 30
2000 40 10.0 40

2 Determination of dosage to o steoming boiler, Add
disodium phosphate or caustic soda in increments s
required to maintain the phosphate content and alkalinity
within the specified ranges. A weight of starch equal to 1/4
the weight of phosphate is to be odded with the chosphate.
The amount of disodium phosphate needed to raise the
phosphate content to 100 ppm may be estimated by use of
figure 9560-16. The amount of starch needed con aiso be
estimated from figure 9560-16. For example, to raise the
phosphate content from 15 ppm to 100 ppm, draw a horizon-
tal line from 15 ppm on the vertical scale. Draw vertical
lines from the points where it intersects the starch and di-
sodium phosphate lines. Fead the amounts of starch and
rhosphate needed at the points where the vertical lines in-
tersect the horizontal scole. In this example, about four and
one quarter ounces of starch and 17 ounces of phasphate
are needed for each 1,000 gallons of water in the hoiler.

PPM
PHOSPHATE

1
Q123456 78 9I100RIBMISIET BI920

Figure 9560-16. Cunces of treatment per 1,000 gallons to
raise phosphate to 100 ppm.

To determine the amount of caustic soda needed to main-
tain the alkalinity of the boiler water within limits, figure
9560~17 should be used. For example, to raise the alkalinity
of the boiler water from 2.0 to 3.5, draw a horizontal line
from 2.0 on the vertical scale. Draw a vertical line down
from where it intersects the coustic sodc line, Read the
amount of caustic soda to be added at the point where the
verical line intersects the horizontal scale. In this ex-
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EPM ALKALINITY
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ample, approximately eight and one-half ounces of caustic
soda are nieeded for each 1000 gallons of water in the boiler.

3.5

3.0+

n
2

o1
QUNCES CAUSTIC SODA |

Figure 9560-17. Ounces of treatment per 1000 gailons to
raise the alkalinity content to 3.5 epm.

3. Addition of chemicals to the boiler. Completely dis-
solve the phosphate in several gallons of hot woter and
then stir into it a cold-water paste of the starch. The paste
is prepared by adding o small amount of water to the starch
and mixing well until all the starch is wet. Feed the phos-
phate starch mixture to the boiler. Completely dissolve the
caustic soda in several gallons of cold water.

CAUTICON: Avoid contact of the caustic solution
with skin or eyes. In case of contact, rinse quickly and
thoroughly with cold water and report to sick-bay.

9560.154. FREQUENCY OF TESTS ON BOILER WATER
The boiler water will be sampled and tested for conduc-
tivity, phosphate, chicride, ond alkalinity content in accord-

ance with the procedures and schedule outlined in article

9%60.133.

9580.155. FREQUENCY OF TESTS ON BOILER FEED-
WATER
Same as described in article 9560.77.

9560.156. PREPARATION OF REAGENTS

1. Dilute stannous chloride reagent (to be prepared
daily). Remove the cap from the vial of concentrated stan-
nous chloride and insert the 0.5 ml. pipette. Wash the empty
vial with distilled water and measure intc it 0.5 ml. of the
concentrated stannous chloride reagent, using the 0.5 ml.
pipette. Fill the vial to the shoulders with distilled water
amd mix well by shaking the vial with its stopper in place.

CAUTION: Diluted stannous chleride reagent will de-
teriorate rapidly and will give erroneous results if it is not
prepared daily. Discard the diluted solution when clder than
24 houts or when it become turbid, and prepare fresh reagent.
The concentrated stannous chloride contains an ccid and it
should be handled so as to prevent spilling on clothing or
skin. Spilled reagent should be neutralized with sodium
bicarbonate and flushed with water. The vials of dilute

Chapter 9960

234 56 789101 121314151617 181920

concentrated stannous chloride should be stoppered. The
pipettes should be reploced when the rubber bulb becomes
brittle.

2. Instructions for the preparation of other reagents re-
quired are given in articles 9560.78 through 9560,85.

9560,157. BOILER WATER CONDITIONS TO B8E MAIN-

TAINED
Constituent or property: Requirement
Phosphate 20 to 100 ppm.
Alkalinity, phenolphthalein 2.5t0 3.5epm.
Chloride 2 epm max.
Conductivity 1300 micromhos/cm.
max.

Note. Soap hardness wlll be xerc if the phosphate is in the
range specified.

Priot to securing a boiler for bottom blowdown, chemically

trect the boiler water to bring the alkalinity to 3.5 epm and

the phosphate concentration to 100 ppm. Prior to placing

a replacement feedwater filter on the line, the phosphate

concentration of the bailer water shall be at 100 ppm.

9560.158. FEEDWATER REQUIREMENTS
Same as described in articles 956691 and 9560.92.

9560.159. METHODS OF ANALYSIS FOR BOILER
WATER TESTS

1. General test procedures. The boiler water will be
tested {or conductivity, chleride and alkalinity in accord-
ance with the procedures in articles 9960.100, 9560.102
and 9560.104. The boiler water is tested for phosphate
content using either the Taylor high phosphate comparator
or LaMotte phosphate comparator.

2. Phosphate determination {Taylar-High-Phosphate
5.100 ppm Comparater).

a. Wash one of the mixing tubes with the clear boiler
water to be tested (filter through filter paper if dirty) and
fill to the lower mark {5 ml.) of the tube. Carefully add
molyhdate recgent to the second mark {15 ml.), stopper
and mix well. Add stannous chloride solution to the top
mark (17.5), stopper and again mix well. A blue color
will form. Complete the following steps of the phosphate
determination within the next 5 minutes or the colar
will fade, making a color match difficult.

b. Fill a 5ml. test tube with the blue solution and
place it in the middle hole of the comparator base. Fill
two other 5 ml. test tubes with the clear filtered boiler
water and place them in the remaining holes of the com-
parator base.
¢. Place the phosphate slide on the base and place the

base on the shelf of the lamp. With the lamp on, move the
slide in front of the test samples until a color maten is ob-
tained. Be sure the arrow on the slide is directly in line
with an arrow on the ba~e. The phosphate value is then read
off directly from the values on the slide. If the color does not
match either of two standards, but lies between them, the
phosphate is taken das the average of the two.

d. if the color of the sample is darker than the darkest
standard on the slide, repeat the test using a diluted solu-
tion consisting of one half filtered boiler water and one-
half distilled water. Multiply the comparator value by two
ta obtain the phosphate content of the original boiler water.
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CAUTION: Molybdate reagent is a strong acid and
should be handled like the stannous chloride reagent.

3. Phosphate determination (L aMotte kit).

a. Rinse one of the marked test tubes with clear,
fittered boiler water to be tested.

b. With the 1 ml. qraduated dropper, add 1 wl. of the
clear, tiltered beiler water to the tube.

c. Add distilled water to the mark on the tube {10 ml.).

d. With the 0.5 ml. graduated dropper, add 0.5 ml. of
reagent A (sulfuric acid).

CAUTION: Reagent A is a strong acid, If spilled on
skin or clothing, rinse thoroughly, neutralize with haking sodc
or soda ash and reflush. Contact with eyes causes serious
damage. Flush immediately with water and seek medical aid.

e. Add one tatlet BC (molybdate and reducing agent).
1. Stopper tube and shake it until the tablet dissolves.
g. Place tube in middle hole of comparator next to

the ground glass.
h. Place consecutive standard tubes (for example,

30 and 40 ppm) on either side.

i. View against a daylight lamp and change standards
unti] phosphate value is found.
j. For phosphate concentrations abave 100 ppm, test

a mixture of half boiler water and half distilled wates;

multiply the readings by two.

9560.160. FEEDWATER TESTS
Same as described in articles 956(L105 through 9560.107.

9560.161. DETERIQORATION OF CHEMICALS
The concentrated stannous chloride solution used in the

phosphate test is subject to deterioration upen repeated ex-
posure to air and high temperatures. For accurate test re-
sults, the stannous chloride contciner should be closed
immediately after use and stored in areas where temperatures
are preferably below 80° F. but not above 1009 F. To deter-
mine: whether this chemical is fit for use, the following stand-
ard solution should be used,

Standard Federal Stock Number
Ciass f - Standard high phosphate sotution, 1H6810-985-7134

50 pom phosphate
Using the above standard, check the quality of the stannous
chloride solution at least once every 3 months. The analy-
tical results obtained should be within the following limits.

Standard Limits
High Phosphate (50 ppm} 40 - 60 ppm

I the results are not within the specified limits, fresh

test chemicals should be prepared and checked against the
standard. If the results still ate not within specified limits,
a shipyard chemist should be contacted at the earliest op-
portunity for assistance in locating the source of the erre
Other chemicals should be checked for deterioration as
stated in article 9560.103.

9560.162. BOILER WATER BLOWDOWN
This is the same as described in article 9560,114,

9560.163. SAMPLING

This is the same as described in articles 9560.%4
through 9560.95 or $560.96.
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9560.164. STOCK INFORMATION

a. Test Records - Water Treotment Logs for Fendwater
and for Boiler Water of Ships with Diatomite Feedwater
Filters.

L. For Feedwoter: Feedwater logs (NAVSHIPS 9560/4)
are provided for feedwater.

2. For Boiler Water of ships with diatomite feedwater
filters: Boiler water treatnient logs - High phosphate
treatment (NAVSHIPS 9560/2) ate provided for boiler water
tests for ships with diatomite feedwater filters.

Ships should prepare such additional test sheets as are
necessary for entering the results of other tests. (See
article 9560.4 for availability of forms.)

b. Stock infermation. The disodium phosphate required,
is purchased under Federal Specification 0-5-639 and is
available in the standard Navy stock system under FSN
£610-584-4298 in 25-pound drums. This chemical is also
known as dibosic sodium-phosphate, anhydrous, technical
grade; or disodium monohydrogen phosphate, anhydrous,

technical grade. The required caustic soda, also known as
lye or sedium hydroxide, is purchased under Federai Specifi-

cation P-5-631, and is available under FSN 681 0-243-4435
in 13-ounce cans. The comnstarch is available under SN
6810-656-1041 in 5-pound boxes. Stock information on chemi-
cals and equipment required to conduct the phosphate analy-
sis is given below.
W. A. Taylor Co. Boiler Water Slide Comporator Qutfit for
Ships with Diatomite Filters
1 - Complete Kit (Model P} 1101
(Contains all equipment for high phosphate
determination except Dalite lamp)
1 - Midget Dalite lamp 1070
Replacement parts for foreqoing kit are the
same as under article 9560.144 except as follows:
1 - Mixing tube, high phosphate 515
1 - High phosphate slide only 1100B
High Phosphate Stock Solutions
1 - Stannous Chioride (con- 602
centrated) vial, 1/2 oz.
1 - Molybdate Reagent, 1 qt.
Taylor Code 601
Information on other chemicals and equipment required
is given in article 9560.116.

FSN 1HA-6810-903-0507
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INDEX
Air chambers, 9560.220
in feed water, elimination of, 9560.52
leckage, elimination of, 9360.274
pumps, 9560.274
Alkalinity and hardness limits, 9560.87
determination, 9560,103
excessive, effect of 95580.29
low, effect of, 9560.28
of idle beilers, 9560.88
of steaming boilers, 9560. 100
of unsteamed boilers, §560. 101
Baffles, 9560.226
Baked sludge, 9560.26
Blowdown, 9560.114
Bailer compound, method of adding, 9560.75
nature of, 9560.71
scale, prevention of, 9560.25
Boiler feedwoter, 9560. 14
makeup, 9560.12
tests, frequency of, 9560.77, 9560.134
Boilers, filling, 9560.55
steaming alkalinity of, 9560, 100
unsteamed, alkalinity of, 9560, 101
Bailer scale, prevention of, 9560.25
Boiler water, equipment for testing, 9560.97
Boiler water, chemical treatment of, 9560.132, 9560.153
conditions to be maintained, 9560.86, 9560.135
hardness, 9560.74
methods of analysis, 9560.139, 9560.150
requirements, 9560.88
sampling of, 9560.94
tests, 9560.76, 9560.104, 9560.154
treatment, purpose of, 9560.2
Bottom and surface blows, use of, 9560.114
Carryover, nature of, 9560.33
Charts, use of, 9560.73
Chemical equipment, care of, 3560.99
Chemical treatment of boiler water, 950,132, 9560.153

Chemicals, deterioration of, 9560.99, 9560.141, 9560.151

Chloride contamination, finding source of, 8560.48
determination, 9560, 102, 9560. 106
limits, 9560.90

Chleride indicator, 3560.84

Compounds, methed of adding, 9560.75

Condensate chloride, effect of carryover on, 9560.47
limit, 9560.46
depression, 9560.252
recirculation, 9660.254; 9560.3(2

Conductivity, determination of, 9560. 104

Conductivity limits, 9560.89

Cantamination {chloride), finding souwrce of, 9560.48
salt-water, sources of, 9560.45

Corrosion, process of, 9960.27

Cross connecting lines, 9560.253
mains, 9560.285

Cross-connections prohibited between fresh-water and
salt-water piping, 9560.51

Deaerating feed tank, function of 9560.293; 9560.300;
9560.306; 9560.307
recircuiation from, 9560.303
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Deaeration, process of, 9560.32
Deterioration of chemicals, 3960.99, 9560.141, 9560.161
Dissolved oxygen, effect of, 9560.3)
Dissolved oxygen samples, 9560.95, 956C.111
sources and interval, 9560.77
Dissoived oxygen, sources of, 9560.31
determination of, 950,112, 9560.113
equipment, care of, 95%60. 111
test reagents, 9560.85
Dosage, determination of, 9360.72
Drain accesscories, maintenance of, 9560.248
collecting tank, fresh-water, 9560.248
disposal, 9560.212; 9560.245; 9560.282; 9560.308
Drains, high and low pressure, 9560.247; 9560.309; 9360.310
Drain tank, heating-system, 9560.311
Electrical salinity indicators, 9360.42
Equipment fcr testing boiler water, 9560.97
Evaporator tubes, leaking, 9560.49
Exhaust steam, economical use of, 9560.223
False end peint, assurance against, 9560.108
Feed and filter tank, 9360.214
inspection and cleaning of, 9560.216
Feed hooster pump, 9560.243
Feed heaters, 9560.244
heater, second stage, 9560.260
Feed pumps, emergency, 9560.258; 9360.259
main and booster, operation of 9360,257
Feed systems cleaning of, 9560.315
general arrangement, 9560.211
pressure closed, 9550.291; 9560.292
semienclosed, 9560.241; 9560.242
types of, 9560.202
vacuum closed, 9560.271; 9560.272
Feed tank temperature, 9560.217
water level in, 9560.218
Feedwater
elimination of air in, 9560.52
elimination of oi} and grease in, 9560.53
heater, 9560.219
limits on makeup, 9560.54
protection of, 9560.44
requirements, 9560.91
sampling of, 8560,95
testing reagents, 9560.80-9560.83
tests, 9560.105, 9560.140
transter of, 9560.305
Filling boilers, 9560.55
Filtering material, 9560.215
Fresh water drain collecting tank, 9560.284
Fuel oil heater drains, 9560.283
(Grease extractors, 9560.232
Hardness, determination of, 8560.103, 9560. 107
of boiler water, 9560.74
Heaters, cleaning of, 9560.231
general features of operation, 9560.224
test of, 9560.230
tightness of, 9560.222
types of, 9560.221
water seal in, 9560.225
Leaking evaporatar tubes, 9560.4%
Main and booster feed pumps, operation of, 9560. 257
Makeup feed, 9560.250; 9560.279; 9560.304
Makeup feed, avoiding excessive, 9560.54
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Mercuric nitrate, reagent, 96C.80
Methyl-purple indicator, 9560.83
Nitric acid, reagent, 9560.79
0il and qrease in feed water, elimination of, 9560.53
Oxygen-testing equipment, care of, 9560.110
Phenolphtalein indicator, 9560.82
Pump recirculation, 9560.25%
Raising vacuum, 9560.251; 9560.278; 9560.30L
Reagents, feed water testing, 9560.80-9360.83
Reagents, preparation of, 9560.78, 9560.156
Reagents, preparation of from stock solutions, 9560.137
Recirculating values, thermostaticatly controlled, 9560.255
Recirculation, 9560.286
Relief valves, 9550.229
Salinity indicators, electrical, 9560.42
Salt-water contamination, sources of, 9360.45
Samples, temperature of, 9560.95, 9560.96
Scale, effects of, 9560.23
formation, process of, 9560.22
Scale-forming salts, 9560.24
Scale, prevention of, 9560.25
Sea water distillate, nature of, 9560.41
Shore water, undesirability of, 9560.43
Sludge, 9560.26
Soap solution, reagent, 9560.81
Sodium thiosulfate reagent, 9560.85.1
Solutions for preparation af reagents, 9560.78
Starch indicator, 9560.85.2
Steam flow, decerating feed tank, 9560.296
Stock numbers of test equipment, 9560.116
Suction lines in bilges, leaking, 9560.50
Surface and bottom blows, use of, 9560.114
Surge tank, 9560.249; 9560.273
by-passing, 9560.276
excess feed, 9560.280
level, fluctuation in, 9560.281
under atmes pheric pressure, operation of, 9560.275;
9560.277
Test equipment, stock numbers of, 9560.116
Test records, 9560.4, 9560. 115, 9560.143, 9560. 164
Tube leoks, 9560.228
Units far reporting water analyses, 9560.3
Vocuum closed feed system, 9560.271; 9560.272
raising, 9560.251; 9560.278; 9560.301
Venting, 9560.227; 9560.297
Water analysis, units for reperting, 9560.3
flow to deaerating feed tank, 9560.295
Water treatment logs, 9560.4 9560.115, 9560. 143, 9560.164

Chapter 9560 34

1 July 1967
ORIGINAL
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CHAPTER 9560 - BOILER FEEDWATER AND
FEEDWATER APPARATUS

1/1/687

This printing superssdes Chapter 3560 of 7/1/66
and includes all chonges prior to this date.

CONTENTS
Section [I-Feed Water Systems and Apparatus, 9360.
201 - 9%60.315

Part 1-Purpose, 9560,201-9560.202
Part 2-Open Feed System, 3560.211-9560.233
Port 3-Semienclosed Feed System, 9560241~

9560,261

Part 4-Vacuum Closed Feed System, 9560.271-
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Part 5-Pressure Closed Feed System, 9560.291-
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SECTION N-FEED WATER SYSTEMS AND
APPARATUS

PART 1-PURPOSE

9560,201. GENERAL

The design and arrangement of feed systems for naval
vessels have undergone a series of major modifications
since the original open feed system was established soon
after the advent of condensers for recovery of boiler steam
as condensate. During recent years this development has
been particularly rapid in order to keep pace with the ac-
celerated development of high~speed turbines, double reduc-
tion gears, superheat-cantrol boilers with economizers, in-
creased steam pressure and temperature, improved damage-
control facilities, and associated changes in the machinery
installed aboard naval vessels. For reasons made clew in
articles 9560.30 and 9560.31 of section I, the elimination of
dissolved oxygen has been a primary consideration through-
out this development. The purpase of this section is to
familiarize naval personnel with the various types of feed-
water systems, together with their associated apparatus, in
order that optimum operation muy be aitcined in service.

9560,202. TYPES OF FEED SYSTEMS

There we four general types of feed systems installed
aboard naval vessels: open, semienclosed, vacuum closed,
und pressure closed. The simple open—feed system, in-
stalled in all steam-prepelled naval vessels having relatively
low maoin steam pressures, was replaced by the semienclosed
feed system with the increase in steam pressure from 300 1o
400 pounds per square inch, The next step in the develop-
ment of feed systems entirely eliminated the free cccess of
atmospheric air to the feed water by employment of a surge
tank vented to condensers of the vacum-closed system. This
was reploced by the pressure closed feed system as steam
pressure was increased to 1200 p.s.i. with 950° F. steam
temperature, In the following discussion of each of the
type~feed systems, it should be recognized that there are
many minor variations in each type, and discussion will be
limited to a typical arrangement of each of the four basic
types.

Chapter 9560

PART 2-OPEN FEEU SYSTEM

95480,211, GENERAL ARRANGEMENT

The arrangement of the open feed system is indicated
diogrammatically in figure 9560-6. Condensate from the main
and auxiliary condensers is extracted by the air pumps and
discharged directly to the feed and filter tank. The feed ong
filter tank normally receives drains fron the {eed heuter(s),
fuel-oil heaters, etc., and is vented (0 the atmosphere. The
reciprocating main feed pump takes suction from the feed and
filter tank and discharges through the feed heater(s) to the
boilers. Make-up feed water is taken into the system through
lines connecting the condensers with the reserve feed tanks.

9560,212. DISPOSAL OF DRAINS
Under conditions of operation when hct drains constitute
a large part of the total condensate entering the feed and
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filter tank, the temperature of the contained feed water may
approach the boiling point and cause excessive loss of feed
water as vaper discharged theough the feed and filter tank
vent. A more serious consequence of excessive feed and
filter tank temperature is the possibility of vapar binding

of the main feed pump in installations where the feed pump
is not located adjacent to and well below the feed and filter
tank. Provision is made for discharging hot drains to the
condensers, when necessary, to avoid excessive feed and
filter tank temperatures. Heating-system drcins are prop-
erly discharged to the feed-water heater shell, as an econom=
ic measure, unless the heat contained in these drains can

be effectively used to taise the temperature of the water in
the feed und filter tank. The discharge of hot drains to @
condenser under vacuum is uneconomical as the drains are
cooled to the temperature corresponding o the condenser
vacuum through *'flashing,” the flash steam being condensed
by the condensing surioce and its heat lost to the circulating
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water, The discharge of hot drains to condensers should be
avoided unless necessary to secure proper drainage or to
control maximum feed and filter tank temperature.

95460.213. AIR PUMP

The reciprocating wet air pumps of the open feed system
are responsible for relatively high oxygen content of the
feed water. On the beginning of each stroke, condensate is
drown through the foot valves of the pump first, followed by
the air which at the usual condenser vacuum represents by
far the largest part of the cylinder displacement. This air
has to pass through the condensate drawn into the bottom
of the cylinder at the beginning of the suction stroke, On
the down stroke the air passes through the piston valves
first, followed by the condensate, On the up stroke the air
‘is discharged through the discharge valves first, followed by
the condensate. The delivery side of the discharge valves
is subject to the head of the feed tank, which is generally
located well dbove the air pump. The dit, thetefore, passes
again thtough the condenscte in the pump discharge line and
escapes through the feed-tank vent, The second passage
of the air through the condensate is effected at o pressure
somewhat above ctmospheric and the reiatively cold conden-
sate is capable of absorbing large guantities of oxygen, as
may be seen by teference to figure 9560-1. Assuming, for ex-
ample, that the condenser vacuum is 26" Hq and the con-
densate tempetatute is 9% F., it may be observed from fig~
ure 9560-1 that @ maximum of about 0.15 p.p.m. of oxygen
can be absotbed by the water. If the 90 F. condensate in
the air-pump discharge line is at atmospheric pressure, tig-
ure 9560-1 shows that the water is capable of absorbing over
7.3 p.p.m. of oxygen from the air bubbling through the water
on the discharge stroke of the pump, or almost 90 times as
much oxygen as it contained in the condenser hot well, Un-
fortunately, the reciprocating air pump constitutes an effec-
tive qerator.

9550.214, FEED AND FILTER TANK

As noted ahove, the air pumps discharge to the feed and
filter tank which serves as d reservoir for condensate and
miscellaneous drains from the various machinery units
throughout the engineering establishment. These tanks are
usually divided into two compartments, separated by a hori-
zontal plate. The upper part is known as the filter tank and
contains filtering material for use in removing dirt and oil
from the boiler’s feed water. The tank is provided with an
overflow either to the bilge or to the reserve feed tanks
Vents to the atmosphere alse are installed. The condensate
enters the filtering compartment and thence overflows into
the bottom of the tank, this everflow usually being enclosed
and led to a point below the normal water level carried
within the tank.

9560,215, FILTERING MATERIAL

Loofa sponges constitute a satisfactory filtering material
where water temperature does not exceed 200°P F. New
developments in filtering material allow the use of syn-
thetic or manufactured materials which are equally as
efficient as loofa sponges and do not deteriorate so rapidly
even at temperatures which decompose loofa sponges. It is
important that the filtering material be secured in the filter
compartment in such a manner as to prevent its getting
adrift.
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9560,216, INSPECTION AND CLEANING OF FEED
AND FILTER TANK

Feed and filter tanks should be inspected and cleaned
at least quarterly. More frequent cleaning may be required
if the vessel does more than normal steaming. In the event
of abnormal leakage of cil into the system, the source of the
leakage should be corrected and the feed ond filter tank
cleaned using the chemicals and a similar proceedure as
outlined in chapter 9510.87.13. Care must be ex-
ercised as to the temperature and pressures at which the
cleaning procedure is carried out, in that the design pres-
sure criteria of the feed tank is not exceeded. The filtering
material should be inspected frequently for signs of qrease
ot deterioration, This material is relatively cheap and fre-
quent renewals are desitable, - The strainers fitted over the
feed pump suction connections to the tank should be in-
spected carefully for fouling. When renewing the strainer
plates, it is important that the size and number of holes in
the plate be made the same as the original design. The
combined area of the holes in the plate should be 50 per-
cent greater than the area of the pipe connection which it
serves,

9560.217. FEED TANK TEMPERATURE

It is important that the feed tank temperature be kept as
high as practicable as noted in article 9560.212 in order to ob~
tain the maximum economy cnd also to assist in the removal
of dissolved and entrained air entering the tank with the in-
coming water. The higher the temperature the less air will
remain dissolved in the water. Carrying forward the ex-
ample discussed in article 9560,213, incoming condensate at 90°
F. containing 7.3 ppm. of dissolved oxygen can retain in
solution only 1.2 ppm. at o feed-tank temperature of 20¢° F,
Thus more than 6 ppm. of the dissolved oxygen in the in-
coming condensate will tead to be released from the feed
water, although an appreciable proportion of the released
gas bubbles will be unable to escape from the water mass
and will be carried along with the feed water to the boiler.
The water should be as hot as can be handled safely by the
feed pumps, but should not be permitted to boil, as the re-
sultant waste of water by vaporizing in the tank and
escaping through the vent pipe is excessive. The exact
temperature must be determined for each installation and
depends mainly upon the location of tank with relation to
the feed pumps. Too high a temperature is frequently due
to open drains of bypasses or to steam blowing through
faulty traps. Thermometers are fitted for determining the
feed tank temperature, and these thermometers always
should be kept in place and in good condition.

9560.218. WATER LEVEL IN FEED TANKS

The designed valume of the feed and filter tank provides
a reasonable amount of storage capacity in the system. It
is desirable that the level in the tank never be allowed to
fall below the normal working level under steudy steaming
conditions, This level should be marked plainly on the
tank adjacent to the gage glass. In oddition a higher level
should be set and the tank filled to this level when taking
make-up feed.

9560,219, FEED WATER HEATER
The water from the feed and filter tank of the open feed
system is discharged by the boiler feed pumps through the
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feed water heaters to the boiler. These high pressure heaters

are subject to boiler-feed pressure on the water side, The
primary function of a feed heater is to raise the temperature
of the boiler feed water before it reaches the boiler by the
use of exhoust steam. This heating is usually accomplished
by passing the feed water through tubes contained in a
closed shell while admitting exhaust steam to the shell
around the tubes. The useful heat in the auxiliary exhoust
steom is properly utilized in the feed heaters, the distilling
plant, and (if turhines are fitted for its admission) in lower
pressure stages of main propelling mochinery. Any excess
auxiliary exhaust steam is routed to the condensers and
constitutes an absalute heat loss, since it goes overboard
in the form of heated circulating water.

9560.220, AIR CHAMBERS

Many feed water heater installations are fitted with an
air chomber provided with a gage glass connected ot the
heated-water discharge. Other installations provide air
cocks ta vent the top of the discharge water chest of the
heater, and in many cases the discharge from this air cock
is led back to the feed tank. If under steady steoming con-
ditions either of these devices installed in connection with
high-pressure feed heaters shows any appreciable tendency
for air to be seporated from the feed water, this is evidence
that the water in the feed and filter tanks is not being kept
at o reasonably high temperature and that excessive quan-
tities of dissolved oxygen are being discharged into the
boilers with the feed water. In this case appropriate
measures should be taken immediately ta increase the feed
and filter tank temperature by rerouting drains.

$560.22). TYPES OF HIGH-PRESSURE HEATERS

There are 3 types of high-pressure feed water heaters
in service aboard various naval vessels provided with the
open feed system:

L. Straight tube types.-These have straight tubes ex-
panded into tube sheets and arranged to be either single
pass or multiple pass, depending on the number of times
the water is passed through the tubes. Expansion is taken
care of by an expansion ring in the shell or by employing a
flooting heod construction and the heater is so instolled
that one end is free to move.

2. U-ube type.-These ate similar to straight tube
heaters, except only one tube sheet is provided and the
tubes are in the formof a U,

3. Multicoil type.~These have spiral coils of tubing,
each end of the tube secured to o header or manifold by
means of ground joint unions. "Care must be taken thot the
coils do net rub against each other or against the shell of
the heater, as pitting of the tubes will occur in service at
the points of contact.

9560.222, TIGHTNESS OF HEATERS

With the U-tube and straight-tube types of heaters, diffi-
culty is sometimes experienced in maintaining tight water-
chest joints. Hence, to prevent loss of feed water, care
must be taken that the water—chest gosket seatings are al~
ways kept in excellent condition and that the gaskets are
made of the best grade of high-pressure sheet packing.
Bolts and nuts give better results than studs when making
up the heavy flange header joints.

9560.223, ECONOMICAL USE QOF EXHAUST STEAM

When using exhoust steam to heat feed water, it has been
found, both in theoretical calculations and in practical tests,
that far every rise of about 1P F. in temperature of feed
water there is a l-percent reduction in the amount of heat
necessary to produce the steam, with a coresponding re-
duction in fuel used.

9560,224, GENERAL FEATURES OF OPERATION

The temperature of feed water leaving the heater should
be within 1 F. of thot of the exhaust steam when steaming
at narmal speeds with a praperly designed heater which is
clean and in proper candition. The temperatute of steam at
10 p.s.i. is 24P F. Hence, when steam under the best con-
ditions, with p.s.i. bock pressure, the feed water should
leave the heater at obout 23(P F. Under all circumstances
the feed water should be kept as hat as possible, the exact
pressure at which to carry the exhoust steam being left ta
the discretion of the engineer officer, who should determine
the point of maximum efficiency. In occomplishing this he
must remember that all auxiliary machinery must work
ogainst the back pressure and thot the back pressure should
never exceed 15 psi when aperating noncondensing tur-
bine driven ouxiliaries. The engineer officer must determine
by experiment whether it is more economical to increase the
pressure a few pounds or to operate with water at a slighty
lower temperature, Usually it will be found mare economical
to catry the higher back pressure.

9560.225. WATER SEAL IN HEATERS

Under ordinary cruising conditions a water seal should
always be mointained on the steam side of the heater. This
can be done by keeping water in sight in the gage glass on
the feed heoter shell or in the guge glass of the feed heoter
drainer, if installed, However, water should never be al-
lowed to build up in the shell of the feed heoter as this re-
duces the effective heating surface, thus decreasing the
heating capacity of the unit, Furthermore, flooding of the
lower tubes during operotion might also result, in extreme
cases, in loose tube joints ar broken tubes, becouse of the
difference in temperature between those tubes surrounded by
steam ond those surrounded by condensate, aside from in-
creasing corrosion difficulties,

9560,226, BAFFLES

Where baffles are fitted in feed-water heaters, they must
be examined at the time of a reqular overhaul of the heater,
ar in case the heater fails to function properly, If leakage
exists past the water chest baffles which direct the flow of
the water through various groups of tubes of multiposs feed
heaters, a quantity of the water goes directly through the
heater, having bypassed many of the tubes, cousing a drop
in the feed watet temperature. If the batfles installed in the
steam space are improperly fitted or leak badly, circulation
of the heating steam is impaired, causing a loss in efficiency
ard ineffective venting. Baffles should be fitted to prevent
violent impact of drains entering the heater shell against
the tubes, If these baffles are not kept in good condition,
the tubes will be rapidly eroded and tube leaks will occur.
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9560.227, YENTING

Air vents are properly provided on steam side and water
side of feed-water heaters. The water side should be
throughly vented when the heater is put in service and the
vent cocks should be opened occasionally when steaming to
assure that there is no accumulation of air. The steam side
vents should be opened wide when warming up the heater
and should also be occasionally opened during operation
to prevent accumulation of air in the feed heater shell.
Failure to vent properly will result in poor steam distribution
and loss in effectiveness of the heating surface.

9550,228. TUBE LEAKS

If the drain discharge from the heater becomes excessive,
a ledky tube is indicated. Tube leaks may be discovered by
completely draining the shell, then shutting ali valves in
lines connected to the heater shell and continuing to circu~
late water through the tubes. If any of the tubes or tube
joints are leaking, water will soon appear in the water gage.
In order to determine which tube or tube joints are leaking, +
it is necessary to drain the tube bundle completely, remove
both heads, and apply hydrostatic test to the shell. Water
will flow out of one or both ends of any defective tubes or
around any tube joints that may be leaking, The leak should
be repaired by plugging both ends of the tube, or by replacing
the defective tube with a new one or in case of a leaky
joint, by expanding it. A tube exponder and tube plugs are
furnished with each installation.

9540.229. RELIEF YALYES

A relief valve should be installed on the shell of all
feed-water heaters and a sentinel relief valve should be in-~
stalled on one of the water chests. Most feed heater shells
are provided with a 2-inch relief valve set at 20 to 25 pounds
per sq. in. gage. The sentinel valve installed on the water
chest should be set at one and one-half times the maximum
working pressure and need be no larger than one-half inch
as its major function is to protect the water side of the
heater against excessive pressure due to expansion of the
water should steam be admitted to the shell inadvertently
when the water inlet and outlet valves are secured. When
the {feed heater is overhauled, the relief valves should be
examined, overhauled if necessary, and reset to lift at the
designed pressute. These relief valves shouid be tested
whenever there is reason to believe that they are improperly
set or not in proper working order.

9560.230. TESTS

Feed-water heaters should be given a hydrostatic test
on the steam side to one and one-half times the maximum
warking pressure.

9560,231. CLEANING HEATERS

All feed heaters should be boiled out with a soiution of
trisodium phosphate at reqular intervals, os described in
chopter 9510,87.13. The actual hook-up to be
devised by the ship to best fit the installation and to accom-
plish the purpose intended. The length of time between
cleanings depends upon the condition of the plant, the purity
of feed water used, and the amount of steaming done. Feed
heaters installed in connection with turbine installations
will ordinarily remain clean for much longer periods than
when the vessel is pawered with reciprocating engines,
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However, if trouble is experienced in heating feed water
properly with moderate back pressure, the heaters should be
examined and immediately cleaned if found coated on either
the steam or water side of the heating surfaces with oil or
qrease or other foreign matter, Cleaning is best accom-
plished by using the same soluticn of boiler compound as is
used for boiling-cut bailers, heating it to the boiling point
and circulating the mixture through the heater at as high
velocity as possible, preferably by a small pump specially
provided for the purpose. Cleaning may be accomplished by
using a solution of 5 pounds of boiler compound per hundred
gallons of water, heating it to the boiling point, and circu-
lating the mixture through the heater at a high velocity as
possible, preferably by a small pump especially provided
for the purpose.

9560.232, GREASE EXTRACTORS

The filtering material in grease extractors, usually in~
stalled in vessels having reciprocating main engines, should
be kept clean at all times. Careful attention should be paid
to the pressure gage, and should the pressure on the dis-
charge side of the extractor decrease to 10 pounds below
that on the inlet side, the filtering material should be taken
out and cleaned or renewed. Spare cartridges for grease ex-~
tractors, with clean or cleaned filtering material, should be
ready at all times and renewals made one or more times a
day while steaming. Crease extractors usually are not in-
stalled on ships with turbine-driven machinery.

9560.233. SUMMARY OF IMPORTANT OPERATING RE-
QUIREMENTS

1. Inspect and clean feed-tank filter frequently
(article 9560,216).

2. Maintain feed-tank temperature as high as practical
(article 9560.217).

3. Clean feed heaters at reqular intervals
{article 9560.231),

4, -Feed heater and relief valves should be tested to
one and one=half times moximum working pressute after
overhau! or repairs {article 9560.230).

5. Take make-up feed water through condenser
(article 9560.211}. :

PART 3-Semienclosed Feed System

9560,241. GENERAL

The open feed system discussed in part 2 was super-
seded by the semienclosed feed system during the period
when the maln steam pressure for new naval vessels was
elevated from 300 to 400 psi gage. The higher steam
mressure with associated higher temperature of feed water
in boiler feed lines, economizers, boilers, and in main steam
lines and high pressure turbines dictated the use of a type
of feed system capable of reducing the oxygen content of
the feed water far below that obtainable with the open con-
densate system. Development of the semienclosed feed
system once initiated was rapid, and with each new class
of naval vessels improvements in deceration and thermal
efficiency of the system were effected. Figure 9560-7 shows
diagrammatically the elements of the semienclosed feed
system in one of its tinal stages of development.
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$560.242, OPEN VY5, SEMIENCLOSED SYSTEMS

The basic differences between the open feed system and
the semienclosed system are made possible by the employ-
ment of centrifugal condensate pumps and cir ejectors to
teplace reciprocating wet air pumps. This eliminates the
cerating action described in article 9560.213 and avoids the
necessity of passing all condensate through a feed and filter
tank. Thus the elevated surge tank of the semienclosed
system replaces the feed and filter tank of the open feed
system and merely “floats’! on the main condensate line,
absorbing the excesses and supplying the deficiencies in
the feed-water quantity which occur during maneuvering the
vessel or changing speed rapidly. Sufficient volume is pro-
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FEED PUMP DISCHARGE CROSS COMNECTION.

9560-7

vided in the surge tank to avoid continual removal of excess
feed or taking on make-up feed under cenditions of rapidly
changing load due to changes in the quantity of water in the
boilers with decreases or increases in ebullition.

9560.243. FEED BOQSTER PUMP

In figure 99607 the flow of main condensation from the
main condenser to the boiler is indicated by a heavy line,
the various auxiliary condensate and drain lines being in-
dicated by light lines. Condensate is withdrawn from the
main and turbo-generator condensers by the condensate
pumps which discharge to the feed booster pump suctions.
In many instollations the booster pumps wre omitted and the
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condensate pumps discharge directly through the oir ejector
inter and after condensers, in which case the feed heater
must be located beyond the main feed pump in the feed sys-
tem in order to avoid vapor binding of the main feed pumps,
and the surge tank is connected to the main condensate line
directly ahead of the feed-pump suction instead of at the
condensate-pump discharge as indicated in figure 9560-8.

9550,244, FEED HEATERS

Employment of the feed booster pump provides ample
head on the main feed-pump suctions, permitting instollation
of the low-pressure feed heater ahead of the feed pump in
lieu of a high~pressure heater beyond the pump, thus elimi-
nating the necessity for designing the feed heaters to with-
stand main feed pressure. The feed heaters of the semi-
enclosed feed system are otherwise similar to the straight
or U-tube feed heaters described in section I, part 2, for
the open feed system and perform the same economic func-
tion in heating the feed water by use of steam that has al-
ready expended part of its useful energy in the auxiliary or
main turbines. Instructions contained in part 2 as to
cleaning, venting, and upkeep of feed heaters are generally
applicable to the feed heaters and drain coolers of the semi-
enclosed feed system.

9560,245, DRAIN DISPOSAL

Semienclosed feed systems of the later types, as in-
dicated in figure 9360-7, are provided with a heating system
drain cooler and a feed heater drain cooler locaied in the
main condensate line chead of the feed water heater. - These
heat exchangers are heat recovery units and their provision
improves the thermodynamic efficiency of the cycle. A
large patt of the useful heat awailable in the feed heater
drains is transferred to the moin condensate in the feed
heater drain cooler, The cocled drains pass through a filter
and an automatic drainer to the condensers. In systems not
provided with the feed heater drain cooler, a drain pump is
usually installed 1o pump feed heater drains to the main feed
line beyond the air ejectors through a drain distributar. Use
of this pump conserves the heat in the drains, but is unde-
sirable, as drains ore not decerated prior to discharge to the
boilers, as is the case when these drains are routed to the
fresh water drain collecting tank ar to condensers.

9560.246. FRESH WATER DRAIN COLLECTING TANK

The useful heat contained in the heating system drains
is removed in the heating system drain cooler and the
cooled drains are discharged to the fresh water drain col-
lecting tank. As indicated in {iqure 9560-7 the fresh water
drain collecting tank receives, in addition to cooled heating-
system drains, other low-pressure drains including air-
ejector drains, first-effect evaporator tube-nest drains, and
the discharge of the low-pressure drain main, which nar-
mally collects various drains throughout the system, in-
cluding open-funnel drains from auxiliary exhaust lines,
auxiliary turbines, escape piping, safety valves, etc,
These combined drains are discharged to the condensers
via the float~controlled drain-tank discharge valve.

9560,247. HIGH-PRESSURE DRAINS

Fuel-oil heater drains, including high-pressure drains
from fuel-oil heaters, heating coils in fuel-oil storage and
settling tanks, and lubricating—oil settling and sump tenks,
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are collected in the fuel-oil heating drain main and are dis-
charged along with drains collected in the high-pressure
drain collecting main, including high-pressure drains from
throttles, pockets in main and quxiliary steam lines, steam
separators in saturated steam lines, etc., to the feed-heater
shell instead of to the fresh water drain collecting tank in
order to conserve useful heat contained in these drains,
The high-pressure drains combine with the normal feed-
heater drains and discharge through the feed-heater drain
cooler to the condensers via the fresh water drain collecting
tank as noted above,

9560.248, MAINTENANCE OF DRAIN ACCESSORIES

It will be noted that all machinery drains associated
with the semienclosed feed system are led directly or in-
directly to the main and turbo-generator condensers, thus
providing for reasonable deaeration. Deceration of machin-
ety drains is accomplished in this manner without undue
loss in thermodynamic efficiency through provision of the
feed heater drain cooler and the heating-system drain
cocler. Condensate bypasses are provided around these
heat exchangers tor use in the event of derangement of the
units. These bypasses should normally be kept closed to
avoid thermodynamic losses. Provision is made for by-
passing feed heater drains around the feed heater drain
cooler, filter, and qutomatic drainer for use in the event of
derangement ot when it becomes necessary to clean the
filter. Instructions outlined in articles 9560.215 and 9560.216
for cleaning filters of the open-feed system are generally
applicable to this filter.

9560.249, SURGE TANK

The arrangement of the semienclosed feed system, as
indicated in figure 95607, prevents free access of atmos-
pheric air to the main feed system at all points except in
the surge tank which is vented to the atmosphere. Under
steady steaming conditions at any power, contaminotion of
the feed water with oxygen absarbed in the surge tank is
minimized through provision of a small external sight over-
flow at the operating level. This open-funnel drain dis-
charges to the fresh-water drain collecting tank, und when
steaming steadily there should always be o slight quantity
of feed discharge at this point. Under this condition, even
though the feed water stared in surge tank reservoir be-
comes thoronghly saturated with oxygen, very little of the
contaminated water finds its way to the booster pump suc-
tion becouse of the induced flow through the line connecting
the surge tank with the main condensate line due to the
sight flow discharge.

9540. 250. MAKE-UP AND EXCESS FEED

Under maneuvering conditions when the level in the
surge tank fluctuates with rapid changes in power, the main
surge-tank overflow and vent lines take care of positive
surges in the tonk and the negative surges Introduce oxygen-
loden water into the boiler feed system. When the surge-
tank leve] falls below the maneuvering low level, usually
matked on the tank in the vicinity of the gage glass, make-
up feed must be introduced to the condensers to make up the
deficiency. Excess feed should normally be dicharged from
the system, when necessary, through use of a line provided
from the booster- pump discharge beyond the air ejectors to
the reserve feed tanks. With main and turbo-generator corn-
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densers secured, water may be introduced into the surge
tank from the reserve feed tanks by use of the emergency
feed pump. This method of adding water to the sysiem
should not normolly be resorted to, as the water so supplied
is saturated with oxygen. Normally, make-up feed should
be introduced into the condensers.

9560.251, RAISING VACUUM

When warming up the main propelling units, vacuum
should be raised in the main condensers before any conden-
sate is discharged through the feed heaters to the boilers
in order to minimize oxygen contamination of boiler feed
water, The water necessary for cooling the air ejectors
during the warming-up period may be introduced into the
condenser hot well from the surge tank through an idle con-
densate pump. This water is recirculated from the air-gjec~
tor discharge line back to the condenser, using the bypass
provided around the thermostatic recirculating valve until
vacuum is faised and the condenser condensate is cut into
the main system.

9560.252, CONDENSATE DEPRESSION

The basic effectiveness of a semienclosed feed system
in delivering relatively oxygen—free feed water to the hoilers
depends upan the ability of the moin and turbo-generator to
deaerate the condensate and drains collected from the
entire system. The difference between the tempetature of
the condensate in the condenser hot well and the temperature
corresponding to the condenser vacuum gives a rough in-
dication of the effectiveness of the condenser os a deaera-
tor. This temperature difference is called “condensate de~
ptession’'’ and should be kept as low as practicable under
all operating conditions to secure efficiency and effective
degeration. See chapter 9460 for full discussion of condenser
operation.

9560,253, CROSS CONNECTING LINES

Figure 9560-7 indicates varicus cross—connections be-
tween enqgine rooms which are normally provided in connec-
tion with the semienclosed feed system. ‘Specimen uses of
these several cross-connections are discussed below.

1. Surge tonk cross-connection. ]f necessary to intro-
duce watet into a surge tank in a secured engine room, this
water may be supplied from the condensate-pump discharge
in an adjacent operating engine room through the use of the
surge-tank cross-connection. In this way the tank may be
filled with reasonable air{ree condensate instead of raw
reserve feed water as would be the case were the tank filled
by the use of the emergency feed pump taking suction from
reserve-feed tanks.

2 Engine-room cross-cennsction.-The major purpase
of engine-room cross-connecting mains is 1o provide for
flexibility of machinery operation in connection with damoge-
control considerations. As a secondaty function these lines
can be effectively used to promote efficient machinery plant
operation, enabling engine-room operating personne! to
secure certain quxiliary units under low and medium power
steaming conditions.

3. Boostsr pump discharge cross-connection.-Booster
pump discharges are cross—connected permitting operation
at reduced power of two engine rooms with one feed heater
ard its carresponding group of centrifugal feed pumps, with
the other feed-water heater and its corresponding feed pumps
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secured. Main feed~pump suction lines are cross-connected,
between machinery spaces, permitting operation of both en-
gine rooms with any combination of boiler-feed pumps. Cross-
connection of feed-pump discharges permits supplying any
boiler with feed water from any feed pump. Surge tanks in
each engine foom are cross-connected, permitting the opera-
tion, at reduced power, of both engine rooms with one surge
tank secured, moking it possible to control make-up feed
irom a single engine room und decreasing the access of oxy~
gen to the feed water. This surge tank cross-connection
should normally be left open when steaming at high power
with several boilers in operation in order to make available
the maximum surge tank storage capacity for sudden de-
mands incident to unexpected changes in speed of the
vessel.

4. Operation ot low ond high rates.-At low ship’s speeds
with anly one feed pump in ser vice, it is usually necessary
that the booster pump suction from the surge tarks be closed
in one engine room. The booster~pump discharge cross-con-
nection is also closed if the feed heater in each engine
room is to be used. With this amangement the condensate
discharge from each unit passes through its own air ejector
and the feed heaters in each engine room will receive ap~
proximately equal quantities of condensate. The above
operating arrangement is usually necessary at low powers
because the flow of condensate is such a small part of the
rated capacity of the condensate and hooster pumps that the
pumps will not operate propetly in parallel, The condensate
discharge from all units is taken by one booster pump if
cross-connections are kept open, and the air ejector and
feed heaters of the other engine room do not receive feed
water. At high ship’s speeds all boaster pump suctions from
the surge tanks should be kept apen in both engine rooms as
there is sufficient condenser condensate ot high power o
satisfy the capacity of the pumps and avoid the oction de-
scribed above, If the engine rooms are operated independ-
ently at any power with oll cross-connections between en-
gine rooms closed and with a feed pump in each engine room
in operation, the main hooster-pump suctions from surge
tanks should be kept open.

9560.254. RECIRCULATION OF CONDENSATE

The use of engine roam cross-cennecting mains must
always be such that condensate from each condenser will
pass through its associated air ejector inter and after con-
densers. The cir ejectors use a constant quantity of steam
regardless of the ship's speed and a certain minimum quantity
of condensate must be discharged through the air-ejector
intercondenset under all operating conditions in arder to
maintdin condenser vacuum (see ch. 9460 for discussion of
alr ejectors). Recirculating lines are provided to return
heated condensate from the condensate line beyond the air
ejector to the condenser in order to supply an adequate
quantity of water to the main and turbo-generator air-ejec-
ters when wanming up the plant, steaming at very low pow-
ers, maneuvering or standing by. Upon entering the con-
denser, the heated condensate is flashed to the temperature
corresponding approximately to the condenser vacuum, the
heat in the flashed steam being absorbed by the condenser
cooling-water. The recirculated condensate augments the
narmal quantity of condensate collected in the condenser
from other sources and thus provides sufficient cooling
water for proper operation of the air ejectors ot low power.
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$560.255. THERMOSTATICALLY CONTROLLED
RECIRCULATING VALVES

Although recirculation is thermodynamically uneconomi-
cal, it is essential in neval installations, where ¢tuising
power may narmally be only o small fraction of full power,
in order to avoid excessive loss of feed water as vapor dis-
charged from the air ejector after condenser vent and to in-
sure propet operation of the air ejectors at fractional power.
In arder to make recirculation automatic and to avoid exces-
sive recirculation with attendant excessjve loss of heat,
most air-ejector recirculating lines are fitted with thermo-
statically controlled vaives as indicated in figure 9560-7.
These valves are actuated by the temperature of the con-
densate discharge from the air ejector after condenser.
Rise of water temperature above the temperature at which
the valve is set results in automatic cpening of the valve,
recirculating the heated water back to the condenser and
through the air ejector cgain. The thermostatically con-
rolled recirculating valves are adjustable through a range of
about 4P F. and should be set in each individual case to
open at the highest temperature at which the air ejectars
will operate without loss of condenser vacuum ¢r discharge
of an appreciable amount of vapor from the air ejector after
condenser vent. Thermostatically controlled recirculating
valves are provided with bypasses or with manually operated
pull-open devices for use when waming up the plant or in
the event of derangement of the qutomatic feature, In the in-
terest of economy, the thermostatically controlled valves
should be kept in good cordition and properly set and the
manual bypasses should be kept closed under all normal
operating conditions. The control bulbs of the valves should
be located in the condensate line as close to the after con-
denser discharge as possible or; preferably, within the last
pass of the air ejector after condenser water chest when
space is available. Instruction booklets fumished by the
valve manufacturer should be consulted as to proper position
in which the bulbs should be set and instructions for adjust-
ment and maintenance of the automatic equipment.

9560,256, PUMP RECIRCULATION

Manually controlled recirculating lines are provided for
centrifugal main feed-pump discharges to provide for dis-
charging sufficient feed through the pump to avoid over-
heating at vety low capacity or when feed checks are closed
for short periods under manuevering conditions. These re-
circulating lines should clways be open whenever the feed
pump is running in order to avoid possible damage to the
pump if operated at no delivery. Recirculating lines from
feed booster pump discharges are usually provided to pro-
tect the booster pumps and these lines should always be
open in cases where this function is not automatically pro-
vided for by use of the main feed-pump recirculating line.
(see chapter 9470 far detailed information regarding pumps.)

9580.257. OPERATION OF MAIN AND BOOSTER
FEED PUMPS

The feed booster pumps may be regarded as the first
stage of the boiler feed pumps. Under ne circustance
should a centrifugal, main boiler feed pump installed in ¢
system having feed booster pumps be operated unless one
or more booster pumps are in operation because the feed
pumps would receive no water and would be damaged. Thus
the bocster pumps should always be started before the centrif-
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ugul boiler feed pumps and conversely the centrifugal boiler
feed pumps should be secured before securing the booster
pumps. Since the booster pumps are but a first stage of the
centrifugal feed pumps, the capacity of the feed system at
any time is limited by the number and size of the booster
pumps in operation. It is important when taking a feed pump
out of service that the feed-pump discharqge valve be closed
before the pump is stopped in order to minimize pump damage
which wauld occur if the feed check valve in the pump dis-
charge should stick open, cousing the pump to run bock-
words.

$560.258. EMERGENCY FEED PUMPS

Reciprocating emergency feed pumps are provided for cil
vessels equipped with the semienclosed feed system. As
their name implies, they are primarily installed as a source
of supply of boiler feed water in emergencies and should
always be kept in stand-by condition when the vessel is
underway. In the event of unexpected loss of the normal
boiler {feed water supply due to a feed-pump derangement or
ofher cause, emergency feed pumps are immediately started
taking suction direct from a reserve feed tank emd discharg-
ing through the economizers to the boilers to avoid a boiler
casualty.

9560.259. OTHER USE OF EMERGENCY FEED PUMPS

The emergency feed pump is normally arranged to per-
form several important functions in addition to its primary
function of supplying cooled feed water from the reserve
feed tanks to the boilers in emergencies. Many vessels are
not provided with port use feed pumps and the emergency
feed pump is normally used to handle boiler feed water in
port, taking suction from the main condensute line, Distribu-
tion of reserve feed water among reserve feed tanks is
another narmal function of the emergency feed pump. It is
also employed to pump out the boilers by use of partable
hose lines. As noted in article 9560.250, the emergency feed
pump is sometimes used for filling the surge tank.

9560,260, SECOND STAGE FEED HEATER

1. Some naval vessels are provided with a second stage
feed water heater located in the main feed discharge line
between the boiler feed pump and the boiler, The second
stage feed heater is provided to improve the thermodynamic
etficiency of the feed cycle usually using steam bled from
the main propulsion turbines at a pressure materially higher
than that nomally carried in the quxiliary exhaust system,
Second stage feed heaters are generally similar to the
straight tube or U~tube type feed heaters described in section
1l, part 2, except that the feed hecter shell is designed to-
withstand the higher steam side operating pressure, and
shell relief valves are set at a correspondingly higher
value. Second stage feed heater drains are discharged
through an autematic drainer to the first stage feed heater
shell.

2. In most naval installations where economizers are pro-
vided, the extra weight, space, and complications involved
in the use of second stage feed heaters are not usually
justified. The saving in weight of eruising radius fuel from
the improved plant efficiency is usually not sufficient to
compensate for the added weight of feed heater and piping.
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9560.261. SUMMARY OF SMPORTANT OPERATING
REQUIREMENTS

1, Inspect and clean filter frequently {articles 9560.215,
9560.216, 9560.248).

2. Raise vacuum in condensers before discharging con-~
densate to boilers (article 9560,251).

3, Operate condensers to secure minimum practicable
condensate depression (article 9560,252).

4. Open feed-pump recirculating lines whenever pumps
are operated {article 9560,256).

3. Never operate feed pumps in systems provided with
feed booster pumps unless the feed booster pumps are run-
ning {article 9560.257),

6. Test feed heaters and relief valves to one and one-
half times the maximum working pressure after overhaul or
repairs {articles 9560.230, 9560.231, 9560,244, 9560.260),

7. Take make-up feed through condenser {article 9560.250).

Part 4-¥Yacuum Closed Feed Systam

9560.271, GENERAL

The vacuum closed feed system is installed in many
naval vessels having main steam pressures between 400 and
1200 pounds per square inch, This type of feed system, un-
like the open feed system and the semienclosed feed system,
eliminates entirely the free access of otmospheric air to the
feed water at any point. Referring to figure 9560~8, conden-
sate from the condensers is pumped by the condensate pumps
to the surge tank, which is maintained under substantially
the same vacuum os that existing in the condensers by
means of vent lines connecting the top of the surge tank 1o
the steam side of the condensers. Booster pumps take
suction from the surge tank and discharge via the air-ejector
condensers and feed-water heaters to the boiler~jeed pumps,
providing a substontial positive head at the main feed -pump
suction. The feed pumps discharge through economizers to
the boilers.

9560.272. DISTINCTION BETWEEN YACUUM CLOSED
AND SEMIENCLOSED SYSTEM

The surge tank constitutes the basic difference between
the semienclosed and vacuum closed feed systems. In the
former, the surge tank floats on the main feed~pump suction;
in the latter, all candensate is discharged through the surge
tank which is maintained essentially at condenset vacuum
since it is vented to the main condenser. Feed booster
pumps are essential to the vacuum closed feed system, but
their provision in the semienclosed feed system may be
optional,

9560,273. SURGE TANK

The vacuum surge tank is elevated, as in the case of
the atmospheric surge tank of the semienclosed feed system,
to movide safe operating suction head at the feed booster-
pump suction. Since the booster pumps of the vacuum system
must handle water at a temperature very close to its boiling
point for the existing vacuum, booster pumps are located
directly below the surge tank and direct suction lines of
ample size are provided. Provision is made for constant
boiling of the water contained in the surge tank, making use
of auxiliary exhaust or the heat available in high-pressure
drains and the watsr should be boiled constantly duting
operation both underway and in port. The tanks are provided
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with two thermometers, one near the bottom and ane slightly
below the operating water level, If the lower thermometer
indicates a lower temperature than the upper thermometer
during normal operation, it is indicated that the water in the
tank is not boiling, and additional heat should be supplied
from high-pressure drain or quxiliary exhaust. By this means
the oxygen content of the condensate is maintained at o
relatively low value as air is inscluble in water at its

boiling point. (See article 9560.31.)

9560,274, ELIMINATION OF AIR LEAKAGE

It should be noted that boiling the watet in the surge
tanks only renders oxygen insoluble, Thus the elimination
of air leakage in the vacuum lines is highly important, Con-
stant vigilance should be maintained to detect and correct
air Jeakage into vacuum lines. It will be noted that the
vecuum closed feed system has many more feed water lines
under vacuum than the semienclosed feed system and air
leaks must be eliminated throughout the vacuum system,
including condensate pump suction and discharge lines,
booster-pump suction lines, condensate pump suction and
surge-tank ctoss-connecting lines, surge~tank vent lines,
vent cross~connection, etc, As in the case of the semjen-
closed feed system, reduction of condensate depressicn 1o
the minimum cobtainable value is essential to the operation
of the system to produce relatively oxygen~free boiler feed
water, (See article 9560,252.)

9560.275. OPERATION OF SURGE TANK UNDER
ATMOSPHERIC PRESSURE

In general the surge tanks should be maintained at con-
denser vacuum under all operating conditions. However,
in the event of damage to the surge tank or its connecting
vacuum lines, the surge tank may be operated under atmos-
pheric pressure, when necessary in emergencies, to avoid
loss of condenser vacuum. Under this method of operation
the surge tank vent lines are secured at the condensers and
the surge tank pressure becomes atmospheric. The conden-
sate pumps, discharging against atmospheric pressure, re~
quire greater submergence; i.e., condensate builds up in the
condenser hot wells, When making high power with atmos-
pheric pressure in the surge tank, condensate pumps may be
inodequate 1o prevent condensate kom rising in the conden-
set to the point where part of the condensing service is
flooded with consequent reduction in condenser vacuum.

9560.276. BYPASSING SURGE TANKS

An alternate methed of emergency operation in the
event of damage to the surge tarks is to bypass the tanks
completely through use of a bypass provided to connect the
condensate-pump discharge directly with the booster—pump
suction, and exercising careful manual control of make-up
and excess feed.

9360.277. ATMOSPHERIC OPERATION FOR EMER-
GENCY ONLY
The surge tanks should never be operated under atmos-
pheric pressure except in emergencies and valves in vac-
uum vent lines connecting with the condensers should be
fully open under all normal cperation.
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Figure 9560-8

9560.2768. RAISING YACUUM

1. Normally when making preparations to get underway,
the turbo-generator condensing plant will be in operation
with vacuum on one of the surge tanks and the surge tank in
the other engine room secured, Ut is essential when wam-
ing up the main plant that the introduction of air to the feed
circuit be avcided as far as possible. Provision is, there-
fore, made in the arrangement of the feed and condensate
piping so that neither the main nor the turbo-generator con-
densers should be placed in the boiler feed water circuit
until high vacuum has been established in the condensers
m:d sutge tanks. A bypass connection is, therefore, pro-
vided to connect the discharge of the condensate pumps
with the yuction of the cortesponding booster pump. When
warming Up or securing, this bypass should be in use so
that the condensote pump forms the first stake of the boost-
er pump, bypassing the surge tank, The condensate out-
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let valve between the alr-ejector condensers and the feed
water heater is closed and the recirculating line connecting
this section of the condensate line with the condensers is
opened. The condensate handled by the condensate and
booster pumps is permitted to flow through the air-ejector
condensers and back to the main or turbo-generator conden-
sers through the recirculating line, thus bypassing the ther-
mostatically tontrolled recirculating valve provided in the
recirculating line.

2. By this arrangement vacuum may be raised in any
main or turbo-generator condenser independently of the re-
mainder of the feed system; the alr ejectors may be started,
cooled with condensate which s recirculated, and in turn
cooled in the condensers, This method of warming up
should be continued until a condenser vacuum of about 27
inches Hg. is obtained. When this vacuum has been ob-
tained, the bypass between the outlet of the condensate pump
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ard suction of the booster mp may be closed, the dis-
charge from the condensate pump to the surge tank opened
{suction of the booster pump being transferred to the surge
tank), the booster-pump discharge valve between the air
ejector and the feed water heater opened, and the bypass
around the thermostatically centrolled recirculating valve in
the recirculating line closed. The system will thus be
placed in normal operating condition. The bypass arcund the
thermostatically contolled valve should remain closed dur-
ing normal operation {see article 9560.255).

3, During the above warming-up procedure it is neces-
sary that a certain amount of make-up feed water be intro-
duced into the main condenser hot wells before storting the
pumps and the air ejector, to supply the cooling medium far
the air ejector.inter and after condensers. This water may
be introduced into the condensers befare the pumps are
started by slightly opening the valve in the booster-pump
discharge line to the feed heater, allowing condensate under
pressure from the dynamo booster-pump to back up into the
condenser via the booster pump and condensate pump.

$560.279. MAKE-UP FEED

Undet steady operating conditions make-up feed is intro-
duced 1o the condensers as necessary through the make-up
feed line connecting with the reserve feed tanks. The moke-
up feed line alsa comects to the surge tank but make-up
feed should never be introduced into the surge tank except
in emergencies as better deaeration results through intro-
duction into the condensers.

9540,280. EXCESS FEED

Under normal operating conditions, excess feed is dis-
charged to the reserve feed tanks through lines connecting
the main condensate line beyond the air ejectors to the re-
serve feed manifold. When opetoting with the surge tanks
at otmospheric pressure (see article 9560,277), water may be
drained from the surge tanks either to the bilge or back to
the regerve feed through drain lines provided.

9560.281. FLUCTUATION IN SURGE TANK LEVEL
During maneuvering of the vessel It is entirely normal
for the water level in the surge tank to fluctuote to some
extent, and there is usually no need, during meneuvering,
for the admission of make-up feed to the system or the dis-
charge of excess feed, unless the surge-tank level rises
above or falls below the narmal maneuvering levels, which
in most coses ore marked on the tank adjacent to the gage
glasses. For example, when going from full speed ahead to
full speed astem, the water level in the surge tank will go
down os the chead throttles are closed and will rise shortly
thereafter when the astern throttle has been apened wide.
If no make-up feed ar excess feed is discharged during the
cycle, the water in the surge tank will usually assume the
narmal level when steady operation astern has been estab-
lished.

95560.282, DRAIN DISPOSAL

Most shipboard installations of the vacuumrclosed feed
system ate amanged so that the feed heaters can be drained
either to the condenser or, via a feed-heater drain-pump,
into the main feed-pump suction. Feed heaters should be
drained to the condenser, except in on emergency. lf it is
found necessary to augment the booster-pump discharge-
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ptessure under high-power steaming conditions, the teed-
heater drain-pump may be used. When this pump is started
under way, care must be taken to open the discharge valve
slowly in order to avoid surging throughout the entire feed
system of the water being handled by the sudden introduction
of an increased quantity of condensate to the feed~pump
suction. Use of the feed-heater drain-pump will introduce
some undeqerated feed-heater drains directly through the
feed pump to the boilers. Discharge of feed-heater drains
ta the condensers provides for better degeration and the
thermodynamic Jess involved is more than justified.

9560.283. FUEL OQIL HEATER DRAINS

Fuel-oil heater drains are usually discharged through a
drain inspection tank to the fresh-water drain collecting
tank as indicated in fiqure 9560-B. The drain inspection tank
provides a water seal and any oil contamination of the
drains can be observed through illuminated glasses provided
in the sides of the tank. Provision is made for discharging
these drains to the bilge in the event of cantaminotion.
0il contaminotion of eandensate in vessels provided with
the vacuum closed feed system is not lkely to occur in any
parts of the system except the fuel-oil or lubricating-oil
heating equipment which drains to the drain inspection tank.
Therefore, in most instollotions no filters are provided in
the feed system and core must be exercised in detecting any
oil leakage in fuel-oil heater drains before remainder of the
system is affected. In this connection frequent inspections
of the drain tank, which is usuolly located conveniently
adjacent to the engine-room operating statlon, should be
made.

9550.284. FRESH WATER DRAIN COLLECTING TANK
The fresh-water drain collecting tank discharges to the
condensers and receives droins from the drain inspection
tank, the ship’s heating system, low-pressure drain ccllect-
ing system, alr ejector condensers, etc. A connection
is provided for discharging tank drains to the surge tank,
but this method of droin disposal should never be used ex-
cept in emergencies, osbetter deceration results when these
drains are discharged direct to the condensers. First effect
evaparator tube nest drains may be discharqed to the fresh-
water drain collecting tank unless drainage through the
altemate line to the condensers is necessary to drain the
evaparators properly. High-pressure drains should normally
be discharged to the surge tank to provide for boiling of the
condensate, but provision is usuolly made for discharging
these drains to the fresh-water drain collecting tank in
emergencies.

95480,285. CROSS-CONNECTING MAINS

1t will be noted from figure 9560-8 that several engine-
room cross-connecting mains are provided in connection with
the vacuum closed feed system. Through use of the surge-
tank equolizing line and the condensate cross connection
it is feasible to operate both propelling units at cruising
power with cnly one condensate pump in operation. As con-
densote and booster pumps are usually combined in one
assembly on a single shaft, it is necessary, under this
condition, that booster-pump recirculating lines be opened
so that they will not heat up ond be damaged due to opera-
tion at no delivery. The feed-pump suction and discharge
cross cannections permit any main feed pump te take suction
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from either engine room and discharge to any of the vessel’s
boilers.

9580.288. RECIRCULATION

Operation of many of the units of the vacuum closed feed
system.is generally similar to similar units of the semien-
closed feed system discussed in section II, part 3. Refer-
ence should be made in this connection to articles in sec-
tion II, part 3 describing operation of centrifugal-pump re-
circulating lines, thermostotic recirculating lines, emer-
gency feed pump, etc.

$560,287. SUMMARY OF IMPORTANT OPERATING
REQUIREMENTS

1. Boil water.in surge tank continuously both in port
and under way (article 9560.273).

2. Maintain constont vigilance to avoid air leaks into
feed and condensate lines (article 9560.274).

‘3. Operate condensers to secure minimum practicable
condensate depression (article 9560,274).

4. ‘Raise vacuum in condensers before discharging cor-
densate to botlers (article 9560.278).

5. Bypass feed heater drain ump during normal opero-
tion (article 9560.282).

6. Never operate centrifugal feed pumps unless feed
booster pumps are operating {articles 560,257, 9560.286).

7. Test feed heaters and relief valves te one and one-
half times the motimum working pressure after overhaul or
repoirs {articles 9560.230, 9560.231, %660.285).

8. Take make-up feed through condenser (article 95860,
279).

Part 5-Pressure-Closed Feed System

9560.291. GENERAL

The semienclosed feed system and the vacuum closed
feed system have been superseded by the pressure closed
teed system. The basic difference between the pressuras
closed feed system and the earlier desiqgns is that it provides
a deaerating feed tonk which combines the functions per-
formed by the surge tank and the feed heater of the earlier
systems. The deaerating feed tank performs an additional
function in effecting final deaeration of all condensate and
droins prior to discharge of feed water to the boilers. The
earlier feed systems relled on main and turbo-generator
far deceration of feed water and under optimum operating
conditions the amount of dissolved oxygen in the feed water
comrespanded closely to that of the condenser condensate.
In the pressure type deaerating feed system, finol reliance
is placed on the deaerating feed tank for removal of dis-
solved axygen fram condensate, drains, and all other feed
water components. With proper operation, degerating feed
tanks will always reduce the dissolved oxygen content of
boiler feed water below 0.02 ppm, and frequently to less
than 10 percent of that limit. Instructions far checking the
performance of decerating feed tanks are given in section I,
part 6.

9560.292 ARRANGEMENT OF SYSTEM

Refeming to figure 9560-0, condensate from the main and
turbo-generatar condensers is dischorged by the condensate
pumps through the air-ejector condensers ta the degerating
feed tonk via the gland exhaust condenser and the deaerat-
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ing feed tank vent condenser. Feed hooster pumps which in
turn discharge through the economizers to the boilers. It
will be noted that the entire main condensate system is
under pressure throughout with the exception of the short
direct condensate pump suction lines.

9560.293. FUNCTION OF DEAERATING FEED TANK
The major functions of the deaerating feed tank include:
provision of a starage reservoir in the feed system to insure
stable operation under conditions of tapidly fluctuating load;
heating the feed water to a temperature closely agxoaeching
that correspanding to the pressure of auxiliary exhaust
steam; deceration of the heated feed water; and maintenance
of the reserve supply of feed water in the lower part of the
tank in a thoroughly heated and degerated condition.
Deaerating feed tanks are designed to remove dissolved
gases by use of the principle that the solubility of gases in
feed water approaches zero when the water temperature ap-
proaches the boiling peint, as cutlined in article 9660.22.
Although heating the water to the boiling point renders the
dissolved gases insoluble, it is necessary to provide positive
means for removal of the gas molecules still entrained in
the heated water in order to secure complete deaeration.
The vacuum surge tank of the vacuum closed feed system,
discussed in part 4, provides for beiling the condensate
but complete deaeration of the water in the surge tank is
not attained because the means provided for temoval of the
gas molecules entrained in the heated condensate are in-
adequate.

9560.294. DEAERATING FEED TANK

In the degerating feed tank the boiler feed woter is
heated and deaerated by direct contact with quxiliary ex-
haust steam. Figutes 956010 and 9560~} ] indicate dia-
grammaticelly the basic arrangement of the types of deaerat-
ing feed tanks commonly used in naval installation. The
way in which the decerating feed tank performs its function
is described in articles 9560.295 to 9560.297, below. The
tlash type dederating feed tank, very few of which remain
in naval vessels, is not covered by this discussion.

9560.295. WATER FLOW

The mixture of condensate, drains, and make-up feed
water, constituting the inlet water to the decerating feed
tank, enters through the tubes of the vent condenser. By
the pressure of the condensate pump discharge it is forced
through the numerous spray valves of the spray head and
discharged in a fine spray throughout the steam-filled top or
preheater section of the deaerating feed tank., The tiny
droplets of water are heated and scrubbed by the relatively
qir-free stean so that virtually all of the dissclved air is
released. The drops of heated water fall through the steam
atmesphere and are collected by a conical boffle which cone
ducts them to a central port. Here the partially deaerated
and heated water is picked up by the incoming exhaust
steam and thrown radially cutward and upward ageinst the
lower side of the conical baffle in a finely atomized spray.
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The mixture of stean and water attained by this spray nozzle
is 5o intimote and complete that the water and steam reoch
an equilibrium temperatute and the dissolved gases in the
water are removed. The water then folls into the storage
space at the bottom of the tank where it remains under a
blanket of ar-free steam until needed for the boilets. Ver-
tical radial or spiral baffles usually are attached to the
upper surface of the collecting cone and to that of the spray
nozzle, if it.is large, so that the degerating function can
proceed regardless of roll or pitch of the ship.

It will be obvious that should o spray nozzle or nozzles
stick open, or If o spray nozzle spring is broken, the re-
sultant flow from the nozzle will not be.in the form of a
fine spray and, therefore, deceration will be tmpaired. Such
a candition connot be discovered except by anolysis of the
feed water leaving the DFT or by inspection of the spray
nozzles. On those vessels which are not provided with dis-
salved oxygen test kits, inspection of the =pray nozzles
should be scheduled at frequent intetvals. A manhole.is
provided in most of the DFT's for access to the spray noz-
zles, while others are so desiqned that the spray nozzle
chamber is removed with the vent condenser.
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Figure 9560-9

9550.296. STEAM FLOW

Auxiliary exhaust steam flows directly into the sproy
head. FEither in the spray head or in the line leading there-
fo o check valve is provided so that steam can flow from the
quxiliory exhaust line whenever the pressure within the
deaerating feed tank is less than that in the exhoust line
but which will prevent the retm flow of water into the
aquxiliary exhaust line in case the degerating feed tank
should be flooded. In the spray head the incoming steam
atomizes the preheated water, os described above, heating
it to equilibrium temperature and scrubhing from it the lost
traces of dissolved air. A portion of the incoming steam is
condensed in this process, the condensate collecting with
the heated and deaerated feed water in the bottom of the
surge tank. The uncondensed steam flows around the coni-
cal baifle into the preheater section of the deaerating feed
tank where it mixes with the incoming water being discharged
by the spray head. Here another stage of heating and
deaeration occurs, a large proportion of the residual steam
being condensed in the process. The remaining steam flows
into the shell of the vent condenser where it is further con-
densed by heating the incoming water passing thrcugh the
tubes. The condensate from the shell of the vent condenser
drains onto the conical baffle separating the preheater end
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starage partions of the deaerating feed tank so that this
condensate is recycled through the spray nozzle. The stecm
not condensed in the vent condenser flovws cut through the
vent line of the vent condenser, carrying with it all of the
dissolved ait which has been removed from the incoming
feed water.

9560.297. YENTING

To complete the deaerating process, it is necessary
that air separated from the feed water be removed from the
tank. If this air is not removed, it will be redissolved in
the feed water in the storage sectian of the tonk. Removal
is accomplished through a vent from the vent candenser. In
most installations, the vent discharges through a line to @
gland exhaust condenser or to the aiter condensers of main
and auxiliory air ejectors. The vent line is normally pro-
vided with a valve of line size for maximum venting. A
needle valve or orifice is usually provided around this line
valve to requlate venting in less than maximum quentities.
In investigations of boiler-tube corrosian, it was found, in
several instances, that the corrosion was directly attributa-
ble to the fact that vent line and needle vulves were
closed and the separated air had not been removed from the
tanks. To insure positive and continuous venting at all
times, the Bureou has cuthorized, where applicable, an al-
teration, to be accomplished by the ship’s force, consisting
of the installation of a 3/&inch orifice in @ bypass around
the vent line valve. This will provide cgainst complete
closing of the vent line and will permit use of the vent valve
for purging the tank, if necessary. A simple manometer ar
other visual flaw indicator should be installed acrass the
crifice to assure that there is flaw and that o valve down-
stream from the arifice has not been inadvertently left
closed.

95560.298. INTERNAL CHECK YALVE

Remote operating gear is pravided for the check valve
mentioned in article 9560.296 so that it may be operated
manually if necessary in the event of deranaement of the
autamatic feature. Some types of decerating feed tanks are
provided with extemal cutomatic operating mechanism for
adjustment of the internal check valve, in order to control
the velocity of the steam issuing through this valve into
the tank, and the valve in this case is termed an atomizing
valve, Where such mechanism is provided, instruction books
furnished with.the equipment specify the propet pressure
drop through the atomizing valve, usually between three-
quarters and 1%4-pounds per square inch. The check or atom-
izing valve should be kept in proper adjustment at all times,
in acoordance with the instructions provided, in order to
obtain the designed velocity of steam issuing through the
valve into the tank to secure effective deceration under
operating conditions, and to ovoid possible injury to turbine-
driven quxiliaries should the nonreturn fecture of the valve
become inoperative.

9560.299. CONTROL OF STEAM TO DEAERATING
FEED TANK
Vessels equipped with deaerating feed tanks should al-
ways carry auxiliary exhaust pressure within the design
range for the particular vessel, usually between 10 and 15
pounds per square inch gage. Muain and turbo-generator tur-
bines of such vessels are sometimes equipped with turbine
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bleeder connections to be used to augment the auxiliory ex-
haust supply as necessary to provide low-pressure steam for
heating the feed water, and for operation of the distilling plant.
In addition, augmenting valves are (usually 150 psi system)
ordinarily provided to bleed live steam into the auxiliary
exhaust main should the pressure fall below the minimum
auxiliary exhaust pressure necessary for proper operation

of the decerating feed tanks, usually 8 pounds per square
inch guge. These augmenting valves should be regarded as
for emergency use enly as it is relatively uneconomical to use
live steam for heating feed water, The decercting feed tank
steam supply valves should always be kept wide open when
this equipment is in use in order to secure proper dederation.
Thrattling of these valves during normal operatlon in an at-
tempt to control auxiliary exhaust pressure through adjust-
ment of feed water temperature is specifically prohibited

for both direct-contact type deaerating feed tanks and flash-
type dederating feed tank as improper feed water deaeration
will result from this practice. Auxiliary exhaust pressure
should be controlled, Instead, through the proper use of

main and auxiliary turbine bleeder valves and by operation

of turbine driven or motor driven auxiliaries when altemate
units are provided for a given setvice.

9560.300. WARMING UP DEAERATING FEED TANK

1. It.is important that o secured decerating feed tank be
kept isolated fram the system and its cantained water de-
cerated before the tank is cut inta the system to supply
boiler feed water. If the secured tank is empty, {t may be
filled by means of the emergency feed pump taking suction
fram a reserve feed tank and discharging through the
starting up line indicated in fiqure 9560-9 to the main con-
densate line just chead of the vent condenser. During this
operation auxiliary exhaust should be supplied to the deaerat-
ing feed tank in order that the incoming water will be
heated and deaerated. In warming up a cold decerating feed
tank the steam supply valve should be opened slowly, in
order to avaid sudden temperature changes within the tank.
When the tank is filled to the naemal operating level, a
feed booster pump should be employed to circulate the
heated water from the tank back through the vent condenser
via the starting-up line for about 10 minutes, ta insure com-
plete deaeration of the water.

2. If the secured decerating feed tank is not empty, .it
may be warmed up by use of a booster pump in connection
with the starting-up line for recirculating the contained
water. Auxiliary exhaust steam is supplied to the tank
during recirculation and the water is gradually heated and
decerated.

3. In the case of direct-cantact degerating feed tanks,
recirculation should cantinue for about 10 minutes after the
temperature of the water in the tank has reached the tempera-
ture carrespanding to the pressure within the tank. The
flash-type deaerating feed tonk recirculation should cantinue
about 10 minutes after the water in the tank has reached a
temperature of 2120 F.

4. When the decerating feed tank is fully warmed up,
the valve in the starting-up line shauld be throttled before
the tank is cut into the system. During normal operation the
starting-up line shauld be secured and the feed pump recir-
culating line relied on to protect the booster pump as well
as the feed pump from overheating. If the starting-up line
is permitted to remain open during the normal operation, im-
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peoper degeration will result because the large quantity of
heated water recirculated through the vent condenser re-
duces its effectiveness in removing the air vapor mixture
from the degerating feed tank.

9560,301. RAISING YACUUM

When warming up a second main propelling unit, it is
desirable that full vacuum be obtained in the main canden-
ser before any condensate is admitted to the boiler feed
system. This may be accomplished by recirculating conden-
sate from the air ejector dischorge back to the main conden-
set hat well, bypassing the thermostatic recirculating valve
during the warming-up period. The water necessary for re-
circulation is admitted to the main condenser initially
through a line connecting the storage 'section of the deaerat-
ing feed tank with the condenser. When full condenser vac-
uum is obtained, the manually controlled bypass around the
theemostatic recirculating valve is secured and the valve in
the main condensate line beyond the air ejector is open to
cut the condenser into the system,

9560.302 CONDENSATE RECIRCULATION

Under normal operating conditions recirculation to the
main condenser at light foads is automatically controlled by
the thermostatic recirculating valve. Water for normal recir-
culation.is taken from the main condensate line either be-
yond ar ahead of the vent condenser, and the branch of the
recirculating line from the dir ejector discharge should re-
main secwed except when warming up the plant. Recircu-
lation of water taken from the condensate line beyond the
vent condenser assures proper functioning of the deaerating
feed tank at light loads, but involves the use of recirculo-
ticn cross-connection when engine rooms are tunning cross-
connected.

9560.203, RECIRCULATION FROM DEAERATING
FEED TANK

Provisicn is made for reeirculation from the starage
section of the deaerating feed tank to main and dynamo con-
densers. This line is necessary to supply water to the con-
denser hot wells prior to warming up the system, and under
conditlons of operation when insufficient water is supplied
to the gland exhaust condenser and the degerating feed tank
vent condenser through normal functioning of the thermo-
statically controlled recirculating valve. Recirculation
from the storage.section of the deaerating feed tank to the
condenser hot wells should be avoided during normal opero-
tians, as recirculation of the heated water through this line
is less economical than recirculation of the cooler water
from the main condensate line chead of the decerating feed
tank.

9560.204. MAKE-UP FEED

Make-up feed is admitted to main and dynamo cendensers
as necessary through the make-up feed line connecting with
the reserve feed tanks. Excess feed is normally discharged
to reserve feed tanks from the main condenscte line beyond
the gland exhaust condenser o, in the case of some instal-
lations, beyond the decerating feed tank vent condenser.
Sufficient volumetric capacity is provided in the decerating
feed-tank storage section so that the discharge of excess
feed or admission of make-up feed should be unnecessary
when the vessel is maneuvering. As in the case of the surge
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tank provided in other feed systems, decerating feed tank
water level may fluctuate rapidly during maneuvering con-
ditions, but will not normally rise above or fall below the
high and low operating levels marked on the decerating feed
tank In the vicinity of the gage glass. Deaerating feed tank
gage glasses should he of the shatterproof reflex type if
visihility over a limited arc is satisfoctary. For installatiens
where visibility over a large arc is necessary, ds in the
case of most vessels having two engines installed in one
engine room, the ordinary tubular gage glass should be re-
tained; a small reflex type gage glass being provided to
cover the normal operating range. With this installation,
the tubular qage glass cocks may be used as dry cocks in
the event of casualty to the glass.

9560.305. TRANSFER OF FEED WATER

When engine rooms are running cross-connected with more
than one deaerating feed tank in operotion, water may be
transferred from one tank to ancther, if necessary, by use of
the manually controlled bypass around the thermostatic re-
circulating valves. QOpening the recirculating line in one
engine room reduces the pressure in the main condensate
line, thereby permitting some of the water delivered by the
condensate pumps.in another engine room to be discharged
through the condensate cross-canecting line, raising the
decetating feed tank level. This method of operation avoids
the necessity of discharging excess feed to a reserve feed
tank in one engine room and then admitting it in another en-
gine room through the make-up feed connections to control
deaerating feed tank levels,

9580.306. OPERATION UNDER WAY

1. When operating cross-cennected, one or more decerat-
ing feed tanks are normally secured, condensate from the
peopelling unit associoted with the secured deqerating feed
tank being transfered to another engine room via the conden-
sate discharge cross connection. When running cross-
cornected in this manner, the boiler feed pumps associated
with the secured deaerating feed tank should not be operated
unless the feed pump recirculating lines are arranged to dis-
charge into a degerating feed tank which is in operation.
This is to prevent hot feed pump recirculation from overheat-
ing the idle decerating feed tank, with a resultant loss of
heat through the deaerating feed tank vent.

2. Some installations are provided with combined con-
densate and feed booster pumps so that the booster pump
cannot be secured when running cross-connected. In this
case the valve in the starting-up line from the idling booster
pump should be cracked open to prevent ovetheating cf the
pump. Vapa generated by recirculation from the booster
pump escapes through the vent condenser vent under this
candition.

3. Securing of one ar mare deuerating feed tanks when
under way at low and medium speeds is desitable, as more
effective deceration is obtained in the operating tanks, con-
trol of make-up ond excess feed is simplified, and some im-
provement in overall cperating economy is obtained.

4, Under normal split plent operations, all deaerating
feed tanks should be put into service. Each engine room may
then be operated independently and cross-connecting lines
between engine rooms secured. Ii the water level rises in
one deaerating feed tank while it falls in another, feed may
be tronsferred between tanks through the condensate cross-
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connecting main, as outlined above, avoiding excessive use
of excess feed discharge and make-up feed admission lines,

9560.307. OPERATION IN PORT

1. Nomal eperation of the feed system in port with the
main propelling units secured involves the securing of all
but one of the decerating feed tanks and using the emer-
gency or pert use feed pump for supplying water to the beil-
ers in operation. Since the steam load is usually very
small, the rectprocating type emergency feed pump may be
operated Intermittently so that the valve in the starting-up
line should be open slightly to provide continuous recircula
tlen through the booster pump.

2. If an unusually large quantity of feed water is re-
quired under port operating canditlons for any purpose, such
as for filling boilers, condensate and booster pumps of a
main propelling unit may be sfarted. A sufficient quantity
of make-up feed should be admitted to the main condenser
dn arder to keep the condensate pump suction flooded at all
times when it is in operation. This operating comblnation
should be regarded as temporary and the main pumps should
be secured as scon as the requirement for a larger quantity
of feed has passed.

9560.308. DRAIN DISPOSAL

Ineffective deaeration of various drains is cne of the
major sources of oxygen contamination of baller feed water
In the feed systems preceding the pressure closed feed
system, It will be noted from figqure 95500 which applies
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to older ships, that the degerating feed tank provides for
camplete deaeration of all drajns, In general, drains having
temperatures high enough to movide for flashing in the
deoetating feed tank are led directly to the tank above the
deaerating elements, while low temperature drains are led
directly or indirectly to the main candensate line and dis-
charged into the tank through the meheater spray nozzles.
It is possible that, under certain conditions, flashing of
high pressure drains in the tank may create pressures which
will reduce the flow of steam through the atomizing valve,
thus reducing the atomizing and serubbing actlon necessary
for complete deaeration. For this reason, on newer vessels,
these high pressure, high-temperature drains are being dis-
charged into the auxiliary steam line ahead of the deaerat-
ing tank so that they will combine with, rather than oppose,
the heating and scrubbing steom.

9360.209. HIGH-PRESSURE DRAINS

High-pressure dralns are collected in the high-pressure
draln main and discharged directly to the decerating feed
tank in older vessels, and to the auxiliary steam line in
newer vessels, Fuel oil heating drains are led to a draln-
Inspection tank similar to that provided in the vacuum
closed feed system and are discharged from this tank to the
decerating feed tank.
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9560.310. LOW-PRESSURE DRAINS

The low-pressure drain-collecting main is led to the fresh
watet drain-collecting tank which discharges to the conden-
sers and is vented to the gland exhaust candenser. In some
installations pumps are provided to discharge the drains
collected in the fresh water drain-collecting tank directly to
the main condensate line beyond the vent condenser. In this
case, it is common practice to discharge heating system
drains and evaparatot first effect tube-nest drains to the
fresh water drain-collecting tank instead of the main conden-
sate line, as indicated in fiqure §560~5. When the above
pump is not provided, a heating system drain tank is usually
installed and the evaparator first effect tube-nest drains are
discharged by a pump located in the distilling plant compart-
ment to the main condensate line.

9560.311. HEATING SYSTEM DRAIN TANK

"The heating system drain tank is arranged to operate at
subatmospheric pressure by provision of alr ejectors with
salt-water-cooled precoolers and after coolers. One ar more
automatically operated drain pumps are rovided to handle
the drains collected in the heating system drain tank. Use
of the alr ejecters maintains a vacuum on the drain tank and
the heating system drain lines connected to it. This im-
proves drainage af the heating system and eliminates noise
and water hammet with consequent possibility of joint leaks
at various points in the drain lines.

9560.312 RELATION TO SEMIENCLOSED SYSTEM
Operation of many units of the pressure clased feed
system is generally similar to operation of similar units of
the semienclosed system and reference should be made to
articles in sectian I, part 3, describing aperatian of feed
pump recirculating lines, thermostatic recirculation emer-
gency feed pump, venting of shell and tube feed heaters, etc.

9560.313. MAINTENANCE QOF DEAERATING FEED
TANKS

1. The necessity for providing a cantinuing supply of
oxyqen-free feed water to steam boilers requires that the
decerating feed tanks operate effectively at all times. Effec-
tive operation of the tanks depends primatily on the apera-
tion of the spray valves. It is recommended that the spray
vulves be tested at least every 6 manths. Other parts of the
tanks, such as atomizing valves, 1f included in the tank
design, should be examined at the same time.

2. A rig for testing spray valves is shown in fiqure 9560~
12. All shore.and ofloat tepair activities setvicing ships
equipped with deaerating feed tanks should construct this
tig for petiodic testing af spray valves. A water supply,
with o minimum pressure of ten p.s.i. funished either from
shipboard ar dackside, should be cannected by a globe valve
to the Y-inch I.P.S. nipple.

3. A 0to-3 p.s.i. pressure gage ar a O-to-10 -
tube manometer containing mercury should be connected to
the Y%-inch 1.P.S. side cutlet pressure tap, A Yrinch valve
should be attoched to the Y-inch 1.P.S. drain cannectian an
the battom, if required.

.4 Each spray valve con be tested and calibrated sepa-
tately:
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o Mount the test rig, with its connecting water sup-
ply and indicating gage, in an angular position similar to
that the spray valve occupies when actually installed in the
deaerating feed tank.

b. Install the spray valve to be tested or calibrated
on the.3-inch coupling on the test rig. A gasket of rubber
or simlar material can be used instead of a copper gasket
for mounting the spray valve. If the 3-inch coupling has been
threaded for a particular size spray valve, adapters can be
fobricated far fitting other sizes of valves.

c. Fill the test rig with water, lifting the valve head
either by hand or water pressure to remove air pockets.

d. Apply water pressure, slawly operating the water
supply valve, to determine the condition of the valve seats
and the pressure required to 1ift the valve head. Ledking
evident during the bulld-up of pressure will indicate scored
of poar seats. Record the pressure indicated when the valve
apens. If the pressure does nat agree with the opening
pressure specified in the technical manual applicable ta the
tank being tested, the valve spring tensions should be ad-
justed. If the opening pressute is not given in the appli-
cable manufacturer’s technical manual, a pressure drap under
test which produces the desired spray pattemn should be
noted. If thete are seat leaks, the valves should be re-
seated before any final spring or lift adjustment is mode.

S. When testing spray valves, the following items should
be noted:

d. The valves must be completely apen ar shut.
Leakage or dribble in the closed pesition indicotes faulty
aperation which will criticolly affect deceratlon, If such
condition exists, the valves should be examined for scored
or damaged seats or improper spring tension.

b. .#hen the valve opens, the effluent should be a
completely conical sheet of watet. Any other form of dis-
charge indicates fauity operation. An incomplete cone in-
dicates cocking of the disk in respect to the seat. This
may be caused by defective springs. Replacement valves
should be examined carefully to see that the springs are
carrectly farmed.

¢. All valves in o particuler tank should open at the
same pressure differential across the valves to avoid
leaving gups in the total configuration. All associated
valves should be adjusted for the same opening pressure.

d. Valve should operate freely in any position.

e. Valves ond seats should be clean and free of any
deposits.

6. Articles 9560.104 thraugh 9560.107 describe the proce-
dures for determining the dissolved oxygen concentration in
the decerating feed tank discharge. While this test is not
definitive in the range of 0ta .02 p.p.m. of dissolved oxy-
gen, it will serve to indicate major malfunctioning of the
unit. For a more accurate determination of performance in
the range of 0 to .02 p.p.m. with respect to the specification
requirement of .014 p.p.m., all naval shipyards have pet-
sonnel and facilities to perform the Ametican Soclety for
Testing and Materjals referee method, For the results to be
of value, all testing should be accomplished with samples
from an operating deaerating feed tank feeding a steaming
boiler.
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9560.314. SUMMARY OF IMPORTANT OPERATING
REQUIREMENTS

1. Keep internal steam check valve of deaerating feed
tark in proper adjustment (article 9560.298).

2. Do not throttle steam inlet valves tc decerating feed
tanks (article 9560.299),

.3 Do net close noe throttle valves in vent line from
operating deaerating feed tanks (article 9560,297).

4, Open feed pump recirculating lines whenever pumps
are operating {articles 9560,256, 9560.312).

5 Never operate centrifugal feed pumps unless feed
booster pumps are running {articles 9560.257, 9560.312).

6. Test feed heaters and relief valves to 1% times the
maximum warking pressure after overhaul or repalrs
{articles 9560.230, 9560.231, 9560.312).

7. Secure starting-up line during normal operation of
decerating feed tank {article 9560300},

8. Inspect for incperative spray nozzles at frequent in-
tervals (article 9560,313).

9560.215. CLEANING OF FEED AND CONDENSATE
SYSTEMS

To reduce the possibility of contaminating beilers and
steam generatars it is necessary to maintain clean feed and
condensate systems. Grease, oil, or other foreign matter
in suspension in the water tends to praduce priming, aid
the various processes of corrosion, reduce efficiency and,
if deposited on heating surfaces, may cause overheating and
seriocus damage. To maintain clean feed and condensate
systems the following are minimum quidelines that should
be adhered to:

1. Inspect the feed and condensate systems reqularly
and when oil or dirt contamination is suspected. Should
cil contamination occur, the source should be located and
corrected, and the feed and condensate systems cleaned
using the solutions specified in chapter 9510.87 and the
procedures Hsted in chapter 9030.328-.334. The boiler
should be cleaned in accordance with chapter 9510.87.

2. After periods of prolonged shutdown (& weeks)
the feed and condensate systems should be flushed in
accordance with chapter 930330 and 930,334,

3. After reqular overhauls the feed and condensate
systems should be cleaned in accordance with article
9560.315.1.

4. Pricr to system fiushes, temporary strainers
should be installed in the suction side of the feed and con-
densate pumps, Strainers shauld be the inline, truncated
cone type, 20 mesh o finer and of sufficient size to
minimize pressure drop. The strainers should have a flange
of suitable size to be bolted tc the existing piping flange.
Strainers must be removed ddter system cleanliness is
established, and in any case prior to full power runs. Where
strainets are installed a taq should be provided with the
following instruction:

CAUTION TEMPORARY STRAINER
INSTALLED REMCVE PRIOR TO
FULL POWER RUNS

.Chapter 9560
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