
Figure 9560·3. Typical sludge in a 2·inch boiler tube. 

Figure g$t}.4. Oxygen Pit. 

Figure !l;6Cl-S. Oxygen Scab . 
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occur. Baked sludge is difficult to remove by mechanical 
means and is not disintegrated by treatment chemicals. Ex­
cessive accumulation of sludge indicates that blawdawn 
has been inadequate. The jXesence of sea water resulting 
from excessive condenser tube leakage is a cammon cause 
of heavy sludging. The products of ccrrasion of condensers 
and feed piping systems also contribute to excessive boUer 
sludging. 

9560.27. PROCISS 0' CORROSION 
1. Corr •• lon De,.alt. and High Temp.ratur. Oxld •• 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 new Iy rolled 
steel, is a special type of ccrrosion ~oduct which results 
from reaction of hot metal with water or air. 
2. Electrolytic Corrosion (Pitting,. All corrosion is elec­
trolytic in natUre; hcmever I the term is usually applied to 
local effects like the pit shown in figure 9:60-4 and the 
scab sha-.vn in figure 9560-5. It is possible for a tube to 
be completely sound except for one or two such pits. For a 
numl:er of reasons, anodic and cathodic areas exist even 
in the most perfectly formed metal tubes. When exposed to 
a conducting medium (electrolyte) such as boiler water, 
iron goes into solution. 
3. General Corro.lon, Under certain conditions, the water 
in contact with the tube metal is corrosive enough so that 
there is general metal loss over the enUre tube area. Hcm­
ever, this phenomena rarely occurs in Naval boilers. 
4. Corrosion of Boller Water.lde •• Corrosion of boiler 
watersides is a 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 I 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 oxygen from the feedwater and 
boiler water. The importance 'of these factors is elaborated 
below. 

9560.28. EFFECT OF LOW ALKALINITY 
Acid corrosion, that is caused by law alkalinity wlll 

cause general wastage of the waterside surfaces and IIYly be 
accompanied by localized pitting. 

9560.29. EFFECT OF EXCESSIVE ALKALINITY 
If the boiler water alkalinity is too high, strong caustic 

concentrations may develop in the film in contact with the 
evaporative surfaces. Such strong caustic solutions will 
then renetrate cracks in the protective film and react with 
the tube metal. 

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

9560.30. EFFECT OF DISSOLVED OXYGEN 
Dissolved oxygen causes localized electrolytic cor· 

rosion. Oxygen corrosion can be identified by the occur­
rence of scattered, locoBzed pits and the absence of general 
corrosion in the intervening creas. Oxygen pitting is accel-

Chapter 9560 

erated by increase in temperature, dissolved oxygen, and 
acidity (decrease in alkalinity). The normal introduction of 
feedwater to the top drum of a steaming bol1er usually reduces 

. the dissolved oxygen to a tolerable 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 bol1ers. Economizers, which 
operate at low temperatures and can provide no escape for 
the dissolved oxygen, are particularly vulnerable to dissolved­
oxygen corrosion. 

9560.31. SOURCES OF DISSOLVED OXYGEN 
Aerated feedwater is one of the princip::Jl sources of 

oxygen contamination of boiler water. Atmospheric oxygen 
is also drawn into a boiler which is secured at steaming 
level and permitted to cool. Air wlll dissolve readl1y in 
fee:lwater and, if not removed by the condensers or deaer­
ating feed tanks, will pass on to the economizer and 
generating-tube nest. It is imperative that the dissolved­
oxygen content of the feedwater t:e reduced to the lowest 
possible level before it leaves the deaerating feed tank, 
and that the feeciwater be Il'otected against air from leaking 
in during its travel through the suction lines. It is also 
imperative to secure a boiler to prevent oxygen from enter­
ing the boHer while it is cooling and whHe it is cold. Se­
curing procedures should be as outlined In chapter 9510.17. 

9560.32. PROCESS OF DEAERATION 
Modern methods of decemtion take advantage of the 

solubility characteristics of ~ses. The solubility of oxy~ 
gen increases with an increase in the pressure of the 
oxygen-bearing atmasphere above the water, and decreases 
with an increase in the temperature of the water. The 
solubility of oxygen in water at various temperatures and 
pressures is illustrated in figure 956D-<i. 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 corresponding to the bo1l1ng 
paint. 
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The deaeration process Simply removes gases from the 
feedwater by either heating to reduce solubility, applying 
vacuum to reduce solubility and remove gases, or scrubbing 
with steam to remove the gases mechanically. The three 
rosic mechanical deaeration systems (feedwater heater 
systems) are the oj:€:n feedwater heater, the semiclosed 
feedwater heater, and the pressure-closed deaerator. These 
systems are diagrammed in figure 9560-7. All deaeration 
systems must be op::!:rated carefully and checked regularly 
if dissolved oxygen in the feedwater is to be minimized. 
The deaerating principles of the several systems are dis­
cussed below. 
1. In the open feedwater ayatem, vacuum is obtained in the 
condenser with a steam-tx>wered air ejector (aspirator 
principle). The low pressure reduces the solubility of the 
gases which p:1SS out of the ejector. From the condenser, 
the water flows to an o~n tank where it is kept hot to 
minimize solution of gases. The air-ejecting, low-pressure 
condenser is cammon to all of the three systems. 

The efficiency of the oj:€:n feedwater system depends 
on maintenance of the condenser vacuum by air ejection and 
the extent of open feed tank heating. Low feed tank tem­
perature is the principal source of trouble. 
2. The aemiclond f.edwater ayatem introduces less air 
than the open system because it has centrifugal pumps in­
stead of reciJ:(occting wet air pumps, and because it uses a 
surge tank £looting on the line instead of an open feedwater 
tank through which all of the water flows. The surge tank 
has a constant overflow near the expected water level to 
remove the surface 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 overflowed from this point continuously by 
adding makeup feedwater to level out feedwater deroonds. 
Low surge tanks temperature has the same effect as low 
open tank temperature. 
3. In the pr ... ure-clased deaeroting syst.m, a spray type 
deaerator is substituted for the feed or surge tank. Hot 
feedwater from the condenser is sprayed into the deaerator 
shell through a numl:::er of spring looded atomizing valves. 
Simultaneously, exhaust steam is blown through the spray 
to sweep the gases out of the vent. 

The primary step in deaeration, therefore, is to raise 
the temrerature of thefeedwater to the boiling paint corre­
sponding to the deaerating feed tank pressure. This renders 
the oxygen insoluble, but the problem of purging the water 
of the last traces of oxygen and transporting the air-free 
water to the bailer without reaeration remains. The feed­
water systems used for solving these problems are discussed 
in detail in section II. 

9560.33. NATURE OF CARRYOVER 
In addition to the prevention of scale and corrosion, the 

third principli object of boiler-water treatment is the pre­
vention of such abnormal boiling conditions as priming or 
fooming. The greater the amount of dissolved solids in a 
water, the greater willl:::e the tendency of the water to foom 
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 steam space 
arove the liquid surface will prevent foam from carrying 
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aver into the steam line. The boiling over of a coffeepot is 
an everyday example of this phenomenon. 

If the amount of suspended mtter is conSiderable, ony 
foom which forms is stabilized by the small particles and 
the film thickness, so that the steam bubbles fail to break 
before entering the dry pire. Small p:1rticles of water then 
will be carried along with the steam; this Il'ocess is called 
carryover. Excessive alkalinity will also cause the boiler 
water to foom and to carryover. Carryover causes wet steam 
and objectionable deposits in the steam lines, sup&rheaters, 
and turbines. Figure 9560-8 illustrates the effects of 
carryover in a superheater line. 

Priming is a violent tyre of carryover caused by ,erratic 
firing, carrying boiler water level too high, very rapid in­
creaSes in steam withdrawal, and rough weather, 50 that 
large quantities of water may I:::e thrown into the steam 
space as though sooll intermittent explosions were occur­
ring. Large amounts of water then will be carried into the 
dry pipe. 

Foaming can generally be controlled by redUCing the 
amount of dissolved and suspended solids in the boiler 
water; however, priming is a mechanical matter. 

Part". Care of Feedwater and Makeup Feedwater 

9560.41 SEA WATER DISTILLATE 
All water used for boiler-feed purtx>ses contains some 

undesirable impurities. It is impossible to make evaporator 
distillate free from all impurities. The distillate from ship­
board evaporators will normally contain less than 0.005 epm 
of chloride. Associated with these chlorides are smaller 
amounts of all the other salts found in seawater. All of 
these impurities enter the boiler with the makeup feedwater. 

9560.42 ELECTRICAL SALINITY INDICATORS 
Electrical conductivity meters, or salinity indicators, 

are installed in virtoolly all naval vessels. Their o~ration 
is oosed 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 rreter 
indication vary both with the temperature and the ionized 
sa It concentration of the water flowing through the ce 11. 
Temperature compensation is provided to eliminate the 
temperature effects. The compensator must be set at a 
value corresponding to the tem~roture 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 at low ionized salt concen­
trations. The salinity indicators should re op&rated and 
checked as recommended in chapter ~50 and in the ,manu­
facturer's instructicn 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 I:::e followed. The 
results obtained with the indicator may be comlXlred with the 
corresponding chloride titrotions (metho:ls for determining 
the concentration of a substance in solution). The dials of 
salinity indicators are calibrated in grains of sea salt per 
gallon and ~om of chloride. To convert the dial reading 
for checking against results obtained from chloride titration 
multiply by the factor 0.261; e.g., grains of sea salt per 
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r 
I 

Grains of 110 IOIt 

plr gallon: 
0.1 

.2 

.25 

.3 

.4 

.5 

.6 

.7 

.8 

.9 
1.0 
1.1 
1.2 

Equivalents per 

million chloride: 

0.01 
.02 
.03 
.04 
.05 
.06 
.07 
.08 
.09 
.lD 
· 11 
.12 
· 13 
.14 
· 15 
.16 
.17 
.18 
.19 
.20 
.21 
.22 
.23 
.24 
.25 
.26 
.27 
.28 

Equivalent. per 

million ~hloride: 

0.026 
.052 
.065 
.078 
.104 
.130 
.157 
.183 
.209 
.235 
.261 
.287 
.313 

TABLE II 

TABLE III 
Grains of sea salt 

per gallon: 

0.038 
.77 
.115 
.153 
.192 
.230 
.268 
.306 
.345 
.383 
.421 
.460 
.498 
.536 
.574 
.613 
.651 
.689 
.728 
.766 
.804 
.843 
.881 
.919 
.958 
.996 

1. 034 
1.072 

gallon (meter reading) X 0.261 = epm. chloride. For example, 
titration of a sample which the indicator shows to have 0.60 
grain of sea salt per galloo should give a result of app-oxi­
metely 0.15 epm. of chloride. Tables II and III will assist 
the operator in making necessary conversion for checking 
the values read from the salinity indicator against the 
values in the chloride test and vice versa. 
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Groin. of no salt 
per gallon: 

1.3 
1.4 
1.5 
1.6 
1.7 
1.8 
1.9 
2.0 
3.0 
4.0 
5.0 

10.0 

Equivolents per 
million chloride: 

0.29 
.30 
.31 
.32 
.33 
.34 
.35 
.36 
.37 
.38 
.39 
.40 
.41 
.42 
.43 
.44 
.45 
.46 
.47 
.48 
.49 
.50 
.60 
.70 
.80 
.90 

1. 00 
1.5 
2.0 
2.5 

EqUivalents plr 
million chloride: 

0.339 
.365 
.392 
.418 
.444 
.470 
.496 
.522 
.783 

1. 044 
1.305 
2.610 

Grains of ,.0 salt 

per gallon: 

1.111 
1.149 
1.187 
1.226 
1.264 
1. 302 
1. 340 
1.379 
1.417 
1.455 
1.494 
1.532 
1. 570 
1.609 
1.647 
1. 685 
1. 724 
1. 762 
1.800 
1.838 
1.877 
1. 915 
2.298 
2.681 
3.064 
3.447 
3.830 
5.745 
7.660 
9.575 

9560.~3. UNDESIRABILITY OF SHORE WATER 
All shore waters contain varying amounts of contami­

nating salts, d~pending on the character of the racks, sand, 
and earth over which they have flowed and on the extent 
and nature of municip::tl treatment to which they have been 
subjected. The impurity content of shore water will always 
be higher and, more important, will be chemically and pro­
portionately different from that of the sea water distillate 
which naval water-treatment is designed to control. Water 
received from shore should not be used. in the boilers (except 
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in emergency) without first being evaporated in the ship's 
distilling plant. Consult chapter 9580 for discussion of 
conditions under which the ship's distilling plant may be 
used for evaporating shore water and operating precautions 
to be taken under these circumstances. If necessary to use 
shore water without distillation, the water should be tested 
and 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 boilers, may 
result in depositing on the evaporator 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.U PROTECTION OF FEEDWATER 
Feedwater shall be maintained as free from impurities 

as possible. This requirement involves careful attention 
to the entire plant through which the water p::Isses, either 
in the form of steam or as water, for, even though evaporator 
distillate quality is excellent at the time of entry into the 
system, by the time it is used as makeup feed, it may absorb 
impurities from the various parts of the installation. 

9560.45 SOURCES OF SALT WATER CONTAMINATION 
The most ~olific source of contamination of the water 

in naval boilers is salt-water leakage into the feedwater 
system. The princip::d P:Jfts of the system where this leak­
age may occur are listed below: 

1. Condensers: main, auxiliary, and dynamo. 
2. Salt-water-cooled air~jector condensers. 
3. Distilling plants. 
4. Salt-water-cooled gland~xhaust condensers. 
5. Leaky bottom-blOYI valves on idle boilers. 
6. Leaky feed suction and drain lines which run 

through bilges. 
7. Leaky seams and rivets in reserve feed tanks. 

9560.<16 CONDENSATE CHLORIDE 
Condensers are the most common source of salt-water 

leakage into the feedwater system. Particular attention 
should be given to detect leakage of salt water into the 
fresh-water side of condensers. In most naval installations, 
the condensate consistently contains less than 0.05 
epm of chlCl'ide. Any consistent increase above this value 
is a definite indication of a leak. When a leak is detected, 
it should be corrected as soon as operating conditions will 
I2rmit dismantling the unit affected. Attention is directed to 
appropriate parts of chapter 9460 for operation and main­
tenance of condensers. 

9560.47. EFFECT OF CARRYOVER ON CONDENSATE 
CHLORIDE 

Whenever the ccndensate from any condenser shows the 
Il'esence of chloride to be above the usual operating value, 
it is well to check the steam from the boilers by testing a 
sample of water from one of the steam drain lines. The 
results of the steam-condensate analyses will indicate 
whether or not there is any carryover of boiler water in 
sufficient quantity to give more than normal chloride read­
ings in the condensate. Sudden large increases in ship 
speed may cause carryover from the boilers. The effect of 
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this carryover on the chloride in the condensate will be 
more pronounced the higher the chloride content of the boil­
er water. 

9560.48. FINDING SOURCE OF CHLORIDE CONTAMI· 
NATION 

It is of the greatest importance that any unusual rise in 
the chloride cootent in the feed tanks, feedwater, or boilers 
be investigated at 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 chloride in the feedwater 
should be made each time one 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 
that 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 9460. 

9560.49 LEAKING EVAPORATOR TUBES 
Leaky evapaator tubes occasionally are responsible 

for salting up the feed system and for caOsing excessive 
sludging in the boiler water. The salting-up usually o:curs 
after the distilling plant has been secured, when a leak in 
the first-effect evaporator tube nest will permit salt water 
to enter the first~ffect ture-nest drains and eventually 
some pnt of the system. Therefcre, tube-nest drains 
should re tested for salinity upon starting up the distilling 
plant. It is possible, through faulty evaporator operation, 
to I2rmit the level of the brine in the shells to rise to the 
point where salt water backs up through the first-effect 
ture-nest vent line, thus contaminating the drains. 1be 
first~ffect tube-nest drain line should re 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 also be re­
sponsible for scme loss of makeup feedwater. Periodic 
tests of feed-suction lines should be made, as very often 
leaks will exist which are responsible not only for a loss 
of feedwater but for loss of pumping efficiency when the 
lines are being used. 

9650.51. SALT WATER AND FEEDWATER CROSS· 
CONNECTIONS PROHIBITED 

No cross-connection shall be I2rmitted between salt 
water and feedwater piping. 

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

all possible precautions be taken to eliminate dissolved 
airfrom the boiler feedwater in order to reduce corrosioo of 
boilers and, p::Irticularly, of ecooomizers. Eliminatioo con­
sists in correcting all possible sources of air leakage into 
the feed system and of maintaining the efficiency of the 
deaerating equipment. A list of J;reCautions is given in 
seetien 11 for each type of boiler feedwater system. 
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9560.53. ELIMINATION OF OIL ANO GREASE IN 
FEEDWATER 

The presence of oil and grease in the feedwater and in 
the wHers is not a frequent occurrence in naval instal­
lations. The following precautions should be effective in 
preventing any oil from reaching the boilers: 

1. No oil shall be used for the internal lubrication 
of the steam cylinders or valve chests of any reciprocating 
machinery. Saturated steam provides enough water of 
condensation to give the necessary lubrication, and in 
superheated steam units the metals used are designed to 
operate satisfactorily without lubrication. The use of a 
pure mineral' oil maj 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 rexis is necessary and 
this lubrication shall be kept at a minimum by the use of 
small quantities of mineral oil at each application. With 
main reciprocating engines using forced lubrication, 
the oil from such pJrts as crossheads and quides should 
be prevented fro~~plashing on the piston rods or valve 
stems. 

3. When filters or grease extractors are fitted, they 
always should be used and kept in efficient 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 and diatomaceous-earth filter-aid should be observed. 

5. Drains from fuel oil heaters and from heating 
coils in lubricating oil tanks and fuel oil tanks always 
shall be p:lssed thr-ough an inspection tank before 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 appearance, 
in order that drains may be diverted to the bilge until 
the source of contamination is removed. 

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 way should be checked daily and every effort 
made to keep these amounts at low and consistent level. 

9560.55. FILLING BOILERS 
A boiler which Ius l::een o~ned for cleaning, overhaul, 

and inspection should be filled with hot deaerated feedwater, 
treated immediately and subsequently lighted off within 48 
hours after 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 boiler water 
thoroughly so that the maximum protection against corrosion 
will be insured. The hottest deaerated water available 
should be used for filling a roiler, 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 irrunediately. Partial filling or securing toilers at 
steaming level introduces the possibility of steam drum 
general corrosion discussed in chapter 9560.31. Steam test-
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ing a boiler soon after its overhaul is good engineering 
practice. 

Part 5 - Water Treatment-600 psi Boilers and Below 

9560.71. NATURE OF BOILER COMPOUND 
The system of water treatment used for naval vessels 

with auxiliary and propulsion boilers operating at pressures 
at or telow 600 p.s.i. is based on the use of Navy toiler 
compound. This foimula has been designed to meet the 
most severe conditions which are likely to be encountered 
in a well-managed ship. However, the factor of safety thus 
proVided in the compound is not sufficient to warrant any 
laxity on the part of shipts personnel in keeping the purity 
of the roiler feed water at the highest attainable point. The 
ingredients of Navy toiler compound are disodium phosphate, 
Na2HP04, sodium carbonate (soda ash), Na2 CO" 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 a mixed sludge, which, being 
mode up of roth phosphate and carbonate, has less 
tendency than either alone to agglomerate and form an 
adherent, cohesive mass. The sodium carbonate serves the 
addib:lI1al 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 
above. 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 cornstarch 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 9550·9 
and 9560·10 if the volume of water in the boiler at steaming 
level and the alkalinity and hardness of the boiler water 
are known. Illustrative lines are given in figure 9560-9 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 gJllons 
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 gallans on the left scale. This line 
cuts the middle scale at 15 pounds, indicating that 15 
pounds of Navy boiler compound are required for the initial 
dose. The lower line illustrates the calculation of the 
dosage for a steaming boiler which holds 1,500 gallons at 
steaming level, the boiler 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 left scale cuts the middle scale 
at 3.5. This indicates that a dose of 3.5 pounds of' --''1 
boiler compound is required to brinq the a:"~l!l1ty 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 from the point 
of the determined hardness on the right scale to the 
point on the left scale corresponding to the water content of 
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CHART FOR CALCULATING DOSAGE 
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BOILER-WATER ALKALINITY 
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Figure 9:£0-9. 

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

9560.73 USE OF CHARTS 
The amount of boiler compound calculated from figure 

9560-9 as outlined arove, 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 2.5 to 3.5 
epm, no dose need be given. However, prior to securir.g a 
boiler for rottom blowdown, the required dosage should be 
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Figure 9550-10. 

added to bring the boiler water alkalinity to 3.5 epm. In 
rare cases in which hardness occurs in roiler water, the 
full dose indicated by figure 9560-10 shaH be added, even 
though this amount of comtx:lund 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 
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The occurrence of boiler-water hardness usually is 
evidence that the makeup fee.]water contains excessive hard­
ness, although false soap hardness may result from the 
presence of zinc supplied either by condenser corrosion or 
from galvanized storage tanks. The amount of compound 
which is added to maintain the proper alkalinity should 
simultaneously ensure zero hardness of the roiler water if 
proper feedwater is used. 

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

9560.75 METHOD OF ADDING COMPOUNDS 
Navy boiler compound should be mixed by stirring 

vigorously for about 5 minutes in hot, preferably boiling 
water. The mixture should be made u~ using about 1 pound 
of compound to 5 quarts of water. 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 
metho::l applicable to most typ:;s of naval feed systems 
consists of adding the compound to the feed compound injec­
tion tank and discharging to the desired bailer 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 equip~d with feed 
compound injection tanks consists of using the emergency 
feed pump and discharging through the auxiliary feed line 
to the desired uoiler, the compound being added to the 
feed pump suction. After the compound has been added, 
the emergency pump should be run a sufficient length of 
time to wash out the entire feedline. When only one bailer 
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: 

l. Steaming boilers-daily and after any water treatment 
(Chemical addition or blowdown) 

2. Idle boilers-weekly, after any treatment and prior 
to light off. 

3. When boilers are filled with feedwater. 
4. One hour after the addition of boiler compound and 

one-h alf hour after blowdown. 
5. Whenever unusual conditions make it desirable, 

9560.77 FREQUENCY OF FEEDWATER TESTS 
l. Alkalinity. Alkalinity of feedwater is determined 

only When it constitutes the charge of a 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 
filling of the measuring tank. 

b. Condensate: main condensers-every 15 minutes 
while underway and every 30 minutes while 
standing by, 

c, Condensate: auxiliary condensers-every 30 
minutes. 

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

e. Reserve feed tonks-Daily and prior to use. 

Chapter 9:£0 

Chloride can be determined either with the electrical 
salinity indicator or by the chemical method described in 
article 9560.1(6. 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 follov·.:inq schedule: 

a. feed tanks.<Jaily 
b. Reserve feed tanks.<Jaily and prior to use 

4. DISSOLVED OXYGEN. Vessels equipped with 
deaerators (de aerating feed'tanks) shall make daily 
determinations of the dissolved oxygen content of the water 
discharged from each deaerator in o[:€:ration (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 contamination of the feedwater. The 
prescribed methexls for drawing a sample, and fixing and 
titrating the dissolved oxygen samples must be followed in 
detail if reliable results are to t:e obtained. 

9560.78. PREPARATION OF REAGENTS 
Reagents for use in the various tests an water are 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 dissolved 
accurately tc reagent strerlgth with the equipment prOVided 
in the boiler:.water testing cabinet. Distilled water sholl 
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. For information regarding 
stock catalog numbers 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 
preparation of the twentieth-normal solution from standard 
stock solution is given below. 

Preparation from stock solution. The reagent solution 
far use in the cabinet is made up from the stock, 
normal (l.0 N) nitric acid. Rinse the bottle from the cabi­
net marked ACID at least twice with distilled water. Rinse 
the 100-rnl. graduated cylinder with distilled water and then 
a small amount of the stock acid solution. With the gradu­
ated cylinder, measure exactly .:i)-mL ohhe stock solution 
of standard acid into the rinsed bottle. Fill the bottle 
exactly to the I,OOO-m!. mark with distilled water, stopper, 
and shake until contents are well mixed. Remove the 
stopper, replace the burette assembly, and return to cabinet. 
Fill the burette. 

9560.80. REAGENT MERCURIC NITRATE 
A fortieth normal (0.025 N) solution of mercuric nitrate 

is used for the chloride determination. It should be prepared 
from the standard stock solution in accordance with the 
instructions given below. 

Preparation from stock solution. The stack solution of 
mercuric nitrate is one-half normal (0.5 N) and thus is 20 
times as strong as the regeant solution. Rinse the liter 
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bottle marked MERCURIC NITRATE and the lOO-ml. grad­
uated cylinder at least twice with distilled water. Then, 
rinse the 1OO-m1. graduated cylinder with a small amount 
of stock solution of mercuric nitrate. Fill the cylinder to 
the :£I-ml. mark with stock solution and transfer to the liter 
bottle. Fill the bottle to the mark on the neck with distilled 
water, stopper cmd shake until the contents are well mixed. 
Remove the stopper I replace the burette assembly I and 
return the tottle to the cabinet. Fill the burette. 

9560.81. REAGENT SOAP SOLUTION 
A hundredth normal (0.01 N) soap solution is used for 

determination of hardness. It should l:e prep::ued from the 
standard stock solution in accordance with the following 
instructlOns. The stock soop solution is 10 times as strong 
as the reagent solution. 

1. Preparation from stock solution Rinse the bottle 
marked SOAP with distilled water and then with ethyl 
alcohol. Rinse the graduated cylinderfrom the cabinet with 
ethyl alcohol and then with a small amount of the stock 
soap solution. Fill the cylinder to the 100 mI. mark with 
stock soap solution and transfer to the liter bottle. Add 
sufficient pure ethyl alcohol to bring the level in the bottle 
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 used for the prep1ration of soap solution. 

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

9560.82. PHENOLPHTHALEIN INDICATOR 
To prep:Ire phenolphthalein indicator solution, dissolve 

1/2 gram of phenolphthalein powder in 25 mt. of pure ethyl 
alcohol, add 25 ml. of distilled water, and mix well. 

9560.83. METHYL PURPLE INDICATOR 
Methyl p.uple indicator is furnished in solution ready 

to use. 

9560.84. CHLORIDE INDICATOR 
To JXeIXIre the chloride indicator solution, empty the 

contents of a single capsule of dry chloride indicator into 
the chloride indicator dropping bottle. Next add 50 ml. of 
95 percent ethyl alcohol or isopropyl alcohol. Then place 
the stopper in the mttle and shake to dissolve the contents. 

9560.85. DISSOLVED-OXYGEN TEST REAGENTS 
There are two shipboard methods for dissolved oxygen 

in the feed water 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 soluticn 

of sooium thiosulfate 20 times reagent strength, is supplied. 
To make up the reagent 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 m!. graduated cylinder from the boiler water 
testing cabinet with a small portion of distilled 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 ml mark on the neck 
with distilled water; stopper witr; the solid rubber stopper 
provided, and mix the solution thoroughly by shaking the 
bottle. Replace the burette and stopper assembly it: 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 mttle. At the end of 
the week, discard whatever remains of the solution and make 
up fresh reagent thiosulfate solution. 

b. Starch indicator - Prepare starch indicator 
in accordance with the follOWing instructions. Rinse and 
then fill the 150 ml beaker three-fourths full 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 Gf 
the spatula a mound of soluble starch about one-haH-inch 
long. Stir the boiling 30lution for aoout one-half minute with 
the blade of the spatula, turn off the hot plate, rer:1ove the 
beaker, and allow its contents to cool. Rinse the starch 
dropping bottle with distilled water and fill it with the eoold 
starch solution. Starch solution must be prepared fresh on 
day of test. 

c. Dissolved oxygen fixing solutions - The dis­
solved oxygen fixing solutirns {L manganous sulfate; II, 
alkaline iodide; III, sulfuric acid} are supplied in the proper 
strength and are to be used in the rear;:::nt bottles. 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. Closs A - Manganous sulfate reagent. 
b. Closs B - So::l.ium hydrOXide reagent. 
c. Class C - Suliamic acid and ortho-tolidine 

dihydrochloride reagent. 

9560.86. BOILER WATER CONDITIONS TO BE MAINTAINED 
Constituent or Property ReqUirements 

Alkalinity, Phenol!X1thalein 2.5·3.5 epm 
Hardness Zero 
Chloride (see 9560.92) 
Conductivity 
(For propulsion boilers only) 1300 micromhos/cm 

max. 

9560.87. ALKALINITY AND HARDNESS LIMITS 
Navy boiler comp::lUnd shall be used as necessary to main­

tain zero hardness and alkalinity l:etween 2.5 and 3.5 epm 
in the water of all boilers at all times. A ship umble to 
adhere to these instructions, or obtaining unsatisfactory 
conditions despite adherence to these instructions, shall 
advise the Slip Systems Conunand. 

9560.88. ALKALINITY OF IDLE BOILERS 
Until a 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 carlxmate present. After filling 
an empty boiler with hot, de aerated feed water, the alkalinity 
test made on the cold water with phenolphthalein indicator 
will show only about one-half of that expected because all 
the alkalinity 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 carbonate 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
cater, 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 OFticle 
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 p,enolp,thalein 
correctioo factor. 

9560.89. CONDUCTIVITY LIMITS 
A direct relationship exists between the amount of 

ionized dissolved solids in the boiler water and the coo­
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 cooductivity permitted in main ~o(:x..ilsion 
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. 

9560.90. CHLORIDE LIMITS 
The chloride concentration is another indication of the 

amount of dissolved solids in the boiler water. To avoid 
the troubles caused by high concentrations of dissolved 
solids, the chloride concentratioo of the boiler water should 
be maintained as low as possible, preferably bela.v 1 epm. 
The maximum chloride concentration permitted for boilers 
of various types is given below: 

1. Main Il'op.llsioo boilers 2 eprn max. 
(600 psi and lower) 

2. Auxiliary boilers 15 epm max. 
Whenever the chloride cootent of a boiler water exceeds 

the maximum limit, the excess chloride must be removed by 
blowdown or the miler secured, drained and refilled. It is 
better feedwater economy to secure, drain, and refill, 
rather than attempting to blowdown a propulsioo boiler which 
has reached a chloride content of 5.0 epm. provided, of 
course, that the contaminating source has been corrected. 

9560.91. FEEDWIITER REQUIREMENTS 
Feedwater and feedwater compooents normally are 

tested for chloride, hardness, and dissolved oxygen. 
Dissolved oxygen is determined ooly by ship;; ooving 
deaeroting feed tanks. 

The following requirements must be observed in the 
case of feedwater, being deviated from only in emergencies. 
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F eedwater Camponent 

Evaporator Distillate 
Reserve feed tanks 

Requirements 

Chloride - 0.005 epm max. 
Chloride - 0.25 epm max. 
Hardness - 0.20 e~ max. 
Chloride - 0.25 epm max. 
Hardness - 0.20 epm IIllX. 

Chloride - 0.05 epm max. 
Chloride - 0.15 epm max. 
Hardness - 0.20 epm max. 
Dissolved oxygen-

Makeup feedwater 

Condensate 
Feedwater 
(Deaerating feed tanks 
and surge tanks) 

0.02 ppm max (OFT's only) 

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 certificate of cmalysis showing that the water 
meets the requirements listed. below. Shore steam employed. 
as a steam blanket on an idle boiler or as ,superheater pro­
tectiCll steam during boUer li<jlt-off shall meet these require-
ments. 

Constituent Or Property Requirements 

pH 5.0 - 9.0 
Dissolved Solids 10 ppm max. 
Conductivity 25 micromhos/cm max. 
Dissolved Silica 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 phenolphthal­

ein, green to methyl 
purple 

The hardness test shall be perfonned in accordcmce 
with article 9560.Ul3. The alkalinity shall be determined 
as follows: 

1. Measure approximately S) ml of feedwater 
sample with a cleem graduated cylinder. 

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

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

4. Rinse the casserole with distilled water. 
5. Measure a second 3J ml sample of the feedwater 

cmd pour into the clean casserole. 
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 feedwater, when 
using shore steam, is prohibited. 

9560.93. 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-o 
orators. Shore water should be low in hardness and chloride. 
In addition it should be neutral, green to methyl purple and 
colorless to phenolphthalein (Consult article 9560.43). 

Evaporator coil drains are to be tested when starting 
the evaporator plant. 
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Figure 9560-11. Boiler water testing cabinet. 

9560.94. SAMPLING BOILER WATER 
The boiler water samples should he rerresentative of the 

boiler water in the boiler. To accomplish this, the sanple 
flow should pass through a sanple cooler so that the sanple 
collected is cooled to less than JIl(JO F., r<eferobly to !l)O F. 
(a thermometer should he used). The first step is to initiate 
coolant flow throocjl cooler. This is an Important safety 
step. Semple valves hefore the cooler ore then opened full. 
The semple valve after the cooler is opened until, on a 
steamlng boiler, the sample flow flashes to steam. The 
cooler outlet sample valve is throttled until the sample flow 
is at the proper temperoture. The sample cootainer, Ideally 
a quart plastic cootainer with a screw cop (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 copped. The sample should he 
subjected to testing within one-halt hour after collecting. 
The semple should he protected against cootamlnation 
throucjl undue exposure to air or portIcles dropping into the 
sample by tightly stoppering the bottle. 

9560.95. SAMPLING FEEDWATER 
All feed water samples except feedwater dissolved oxygen 

samples shall be collected in clean plastic mules with caps. 
The sampling connection or apparatus shaIl be flushed with 
the sample flow so as to aid in obtaining a representative 
sample. Hot samples must be cooled to less than 10lJD F. 
prior to testing (0 thermometer should be used). 
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9560.96. COLLECTING DISSOLVED OXYGEN SAMPLES 
FROM DEAERATING FEED TANK 

The dissolved oxygen sampling connection should be 
located on the side of the vertical sectlcn of the OFT out­
let to the main feed booster pump upstream of any branches 
to other pumps in the feedwater system. The sampling 
lines, valves and coolers shall be installed in o:cordance 
with BUSHIPS (NAVSHIPS) Mechanical Standard Owg. #810-
1385735-8. Attach a sholt length of black neoprene rubher 
tubing, provided in the testing cabinet, to the outlet nipple 
of the sample line. Insert into the rubber tubing a length 
of glass tubing. With the cooling water SeaIred in such a 
rnClmer that shell pressure developed on the coolant side 
by hot sample flow is relieved, start a flow of sample water 
at maximum rate through the cooler or coolers to flush the 
sample system. Measure the approximate rate of flow. 
When the semple flow reaches a temperature of I4QO F., as 
measured by a thennometer, continue the sample flow for 
the length of time corresponding to the flow rate in the 
followinq tabl.: 
Flow I ml. per min. 
600 
500 
400 

Time, minutes 
5 
8 
13 

300 20 
Upon completion of the hot flush, start a flow of cooling 
water cmd adjust cooling water and sample flow rate for the 
oorrect conditions depending on which analytical method is 
employed. 
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M.thod A _ Titration 

The sample flow rote should be adjusted to 300 mi. 
per minute with a sample temperature less than 70° F. as 
measured by a thermometer. Insert the glass tubing to the 
bottom of a clean sample bottle. Allow the sample to flow 
continuously 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 aId collect a new ate. [b not coofuse an imperfec­
tion in the glass with an air rubble in the sample. The 
sample is then treated as is given in article 9560.111. 

M.thod 8 .. Colorlm.trlc 
The sClllple flow rote should be adjusted to :£10 ml. 

per minute having a temperature at least 700 F. but no more 
than 1000 F. as measured with a thermometer. Insert the 
glass tubing to the bottom of a clean sample oottle. If the 
sample flow rate has been adjusted properly, the bottle 
should fill in two minutes. Allow the sample bottle to over­
flow for 12 minutes, keeping the sample bottle stopper wet 
in the overflow. Slowly withdraw the glass tubing without 
inteltupting the flow. [top the stopper immediately 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 rollect a new one. [b 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 9:fl0.lll. 

9560.97. EQUIPMENT FOR BOILER WATER TESTS 
The equipment required for conducting all but the con­

doctivity test is assembled in the boiler-water testiI'X] 
cabinet which is illustrated in figure 9560-11. A I-liter 
bottle is provided for each of the follO'vVing three reagents: 
nitric acid, mercuric nitrate, and soap solution. Each bot­
tle has a raised or ground mark on the neck which indicates 
1 liter (1,000 m!.) so that testing solutions can be roode up 
directly in the reagent bottles without the necessity for 
sej:Orate measurement and mixing. A 1O-m1. automctic-zero 
burette and an as pirator bulb for filling the burette are 
fitted into the stopper of each reagent bottle. In filling 
burettes, however, core 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 automatically after 
filling. The reading of the liquid level in a burette, pipette, 
or graduated cylinder should always be made at the mUom 
of the curved surface, called the meniscus. lli not attempt 
to remove the burette or bulb from the stopper. If it is nec­
essary to replace 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 stop!=€r and may break under the force ap­
plied. Such a break produces broken glass with dangerously 
sharp edges that could couse 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 stop:::ock 
bore. Care should be exercised to avoid any {l'essure on 
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the burette tip, especially when turning the stop:::ock. The 
stop::ock can be manipulated best with the left hand. The 
thumb and forefinger should encircle the burette nozzle, 
with the finger ends on the s top::ock handle, the right hand 
then is available for stirring. The follOWing equipment also 
is included in the cabinet: 

1. Bottle for phenolphthalein indicator. 
2. Bottle for methyl-purple indicator. 
3. Bottle for chloride indicator. 
4. Six stirring rods. 
5. Two porcelain casseroles. 
6. 100 ml. and 10 ml. graduated cylinders. 
7. One 8-ounce, square bottle for soop-hardness 

test. 
8. One collapsible tube of stopcock grease. 
9. Solid stopI2fs for reagent bottles fa use in mixing 

testing solutions. 
Replacement of any of these items may be obtained 

from usual naval sources. For informatioo regarding stock 
ca~alog numbers, see artide 9$0.116. 

The equipment used in the conductivity test cmsists 
of two elements: (1) A neter containing a complct and accu­
rate Wheatstone Bridge with a cathode-ray tube as a balance 
indicator, and (2) a conductivity cell with two pJatinized 
electrodes. The meter is calibrated in terms of micromhosl 
cm and for accurate results must be used with a conductivi­
ty cell of definite cell constant. Infcxrootion regarding 
stock numbers is given in article 9560.116. 

9560.98. CARE OF CHEMICAL EQUIPMENT 
All chemioal equipment must be kept scrupulously clean 

If reliable results are to be obtained. All burettes should be 
full at all times to prevent soluticns from drying cn the 
upper walls and thus altering the strength of the reagent in 
the burelte. The soap-solution burette can be cleaned with 
either distilled water or ethyl alcohol. Dishes, pipettes, and 
graduated cylinders should be kept clean l1t rinsing in dis­
tilled water and wiping immediately after each use. Rubbing 
with the fingers may I:e required to remove the purple ring 
leia by the chloride indicator on the side of the casserole. 
No chemloal glassware or porcelain ware should be cleaned 
with strong lye or scouring powders. If soap and water will 
not clean these properly, a weak acid soluticn ron ke used. 
The acld solution must be nnsed out thoroughly with dis­
tilled water. 

9560.". OETERIORATION OF CHEMICALS 
Test chemicals are subject ta deterioration due to 

storage at hicjl temperatures and/or old age. Deteriorated 
chemicals are not to be use:! as they will lead to incorrect 
test results. To ensure accurate results, all test chemicals 
must be stored in areas where tempE!otures are preferably 
below 800 F rut not exoeeding 1000 F. After one year, 
test chemicals should re discarded in accordance with 
BUSANDA Manual 35041. 

To assist in the detection of detericrated chemiOlls, 
stmdard 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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F.d.ral Stock 
Standards Number 

Class a.- Standard alkalinity solution, lH68l0-985-7129 
6.0 epm methyl purple 
alkalinity 

Class b.- Standard chloride solution, lH68l0-9B5-7130 
5.0 epm chloride 

Class c.- Standard chloride solution, lH68lO-98:'-713l 
O. 1 epm chloride 

Class d.- Standard hardness solution, lH68l0-98:'-7132 
zero hardness 

Class e.- Standard hardness solution, lH68l0-985-7133 
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 analytiool 
results obtained should be within the following limits: 

Standard limits 
Alkalinity (6.0 epm) 5.4 - 6.6 e"" 
Chloride (5.0 epm) .4.5 - 5.5 epm 
Chloride (0.1 e",,) 0.075 - 0.125 epm 
Hardness (zero) 0.4 ml titration or less 
Hardness (1.0 epm) 0.9 - 1.1 e"" 

If the results obtained are not wi thin the specified 
limits, fresh test chemicals should be prep:ued and check­
ed 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. 

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

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

1. Rinse the clean, lOG-m!. graduated cyl inder 
with some of the water to be tested. 

2. Transfer exactly 50 m!. of sample lnto the clean 
porcelain casserole 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 ta drain 
down to zero. 

5. Add the reagent acid solution (O.OSN) from the 
burette while stirring the sample continuously. Add 
only a drop at a time as the color begins to fade until 
the pink color entirely disappears. 

6. Read the burette. 
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 water from a boiler which has not 

been steamed is determined by the following IXocedure: 
Measure 50 ml. of water into the procelain casserole, 
taking the precautions outlined above, aoo add two drops 
of methyl-purple indicator, which will give the solution a 
green color if the sample is alkaline. Stir the sample and 
simultaneously add reagent acid solution (O.OSN) until the 
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color changes to purple. A gray tint precedes the purple 
end lXlint color and serves as a warning of its approoch. 
As soon as the color of the titrated sample ch::mges 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 cOIDlXlunds, as may be 
the alse with boiler water, a greenish grey color frequently 
persists between the green and the purple rendering the 
end point indefinite. HOW'ever, as pointed out in article 
9560.94, all water samples should be free from suspended 
matter. If turbid 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 
value for the total alkalinity in a roiler water which has 
not yet been steamed can be obtained 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 has been idle for more than 
one weeki use the methyl-purple test to check the alka­
linity. 

9560.102. DETERMINATiON OF CHLORIOE 
Detennine the chloride content of the boiler water as 

follows: 

19 

L Rinse the clean, 100 ml graduated 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, 
add recgent nitric acid one drop at a time until the vio­
let color changes to a pale yellow and then add exactly 
I mI. excess of reagen.t nitric acid. 

5. Pbce the casserole under the mercuric nitrate 
burette and fill the burette to the zero point. 

6. Add reagent mercuric nitrate solution (O.02s-J) 
from the burette while stirring continuously until the 
pale yellow of a sample disappears and a pale blue­
violet oolor persists throughout the solution. The rate 
of mercuric nitrate should be reasonably constant during 
the early port 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 oontent of the sample in equivalmts per 
million. For example, a burette reading of 5.5 ml. 
indicates a chloride roncmtration of 5.5 epm in the 
sample. In case the chloride ooncentration exceeds 20 
epm, it will be more convenient to use a correSlX>ndingiy 
smaller sample of boiler water rather than to refill the 
burette repeatedly. In such a case, dilute the smaller 
sample to 25 mI. in the graduated cylinder with distil­
led water and mix well. The chloride concentration of 
the original sample can then be calculated as follows: 

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

10 mI. x 25 =50 epm 
5ml. 

'560.103. DETERMINATlDN DF HARDNESS 
Determine the hardness content of the roiler water as 

follows: 
1. Rinse the clean, 100 mI. graduated cylinder with 

some of the water to be tested. 
2. Measure Sl ml. of sample and pour into the 8-

ounce bottle which has been rinsed with distilled water. 
3. Fill the soap burette and allow it to dmin down 

to zero. 
4. From the burette, add 0.4 mI. of soap solutionj 

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 oompletely covers the 
surface of the water for 5 minutes, report "zero hard­
ness. " 

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

7. Repeat (6) until a lather is obtained which com· 
pletely oovers the surface of the water for 5 minutes. 

B. Read the burette. 
9. Subtract 0.4 from the burette reading. 
10. The burette reading mlnus 0.4 times 0.2 equals 

the harmess 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: 

(0.6·0.4) X 0.2 - 0.04 epm 
The CDnOunt of soap oolution to be added under para­

groph six will vary between 0.1 ml and 0.5 ml. A few 
titrations on waters of different hardness values will aid in 
gaging a proper addition. Too much soop solution should 
never be added. 

'56O.1~. DETERMINATlDN OF CONDUCTlVITV 
1. Connect the conductivity meter aid the conductivity 

cell and wann up the instrument in accordance with the 
manufocturer's instructions. 

2. Add a suffident quantity of sample solution to a 250 
ml bedter so that the air boles of the conductivity cell are 
at least ~II 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 times to insure 
removal of air bubbles inside the cell. Immerse the cell 
to a point above the air vents. 

5. Measure the temperoture of the solution with 0 

thennometer; then set the temperature compensation dial to 
the corresponding wlue. 

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

7. Record the conductivity reading on the Boiler Record 
~eet (NAVSHlPS 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 is odequate for 
this purpose. 

9. If it is necessary to store the cell out of water at 
any time, rinse the cell well hefore it d'Ys. If this is not 
oone, an insoluble coating may fonn on the electrodes which 
wUI result .in lack. of sharpness of the Ileye". Sharpness 
can frequently be restored by dipping the cell for obout two 
minutes in 10·15 percent by weight hydrochloric acid and 
then rinsing well with distilled water. The cells should be 
repleced if no Improvement is noted after this treatmenL 
Every three months, check the accurcry of the meter and 
cell using the standard solutlm described below for this 
purpose. 

Class I - Stondcm cooductIvity solution, FSN III 6B 10-
945-7682, lofJO mlcranhos/an. 

The alalytlcal reoults obtained should be in the ronge 
of Ill) to 1500 micromhos/cm. If the results ~e not within 
these limits, a shipyard chemist should be contacted at the 
earliest oppatunity for ossistance in locating and correct· 
ing the source of error. 

'560.105. FEEDWATER TESTS 
Alkalinity is not determlned onfeedwoter except when 

the feedwater constitutes the charge of a freshly filled 
boUer or when it consists of shore water used as emer­
gency feed. Methyl purple indicator is used for determining 
alkalinity of a freshly filled boiler. This test Is IOOde only 
to determine the !,oper InItiol boiler-compound dosage. 

,s.o.IO'. CHLORIDE DETERMINATION 
To obtain the chloride content of feedwater in tenns of 

epm, the chloride test is the same as that outlined in 
article !li6O.I02 for boiler water, except that the semple 
size is 100 ml. ond the burette reading is divided by four. 
For example, if 100 mI. of feedwater requires 2.0 mI. of 
mercuric nitrate, the chloride concentrati9ll is (2.0 .. 4) or 
0.5 epm. 

t56O. \07. HARDNESS DETERMINATION 
. The methodto !or determining and calculating soop hord­

ness in normal leedwater are identical with those out· 
liried for boiler WOter in article 9560.1(13. This method 
sbould be supplemented as indicated below when the hard­
ness of shore water is being detennined since such waters 
frequently yield false end points. 

''''101. ASSURANCE AGAINST FALSE END PDINT 
When determlnlng the hardness of samples in which a 

false end point is suspected, follow the procedure below. 
Determlne the hardness as described in article 9560.103 
aid rOOJrd the anoont of soop solution required for the 
5--minute lether. Add 0.5 ml. more soop solution and shake 
the bottle vigorously. If the lather persists for 5 minutes, 
use the original titration value (milliliters required to form 
the first 5--minute lather) in calculating soop hardness. 11 
the lather is destroyed or fail. to persist 5 mlnutes, con· 
tinue adding soap solution in 0.1 mI. increments until a sta­
ble lather Is established. Calculate the true hardness from 
the total volume of soap 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, Methexl A 

9560. lat. DlSIOLVED DXYGEN TESTING EQUIPMENT 
,.. ...... A-TI ... ' ... 

The cablneusillustrated In figure 9560-12. The prln­
dpall_s In the cabinet are three 400 mi. reagent bottles, 
each with a side ann aspirator <lid a 2 mi. automatic zero 
pipette, lor mCllgOllOUs sulfate, alkaline iodide, and ",lfurIc 
add solutions; on ... Uter oeagent bottle with an aspirator 
<lid a 10 mi. automatic zero rurette lor sodium thlosullate 
solution; two sanple bottles with conical painted glass 
stoppers; a bot plate <lid be<i<er for preparing starch solu­
tion; and a large casserole lor making titrations. The 
cabinet also contains glass <lid rubber sampling tubing, 
a bottle of soluble starch, a starch dropping bottle, a ther­
mometer, a spatula, and a tube of lurdcCIlt. 
M ........ -COI ....... '. 

The prlndpal i_. in this cabinet ate the following: 
1. Two on ... liter sample bottles with ground glass 

stoppers 
2. Ole bottle rack 
3. Ole colorimetric camparata 
4. Four comparison tuhes 
S. Three color standads oepresenllng 0.02, 0.04, 

<lid 0-06 ports per million (ppm) dissolved oxygen 
6. A plain glass disc oepresenllng 0.00 ppm di". 

solved oxygen 
7. One pair 01 sdssors 
S. Ole holder lor three reagent tuhes 
9. One two-foat length 01 3/8 Inch i.d. rubher tubing 
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10. Six 10 in. lengths 01 gloss tubing 
Forinlormaticn regarding stock catalog numbers, see 
article 9560.116. 

9560.110. CARE OF OXYGEN TESTING EQUIPMENT 
General rules for the care 01 equipment are given in 

article 9560.98. Additional precoUtiClls are required lor 
maintaining oxyget testing equipment in satisfactory work­
ing order. 
Method It. _ Titration 

The mcnganous sulfate a) and alkaline iodJde (IT) solu­
tions l3'e very ccncentroted so that a slight eV<lp)ratlon 
clogs the discharge tuhes 01 their pipettes. The alkaline 
iexlide solutloo, in addition, will attock the glass 01 its 
rtpette <lid cause freezing 01 the stopcock iUt is allowed 
to renain In the pipette lor more th<ll 8 hours. These 
dilficulties can he aVoided if both pipettes are cleaned 
promptly after each use. To 'clean the manganous ",lIate 
(I) pipette, lill the beaker with distilled water and raiselt 
slowly CIltO the tip 01 the pipette with the stopcock opened, 
then lower the heaker and pennit the stopcock tip to drain. 
Repeat this operation several times with at least two 
manges 01 water. Periorm the same rlnzlng operation 01 
the alkaline iodide (IT) pipette with at least two changes 01 
distilled wO\Or, finally remOving the stopcock plug from the 
alkaline iodide (IT) pipette and allOWing it to remain covered 
with distilled water in the heaker until the next use 01 the 
cabinet. 
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CAUTION: The alkaline iodide (lJ) and sul­
furic add (III) solutions (Ie very strong, 
corrosive reagents. Care should be taken to 
avoid spIlling either of these solutions on the 
person or the clothing of the operator or in 
the cabinet. A further dmger is that mixing 
these concentrated solutioos causes a vi0-
lent reaction which results in spattering. 
Accidental mixing cen be avoided by clearly 
marking the 400 m1. reagent bottles from left 
to right.with I (mangcmous sulfate), II (alka­
line iodide), ill (sulfuric ocid). 1m etched 
drcle is provided on each bottle for such 
pencilled markings. 

Method B .. Colorimetric 
The sample bottles must be kept sauPllously clean at 

ali times. The bottles should not be used for anything else 
rut coUecting dissolved oxygen feedwater samples. If the 
groond glass of the stopper or the neck of the oottle becomes 
srored, the oottle should be replaced. Dust must not be 
allowed to accumulate 00 the surfaces of the color campara.. 
tor; therefore, the comparator should only be exposed when 
inserting vials for the actual dissolved oxygen deter­
mination. The scissors should be rinsed with water end 
dried immediately after use. The vials Employed in the 
colorimetric comparison should be rinsed with water after 
every use. The bottoms of the viols shoold not be scratched 
or mClTed in any Wf:rj. The class b and class C reagents 
ere strong, corrosive reagents. Care shculd be taken to 
avoid spilling either of these reagents on the person. 

9560.111. FIXING DISSOLVED OXYGEN SAMPLES 
The methods for fixing dissolved oxygen samples col­

lected as prescribed in article 9560.<13 are given below: 
M .... ocI It _ Titration 

1. Replace the plug, which has been stored in water in 
the beaker, in the stopcock of the oxygen II pipette, CIld 
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 exercisa:l. in 
filling, or excess reagent will be forced out 
of the vent hole. Upon release of pressure, 
excess reagent will siphon bock into the 
bottle. Droin a small amount from each pi· 
pette into the I!D ml. beaker so that each 
pipette tip is full of reagent without any air 
rubbles. Discard the drained reagent and 
rinse the beaker. Refill the three pipettes. 

2. 'Remove the stopper from the sampling bottle and 
raise it onto the tip of the oxygen I pipette; open the stoP"' 
rock on the pipette and allow the contents to drain into the 
sanple. 

3. 'As the level of the solutioo in the pipette drops into 
the tip, lower the sample bottle fran !he tip of the oxygen I 
pipette, and immediately raise the sample rottle onto the 
tip of the oxygen II pipette, opening that stopcock. 

4. Allow the contents of oxygen II pipette to drain 
campletelyinto the somple bottle, lowering the sample 
bottle as the liquid level drops in the pipette lip. Replace 
the stopper in the sample bottle and close the stopcocks on 
the oxygen I and oxygen n pipettes. 
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5. 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 a horizontal circle to 
mix the contents thoroughly. 

6. Allow the sample to stand until the precipitate set­
tles md the sample is clear above the shoulder of the 
bottle. 

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

8. When the contents of the pipette hove drained into 
the sample, close the stopcock; replace the stopper; and 
Cl'Jain 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. 
.... thod B 

1. PrIor to collecrlng sample, cut off the tops of the 
bJbes f Class A reagent and Class.g reagent, and place 
them in their respective holes in the reagent holder. Invert 
the Closs C reagent tube and cut off the bottom. Place 
this tube in the reagent holder. 

2. Corry the reagent holder containing the reagents to 
the sanpl1ng location. 

3. Immediately upon collection of the sample, !<Oceed 
quickly, after removing the stopper from the sample, to in­
vert the Class A reagent over the bottle opening and hove 
the tube opening about V2 inch above the surface of the 
water. Squeeze the tube thereby injecting the reagent into 
the soople. Ollckly odd the Closs B reagent in the manner. 

4. Immediately drop the gloss stopper into the neck of 
the bottle. Twist the stopper to secure and mix the oontents 
of bottle by swirling in an almost horizontal circle. 

S. Let the bottle stand until the precipitate settles 
below the shoulder of the bottle. 

S. Remove the stopper and quickly odd the reagent 
,Closs C. 

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

11. If at cmy time, an air bubble is enlrapped in the 
bottle up to this point, the sample should be discorded and 
a new one collected. Most air bubbles ore introduced by 
too corelul inserilon of the stopper into the neck of the 
bottle. Just drop the stopper into the bottle when required 
to do so, giving a slight twist with gentle pressure. 

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

9560.112. OISSOLVED OXYGEN DETERMINATION 
The fixed samples of article 9560.111 are determined as 

follows: 
Methocl A. _ Colorlm.trlc 

Titration must be completed within 15 minutes after 
fixing CIld within 30 minutes ofter the sample has been col­
lected. The temperature of the fixed sample must be below 
700 F. during the titratioo with sodium thiosulfate. 

I. Fill the burette in the thiosulfate bottle using 
the aspirata. 

2. Place the iran 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 liCJlld from the neck around 
the stopper of the smnpling bottle; remove the stopper; CJ1d 
pau the entire contents of the s<lllpling bottle Into the 
casserole. 

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

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

7. If the solution turns blue, add thiosulfate solu­
tion fran the burette. drop by drop, stilring continuously 
with a glass rod or length of gloss tubing until the blue 
color just disappears. 

a Read the burette and multiply the reading by 0.2. 
The resulting figure Is the dissolved oxygen centent of the 
sample in pCDts per million. for excrnpie: 

Burette reodlng = 0.4 
OA x 0.2 = 0.08 ppm dissolved oxygen 

MMhoci B _ Titration 
The determinatibn must be ccmpleted within 10 minutes 

of fixing the smnple. 
1. Rinse a deem comparison tube with a small 

amount of the fixed sample. Discard the rinse. Fill the 
tube to mark with the fixed s<lllple. 

2. Turn on light switch to the right of the tube 
bolder. 

3. Move comparator forward cmd insert the romparison 
tube In the hole to the left of 0.02 ppm standard. 

4. 'Compare the color of the s<lllple to the color of 
0.02 wm standard color. 

S. If the sample.ls less yellow than the 0.02 ppm 
stmdard, report less thCII 0.02 ppm. 

6. If the color of the sample matd!es the 0.02 ppm 
stClldard, report 0.02 ppm. 

7. If the color of the sample Is more yellow than the 
0.02 ppm standard, move the sample tube to obtain a color 
matd! or a posltioo between twa standard colors. 

a If the color of the sanp1e matd!es one of the 
stClldards, report the value of the matching st<ndard. 

9. If the color of the sample Is between two stcndard 
ooiors, report the average value. 

10. If the color of thesanple Is more yellow than 
0.06 ppm standard, transfer the sample to a graduated 
cylinder, add an eCJlal amount of distilled water to the 
graduated cylinder, mix and pour back Into the comparison 
tube to the mark. Proceed as above and multiply result by 2. 

11. When test is completed, record result in worldng 
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 oxygen concentrations of 
feed water to less than 0.014 ppm. A result greater than 
0.02 ppm of dissolved oxygen is evidence of malfunctioning 
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 precautions enumer­
ated in foregoing articles and daily dissolved oxygen 
detennination should not be omitted. 

9560.114. 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 to 
permit solid concentration. This lack of blowdown is pri­
marily responsible for failures from IxIked sludge. Blow­
down points ore "hown in fiqL:re 9560-13. 

Inasmuch as the conductivity test is the gUide to blow­
down, it only measures the cnnount of ionized dissolved 
solids in the boiler water. It 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 ix>iler be 
given a 1 (}.percent surface blow daily. This daily surface 
blow should keep the chloride and other dissolved solids 
in check. If it roes 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 blowdovm with the !::oiler 
steaming at normal water level, obtain a boiler water scnnple. 

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

3. Perform the blowdown {Xocedure. 
4. Collect a second ooiler water scnnple after the 

boiler has been stecnning for 3J minutes at nonnal water 
level. 

5. Detennine and record the -conductivity result of 
the secood boiler water sample. 

6. Calculate the percent (%) blowdown by substitu­
tien of the respective conductivities in the follOWing: 

(Before blowdown conductivity - After blowdown conductivity) 

Chc;>ter 9560 

X 100 = % Blowdown 
Before blowdown cooductivity 

For example: 
Assume that the conductivity before blowdown ;;:: 900 micromhos/cm 
Assume that the conductivity after blov.down ::; 810 micromhos/cm 
Then the percent blowdown is found by substituting in the formula given in step tt6 above 

900 - 810 90 X 100 
___ X 100 = = 10% blowdown 

gJO 
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In addition 10 the daily surface blows, the boilers must 
be given periodic bot1om blows 10 remove solids which 
have settled out of the water. B1owdown should be applied 
before adding treating chemicals rather thm after adding 
treoting chemicals. Bottom blows also should be applied 
each time the boiler is secured md whenever the bJiler 
water is turbid. 

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

'NO.l1S. TEST RECORDS - WATER TREATMENT 
LOGS FOR FEEDWATER AND FOR BOILER 
WATER OF 600 PSI BOILERS ANO BELOW 

1. For Feedwater: Feedwater logs (NAVSHIPS956a14) 
ore rrovided for feedwater. 

2. For boiler water of 600 psi boilers and below: 
Boll .. water treatment logs - NAVY BOILER COMPOUND 
(NAVSHIPS 9560/1) are provided for boiler wat .. tests of 
600 psi bailers end below. 

Ships sboold prepare such additional test sheets as are 
nec:esscxy iel' entering the results of other tests. See 
article 9560.4 !or availability of forms. 

9NO.116. STOCK INFORMATION FOR WATER TREAT­
MENT CHEMICALS, TEST CHEMICALS AND 
EQUIPMENT 

I. NovyBaller'Canpound, Speclflcation M1L-J3.;3242, 
!:Illb. drum, FSN 6850-255-0429. 

2. 'Boller water testing outfit Specification No. MIL­
W-16642 distributed fran Naval &Jpply Centers, Norfolk end 
Oakland. 

6640-372-Cll39 - Complete outlit includes the following 
standard stock items (indiVidual Items may be requisi­
tioned separately): 

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

3 Aspirator-bulb assemblies for 6640-291-1162 
filling Mettes 

1 Drapper bottle "TK" 60 mI. for 6640-264-l!307 
methyl-purple indicator 

I Dropper bottle "TK" 60 ml. for 664()'264-8300 
phenolphthalein indicator 

I Dropper bottle "TK" 60 mi. for 664D-264-8306 
chloride Indicator 

I Battle, 8 oz. square for hardness 8125-17!Hl136 
test· 

I Reagent bottle, I-I. for nitric 
acid solutiCll 

1 Reagent bottle, 1-1. for mercuric 
nitrate 

I Reagent bottle, 1-1. for soap 
solution 

3 Burettes, automatic-zero, 10 mI. 
capacity 

I Cabinet 
1 Casserole, porcelain, white 
I Cylinder, 10 mi. capacity, 

graduated 
I Cylinder, 100 mt. capacity, 

graduated 
6 Rods, stirring, glass, 7 in long, 

3/16 in. diameter 
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8125-253-2495 

8125-253-2498 

8125-253-2497 

6640-264-6951 

6640-292-3679 
6640-271-1398 
6640-264-8302 

6640-264-8303 

6640-290-0154 

3. Heagents-Bailer water testing, Specilication No. 
MIL-C-I5000: 

Nitric acid solUtion, 1.0 normal, 681()'27D-9978 
l-qt. bottle 

Mercuric nitrate solution, 0.5 normal 6810-281-4163 
l-qt. bottle 

Stock soap solution, 0.7 normal, 681()' 252-l345 
I-qt. bottle 

Methyl-purple indicator, 4-<>unce 681D-61!;-9185 
bottle 

Phenolphthalein (indicator), l-oz. 6810-134'{)OOO 
bottle 

Chloride indicator, 12 capsules HA6810-753-4907 
Ethyl alcohol, ACS, I~l. con 6810-264-6507 

(For preparing soaP. phenolphthal-
ein and chloride indicator 
solutions) 

Isopropyl alcohol, ACS, I-gal. 6810-227'{)41O 
(For preparing chloride 

indicator) 
~4.A. - Method A. [Issolved oxygen testing outfit Spec­

ilicaticn No. M1L-'T-aJ641 distributed from Naval &Jpply 
Centers, Ncriolk and Oaklcnd. 

6640-372-0840 -Complete outfit includes the follOWing 
standord stock items (individual Items may be requisitioned 
separately): 

I Tube, collapsible, stopcock 915()'273-2406 
lubricant 

I Electric heater lIlit, ring-type 664D-290-4404 
(hot plate) 

4~ ft. rubber tubing 4720-189-9718 
I Asplrator-lxlllHIssembly for !illlng 664()'29HI62 

burettes 
3 Aspirator-bulb-assemblies for 

filling pipettes 
I Beaker, Griffin, 150 mi. 
I Drapper bottle for storch-indicotor 
2 Sampling battles, 300 mi. 
3 Reagent bottles, 400 ml 
I Reagent bottle, 1000 mi. 
I Burette, 10 mi. capacity 
I Metal cabinet 
I Casserole, porcelain, 500 mi. 
3 Pipettes, 2 mi. capacity 
I Spatula, laboratory, sleel, nickel­

plated 

664()'29H!076 

664D-264-8313 
8125-17!Hl142 
8125-17!Hl143 
8125-285-8489 
8125-24&9010 
6640-264-6951 
664D-292-3676 
664()'271-1397 
664D-29D-4407 
6640-174-1967 

6 Lengths tubing, glass 6640-245-7130 
:4.B. - Method B. Dissolved oxygen testing outfit spec­

lflcatian M1L-T-24209(SH1PS) distributed from Naval 
&Jpply Centers, Norfolk, Oakland, ond'Long Beach. 

6850-985-2988 -'Complete outfit 
5.A. - Method' A. Reagents for Method A dissolved 

oxygen testing specification No. M1L-C-2064O. 
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Manganese sulfate solution l-qt. 6810-290-3842 
bottle, (solution I) 

Alkaline potassium-Iodide solution, 6810-290-3843 
l-qt. bottle (solution II) 

Sulfuric acid solutien, l-qt. bottle 681()'29D-3836 
(solution ill) 

Sodium thiosulfate solution, 0.15 
nonnal, l-qt. bottle 

Soluble starch, l-oz bottle 

681 ()'27D-5553 

681D-B18-1813 
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5.B. - Method B. 'Reagents for Method B dissolved 
oxygen testing specification No. MlL-C-24200(&IIPS). 

Class A - Mangan",s sulfate 681(}926-9136 
reagent, box of 12 tubes 

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

Class C - Sulfamlc Acid - !Jth.,. 6810-926-9138 
tolldlne reagent, box of 12 

tubes 
6. Conductivity Testing Equipment. 

Solubridge, specific ccnductmce, IP66~20-4539 
5(}8000 micromhos/cm 

Dip-type conductivity cell, cell If'6630.6 2D-4540 
constant of 2.0 

Beaker, plastic (Qiffin style), 9L664(}720-2755 
250m! 

Thermometer, metal, dial type 6685-29(}5533 
(0-2200F) 

Class i standard cooductJvity 681(}945-7682 
solution (1400 micromhos per em) 

7. Somple Bottles. 
Polyethylene bottle, l-qt., screw 8125-326-5479 

cap 

Part 6 . Water Treatment· 1200 psi Boilers 

9560.131. NATURE OF TREATMENT 
It is necessary to centrol the quality of the toiler 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 suootituted for bliler com­
pound to provide Independent centrol of pH (instead of alka­
linity) and phosphate (instead of hardness). Treatment 
consists simply in adding either memiall in small increments 
as necessary to keep the proper bolance of pH and phos­
phate. For closer control of the dissolved solids in the 
boiler water, an electrical conductivity method is used to 
determine the need for blowdown. The method of mixing and 
adding chemicals, testing for chloride and blaNing dcwm 
are essentially the same as m other naval vessels. The 
tests for alkalinity and hardness are no longer required 
f<r 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: 

9:60.71. Nature of Navy Iloiler Compwnd. 
9:60.87 Alkalinity and Hardoess limits. 
9:60.72. Determinatioo of Dosage. 
9560.73. Use of Charts. 
9:60.74. Boiler-Water Hardoess. 
9:60.88 Alkalinity of Idle Boilers. 
9:60.100 Alkalinity of Steaming Boilers. 
9:60.101 Alkalinity of Unsteamed Boilers. 
9:60.1 03 Determination of Hardness. 

9560.132. CHEMICAl- TREATMI!NT OF BOILER WATER 
1. Determlnatlon.f dosago to a ..... hl, flll.d boll.,. 

The amounts of disodium phosphate and caustic soda needed 
to raise the phosphate content and pH value of the boiler 
water approximately to the specified upper limits are shown 
In table IV. 
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ToW. IV 
Law Phosphate Treotment 

Gallons Untrnt.d 
Wohr A ....... 

Ounces 01 sodium 
Phosphat. To a. 
A .. d.d 

Ounces Coustlc 
Sodo To a. 
Add.d 

100 
500 

1000 
1500 
2000 

0.5 
2.5 
5.0 
7.5 

10.0 

I 
5 

10 
15 
20 

2. Det .. nllnatlon of cIoa ... to a atea.lng _1I.r. Add 
disodium phosphate or caustic soda as required to maintain 
the Ihos!i>ate con tent and pH value of the boiler water with­
in the specified ranges. The amount of disodium phosphate 
needed to raise the phos!i>ate centent to 25 p.p.m. may be 
estimated by use of figure 9:6(}14. For example, to raise 
the lhos)ixJte content from 8 p.p.m. to 25 p.p.m. draw a 
horlzontolline from 8 p.p.m. on the vertical scale. Draw a 
vertical line down from where it intersects the disodium 
phosphate Une. Read the amount of phosphote to be added 
at the paint where the verticolline intersects the horizontol 
scale. In this example, ap!>'oxlmately three and one-half 
ounces of disodium phoslhate are needed for each 1,000 
gallons of water in the boiler. 

To determine the amount of OlUsUC soda needed to main­
tained the pH of the boiler water within limits, figure 956(} 
15 should be used. For example, to raise tbe pH of tbe 
boiler water from 10.2 to 11.0, draw a horizontal line from 
10.2 on the vertical scale. Draw a vertlcolline down from 
where it intersects the caustic sa:la line. Read the QlOOunt 
of caustic soda to be added at tbe point where the vertical 
line intersects the horizontal scale. In this example, 
approximately six and one-quarter OWlces of caustic sooa 
are needed fa each 1000 gallons of water in the boiler. 

3. Ad"ltlon.f ch",'cal. to tho iloilo,. Completely 
dissolve the discxHum phosphate in several gallons of hot 
water and feed the solutioo to the boiler. Completely dis­
solve the caustic soda in severol (pllons of cold water be­
fae odding 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 I s fed to the boiler 

requiring the treatment 
c. the treatment tank and lines are well flushed 
CAUTION: Avoid cootoct of caustic solution with 

skin or eyes. In case of contact, rinse quickly and 
thoroughly with cold water and report to sick boy. 

'560.133. fREQUENCY Of BOILER WATER TI!STING 
The boiler water will be sampled and tested for pH 

value, phosJitate cootent, dtloride cootent and conductivit:t 
as listed below. Somple the boiler water !rom the worer 
drum throuc;j:l a cooler capoble of reducing the temperature 
to 100" F. or less. The boiler water will be retested for pH 
wlue, phosphate content, chloride content and oonductivit:t 
one-half hwr alter blow-down and one hwr alter oddition of 
cbemlcals. 

I. Sample and test freshly filled boilers hourly until 
proper water conditions have bem established. 
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Figure 96~-14. Ounces of treatment per 1000 gallons to 
raise the pH value to 11.0. 
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Figure 9:£0-15. Ounces of treatment per 1,000 gallons to 
raise phosphate content to 25 ppm. 

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

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

7 

4. In case of Sea-"Noter contamination or other instances 
of improper water ccnditions in steaming boilers, sample and 
test hourly, while adjusting conditions until they are within 
the specified limits. 

Ch apt er 9560 

5 

9560.134. FREQUENCY o.F Bo.lLER FEEDWATER TESTS 
The testing of boiler feedwater is the same as described 

in article 9560.77. 

9560.135. BOILER WATER Co.NDITlo.NS TO. BE 
MAINTAINED 

Constituent or property: 

pH 
Phosphate 
Chloride 
Conductivity 

Requirements 
lOA to 11.0 
10 to 25 ppT:1 
2 epm. max. 
700 micromhos/ 
em. max. 

NOTE.-Soap hardness will re zero if the phosphate is 
in the range specified. 

It 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 !::oiler water within limits while main­
taining the conductivity and chloride content of the !::oiler 
water well below maximum values. The best way to ensure 
that low dissolved solids are being carried in the boiler 
water is to JOOintain the chloride content as low as possible, 
preferably below 1 epm. 

To ensure that an adequate phosphate reserve always is 
presen t in the boiler 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 
(pH or phosphate) to the upper limits. If the phosphate 
content of the boiler water drops relow 10 ppm 00 two con­
secutive days, the ixliler water Slould re sampled and tested 
at least once per watch until the source of contamination is 
located and corrected. Prior to securing a boiler for 
oottom blowdown, tLe boiler water should be chemically 
treated to bring conditions to a pH of 11.0 and a phosphate 
concentration of 25 ppm. 

9560.136. FEEDWATER Co.NDITlo.NS TO. BE 
MAINTAINED 

The feedwater conditions to be maintained are the same 
as those described in articles 9560.91 and 9:60.92. 

9560.137. PREPARATION OF REAGENTS FROM STOCK 
So.LUTIONS 

1. Dilute stannous chloride reagent (to be prep:lred 
daily). Remove the cap from the vial of coocEntrated stan­
nous chloride and insert the 0.5 ml. pipette. Wash the empty 
vial with distilled water and measure into it 0.5 ml 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 wi th its stopper in 
place. 

27 

CAUTION: Diluted stannous chloride reagent will 
deteriorate rapidly and will give erroneous resul ts if it is 
not prepared daily. Discard the diluted solution when it 
is 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 bicar!::onate and 
flushed with water. The vials of dilute and concentrated 
stannous chloride should be kept stoppered. The 

ORIGINAL 
I July 1967 



pipettes should be replaced when the rubber bulb becomes 
brittle. 
2. Instructions for prep::uation of other reagents req:uired 

are given in articles 9560.78 through 9:£0.85. 

9560.138 SAMPLING 
The sampling instructions are the same as those de­

scribed in articles 9:£0.94 through 9:60.96. 

9560.139. METHODS OF ANAL YSIS-80ILER.lYATER 
TESTS 

1. General Test Procedures. 
a. i3cliler water is tested for pH value and phosphate 

content using the Taylor comparator kit. (The kit can· 
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 promptly.) 

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 a Solu-Bridge, a 
commercia 1 device manufactured by Industria 1 Instru­
ments, Inc. Each Solu-Bridge is calibrated in such a 
w~ that it must be used with a conductivity cell of a 
definite cell constant. It is important to always remem­
ber that for accurate results, a Solu-Bridge can be used 
only wi th 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 made using the 

Taylor pH slide comparator, pH range of 10.0 to 11.6 and 
acyl red indicator provided wi th the Taylor kit. The com­
mercial Taylor pH slide CDmparator must be modified to 
make it suitable for use with Navy boiler water. Revise the 
pH scale on the comparator lJy adding 0.2 pH lU1it 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 correct 
value directly on the comp::Jfator.) Also, the acyl red indi­
cator deteriorates aher being exp:lSed to air for 6 months, 
therefore, it should be discarded 6 months after it is opened. 
The expiration date should be recorded directly GO the 
rottle. 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 re 
filtered to conduct both the pH and phosphate tests. 
Collect the filtered water in the graduated cylinder or a 
clean sample mttle. 

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

c. Then, fill three test tuOOs to the 5 m!. mark with 
the filtered water to be tested and place them in the 
holes rock of the three slots in the base. 

d. To the middle ture odd 0.5 ml. of ocy 1 red pH in­
dicator solution by means of the 0.5 m!. pipette and 
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nipple and mix thoroughly. The 0.5 m!. pipette (dropper) 
contains 0.5 m!. of solution when filled to the mark. 

e. Place the acyl red pH slide on the oose and the 
oose on the shelf of the lamp. With the lamp switch on, 
move the slide in front of the test samples until a 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 t'NO. 
3. Phosphate Oetermlnation. 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 mork (10 mI.) of the ture. Carefully odd 
molybdate reagent to the second mark (14 m!.), 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 comparing with 
the standard but complete the phosphate determination 
within the ti ve minutes or the color will fade, making a 
color match difficult. 

b. Rinse a 5 mI. test tube with a srooll amount of the 
blue solution. 

c. Then fill the 5 m!. test tube with the blue solu­
tion and place it in the middle hole of the comparator 
oose. Fill two other 5 ml. test tubes with the filtered, 
but untreated, boiler water and place them in the re­
maining holes rock of the slots of the comp:lfator oose. 

d. Place the phosphate slide on the rose and place 
the rose on the shelf of the lamp. With the lamp on, 
move the slide in front of the test samples until a color 
match is obtained. Be sure the arrow on the slide is 
directly in line with the arrow on the rose. 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 somple 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 phcsphate content of the 
originall::oiler water. 

CAUTION: Molybdate reagent is a strong acid and 
should be handled like the stannous chloride reagent. 
... Conductivity Determination. Same as described in 

orticle 9560.104. 
S. 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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9560.141. DETER10RAT10N OF CHEMICALS 
The acyl red pH indicator md the concentrated stannous 

chloride solutions, used in the preceding tests, are subject 
to deterioration when repeatedly exposed to air and high 
temperature. For aCD.uote test results, the containers of 
these chemicals should be closed immediately after use and 
stored in areas where temperatures are preferably below 
800 f. but not above 1000 f. After 6 roonths, the acyl 
red and concentrated stannous chloride solutions should 
be discarded in accordance with BUSANDA ti<mual 35041. 
To assist in detennining when these two solutions have 
deteriorated, standards are available in the stock system. 
These standards and the respective stock numbers are 
given below: 

Standards 
Class 9 - Standard low phosphate 

solutloo, 15 ppm pbospbote 
Class h - pH standard, buffer 

tablets or powders, pH -
10.8 

Fed.ral Stock 
Humber 

IH681O-985-7135 

IH681O-985-7128 

Using the applicable standa(d, check the quality of the 
boiler water testing chemicals at least once every 3 months. 
The standards should be analyzed. in acrordance wi th the 
methods set forth in this chapter. The analytical results 
should be within the follOWing limits: 

Stanoord Umits 
Low phosphate (15 ppm) 10 - 20 ppm 
pH 10.8* 10.8 - 11.2 
* The standard pH solutioo should correspond to a value 
of 11.0 on the ships' corrected. pH slides. 

If the results obtained are not within the specified Umit& 
fresh test rnemicals should be used cmd 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 rnemiOlls should be checked for deterioration 
as stated in article 9560,99. 

9560.142 BOILER WATER BLOWDOWN 
Same as described in article 9:60.118. 

9560.143. TEST RECORDS _ WATER TREATMENT LOGS 
FOR FEEDWATER AND FOR BOILER WATER 
OF 1200 PSI BOILERS 

1. far feedwater: feedwater logs (N AVSHIPS 9~0I4) 
are provided for feed water. 

2. For boiler water of 1200 psi boilers: Boiler water 
treatment'Logs - Low pbosphate treatment (NAVSHIPS 
95,60/3) are provided for boiler water tests of 1200 psi 
boilers. 

Ships should prepare such additional test sheets as are 
necessary for entering the results of other tests. See 
article 9:60.4 for availability of forms. 

9560.144. STOCK INFORMATION 
The disodium phospoote required, purchased under 

Federal Specification 0-8-639, is available in the stanoord 
Navy stack 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 Outfit for 1200 psi Ships T ayl •• Co,oI., 
Mo. 

I -Complete Kit (Model P) 
(Contains all equipment for low rnospoote determination, except Oolite Lamp) 

I -pH color stonoord slide, Acyl Red, pH (10.0-11.6) 
(Contains pH slide comp:uotor, vial of indicator solution 000 0.5 ml pipette) 

I - Midget lliUte Lamp 

Replacement Parts for arove Kits: 
I - Bulb, electric, special, 40W, nov. 
1 - Bottle, 16 oz., plastic, dispmsing assembly 
I - Test tube, 5 ml 
1 - Vial, 2/3 oz. Reagent, empty, with 0.5 ml pipette 
I - filter paper, No.5, 9.0 em. 
1 - Cleaner, spoo.ge, 7" for mixing tube #516 
1 - Mixing tube, low (:hospha te 
1 - Color standard, single (give actual slide value, name of slide or set) 
I -lliUte lamp glass filter 
I - Funnel, 50 mm, plas tic 
1 - Low phosphate slide only 

Low Phosphote ond pH Stock Solutions 

1 - Molybdate Reagent, I qt. Taylor Code No. 601 
1- Stannous Chloride Solution (concentrated), vial, 1/2 oz. Taylor Code No. 602 
1 - Acyl red indicator solution, vial, V2 oz. Taylor Code No. 1003P 

ll(l) 

I!JOO.P 

1070 

5(l) 
4B6A 
SOO 

SOlA 
518 
529A 
516 
503 
505 
517 

1105B 

F.deral Stock Number 

I HA.{j8 10-903-0507 
IH-<i81O-935-2320 
IH-<i810-935-2321 

NOTE: The stannous chloride (concentrated) solution and the Acyl Red Indic:ata solution are forwarded quarterly to 
each ship requiring them for testing. This is done on an autOimtic [as is by the supplier. 
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hydrogen phosphate, anhydrous, technical grade.) The 
caustic soda, also kncrwn as lye or sodium hydroxide, is 
purchased under Federal Specification 0-S-598 and is avail­
able under fSN 6810-243-4435 in 13-ounce cans. Stock in­
formation Cl1 equipment required to conduct the pH and 
phosfhate tests is given below. 

Informatioo on other ch6Jlicnls and equipment required 
is given in article 9560.116. 

Part 7 - Water Treatment-Ships with Diatomite Feedwater 
Filters 

9560.151 REASON FOR SPEC1AL INSTRUCTIONS 
1. Ships equipped with diatomite feedwater filters 

(Republic, Skinner, Hercules or Davis) have different water 
crnditions from other naval ships. In other ships, sea water 
is the only feedwater contaminant. Consequently, the feed­
'MJter is neutral or slightly acid and the chloride concen­
tration is a good indication of the total dissolved solids 
being fed to the boilers. The uniform comlXlsition of the sea 
water contaminant makesit possible simultaneously to con­
trol hardness and alkalinity with Navy Boiler Canpound. 
This is normally a uniform mixture of disodium phosphate, 
soda ash, and starch in proper proportions to counteract the 
effects of sea salts. 

2. The filter aids used in the Diatomite filters on certain 
shi1=S add hardness to the feedwater over and above that 
introduced as sea salts. If extra ooiler compound is added 
to control this hardness, high ooiler water alkalinity results. 

9560.152. THEORY OF SPECIAL TREATMENT 
The revised treatment overcomes this problem of extraor­

dinary hardness by supplying separate treating chemicals 
rather than a mixture. They include caustic soda (lye) 
which increases alkalinity, disodium phosphate which 
reduces hardness without increasing alkalinity signifi­
cantly, and corn starch which aids in conditioning of 
sludges. The caustic soda is added on the basis of the 
present alkalinity tests to keep the boiler water between 
2 . .:r3.5 epm 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 boiler water at all 
times. Starch is added in proportion to the phosphate. 

N01E:-The following articles of this chapter do not 
apply to boilers treated in this manner. 
9560.71. Nature of Boiler Compound 
9560.72. Determination of Dosage 
9560.73. Use of Chorts 
9560.74. Boiler Water Hardness 
9560.87. Alkalinity and Hardness Limits 

9560.153. CHEMICAL TREATMENT OF BOILER WATER 
1. Determination of dosage to 0 freshly filled boiler.­

The amounts of disodium phosphate, comstarm, and CXlUstiC 
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 V 
Treatment For Ships With Diatomite Feedwater Filters 

Phosphate-Starch Addition 
Gallons Ounces Ounces Ounces 
Untreated Disodium Cornstarch Caustic 
Water Phosphate to be Soda to be 
Added to be Added Added Added 

100 2 0.5 2 
500 IO 2.5 10 

1000 20 5.0 20 
I SOD 3Q 7.5 30 
2000 40 10.0 40 

2. Determination of dosage to a steaming boi ler. Add 
disodium phosphate or caustic soda in increments as 
required to maintain the phosphate content and alkalinity 
within the s!=€cified ranges. A weight of starch equal to 1/4 
the weight of phosphate is to be added with the p!losphate. 
The amount of disodium phosphate needed to raise the 
phosphate content to 100 ppm may be estimated by use of 
figure 9.%0-16. The amount of starch needed can also be 
estimated from figure 9:£0-16. 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. Read the amounts of starch and 
phosphate needed at the points where the vertical lines in­
tersect the horizontal scale. In this example, about four and 
one qoorter ounces of starch and 17 ounces of Jitospoote 
are needed for each 1,000 gallons of water in the boiler. 

PPM 
PHOSPHATE 

100 

40 
30 
20 

l5
'g 

0~1~2~3-4~'~.~7~8~.C7.,a~II~12~13~1'~I~'~~~"~~~I~.~20· 

Figure 9.560-16. Ounces 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 j 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 caustic soda line. Read the 
amount of caustic soda to be added at the point where the 
vericalline intersects the horizontal scale. In this ex-
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ample, approximately eight and one-half ounces of caustic 
sod!'] are needed for each 1000 gallons of water in the boiler. 
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figure 9:6Q..17. Ounces of treatment per 1000 gallons 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 water and 
then stir into it a cold-water paste of the starch. The paste 
is prepared by adding a 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. 

CAUTION: Avoid contact of the caustic solution 
with skin or eyes. In case of can tact, 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, chloride, and alkalinity content in accord­
ance with the procedures and schedule outlined in article 
9!x)0.133. 

9560.155. FREQUENCY OF TESTS ON BOILER FEED­
WATER 

Same as described in article 9r:i:fJ.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 into it 0.5 ml. of the 
concentrated stannous chloride reagent, using the 0.5 m!. 
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 chloride reagent will de­
tericrote rapidly and will give erroneous results if it is not 
prepared daily. Discard the diluted solution when older than 
24 hours or when it become turbid, and prepare fresh reagent. 
The concentrated stannous chloride contains an acid and it 
should be handled so as to prevent spilling on clothing or 
skin. Spilled reagent should be neutralized with sodium 
bicarborote and flushed with water. The vials of dilute 
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concentrated stannous chloride should be stop{Ered. The 
pip:!ttes should be replaced when the rubrer bulb becomes 
brittle. 

2. Instructions for the preparation of other reagents re­
quired are given in articles 9::£0.78 through 9:£0.85. 

9560.157. BOILER WATER CO"D1Tl0NS TO BE MAIN· 
TAINED 

Con5tituent or property: 

Phosphate 
Alkalinity, phenolphthalein 
Chloride 
Conductivity 

Requirement 
20 to 100 ppm. 
2.5 to 3.5 epm. 
2 epm max. 
1300 micromhoslcm. 

max. 
Not •• Soap hardn ••• will bet uro If the phosphat. I. In the 

rang. specified. 
Prior to securing a boiler for bottom blowdownt chemically 
treat the boiler water to bring the alkalinity to 3.5 epm cmd 
the phosphate concentration to 100 ppm. Prior to placing 
a replacement feed water filter on the line, the phosphate 
concentration of the boiler water shall be at 100 ppm. 

9560.158. FEEDWATER REQUIREMENTS 
Same as described in articles 956e."91 and 9::£0.92. 

'560.159. METHODS OF ANALYSIS fOR aOILU 
WATER TESTS 

1. General test procedures. The boiler water will be 
tested for conductivity t chloride and alkalinity in accord­
ance with the procedures in articles 9560.100, 9560.102 
and 9560.104. The boiler water is tested for phosphate 
content using either the Taylor high phosphate comparator 
or LaMotte phosphate comp:lrator. 

2. Phcsp,ote determination (Toylcr-High-Phospmte 
5.100 ppm Comp:lrator). 

Q. Wash one of the mixing tubes with the clear roiler 
water to be tested (filter through filter paper if dirty) and 
fill to the lower mark (5 mI.) of the tube. Carefully add 
molyl::x:l.ate reagent to the second roork (15 mI.), stop{Er 
and mix well. Add stannous chloride sol ution to the top 
mark (17 .5), stopper and again mix well. A blue color 
will form. Complete the following steps of the phosphate 
determination wi thin the next 5 minutes or the color 
will fade, making a color match difficult. 

b. Fill a 5 mI. test tube with the blue solution and 
place it in the middle hole of the comparator base. Fill 
two other 5 mI. test tubes with the clear filtered !:oiler 
water and place them in the remaining holes of the com­
parator rose. 
c. 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 match 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 as 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 
to obtain the phosphate content of the original boiler water. 
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CAUTION: Molybdate reagent is a strang acid and 
should be handled like the stannous chloride reagent. 

3. Phosphate determination (LaMotte kit). 
a. Rinse one of the marked test tubes with cleur, 

filtered boiler water to be tested. 
b. With the 1 ml. graduated dropp:or, add 1 ml. of the 

clear, filtered boiler 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 thcroughly, neutra lize with i:xIking sooc 
or soda ash and reflush. Contact with eyes causes serious 
damage. Flush immediately with water and seek medical aid. 

e. Add one tablet Be (molybdate and reducing agent). 
f. 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 

until phosphate value is found. 
j. For phosphate concentrations above 100 ppm, test 

a mixture of half boiler water and half distilled water; 
multiply the readings by two. 

9560.160. FEEDWATER TESTS 
Same as described in articles 9560.105 through 9560.107. 

9560.161. DE.TER10RATION 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 container should be closed 
immediately after use and stored in areas where temperatures 
are preferably below 80 0 F. but not arove 1000 F. To deter­
minE: whether this chemical is fit for use, the follOWing stand­
ard solution should be used. 

Standard Federal Stock Number 
Class f - Standard high phosphate solution, IH5810-985-7134 

SJ wm 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 Limi ts 
High Phosphate (~ ppm) 40 - 50 ppm 

I f the results are not within the specified limits, fresh 
test chemicals should be prepared and checked against the 
standard. If the results still are not within s~ified limits, 
a shipyard chemist should be contacted at the earliest op­
portunity for assistance in locating the source of the errr 
Other chemicals should be checked for deterioration as 
stated in article 9:£0.103. 

9560.162. SOlLER WATER SLOWDOWN 
This is the same as described in article 9560.114. 

9560.163. SAMPLING 
This is the same as described in articles 9560.94 

through 9560.95 or 9560.96. 

Ch~ter 9560 

9560.164. STOCK INFORMATION 
D. Te.t R.cords - Water Treotment Logs for F •• dwater 

and for Boiler Water of Ships with Diatomite F.edwoter 
filters. 

I. For Feedwater: Feedwater logs (NAVSHIPS 95(0/4) 
are provided for feedwater. 

2. For Boiler Water of ships with diatcmite feed water 
filters: Boiler water treatment logs _ High phosphate 
treatment (NAVSHIPS 95(0/2) are provided for boiler water 
tests for ships with diatomite feedwater filters. 

Ships should lXepare such additional test sheets as are 
necessary for entering the results of other tests. (See 
article 9:60.4 for availability of forms.) 

b. Stock informotion. The disodium phosphate required, 
is purchased under Federal Specification O-S-639 and 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 monohydrogen phosphate, anhydrous, 
technical grade. The required caustic soda, also known as 
lye or sodium hydroxide, is !=llichased under Federal Specifi­
cotioo P-{;-631, and is available under FSN 5810-243-4435 
in 13-ounce cans. The cornstarch is available under FSN 
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. BolI.r Wat.r Slide Comparatar Outfit for 

Ships with Diatomite Flit.,. 

1 - Complete Kit (Model P) 
(Contains all equipment for high phosphate 
determination except Oolite lamp) 

1 - Midget Oolite lamp 
Replacement parts for foregoing kit are the 

same as under article 9:60.144 except as follows: 
1 - Mixing tube, high phosphate 
1 - High phosphate slide only 
High Phosphote Stock Solutions 
1 - Stannous Chloride (con-

centrated) ';ial, 112 oz. 
602 

1101 

1070 

515 
1100B 

I - Molybdate Reagent, 1 qt. FSN IHA-6810-903·05CJ7 
Taylor Code 601 

Information on other chemicals and equipment required 
is given in article 9560.116. 
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INDEX 
Air chambers, 9:60.220 

in feed water, elimination of, 9:60.52 
leakage, elimination of, 9:60.274 
pumps, 9:60.274 

Alkalinity and hardness limits, 9.::60.87 
determination, 9560.103 
excessive, effect of 9:£0.29 
I""" effect of, 9:60.28 
of idle boilers, 9:60.88 
of stecnning boilers, 9560.100 
of unsteamed boilers, 9560.101 

Baffles, 9:60.226 
Baked sludge, 9:60.26 
Blowdown, 9:60.114 
Boiler compound, method of adding, 9$0.75 

nature of, 9:60.71 
scale, prevention of, 9560.25 

Boiler feed water I 9560.14 
mokeup, 9660.12 
tests, frequency of, 9:£0.77 I 9560.134 

Boilers, filling, 9:60.55 
steaming alkalinity of, ~O.lOO 
unsteamed, alkalinity of, 9560.101 

B:>iler scale, prevention of, 9S50.2S 
Boiler water, equipment for testing, 9560.97 
Boiler water, chemica 1 treatment of I 9560.132, 9:60.153 

conditioos to be maintained, 9560.86, 9560.135 
hardness, 9:60.74 
methods of analYSiS, 9:60.139, 9:60.159 
requirements, 9:60.88 
sampling of, 9560.94 
tests, 9:60.76, 9:60.104, 9560.154 
treatment, purpose of, 99)0.2 

Bottom and surface blows, use of, 9560.114 
Carryover, nature of, 9.:60.33 
Charts, use of, 93)0.73 
Chemical equi~ent, care of, 9560.98 
Chemical treatment of boiler water, 9560.132, 9:£0.l53 
O1emicals, deterioration of, 9:60.99, 9:60.141, 9560.161 
Olloride contamination, finding source of, 9:60.48 

determination, 9560.102, 9560.106 
limits, 9560.90 

O1loride indicator, 9560.84 
Compounds, methcrl of adding, 9560.75 
Condensate chloride, effect of carryover on, 9:60.47 

Ii mit, 9:60.46 
depression I 9:£0.252 
recircuDtion, 9660.254; 9:60.302 

Conductivity I determination of, 9560.104 
Conductivity limits, 9560.89 
Contamination (chloride), finding source of, 9::60.48 

salt-water, sources of, 9:£0.45 
Carresian, 170cess of, 9560.27 
Cross connecting lines, 9W.253 

mains, 9:60.285 
Cross-connections prohibited between fresh-water and 

solt-water piping, 9:60.51 
Deaerating feed tank, function of 9:60.293; 9:60.300; 

9:60.306; 9:60.307 
recirculation from, 9:60.3)3 
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Deaeration, process of, 9.:60.32 
Deterioration of chemicals, %0.99, 9:£0.141, 9560.161 
Dissolved oxygen, effect of, 9:60.)) 
Dissolved oxygen samples, 9560.96, 9560.111 

sources cmd interval, 9r;EJ.77 
Dissolved oxygen, sources of, 9:£0.31 

detenmination of, 9:60.112, 9560.113 
equipment, care of, 9:60.111 
test reagents, 9:60.85 

DJsage, determination of, 9:60.72 
Drain accessories, llllintenance of, 9560.248 

collecting tank, fresh-water, 9:60.248 
disposal, 9:60.212; 9:60.245; 9:60.282; 9:60.308 

Drains, high and low pressure, 9:60.247; 9:60.309; 9:60.310 
Drain tank, heating-system, 9:£0.311 
Electrical salinity indicators, 9:£0.42 
Equipment for testing boiler water, 9560.97 
Evaporator tubes, leaking, 9:60.49 
Exhaust steam, economical use of, 9:£0.223 
false end point, assurance against, 9560.108 
Feed ond filter tonk, 9:60.214 

inspection and cleaning of, 9:60.216 
Feed rooster pump, 9560.243 
Feed heaters, 9:60.244 

heater, second stage, 9:60.260 
Feed pumps, emergency, 9:60.258; 9:60.259 

main and booster, operation of 9:£0.257 
Feed systems cleaning of, 9:60.315 

general arrangement, 9560.211 
pressure closed, 9:00.291; 9:60.292 
semienclosed, 9:60.241; 9:60.242 
types of, 9:60.202 
vocuum closed, 9:60.271; 9:60.272 

feed tank temperature, 9::60.217 
water level in, 9560.218 

Feedwater 
elimination of air in, 9:£0.52 
elimination of oil and grease in, 9560.53 
heater, 9:60.219 
limits on makeup, 9560.54 
protection of, 9560.44 
requirements, 9560.91 
sompling of, 9560.95 
testing reagents, 9:60.80-9560.83 
tests, 9:60.105, 9560.140 
trcmsfer of, 9:£0.305 

Filling boilers, 9:60.55 
filtering material, 9r;EJ.215 
Fresh water drain collecting tank, 9:60.284 
Fuel oil heater drains, 9560.283 
Grease extractors, 9560.232 
Hardness, determination of, g)60.103, 9:60.107 

of boiler water, 9560.74 
Heaters, cleaning of, 9:60.231 

general features of operation, 9:£0.224 
test of, 9:60.230 
tightness of, 9:60.222 
types of, 9:60.221 
water seal in, 9:£0.225 

Leaking e"'paratcr tubes, 9:60.49 
Main and booster feed pumps, operation of, 9:£0.257 
Makeup feed, 9:60.250; 9:60.279; 9:60.304 
Makeup feed, avoiding excessive, 9:60.54 
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Mercuric nitrate, reagent, g)60.80 
Methyl-purple indicator, \1560.83 
Nitric acid, reagent, 9560.79 
Oil and grease in feed water, elimination of, 9:60.53 
Oxygen-testing equipment, care of, 9:60.110 
PhenolP1talein indicator, 9560.82 
Pump recirculation, 9560.2:6 
Raising vacuum, \1560.251; 9560.278; 9560.301 
Reagents, feed water testing, 9560.8()"9.:£0.83 
Reagents, I'eparatian of, 9560.78, 9560.156 
Reagents, preparation of from stock solutions, 9.::£i0.137 
Recirculating values, thermostatically controlled, 9560.255 
Recirculation, 9560.286 
Relief valves, 9560.229 
Salinity indicators, electrical, 9:£0.42 
Salt-water contamination, sources of. 9:£0.45 
Sumples, temperature of, 9560.95, 9560.96 
Scale, effects of, 9560.23 

formation, process of, 9:£0.22 
Scale-forming salts, 9:£0.24 
Scale, prevention of, 9560.25 
Sea water distillate, nature of, 9560.41 
Shore water, undesirability of, 9560.43 
Sludge, 9560.26 
Soap solution, reagent, 9:£0.81 
Sodium thiosulfate reagent, 9560.85.1 
Solutions for preparation of reagents, 9560.78 
Starch indicator, 9560.85.2 
Steam flow, deaerating feed tank, 9:00.296 
Stock numbers of test equipment, 9560.116 
Suction lines in bilges, leaking, 9560.~ 
Surface and bottom blows, use of, 9560.114 
Surge tonk, 9560.249; 9560.273 

by-paSSing, 9560.276 
excess feed, 9560.280 
level, fluctuation in, 9:60.281 
under atmoopheric pressure, oferotion of, 9.560.275; 
9560.277 

Test equipment, stock numbers of, 9560.116 
Test records, 9560.4, 9560. liS, 9560.143, 9560.164 
Tube leaks, 9560.228 
Units for reporting water analyses, 9560.3 
Vacuum closed feed system, 9560.271; 9560.272 

raising, 9560.251; 9560.278; 9560.301 
Venting, 9560.227; 9560.297 
Water analysis, units for reporting, 9560.3 

flow to deaerating feed tank, 9560.295 
Water treatment logs, 9560.4 9560.115, 9560.143, 9560.164 
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SECTION II-FEED WATER SYSTEMS AND 
APPARATUS 

PART I.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 ooiler 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-control ooilers with economizers, in­
creased steam ~essure and temperature, improved damage­
control faCilities, and associated changes in the machinery 
installed aboard naval vessels. For reaSOns made clear 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 purpose 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 may be ::mained in service. 

9560.202. TYPES OF FEED SYSTEMS 
There are' four general types of feed systems installed 

aboard naval vessels: open, semienclosed, vacuum closed, 
and pressure closed. The simple open-feed system, in­
stalled in all steam-propelled naval vessels having relatively 
low main steam pressures, was replaced by the semienclosed 
feed. system with the increase in steam pressure from 300 to 
400 pounds per square inch. The next step in the develop­
ment of feed systems entirely eliminated the free access of 
atmospheric air to the feed water by employment of a surge 
tank vented to condensers of the vacum-closed system. This 
was replaced by the pressure closed feed system as steam 
pressure was increased to 1200 p.s.i. with 95(Y 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 2-0PEN FEEl> SYSTEM 

9560.211. GENERAL ARRANGEMENT 
The arrangement of the open feed system is indicated 

diagrammatically 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 anci 
filter tank normally receives drains from the teed heuter(s), 
fuel-oil heaters, etc., and is vented to the atmosphere. The 
reciprocating main feed pump takes suction from the feed and 
filter tonk 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 hot drains constitute 

a large part of the total condensate entering the feed and 

Fiqure 9560-6 

filter tank, the temperature of the contained feed water may 
Jpproach the boiling poin\ and cause excessive loss of feed 
water as va-por discharged through the feed and filter tank 
vent. A more serious consequence of excessive feed and 
filter tank temperature is the possibility of vapor 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 drains are prop­
erly discharged to the feed-water heater shell, os an econom­
ic measure, unless the heat contained in these drains can 
be effectively used to raise the temperature of the water in 
the feed and filter tank. The discharge of hot drains to a 
condenser under vacuum is uneconomical as the drains are 
cooled to the temperature corresponding to the condenser 
Vacuum through "flashing," the flash steam being condensed 
by the condensing surface 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. 

9560.213. 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 begirming of each stroke, condensate is 
drawn 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 ab:lve the air pump. The air, therefore, passes 
again through the condensate in the pump discharge line and 
escapes through the feed-tank vent. The second passage 
of the air through the condensate is effected at a pressure 
somewhat above atmospheric and the relatively cold conden­
sate is capable of absorbing large quantities of oxygen, as 
may l:e seen by reference to figure 9560-1. Assuming, for ex­
ample, ,that the condenser vacuum is 28" Hq and the con­
densate temperature is 9(J' F., it may be observed from fig­
ure 9560-1 that a maximum of arout 0.15 p.p.m. of oxygen 
can be absorbed by the water. If the 9CP F. condensate in 
the airi>ump discharge line is at atmospheric pressure, fig­
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 50 times as 
much oxygen as it contained in the condenser hot well. Un­
fortunately, the reciprocating air pump constitutes an effec­
tive aerator. 

9560.214. FEED AND FILTER TANK 
As noted arove, the air pumps discharge to the feed and 

filter tank which serves as a 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 hllge or to the reserve feed tanks 
Vents to the atmosphere also are installed. The condensate 
enters the filtering compartment and thence overflows into 
the )xmom of the tank, this overflow usually being enclosed 
and led to a point below the normal water level carried 
within the tank. 

9560.215. FIL TERI NG MATERIAL 
Loofa sIXJnges constitute a satisfactory filtering material 

where water temperature does not exceed 20er 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 100fa sponges. It is 
important that the filtering material be secured in the filter 
compartment in such a manner as to prevent its getting 
adrift. 

Chapter 9060 

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 aooormal leakage of oil into the system, the source of the 
leakage should be corrected and the feed and filter tank 
cleaned using the chemicals and a similar proceed1.lre 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 grease 
or deterioration. This material is relatively cheap and fre­
quent renewals are desirable. 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 9.:£0.212 in order to ob­
tain the maximum economy and 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 9.:£0.213, incoming condensate at 90' 
F. containing 7.3 ppm. of dissolved oxygen can retain in 
solution only 1.2 ppm. at a feed-tank temperature of 20(], F. 
Thus more than 6 ppm. of the dissolved oxygen in the in­
coming condensate will te.ld 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 or 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 volume 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 relow the normal workinq level under steudy steamino 
conditions. This level should be marked plainly on the 
tank adjacent to the gage glass. In addition 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 exhaust 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 exhaust 
steam is properly utilized in the feed heaters, the distilling 
plant, and (if turbines are fitted for its admission) in lower 
pressure stages of main propelling machinery. Any excess 
auxiliary exhaust steam is routed to the condensers and 
constitutes an absolute heat loss, since it goes overboard 
in the form of heated circulating water. 

9S60.220. AIR CHAMBERS 
Many feed water heater installations are fitted with an 

air chamber provided with a gage glass connected at the 
heated-water discharge. Other installations provide air 
cocks to 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 steaming con­
ditions either of these devices installed in connection with 
high-pressure feed heaters shows any appreciable tendency 
for air to be separated from the feed water, this is evidence 
that the water in the feed and filter tanks is not being kept 
at a 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 to increase the feed 
and filter tank temperature by rerouting drains. 

9560.221. 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: 

1. Straight tube type.~-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 pas$ed through the tubes. Expansion Is taken 
care of by an expansion ring in the shell or by employing a 
floating head construction and the heater is so installed 
that one end is free to move. 

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

3. Multicail type.-These have spiral coils of tubing, 
each end of the tube secured to a header or manifold by 
means of ground joint unions. Care must be taken that the 
coils do not rub against each other or against the shell of 
the heater, as pitting of the tubes will occur in service at 
the pJints 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 gasket seatings are al­
ways kept in excellent condition and that the gaskets are 
mode of the best grade of high-IXessure sheet packing. 
Bolts and nuts give better results than studs when making 
up the heavy flange header joints. 

9560.223. ECONOMICAL USE OF EXHAUST STEAM 
When using exhaust steam to heat feed water, it has been 

found, both in theoretical calculations and in practical tests, 
that for every rise of aoout ICP F. in temperature of feed 
water there is a I-percent reduction in the amount of heat 
necessary to produce the steam, with a corresponding re­
duction in fuel used. 

9S60.224. GENERAL FEATURES OF OPERATION 
The temperature of feed water leaving t he heater should 

be within lCP F. of that of the exhaust steam when steaming 
at normal speeds with a properly designed heater which is 
clean and in proper condition. The temperature of steam at 
10 p.s.i. is 241' F. Hence, when steam under the best Con­
ditions, with p.s.i. back pressure, the feed water should 
leave the heater at about 23CP F. Under all circwnstarces 
the feed water should be kept as hot as possible, the exact 
pressure at which to carry the exhaust steam being left to 
the discretion of the engineer officer, who should determine 
the point of maximum efficiency. In accomplishing this he 
must remember that all auxiliary machinery must work 
against the I::ack pressure and that the back pressure should 
never exceed 15 psi when operating noncondensing tur-
bine driven auxiliaries. The engineer officer must determine 
by experiment whether it is more economical to increase the 
pressure a few poW1ds or to operate with water at a slighty 
lower temperature. Usually it will be found more economical 
to carry the higher back pressure. 

9560.22S. WATER SEAL I N HEATERS 

Under ordinary cruising conditions a water seal should 
always be maintained on the steam side of the heater. This 
can be done by keeping water in sight in the qJge glass on 
the feed heater shell or in the gage glass of the feed heater 
drainer, if installed. However, water should never be al­
lowed to build up in the shell of the feed heater as this re­
duces the effective heating surface, thus decreasing the 
heating capacity of the unit. Furthermore, flooding of the 
lower tubes during operation might also result, in extreme 
cases, in loose tube joints or Ixoken tubes, because of the 
difference in temperature between those tubes surrounded by 
steam and 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 regular overhaul of the heater, 
or 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 multipass feed 
heaters, Q quantity of the water goes directly through the 
heater, having bypassed many of the tubes, causing a drop 
in the feed watet temperature. If the baffles installed in the 
steam space are improperly fitted or leak badly, circulation 
of the heating steam is impaired, causing a loss in effiCiency 
and 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. VENTING 
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 l:e 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. 

9560.228. TUBE LEAKS 
If the drain discharge from the heater becomes excessive, 

a leaky tube is indicated. Tube leaks may be discovered by 
completely draining the shell, then shutting all 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, (tnd apply hydrostatic test to the ,shell. Water 
will flow out of one or both ends of any defective tubes or 
around any tute joints that may be leaking. The leak should 
be repaired by plugging both ends of the tube, or by replacing 
the defective ture with a new one or in case of a leaky 
joint, by expanding it. A tube expander and tube plugs are 
furnished with each installation. 

9560.229. RELIEF VALVES 
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 adroi tted 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 pressure. These relief valves should 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 t:e given a hydrostatic test 

on the steam side to one and one-half times the maximum 
working pressure. 

9560.231. CLEANING HEATERS 
All feed heaters should be boiled out with a solution of 

trisooium phosphate at regular intervals, as described in 
chapter 9510.87.13. The actual hook-up to re 
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 powered with reciprocating engines. 

Chapler 9:£0 

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 
grease or other foreign matter. Cleaning is best accom­
plished by using the same solution of boiler compound as is 
used for boiling-oot boilers, 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 
fer 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. Grease extractors usually are not in­
stalled on ships with turbine-driven mochinery. 

9560.233. SUMMARY OF IMPORTANT OPERATING RE· 
QUIREMENTS 

1. Inspect and clean feed-tank filter frequently 
(crticle 9:£0.216). 

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

3. Clean feed heaters at regular intervals 
(crticle 9:£0.231). 

4. 'Feed heater and relief valves should re tested to 
one and one-half times maximum working pressure afler 
overhaul or repairs (article 9560.230). 

5. Take make-up feed water through condenser 
(crticle 9:£0.211). 

PART 3-Se.'enclosed Feed Syste. 

9560.241. GENERAL 
The open feed system discussed in part 2 was super­

seded by the semienclosed feed system during the period 
when the main steam pressure for new naval vessels was 
elevated from 300 to 400 psi gage. The higher steam 
pressure 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 deaeration and thermal 
efficiency of the system were effected. Figure 9560-7 shows 
diagrammatically the elements of the semienclosed feed 
system in one of its final stages of development. 
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Figure 9560-7 

9560.242. OPEN VS. 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 air ejectors to 
replace reciprocating wet air pumps. This eliminates the 
aerating action described in article 9560.213 and avoids the 
necessity of passi ng 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-

Chapter 9:60 

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

9560.143. FEED BOOSTER PUMP 
In figure 9560-7 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 installations the booster pumps are omitted and the 

39 I July 1967 
ORIGINAL 



condensate pumps discharge directly through the air 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 9:00-8. 

9560.244. FEED HEATERS 
Employment of the feed booster pump provides ample 

head on the main feed-pump suctions, permitting installation 
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 fer 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-tul:e feed heaters described in section II, 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 pJrt of its useful energy in the aUXiliary or 
main turbines. Instructions contained in par t 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 9:60-7, are provided with a heating system 
dr-ain cooler and a feed heater drain cooler located in the 
main condensate line ahead 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 available in the feed heater 
drains is transferred to the main condensate in the feed 
heater drain cooler. The cooled 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 to pump feed heater drains to the main feed 
line l:eyond the air ejectors through a drain distributor. Use 
of this pump CCllserves the heat in the drainS, but is unde~ 
sirable, as drains are not deaerated prior to discharge to the 
boilers, as is the case when these drains are routed to the 
fresh water drain collecting tank or 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 figure 9.:£0-7 the fresh water 
drain collecting tank receives, in addition to cooled heating~ 
system drains, other low-{l'essure drains inclooing air­
ejector drains, first-effect evaporator ture-nest drains, and 
the discharge of the low~pressure drain main, which nor~ 
mally collects various drains throughout the system, in~ 
eluding 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. 

9560.241. 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 tanks, 

Chapter 9:'60 

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 auxiliary steam lines, steam 
sep:lfators 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. Deaeration of machin­
ery 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 
cooler. Condensate bypasses are provided around these 
heat exchangers for use in the event of derangement of the 
units. These bypasses should normally I:e kept closed to 
avoid thermodynamiC losses. Provision is made for by­
passing feed heater drains around the feed heater drain 
cooler, filter, and automatic drainer for use in the event of 
derangement ~ when it becomes necessary to clean the 
fiiter. Instructions outlined in articles 9:'60.2i5 and 9:'60.216 
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 9560-7, 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, contamination of 
the feed water with oxygen absabed 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, and when 
steaming steadily there should always be a slight quantity 
of feed discharge at this point. Under this condition, even 
though the feed water stcxed in surge tank reservoir be­
comes thoroughly saturated with oxygen, very little of the 
contaminated water finds its way to the booster pump suc~ 
tion because of the induced flow through the line connecting 
the surge tank with the main condensate line due to the 
sight flow discharge. 

9560.250. 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 tank and the negative surges intrcx:luce oxygen· 
laden water into the ooiler feed system. When the surge­
tank level falls below the maneuvering low level, usually 
marked 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 con-
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densers secured, water may be intro::l.uced into the surge 
tank from the reserve feed tanks by use of the emergency 
feed pump. This methcxi of adding water to the sys tern 
should not normally 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-ejec­
tor discharge line back to the condenser, using the bypass 
provided around the thermostatic recirculating valve until 
vacuum is taised 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 boilers 
depends upon the ability of the main and turbo-generator to 
deaerate the cmdensate and drains collected from the 
entire system. The difference between the temperature of 
the condensate in the condenser hot well and the temperature 
coItesp:>ndiny to the condenser vacuum gives a rough in­
dication of the effectiveness of the ccn:l.enser as a deaera­
tor. This temperature difference is called "condensate de­
pression" and should be kept as low as practicable under 
all operating cooditions to secure efficiency and effective 
deaeratioo. See chapter 9460 for full discussion of condenser 
operation. 

9560.253. CROSS CONNECTING LINES 
Figure 9560-7 indicates various cross-connections be­

tween eRJine rooms which are normally provided in connec­
tion with the semienclosed feed system. Specimen uses of 
these several cross-connections me discussed. below. 

1. Surg. tank cra .. ·connectlon • ..Jf necessary to intrer 
doce water into a sur ge 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-free condensate instead of raw 
reserve feed water as would l::e the case were the tank. filled 
by the use of the emergency feed pump taking suction from 
reserve-feed tanks. 

2. Engine-room cra •• -conn.ctlon .... The major purpose 
of engine-room cross-connecting mains is to provide for 
flexibility of machinery operation in connection with damage­
control considerations. As a secondary function these lines 
can be effectively used to promote efficient machinery plant 
operation, enabling engine-room o~rating personnel to 
secure certain auxiliary units under low and medium power 
steaming conditions. 

3. Boa.ter pump dl.charg. crass·cann.ctlon. ~ter 
pump discharges are cross-connected permitting operation 
at reduced power of two engine rooms with one feed heater 
and its corresponding group of centrifugal feed pumps, with 
the other feed-water heater and its corresponding feed PJmps 
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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 room are cross~onnected, permitting the opera­
tion, at reduced power, of both engine rooms with one surge 
tank secured, making it possible to control make-up feed 
from a Single engine room and 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 at low and high rates.-At low ship's speeds 
with only one feed pump in ser vice, it is usually necessary 
that the booster p.Imp suction from the surge tanks be closed 
in one engine room. The rooster-pump discharge cross-con­
nection is also closed if the feed heater in each engine 
room is to be used. With this arrangement 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 condeJlsate is such a small part of the 
rated. capacity of the condensate and booster pumps that the 
pumps will not operate properly in parallel. The condensate 
discharge from all units is taken by one booster pump if 
cross-connections are kept open, ond the air ejector and 
feed heaters of the other engine room do not receive feed 
water. At high ship's speeds all rooster pump suctions from 
the surge tanks should be kept open in roth engine rooms as 
there is suffiCient condenser condensate at high power to 
satisfy the capacity of the pumps and avoid the action de­
scribed above. If the engine rooms are operated independ­
ently at any power with all cross..:.connections between en­
gine rooms closed and with a feed pump in each engine room 
in operation, the main booster-pump suctions from surge 
tanks should be kept open. 

9560.254. RECIRCULATION OF CONDENSATE 
The use of engine room cross-connecting mains must 

alway s be such that condensate from each condenser will 
pass through its associated air ejector inter and after COn­
densers. The air 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 
intercondenser under all operating conditions in order to 
maintaln condenser vacuum (see ch. 9460 for discussion of 
air 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 t~e main and turbo-generator air-ejec­
tas when warming 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 aplXoximately to the condenser vacuum, the 
heat in the flashed steam being absorbed by the condenser 
cooling-water. The recirculated condensate augments the 
namal quantity of condensate collected in the cont"!enser 
from other sources and thus provides sufficient cooling 
water for proper operation of the air ejectors at low power. 
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9560.255. THERMOSTATICALLY CONTROLLEO 
RECIRCULATING VALVES 

Although recirculation is thermodynamically uneconomi­
cal, it is essential in naval installations, where cruising 
power may normally be only a 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 proper operation of the air ejectors at fractional power. 
In order to make recirculation automatic and to avoid exces­
sive recirculation with attendant excessive loss of heat, 
most air-ejector recirculating lines are fitted with therm~ 
statically controlled valves as indicated in figure 9.:60-7. 
These valves are actuated by the temperature of the con­
densate discharge from the air ejector after condenser. 
Rise of water temperature arove the temperature at which 
the valve is set results in automatic opening of the valve, 
recirculating the heated water back to the condenser and 
through the air ejector again. The thermostatically con­
trolled recirculating valves ore adjustable through a range of 
Grout 4(11 F. and should te set in each individual case to 
open at the highest temperature at which the air ejectors 
will operate without loss of condenser vacuum a discharge 
of an awreciable amoWlt of vapor from the air ejector after 
condenser vent. 'Thermostatically controlled recirculating 
valves are provided with bypasses or with manually operated 
pull~pen devices for use when warming up the plant or in 
the event of derangement of the automatic feature. In the in­
terest of economy, the thermostatically controlled valves 
should re kept in good condition 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 p:lssible or, preferably, within the last 
pass of the air ejector after condenser water chest when 
sp::lce is available. Instruction booklets furnished 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 very low capacity or when feed checks are closed 
for short periods under manuevering conditions. These re­
circulating lines should always be open whenever the feed 
pump is rmming in order to avoid p:Jssible 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 for detailed information regarding pumps.) 

9560.257. OPERATION OF MAIN AND BOOSTER 
FEEO PUMPS 

The feed booster pumps may be regarded as the first 
stage of the boiler feed pumps. Under no circustance 
should a centrifugal, main boiler feed pump installed in a 
system having feed booster pumps be operated unless one 
or more rooster pumps are in operation because the feed 
pumps would receive no water and would be damaged. Thus 
the booster pumps should always be started before the centrif-
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ugal boiler feed pumps and conversely the centrifugal ooiler 
feed pumps should be secured before secUIing 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 rooster 
pumps in operation. It is important when taking a feed pump 
out of service that the feed-pump discharge valve be closed 
before the pump is stopped in order to minimize pump damage 
which would occur if the feed check valve in the pump dis­
charge should stick open, causing the pump to run back­
wards. 

9560.258. EMERGENCY FEED PUMPS 
Reciprocating emergency feed pumps are provided for all 

vessels equipped with the semiencIosed 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 and discharg­
ing through the economizers to the roilers 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 condensate line. Distribu­
tion of reserve feed water among reserve feed tanks is 
another normal function of the emergency feed pump. It is 
also employed to pump out the boilers by use of portable 
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 imJ;l'ove the thermodynamic 
effiCiency of the feed cycle usually using steam bled from 
the main propulsion turbines at a pressure materially higher 
than that normally carried in the auxiliary exhaust system. 
Second stage feed heaters are generally similar to the 
straight tube or U-tube type feed heaters described in section 
II, part 2, except that the feed heater 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 automatic drainer to the first stage feed heater 
shell. 

2. In most naval installations where economizers are !Xc­
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 €IUising 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 IMPORTANT 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). 

5. 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 ~-VQcuum Closed Feed System 

9560.271. GENERAL 
The vacuum closed feed system is installed in many 

naval vessels having main steam pressures between 400 and 
1200 paunds 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 atmospheric air to the 
feed water at any point. Referring to figure 9:60-8, conden· 
sate from the condensers is pumped by the condensate pumps 
to the surge tank, which is maintained under substantially 
the same vacuum as that existing in the condensers by 
means of vent lines connecting the top of the surge tank to 
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 roiler-feed pumps, 
providing a substantial 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. I n the 
former, the surge tank floats on the main feed-pump suctionj 
in the latter, all condensate is discharged through the surge 
tank which is maintained essentially at condenser 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 trovide 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 roiling 
point for the existing vacuum, roaster pumps are located 
directly below the surge tank and direct suction lines of 
ample size are proVided. Provision is made for constant 
roiling of the water contained in the surge tank, making use 
of aUXiliary exhaust or the heat available in high-pressure 
drains and the water should be boiled constantly during 
operation both underway and in port. The tanks are provided 
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with two thermometers, one near the mttom and one slightly 
below the operating water level. If the lower thermometer 
indicates a lower temperature than the upper thermometer 
during normal o~ration, it is indicated that the water in the 
tank is not bailing, and additional heat should re supplied 
from high-pressure drain or aUXiliary exhaust. By this means 
the oxygen content of the condensate is maintained at a 
relatively low value as air is insoluble in water at its 
boiling point. (See article 9560.31.) 

9560.274. ELIMINATION OF AIR LEAKAGE 
It should be noted that boiling the water 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 leakage into vacuum lines. It will be noted that the 
vacuum closed feed system has many more feed water lines 
under vacuum than the semienclosed feed system and air 
leaks must t:e eliminated throughout the vacuum system, 
including condensate pump suction and discharge lines, 
booster-pump suction lines, condensate pump suction and 
surge-tank cross-connecting lines, surge-tank vent lines, 
vent cross-connection, etc. As in the case of the semien­
closed. feed system, redoction of condensate depression to 
the minimum obtainable 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 
inadequate to prevent condensate from rising in the conden­
ser to the point where part of the condensing service is 
flooded with consequent reduction in condenser vacuum. 

9560.276. BYPASSING SURGE TANKS 
An alternate method of emergency operation in the 

event of damage to the surge tanks is to bypass the tanks 
completely through use of a bypass provided to connect the 
condensate-pump discharge directly with the rooster-pump 
suction, and exercising careful manual control of make·up 
and excess feed. 

9560.277. 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 ccnnecting with the condensers should be 
fully oren under all normal operation. 
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Figure 9560-8 

9560.278. RAISING VACUUM 
1. Nonnally when making preparations to get underway, 

the turbcrgenercitor condensing plmt will be in operatioo 
with vacuum on one of the surge tanks and the surge tank in 
the other engine room secured. k is essential when warm­
ing up the main plant that the introduction of air to the feed 
circuit be avoided as far as possible. Ptovisioo is, there­
fore, mooe in the arrangement of the feed and coodensate 
piping so that neither the main nor the turbo-generator con­
densers shoold be placed in the boiler feed water circuit 
until high vacuum has been established in the condensers 
and surge tcnks. A bypass connection is, therefore, pro­
vided to connect the discharge of the condensate pumps 
with the 1Uction of the corresponding booster pump. When 
warming IJp or securing, this bypass should be in use so 
that the condensate pump forms the first stake of the roost­
er pump, by{Xlssing the surge tank. The coodensate out-

Chapter 9:60 

let valve between the air-ejectcr condensers and the feed 
water heater is closed end the recirculating line connecting 
this section of the condensate line with the condensers is 
opened. The condensate hcndled by the ccndensate and 
booster pumps Is permltted 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 t:ootrolled recirculating valve l%ovided in the 
recirculating line. 

2. By this arrangement vacuum may be raised in any 
main cr turbo-generator condenser independently of the r~ 
mainder of the feed system; the air ejectors may be started, 
cooled with condensate which is recirculated, and in tum 
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 by{XlSS between the outlet of the condensate p.lmp 
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and suction of the booster p.1mp may be closed, the dis­
charge from the condensate pump to the surge tank qlened 
(suction of the booster pump being trcmsferred to the surge 
tank), the rooster-pump discharge valve between the air 
ejector and the feed water heater opened, and the bypass 
around the thermostatically controlled recirculating valve in 
the recirculating line closed. The system will thus be 
plcx:ed in normal operating condition. The bypass around the 
thermostatically controlled valve should remain closed dur­
ing nermal 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 starting the 
pumps and the air eject<x, to supply the cooling medium for 
the air ejector .inter and after coodensers. This water may 
be introduced into the condensers before the pumps are 
started by slightly opening the valve in the booster-pump 
discharge line to the feed heater I allowing cCI1densate under 
pressure from the dynamo booster-pump to back up into the 
condenser via the booster pump and condensate pump. 

9560.279. MAKE-UP FEED 
Under steady operating conditions make-up feed is intro­

duced to the condensers as necessary through the make-up 
feed line connecting with the reserve feed tanks. The make­
up feed line also connects 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. 

9560.280. EXCESS FEED 
Under normal operCJt.ing 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 operating with the surge tanks 
at atmospheric pressure (see article 9560.277), water may be 
drained from the surge tanks either to the bilge or back to 
the reserve feed through drain lines provided. 

9560.211. FLUCTUATION IN SURGE TANK LEVEL 
During maneuvering of the vessel it is entirely normal 

for the water level in the surge tank to fluctuate to some 
extent, and there is usually no need, during maneuvering, 
for the oomission of make-up feed to the system ex the dis­
charge of excess feed I unless the surge-tank level rises 
above or talls below the normal maneuvering levels, which 
in most cases are marked on the tank adjacent to the gage 
glasses. For example, when going from full speed ahead to 
full speed astern, the water level in the surge tank will go 
down as the ciJ earl throttles are closed and will rise shortly 
thereafter when the astern throttle has been opened wide. 
II no make-up feed or excess feed. is discharged during the 
cycle, the water in the surge tank will usually assume the 
ncrmallevel when steady operation astern has been estab­
lished. 

9560.282. DRAIN DISPOSAL 
Most shipboard installations of the vacuum-closed feed. 

system are arranged so that the feed heaters can be drained 
either to the condenser ct, via a feed-heater drain-pump, 
into the main feed-pump suction. Feed heaters should be 
drained. to the condenser, except in an emergency. If it is 
found necessary to crugment the booster-pump discharge-

Chapter 9560 

pressure under high-power steaming conditions, the feed­
heater drain-pump may be used. When this pump is started 
under Wcrj, care must be taken to open the discharge valve 
slowly in order to avoid surging throu']hout 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 undecerated feed-heater drains directly through the 
feed pump to the boilers. Discharge of feed-heater drains 
to the condensers provides for better deaeration and the 
thermodynamic loss involved is mae than justified. 

9560.283. FUEL OIL HEATER DRAINS 
Fuel-oil heater drains are usually discharged through a 

drain inspection ttmk to the fresh-water drain collecting 
tank as indicated in figure 9560-8. 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 contamination. 
Oil ccntamination of condensate in vessels provided with 
the vacuum closed feed system is not likely to occur in any 
Parts of the system except the fuel-oil or luJ:dcating-oil 
heating equipment which drains to the drain inspection tank. 
Therefore, in most installations no filters are provided in 
the feed system and care must be exercised in detecting any 
011 leakage in fuel-oil heater drains before remainder of the 
system is affected. In this ccnnection frequent inspections 
of the drain tank, which is usually located conveniently 
adjacent to the engine-room operating station, should be 
made. 

9560.284. FRESH WATER DRAIN COLLECTING TANK 
The fresh-water drain collecting tank discharges to the 

condensers and receives drains from the drain inspection 
tank, the ship's heating system, low-pressure drain collect­
ing system, air ejector condensers, etc. A connection 
is provided for discharging tank drains to the surge tank, 
but this methcxi of drain disposal shoold never be used ex­
cept in emergencies, as better deceration results when these 
drains are discharged direct to the condensers. First effect 
evaporator tube nest drains may be discharqed to the fresh­
water drain collecting tank unless drainage through the 
alternate line to the condensers is necessary to drain the 
evaporators IXC{)erly. High-pressure drains shoold normally 
be discharged to the surge tank to provide for boiling of the 
condensate, but provision is usually made for discharging 
these drains to the fresh-water drain collecting tank in 
emergencies. 

9560.285. CROSS-CONNECTING MAINS 
It 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 surqe-­
tank equaliZing line and the condensate cross connection 
it is feasible to operate both propelling units at cruising 
power with only one condensate pump in operation. As con­
densate and !:ooster 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 and be damaged due to opera­
tion at no delivery. The feed-pump suction and discharge 
cross connections permit any main feed pump to take suction 
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hom either engine room and discharge to any of the vessel's 
boilers. 

9560.286. 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. RE"fer­
ence should be made in this connection to articles in sec­
tion IT, part 3 describing operation of centrifugal-pump re­
circulating lines, thermostatic recirculating lines, emer­
gency feed pump, etc. 

9560.287. SUMMARY OF IMPORTANT OPERATING 
REQUIREMENTS 

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

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

3. Operate condensers to secure minimum practicable 
condensate depression (article 9560.274). 

4. Raise vacuum in condensers before discharging con­
densate to boilers (article 9560.278). 

5. Bypass feed heater drain Plmp during normal oper<r 
tion (article 9560.282). 

6. Never operate centrifugal feed pumps unless feed 
booster pumps are operating (articles 9560.257, 9560.286). 

7. Test feed heaters and relief valves to one and one­
half times the maximum working pressure after overhaul or 
repoirs (articles 9560.230, 9560.231, 9560.286). 

8. Take make-up feed through condenser (article 9560. 
279). 

Part S-Pr.uur.~Closed Feed System 

9560.291. GENERAL 
The semienclosed feed system and the vacuum closed 

feed system have been superseded by the pressure closed 
feed system. The basic difference between the r:ressure 
closed feed system and the earlier designs is that it provides 
a deaerating feed tank which combines the functions per­
farmed by the surge tank and the feed heoter of the earlier 
systems. The deaerating feed tank performs an additional 
functioo in effecting final deaeration of all condensate cmd 
drains prior to discharge of feed. water to the boilers. The 
earlier feed systems relied on main and turbo-generator 
for deaeration of feed water and under optimum operating 
conditicns the ainount of dissolve:! oxygen in the feed water 
corresponded closely to that of the condenser condensate. 
In the }:t'essure type deaerating feed system, final reliance 
is ploced on the deaerating feed tank for removal of dis­
solved oxygen from condensate, drains, and all other feed 
water components. With proper operation, deaerating 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 fer checking the 
performance of deaerating feed tanks are given in section I, 
part 6. 

9560.292. ARRANGEMENT OF SYSTEM 
Referring to figure 9560-9, condensate from the main and 

turbo-generator condensers is discharged by the condensate 
pumps through the air-ejector condensers to the deaerating 
feed tank via the gland exhaust coodenser and the deaerat-
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ing feed tank vent condenser. Feed waster pumps which in 
turn discharge through the economizers to the WHers. 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 storage reservoir in the feed system to insure 
stable operation under conditions of tepidly fluctuating load; 
heating the feed water to a temperature closely a !+i'ooching 
that corresponding to the pressure of aUXiliary exhaust 
steam; deaeration 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 deaerated condition. 
[)eaerating 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 point, as outlined in article 9560.22. 
Although heating the water to the roiling point renders the 
dissolved CJlses 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 boiling the condensate 
but complete deaeration of the water in the surge tank is 
not attained. because the mecms provided for removal of the 
gas molecules entrained in the heated condensate are in­
adequate. 

9560.294. DEAERATING FEEO TANK 
In the deaerating feed tank the boiler feed. water is 

heated and deaeroted by direct contact with auxiliary ex­
haust steam. Figures 9560-10 and 9560-11 Indicate dia­
grammatically the msic arrangement of the types of deaerot~ 
ing feed tanks commonly used in naval installation. The 
Wr:rj .in which the deaerating feed tank performs its functioo 
is described in articles 9560.295 to 9560.297. be low. The 
flash type deaerating feed took, very few of which remain 
in naval vessels, is not covered by this discussion. 

9560.295. WATER FLOW 
The mixture of coodensate, drains, and make-up feed 

water, constituting the inlet water to the deaerating feed 
tank, enters through the tubes of the vent condenser. By 
the pressure of the condensate pump discharge it is force:! 
through the numerous spray valves of the SlXOY 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 
air-free stearn so that virtually all of the dissolved air is 
released.. The drops of heated water fall through the steam 
atmosphere and are collected by a cooical baffle which con­
ducts them to a central port. Here the partially deaerated 
and heated water is picked up by the incoming exhaust 
steam and thrown radially outward and upward against the 
lower side of the conical baflle in a finely atomized spray. 
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The mixture of steam and water attained by this spray nozzle 
is so intimate and complete that the water and steam reach 
an equilibrium temperature and the dissolved gases in the 
water are removed. The water then falls into the storage 
space at the bottom of the tank where it remains under a 
blanket of air-free stearn until needed for the boilers. Ver­
tical radial or spiral baffles usually are attached to the 
upper surface .of the collecting erne and to that of the spray 
nozzle, if iLis large, so that the deaeraUng function can 
I'oceed regardless of roll or pitch of the ship. 

It will be obvious that should a spray nozzle or nozzles 
stick open, or if a spray nozzle spring is Noken, the r~ 
sultcmt flow from the nozzle will not be in the form of a 
fine spray and, therefore, deoerotion will be impaired. Such 
a coodition cannot be discovered except by analysis of the 
feed water leaving the DFT or by inspection of the spray 
nozzles. en those vessels which are not lXovided with dis­
solved oxygen test kits, inspection of the ."'pray nozzles 
should be scheduled at frequent intervals. A manhole is 
provided in most of the OFT's for access to the spray noz­
zles, while others are so designed that the spray nozzle 
chamber is removed with the vent coodenser. 
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9560.296. STEAM FLOW 
AUXiliary exhaust steam flows directly into the sl'ay 

heoo. Either in the spray head or in the line leoding ther .. 
{o a check valve is provided so that steom can flow from the 
auxiliary exhaust line whenever the pressure within the 
deaerating feed tank is less than that in the exhaust line 
but which will Jl'event the return flow of water into the 
auxiliary e>haust line in cose the deoeroting feed tonk 
should be flooded. In the spray head the incoming steam 
atomizes the preheated water, as described above, heating 
it to equllitrium temperature ond scrubbing from it the last 
traces of dissolved air. A partial of the inCOming steam is 
condensed in this process, the coodensate collecting with 
the heated and deaeroted feed water in the bottom of the 
surge tcmk. The uncondensed steam flows around the coni­
cal baffle into the preheater sect100 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 through the 
tubes. The condensate from the shell of the vent coodenser 
drains onto the conical baffle separating the txeheater and 
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staage pcttions of the deaerating feed tank so that this 
coodensate is recycled through the SJXay nozzle. The stearn 
not condensed in the vent condenser flov;~; out through the 
vent line of the vent condenser, carry'ing with it all of the 
dissolved air which has been removed from the incoming 
feed water. 

9560.297. VENTING 
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 secticn of the tank. Removal 
is accomplished through a vent from the vent ccndenser. In 
most installations, the vent discharges through a line to a 
glCl'ld exhaust condenser ex to the after condensers of main 
and auxiUary 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 aroond this line 
valve to regulate venting in less than maximum quantities. 
In investigatioos of boiler-tube corrosioo, it was found, in 
several instances, that the corrosion was directly attributa­
ble to the fact that vent line and needle valves were 
closed ood the separated air had not been removed from the 
tanks. To insure positive and continuoos venting at all 
times, the Bureau has authorized, where applicable, an al­
teration, to be accomplished by the ship's force, coosisting 
of the installation of a 3/&inch orifice in a bypass around 
the vent line valve. This will provide against complete 
closing of the vent line and will pennit use of the vent valve 
fa' purging the tank, if necessary. A simple manometer or 
other visual flow indicator shruld b:! installed across the 
orifice to assure that there is flow and that a valve down­
stream from the orifice has not been inoclvertently left 
closed. 

9560.298. INTERNAL CHECK VALVE 
Remote operating gear is provided for the check valve 

mentiooed in article 9",0.295 so that it may be operated 
manually if necessary in the event of deranaement of the 
automatic feature. Some types of deaerating feed tanks are 
provided with external automatic operating mechanism for 
adjustment of the internal check valve, in order to control 
the velOCity of the steam issuing throogh this valve into 
the tank, and the valve in this case is tenned an atomizing 
valve. Where such mechanism is provided, instruction books 
furnished with.the equipment specify the proper pressure 
drop through the atomizing valve, usually between three­
quarters and lY.t--pounds per square inch. The check or atom· 
izing valve should be kept in proper adjustrrent at all times, 
in ocoordance with the instructions provided, in order to 
obtain the designed velocity of steam issuing through the 
valve into the tank to secure effective deaeratloo under 
operating conditions, and to avoid possible injury to turbine-­
driven auxiliaries should the nonreturn feature of the valve 
become inoperative. 

9560.299. CONTROL OF STEAM TO DEAERATING 
FEED TANK 

Vessels equipped with decerating feed tanks should al­
Wa.Js carry auxiliary' exhaust pressure within the design 
range for the particular vessel, usually between 10 and 15 
pamds per square inch gage. Main and turbo-generator tur­
bines of such vessels are sometimes equipped with turbine 
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bleeder connectioos to be used to augment the auxiliary 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 deaerating feed tanks, usually 8 pounds per square 
inch gage. These augmenting valves should be regarded as 
for emergency use only as it is relatively uneconomical to use 
live steam for heating feed water. The deaerating feed tank 
steam supply valves should always be kept wide open when 
this equipment is in use in order to secure proper deaeration. 
Throttling of these valves during normal operation in an at­
tempt to cootrol auxiliary exhaust pressure through adjust­
ment of feed water temperature is specifically prooibited 
for both direct-cootact type deaerating feed tonks and flash­
type deceroting feed took as improper feed water deceration 
will result from this practice. AUXiliary exhaust i%essure 
should be controlled, insteocl, through the proper use of 
main and auxiliary turbine bleeder valves and by operation 
of turbine driven or mota' driven auxiliaries when alternate 
lmits are provided for a given service. 

9560.300. WARMING UP DEAERATING FEED TANK 
1. It is important that a secured deaerating feed tank be 

kept isolated from the system ald its cmtained water de­
aerated bebe the tank Is cut into the system to supply 
boiler feed water. If the secured tank is empty, \t may be 
filled by means of the emE<gency feed pump taking suction 
from a resE<Ve feed tank and dlschaging through the 
storting up Une indlcoted in figure 9560-9 to the main con­
densate line just ahead of the vent coodenser. 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 deaerating feed 
tank the steam supply valve should be q:>ened slowly,.in 
order to avoid sudden temperature changes within the tank. 
I'rllen the tank Is filled to the nermal operating level, a 
feed booster pump should be emplayed to circulate the 
heated watE< from the tank bock through the vent condenser 
via the starting-up line for about 10 minutes, to insure com­
plete deaeratlon of the water. 

2. If the secured deaerating 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 ond 
deaerated. 

3. In the case of direct-<:ootact deaeroting feed tanks, 
recirculation shoold. cootinue for about 10 minutes after the 
temperature of the water in the tank has reached the tempera­
ture ccnespooding to the pressure within the tank. The 
flash-type deaeroting feed tank recirculation should continue 
about 10 minutes after the water in the tank has reached a 
temperature of 212" F. 

4. When the deaerating feed tank is fully warmed up, 
the valve in the starting-up line shculd be throttled before 
the tank is cut into the system. During normal operation the 
starting-up Une should 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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proper deaeration 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 deaerating feed tCJ1k. 

9560.301. RAISING VACUUM 
'Nhen wCI'ming up a second main rropelling unit, it is 

desirable that full vacuum be obtained in the main ccnden­
ser before any condensate is admitted to the boiler feed 
system. This may be accomplished by recirculating conden­
sate fran the air ejector discharge back to the main conden­
ser hot well, bypassing the thermostatic recirculating valve 
during the warming-up period. The water necessary for re­
circulation is admitted to the main ccndenser initially 
thro.Igh a line connecting the storage ·section of the deaerat­
ing feed tank with the cmdenser. When full condenser vac­
uum is obtained, the manually cootrolled bypass around the 
thermostatic recirculating valve is secured and the valve in 
the main coodensate line beyond the air ejector is open to 
cut the crndenser into the system. 

9560.303. CONDENSATE RECIRCULATION 
Under normal operating conditions recirculation to the 

main coodenser at light loads is automatically controlled by 
the tbennostatic recirculating valve. Water for normal recir­
-culation.is taken from the main condensate line either be­
yond or aheoo of the vent condenser, and the branch of the 
recirculating line from the air ejector discharge should re­
main secured except when warming up the plant. Recircu­
lation of water taken from the condensate line beyond the 
vent condenser assures proper functi9Jling of the deaerating 
feed took at light loads, oot involves the use of recircula­
tion cross-coonection when engine rooms are fUMing cross­
cormected. 

9560.303. RECIRCULATION FROM DEAERATING 
FEED TANK 

Provisim is made for reeirculation from the staage 
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 
cooditioos of operation when insufficient water is supplied 
to the gland exhaust cCXldenser and the deaerating feed tank 
vent condenser through nonnal functioning of the thermo­
statically controlled recirculating valve. Recirculatioo 
from the storage_sectioo of the deaerating feed tank to the 
condenser hot wells shoold be avoided during normal qleta­
tions, as recirculation of the heated water through this line 
is less economical than recirculation of the cooler water 
from the main condensate line ahead of the deaerating feed 
took. 

9560.304. MAKE·UP FEED 
Mak~up feed is admitted to main and dynamo condensers 

as necessary through the mak~up feed line connecting with 
the reserve feed tanks. Excess feed is normally discharged 
to reserve feed tanks from the main condensate line beyond 
the gland exhaust condenser or, in the case of some instal­
latioos, beyond the deaerating feed tank vent condenser. 
&ifficient volumetric capacity is provided in the deaerating 
feed-tank storage section so that the discharge of excess 
feed er 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 rrovided in other feed systems, deaerating 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 deaerating feed 
tank in the vicinity of the gage glass. Deaerating feed tank 
gage glasses should be of the shatterproof reflex type if 
visibility over a limited arc is satisfoctory. For _installations 
where visibility over a large arc is necessary, as in the 
case of most vessels having two engines installed in one 
engine room, the ordinary tuoolar 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 gage 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 mere 

than one deaerating feed tank in operation, water may be 
transferred from one tank to another, if necessary, by use of 
the manually controlled bypass around the thermostatic re­
circulating valves. Opening the recirculating line in one 
engine room reduces the pressure in the main coodensate 
line, thereby permitting some of the water delivered by the 
condensate pumps _in another engine room to be discharged 
throu~ the condensate cross-coonecting line, raiSing the 
deaerating feed tank level. This methcxl of operatioo avoids 
the necessity of discharging excess feed to a reserve feed 
tank in ooe engine room and then admitting it in another en­
gine room through the make-up feed connections to control 
deaerating feed tonk levels. 

9560.306. OPERATION UNDER WAY 
1. When operating cross-connected, one or more deaerat­

ing feed tanks are normally secured, condensate from the 
Il'opelling unit associated with the secured deaerating feed 
tank being transferred to mother engine room via the conden­
sate discharge cross COMectiOO. When running cross­
COMected in this manner, the boiler feed pumps associated 
with the secured deaerating feed tank should not be operated 
Wlless the feed p..imp recirculating lines are arranged to dis­
charge into a deaerating feed tank which is in operation. 
This is to Il'event hot feed pump recirculatioo from overheat­
ing the idle deaerating feed tank, with a resultant loss of 
heat throu~ the deaerating feed tank vent. 

2. Some _installations are provided with combined con­
densate and feed booster pumps so that the OOoster 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 overheating of the 
pump. Vapcr generated by redrculation from the OOoster 
p..imp escapes through the vent coodenser vent under this 
cooditioo. 

3. Securing of one or more deaerating feed tanks when 
under way at low and medium speeds is deSirable, as more 
effective deaeration is obtained in the operating tanks, con­
trol of make-up and excess feed is simplified, and some im­
JXovement in overall cperating ecooomy is obtained. 

,4, Under normal split plant 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. If the water level rises in 
one deaerating feed tank while it falls in another, feed may 
be transferred between tanks throu~ the condensate cross-
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connecting main, as outlined above, avoiding excessive use 
of excess feed discharge and makHip feed admission lines. 

9560.307. OPERATION IN PORT 
I. Normal operatioo of the feed system in port with the 

main propelling units secured involves the securing of all 
rut one of the deaerating feed tanks and using the emer­
gency or pat use feed pump for supplying water to the boil­
ers in operaticn. Since the steam load is usually very 
small, the reciprocating type emergency feed pump may be 
operated intermittently so that the valve in the starting-up 
line should be open slightly to provide coolinuaus recircula­
tion through the booster pump. 

2. If an unusually large gunntity of feed water is r~ 
quired under port operating conditions for any purpose, such 
as fer filling boilers, condensate and booster rumps of a 
main propelling unit may be started. A sufficient quantity 
of mak~p feed should be admitted to the main condenser 
in arder to keep the condensate pump suction flooded at all 
times when it is in operation. This operating combinatioo 
should be regarded as temporary and the maln pumps should 
be secured as 5000 as the requirement for a larger quantity 
of feed has possed. 

9560.308. DRAIN DISPOSAL 
Ineffective deceration of various drains is one of the 

major sources of oxygen contamination of boiler feed water 
in the feed systems preceding the pressure closed feed 
system. It will be noted from figure 9560-9 which applies 
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to older ships, that the deaerating feed. tank iXovides fex 
complete deaeratim of all drains. In general, drains having 
temperatures high enough to provide for flashing in the 
deoeraling feed tonk are led directly to the tonk above the 
deaeraUng elements, while low temperature drains are led 
directly or indirectly to the main condensate line and dis­
charged into the tonk through the preheater spray nozzles. 
!tis possfble that, under certain conditions, flashing of 
high pressure drains in the tonk may create pressures which 
will reduce the flow of steam through the atomizing valve, 
thus reducing the atomizing and scrubbing action necessary 
for complete deaeraUon. For this reason, 00. newer vessels, 
these high pressure, high-temperature drains are being dis­
charged into the auxiUary steam line ahead of the deaerot­
ing tank so that they will combine with, rather than oppose, 
the heating and scrubbing steam. 

9560.309. HIGH-PRESSURE DRAINS 
High-pressure drains are collected in the high-pressure 

drain maln and discharged directly to the deaerating feed 
tank in older vessels, and to the auxiliary steam line in 
newer vessels. Fuel oil heating drains are led to a drain­
inspection tonk similar to that provided In the vacuum 
closed feed system and are discharged from this tank to the 
deaeroting feed tank. 
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9560.310. LOW·PRESSURE DRAINS 
The low-~ssure drain-collecting main is led to the fresh 

water drain-collecting tank which discharges to the conden­
sers and 1s vented to the gland exhaust coodenser. In some 
installations pumps are IX'ovided to discharge the drains 
collected in the fresh water drain-collecting tank directly to 
the main condensate line beycnd the vent condenser. In this 
case, it is common practice to discharge heating system 
drains and evaporator first effect tub~nest drains to the 
fresh water drain-collecting tCllk instead of the main conden­
sate line, as indicated In figure 956Q...9. When the above 
pump is not provided, a heating system drain tank is usually 
installed and the evaporator first effect tube-nest drains are 
discharged by a pump located in the distilling plant compart­
ment to the main eondensate line. 

9560.311. HEATING SYSTEM DRAIN T AHK 
The heating system drain tank is arranged to operate at 

subatmospheric pressure by provision of air ejectors with 
salt-water-cooled precoolers and after coolers. One or more 
automatically operated drain pumps me Il'ovided to handle 
the drains collected in the heating system drain tank. Use 
of the air ejectors maintains a vacuum on the drain tank and 
the heating system drain lines connected. to it. This im­
proves drainage of the heating system and eliminates noise 
and water hammer with consequent possibility of joint leaks 
at various JX)ints in the drain lines. 

9560.312. RELATION TO SEMIENCLOSED SYSTEM 
OperatiCI'! of many units of the pressure closed feed 

system is generally similar to operation of similar units of 
the semienclosed system and reference should be made to 
articles in section II, part 3, describing operation of feed 
pump recirculating lines, thermostatic recirculation emer­
gency feed pump, venting of shell and tube feed heaters, etc. 

9560.313. MAINTENANCE OF DEAERATING FEED 
TANKS 

1. The necessity for providing a continuing supply of 
oxygen-free feed water to steam boilers requires that the 
deaerating feed tanks operate effectively at all times. Effec­
tive operation af the tanks depends primarily 00 the opera­
tion af the spray valves. It is recommended that the spray 
..,lves be tested at least every 6 months. Other parts of the 
tanks, such as atomizing valves, 11 included in the tank 
design,-should be examined at the same time. 

2. A rig for testing spray valves!s shown in figure 9:60-
12. All shore .and afloat repair activities servicing ships 
equipped with deaerating feed tanks should construct this 
rig for periodic testing of sIray valves. A water supply, 
with a minimum pressure of ten p.s.i. furnished either from 
shipboard or dockside, should be connected by a globe valve 
to the *inch I.P.S. nipple. 

3. A O-t0-3 p.s.!. pressure gage cr a O-to-IO u-
tube manometer containing mercury should be connected to 
the Y.rinch I.P.S. side outlet pressure tap. A Y("inch valve 
should be attached to the *inch I.P .S. drain connection on 
the bottom, if required. 

A. Each spray valve can be tested and calibrated sepa­
rately: 
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a. 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:~inch coupling on the test rig. A gasket of rubber 
or similar material can be used instead af a copper gasket 
for mounting the spray valve. n the 3-inch coupling has been 
threaded for a particular size spray valve, adapters can be 
fabricated for fitting other sizes of valves. 

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

d. Apply water pressure, slowly operating the water 
supply valve, to determine the ccnditicn of the valve seats 
and the pressure requfred to lift the valve head. Leaking 
evident during the build-up of pressure will indicate scored 
or pocr seats. Record the pressure indicated when the valve 
opens. If the pressure does not agree with the opeaing 
pressure spec1lied in the technical manual applicable to the 
tank being tested, the valve spring tensions should be ad­
Justed. If the opealng pressure is not given in the appli­
cable manufacturer's technical manual, a pressure drop under 
test which produces the desired spray pattern should be 
noted. H there are seat leaks, the valves should be re­
seated before any final spring or lift adjustment is made. 

5. When testing spray valves, the follOWing items should 
be noted: 

a. The valves must be completely open or shut. 
Leakage or dribble in the closed position indicates faulty 
operation which will critically affect deceration. If such 
ccndition exists, the valves should be examined fa scored 
or damaged seats or improper slXing tension. 

b. ,When the valve opens, the effluent should be a 
completely conical sheerof water. Any other form of dis­
charge indicates faulty operation. An incomplete cooe in­
dicates cocking of the disk in respect to the seat. This 
may be caused by defective springs. Replacement valves 
shoold be examined carefully to see that the springs are 
correctly formed. 

c. All valves in a particular tank shoold open at the 
same pressure differential across the valves to avoid 
leaving gaps in the total configuration. All associated 
valves should be alJusted for the same opening ~ssure. 

d. Valve should operate freely in any position . 
e. Valves CIId seats shoold be cleon and free of any 

deposits. 
6. Articles 9560.104 through 9560.107 describe the proce­

dures for determining the dissolved oxygen concentration in 
the deoeroting feed tank discharge. Whlle this test.is not 
definitive in the range of 0 to .02 p.p.m. af dissolved oxy­
gen, it will serve to indicate major malfunctioning of the 
unit. For a more occurate 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 per­
sonnel and facilities to perfcnn the American Society fer 
Testing and Mlterials 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 deoerating feed 
tank in proper adjustment (article 9560.298). 

2. Do not throttle steam inlet valves to deaerating feed 
tanks (article 9560.299). 

,3. [b not close ncr 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 md relief valves to l~ times the 
maximum working ~ssure after overhaul ex repairs 
(articles 9560.230, 9560.231, 90£0.312). 

7. Secure starting-up line during nonnal operation of 
deaerating feed tank (article 90£0.300). 

8. Inspect for inoperative spray nozzles at frequent in­
tervals (article 9560.313). 

9560.315. CLEANING OF FEED AND CONDENSATE 
SYSTEMS 

To reduce the possibility of contcnninating boilers and 
steam generators it is necessary to maintain clean feed and 
condensate systems. Grease, oil, or other foreign matter 
in suspension in the water tends to produce priming, aid 
the VCD'ioos processes of corrosion, reduce efficiency and, 
if deposited on heating surfaces, may cause overheating and 
serious damage. To maintain clean feed and condensate 
systems the following are minimum guidelines that should 
\::e adhered to: 

1. Inspect the feed and condensate systems regularly 
and when oil or dirt contamination is suspected. Should 
oil contamination occur, the source should \::e located and 
corrected, and the feed and condensate systems cleaned 
using the solutions specified in chapter 9510.87 and the 
procedures listed in chapter 9030.328-.334. The boiler 
should be cleaned in occordance with chapter 9510.87. 

2. After periods of prolonged shutdown (6 weeks) 
the feed -and coociensate systems should be flushed in 
occordance with chapter 9030.330 and 9030.334. 

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

4. Prior to system flushes, tempctary strainers 
should be installed in the suction side of the feed and con­
densate pumps. Strainers should be the inline, truncated 
cooe type, 20 mesh ct finer and of sufficient size to 
minimize pressure drop. The strainers should have a flange 
of suitable size to be bolted to the existing piping flcnge. 
Strainers must be removed after system cleanliness is 
established, and in any !==ase prict to fulllXlwer runs. Where 
strainers are installed a tag should be provided with the 
following instruction: 

CAUTION TEMPORARY SfRA!NER 
!NSf ALLED REMOVE PRIOR TO 
FULL POWER RUNS 
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