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2, Wlnd heel is often the major factor in determining the require-
ments for minimm atahllity.

3. Ice and snow present a problem in dlrect proportion to the
welght added ard 1ts locatlon.

a. Due to difficulty In determining welghts and levers of lce
on board, the effect cannot be readlly evaluated.

b. Any slowlng In pericd of roll under lecing condltlons should
be 1nvestlgated and actlon taken tc reduce the 1lce and snow loading.

4. Waves 1nfluence stability by:

a. Changing the shape of the underwater portlon of the ship
whilch changes the locatlon of the center of buoyancy causing roll, pltch, and
yawing.

b. Adding welght on deck.

(1) Major danger is the impact of waves, which may rupture
watertight hatches and deckhouses and thus cause flooding.

(2) If watertightness 1s maintalned, boarding scas will be
dralned off the decks by the ship's motion.

NOTE TO INSTRUCTOR: The above 1s a summary of materlal presented ln detall In
the references listed under ITIB. These should be referred to for more detall
In thls presentaticn.

V. SUMMARY,

A. The problem of balanclng the shilp's welghts and buoyancy may seem to
have become compllcated by curves cof form, required compartmentation and flood-
able lengths, wind heel, free surface, and the effect of waves. It 1s emphasized
that all these are tools used to measure the effects of shlp welghts and wind and
water forces and to bulld characterlistlcs Into the shilp which will assist in
simplifylng the stabllity problem under condltions of danger. In the use of
these tools, the ship's offilcer mist become a skllled craftsman. Thls can only be
achleved by the old fashloned method of practice and continued exercise 1n solv-
ing the varlcus problems which may be encountered. Napoleon took Parls with a
minimm of apparent effort because he practiced a selge of ths clty when he was
in the military school. In a smililar manner & ship's officer wlll he able to
better cope with more difficult problems of stablllty 1f he studles assumed
damage condltlons beforchand and knows hls ship's stabllity situatlon at all
timea, partlcularly 1n approachlng coastal waters.

VI. TEST AND APPLICATION,

A, Test. Use these and additlional gquestlons as a review.
1. Q. Deflne the locatlon of the metacenter at a small angle of heel.
A. The locatlion of the metacenter 1s at the polnt at which the
vertleal line drawn through the center of buoyancy intersects the vertlcal
centerline longitudinal plan of the ship.
2. Q. What are the curves of form or hydroatatic curves?
A. They are curves showlng the varlatlion of the gsometrilc

characteristics of the ship corresponding to varlous drafts, such as volume of
dlaplacement, locatlon of center of buoyancy, metacentric helght, ete.
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3. Q. What 1s meant by KM?

A. KM represents the dlstance of the metacenter, M, frowm the
reference polnt, K (moulded baseline at centerline).

4. Q. Draw a dlagram of transverse s8tabllity representing a ship
with a KM of 20 feet, a center of gravity of 12 feet above moulded base line (K),
a vertical center of buoyance T feet above K. Displacement is 5000 tons.,

20°

B

PROBLEM 4

%..

U I o
L
|

FROBLEM 5

5. Q. In the above problem draw the dlagram Indicating the ship
under the effect of a wind resulting in a heel to starboard of 30. Assume no
free liquids. (In the dlagram exaggerate the heel.)

6. Q. What limits the heel to 309

A. The counter moment of the ship's welght times the horlzontal
dlstance between center of gravity and vertical line through the new center of
buoyancy.

7. Q. What happened to the shilp's center of gravity?

A. DNothing, no welght was added and since 1t was assumed no
liquids could shift to the low side, no shifts 1n welght were made. Tn actual
practice, liquids will shift in a proportiocnate shift in the ship's center of
gravity.

8. Q. In the above problem, what 1s the hordzontal shift of the
center of buoyancy (sln 3° equals .05)°?

A. Ghift of B equals (KM - KB x sine @
equals 20 - 5 x .05
equals 15 x .05 equals .75 ft.
9. Q. What is the righting arm?

A. GZ equals (KM - KG) x 31n &
equals (20 - 12) x .05 equals B x .05 equals.t ft.

10. Q. What 1s the righting moment?

A. M equals Welght of shlp x righting arm equals 5000 x .4 equals
2000 ft. toms,

B. Applicatlion. Ship's officers should discuss the practlical application

of these prIncIPles in the ship's regular operatlions, solving similar practical
problems.
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CHAPTER 4
ADVANCED DAMAGE CONTROL - For Deck and Engine Personnel (Lesson Plans)
SECTION 4.3
THE TRIM AND STABILITY BQOELET

I Ob jectlves IV  Presentatlon

II Material v Summa.ry

I1I Introduction vI Test & Applicatlon
I. OBJECTIVES.

A. To train personnel in the use of the Trim and Stabllity Booklet.

B. To agsure that the ghip has adequate stabllity for the deglred
compartmentatlon.

IT. MATERIAL. Trim and Stability Booklets for the type shilp, as3: TSNS
GREENVILLE VICTORY (T-AK 237), USNS BARRETT (T-AP 196), or USNS AKL 17 (T-AKL 17).

ITI. INTRODUCTION.
A. Introduce self and subject (The Trim and Btabllity Booklet).
B. Establlsh scope of sesslon and state ob jectives.
C. Arouse Interest.
1. Coast Guard requirements (0G-256 and ¢G-257) state that:

a. Passenger vessels. 'The master of the vessel shall be supplied
with the data necessary %o maintaln sufficient intact stability under service
conditions, to provide satisfactory operating atability, and also to gnable ths
veasel to meet the damaged stabllity requirements.“

b. Cargo vessels. "Information shall e furnished to the master
which sets forth the atapllity data necessary to permlt efficlent handling of the
veasel. In general, thls information shall be such that the master can readlly
determine the metacentric nelght and determine the freeboard for any condition
of loading."

2. MSTS requirements.

a. For cargo ships - & one-compartment standard.

b. For passenger ships - & two-compartment standard.

. Master's responslibility. In accordance with the Coast Guard
stapility letter, "It shall bpe the master's responsipllity to malntain proper
stability at all times."

Iv. PRESENTATION.
A. T s of Booklets. There are three baslc types of trim and stabllity
tooklets. %Eey cover the operation of passenger ships, cargo shlps, and ships

having virtually no restrictlon on the method of loading cargo, fuel, and water.
The three types of trim and stapllity booklets thus are:
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1. Passenger
2. Cargo
3. TUnrestricted

B. Contents of Booklets. The trim and stabllity booklets are designed to
inform the ship's o cers w respect to how much stabllity is required and
how the required 5tabllity may be obtalned. All booklets contain the following
basic Information: :

1. Information contained In all hooklets.
&. Principal characteristics.
b. Hydrostatic properties.

¢. Tank capacities, fres surface corrections, and centers of
gravity.

d. Cargo hold volumes and centers of gravity.
2. B8pecial information in individual booklets.

&. Passenger ships., A loading table and loading diagram are
glven in the back F the bookIef. In this table and dlagram are entered the
principal items of load according to helght above the base line. These items are
double bottom tankage, cargo and deep tankage, and passengers and stores, In
general, additional double bottom tankage increases stabllity most per ton added.
Cargo and deep tankage helps somewhat less. Addition of passengers and atores
way decrease 3tabllity,

b. Cargo ships. a loading table and loading diagram are given in
the back of the booklet. Tge principal Items of load are double bottom tankage,
cargo in holds, cargo in lower 'tween decks, carge 1in upper 'tween decks, and
deck cargo. Double bottom tankege and lower hold cargo incresase stability.
Lower 'tween deck cargo makes little difference. Upper 'tween deck and deck
cargo decrease stability.

¢. Unrestricted ships. Here the principal difference from passen-
ger and cargo ship trim ang sEaEIIEEy boocklets 1s that the ship has adequate
stabllity for almost any condition of loading. As a result, the booklet indicates

the stability, draft, and trim fop wldely different loadings, and omits examples
or blank sheets for determining stabllity, draft, or trim.

5. Individual requirements. Since all bassenger ships, or all cargo
ships, are not e sSame, ere are fferences in the Stabllity required after
damage or the stabllity required in bad weather., The booklet provides that this
amount of stabllity is avallable at all times so that the ship is always ready
to sustaln damage or heavy weather. One of the principal dengers when damaged
1s excessive listing due to water entering on cne side only. This 1s commonly
known as unsymmetrical flooding, and all possible means should be taken to
reduct the 1llst, by flooding to the other slde (counterflooding) after g
compartment to one side 1s damaged.

a. Bee general note #2 1in operating instructions for the BARREDT--
"When the No. 1 and No. 2 fresh water tanks in No. 3 hold are in use, the flocding
equalizing valves, which are operated from 2nd deck, shall be kept closed and
the blank flanges kept off. 1In case of damage invelving one of these tanks,
these valves shall be opened to equalize flooding. When these tanks are empty,
the valves shall be open and the blank flanges off."

b. BSee general note #4 in operating instructions for GREENVIIIE
VICTORY-- "8hip shall be operated at no less than 14 r-g" draft,”
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c. Refer to operating instructions for your shlp to see if any
particular condltion such as_the above has to be maintalned. Note, 1n the case
of the BARRETT, that cross-flooding 1s achleved by opening a valve in the inter-
connecting pipeline between port and starboard tanks, while 1n the GREENVILLE
VICTORY the winimim requlred draft assures that cross-flooding will occur over
the shaft alley 1f the ship 1s damaged 1In No. 4 or 5 holds. The dangser of
unsymnetrical damage water 1s demonstrated in the case of the ANDREA DORTIA, under
lessons from casualtles.

©. TUsinz the Booklet. No smount of reading and studylng will instruct a
ship's officer 1n the stabllity characterlstics of hls partlcular ship as well

as w11l practical experlence. Therefore, the shlp's trim and stabllity booklet
should be referred to. Its contents should be noted, the varlous sheets studiled
and sample loadings should be worked out. A good starting example would be to
check the conditlon of the ship as she 1s at the moment. Refer to the Instruc-
tions in the front of the booklet for developlng the example, also check
procedures agalnst the example. Knowledge of the ship's stabllity can only be
obtalned by using the trim and stabllity booklet regularly:

1. Tpon departure, to assure adequate stabllity for that conditlon.

2. TFor projected arrival condltlon.

%, For intermediate condltlon at which salt water ballastling will be
required 1f the stabllity in the projected arrilval conditlon 1s not adequate.

V. SUMMARY .
A. Coast Guard requlrements.
B. MSTS requlrements.
Types of Stabllity Booklets.
D. Informatlon for passenger ships.
E. Informatlon for cargo ships.
F. Dilscuss examples of departure and arrilval conditions.

VI. TEST AND APPLICATION.

A. Test. Use these and additional questlons as an oral qulz.
1. Q. What 1s meant by a "one-compartment ship?"
A two compartment ship?

A. A one-compartment ship 1s one that w1lll remain aflecat when
flooded or open to the sea between any two main watertight bulkheads. A two-
compartment ship will withstand the flooding of any two adjacent compartments.

2. Q. What 1s the requlred GM curve?

A. The required GM curve indlcates, at various drafts, the mini-
mim GM requlred before damage, 1n order to keep the shlp afloat after damage.

3. Q. Explaln the term and condition of a light ship.
A. Light ship 1s the ship complete 1n every respect, with water 1n
the bollers at steaming level and liquids in machinery and plping, but with all

fuel oll and fresh water tanks empty and no passengers, Crew, Cargo or consumable
stores on board.
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4, Q. What is the procedure when the GM avallable 1s less than the
GM required?

A. Thils condltlon must he corrected by ballasting sufficlent
tanks 80 as to provide a positive margin of stabllity In the event of damage.

5. Q. Why does GM increase when tanks are ballasted?

A. Ballasting tanks adds weight low 1in the ship, thereby lowering
the ship's center of gravity, "G", and moving it further away from "M."

6. Q. When both are avallable, 1s 1t more efficlent to ballast double
bottom tanks or deep tanks and why?

A. It 13 more efficlent to ballast double bottom tanks since they
have a lower center of gravity and will thereby have a greater effect in increas-
ing the GM.

7. Q. What effect does free surface have on GM2

A. Free surface decreases the GM of a ship by raiasing the ship's
center of gravity, "G," thereby moving it closer to "M."

8. Q. What 1s the trim table?

A. A trim table 1s a table of the change in Inches to dreft for-
ward and aft for each 100 tons (or other fixed load) loaded or unlosded at sy
distance from amldship.

B. Appllcation. Use the ship's trim and stabllity bocklet to determine
the shlp's condItion of stability for varilous loadings. Also, assuming various
conditlons of damage, determine the ship's stabllity, and the indicated action
to Improve 1t.
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CHAPTER 4
OFFICERS' DAMAGE CONTROL - For Licensed Officers (Lesson Plan)
SECTION 4.4
FLASTIC PATCHING

1. 0b jectives IV. Presentatlon
IT. Material V. Summary
ITT. Introduction VI. Test and Application

VII. Handout

I. OBJECTIVES.

A. To famlliarize personnel wlth the purpose of the plastic plpe patch
and the method of appllcation.

B. To famlliarize personnel with the characterlstics and adaptabllity of
the plastic patch and the precautlions to be followed In determining the amocunts
of materlal to use.

C. To acquaint personnsl with the need for strict observance of safety
precautlons at all times.

IT. MATERTIAL.
A. Tralning Alds.
1. Ship's plastic pipe patching repalr kit.
2. 8plit sectlon of pipe patch.
3. Section of plpe with hole for demonstration.
4o Film, MN-9337C, Damage Control-Flastic Repairs, 20 minutes,

1. Treining Manual for Emergency Damage Control Metalllc Fipe Patch,
NAVPERS 91845 (1953).

2, MSTSPACAREA Emergency Plpe Repalr Pamphlet, Volume No.l, Flastic
Patching.

3. Training Manual for Damage Control Metallic Plpe and General
Purpose Repalr Kit, NAVSHIPS 250-638-2 (1959).

4. Manufacturers' Instructlon Manual.
C. Handouts.
1. Types and Treatment of Ruptures.
2. Pre-cutting Patch Materlals.
3. FPrepering a Patch (D. C. Metallic Pipe Patch Kit).
4. Applying Patcn (D. C. Metallic Fipe Patch Kit).
IIT. INTRODUCTION.
A. Introduce self arnd subject, Plastlic Patching.
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B. 3tate the objectlives of thls session.
C. Outline the scope of thls dlscussion as follows:
a. To clte specific advantages of plastic plpe patching.
b. To describe materlals used 1n patching.
¢. To acqualnt class wilth the phenomena of chemical reactilon.
d. To famillarlze class with proper sequence for applylng patch.

e. To stress safety precautions to be followed before, during and
after the patch 1s applied.

D. Arocuse General Interest. One crew of an M3TS £civ11-service-manned)
shlp 1s credItéd wIth saving a Navy seaplane by sealing Its damaged pontoons with
lastlc patches so that 1t could be recovered. In another instance, an MSTS

?civil—service-manned) ship was to be held up untll an expensive unlt of a water-
coollng system could be flown overseas from the Unlted States. Fortunately, one
of the ship's engineers was able to repalr the worn-out unilt with plastic mete-
rials, thus saving $7,000. Thls incldent happened more than elght years ago and
the patch 1s still intact.

E. Develop Personal Intersst. TUpon your shoulders rests the resaponalbllity
for keeplng the many pIplng systems aboard shlp operating. Because such systems
do not break down at convenlent times or during shipyard avallabllity perlods,
your individual skills, your lngenuity and your willlngness to do the best job
possible must be combined to resolve the multitude of problems that some plpe
ruptures present. Through what you learn here, you msy someday be able to:

1. Bave your ship from a disaster that could only be contained by
actlvation of a damaged plping system.

2. Preserve the life of a shipmate whose survival may depend on the
promptness and efficlency of your repailrs.

3. Bplng about long-range economies of operatlon that will engure
continued employment of your ship because of lower maintenance costs.

Iv. PRESENTATION.
A. Advantages of the Plastic Patch.

1. Versatility.

a. The plastic plpe patch 1s most adaptable as an emergency repair
on all sizes of salt and fresh water plping and theilr fittings to repalr holes,
cracks, and ruptures, It requlres no special slzes or shapes to be made up in
advance.

b. It possesses excellent adhesiveness to steel, cast or malleable
iron, copper, nickel, brass, bronze, galvanized metal and, at times, even aluminum.

c. Ruptures to plpe lines and fittings can be repalred and service
restored to the systems with minimmm loss of time.

<. Bimpllcity. The preparation and applicatiod of patching materials
are simllar to first-ald methods of applylng a dressing and bandage to an injured
human 1imb.

3. Effectlvenesas. When properly applied and cured, the plastic patch:
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&. Possesses a high strength-welght ratio.

b. Possess excellent adhesiverness and vibratlon-resistance in
service.

¢, W1ll repair not only holes and cracks, but also complete
breaks by jolning the broken ends,

d. ZLeaks seldom occur. Should they occur, an additional patch
can be applied over the first, extended about two 1nches beoynd 1ts end.

4. TEase of applilcation.

a., Minimm time required for tralning personnel.

b. Techniques of application will vary little on individual jobs,
5. Durabllity.

a. The maxinmum life of this patch 1s unknown. Some test patches
have held, under normal service conditions, for more than a year wlthout fallure.

b. The patch will last until permanent repalrs can be made,

c. It 1s not Intended as a permanent repalr, but 1t can be relied
upon for extended perlods.

B. Materlals and Use. The baslc materials used in making patches differ
according To Thelr Intended uses,

1. BStandard resin and actlvator 1s used for general patches. The more
recent paste and putty resins and hardeners are used for speclal patchea. The
standard resin and activator and 1ts use will be described first.

a. The standard resin comes in a partlally-filled contalner which
allows rocm for adding and mixlng the actlvator.

b. The standard activator comes in 1ts own small contalner.

¢. Mlxing the actlvator Into the resin initlates a chemical
reactlon which produces a hard, tough, thermo-setting resin compound of high
adheslve character.

d. Relnforcing materlals (glass, cloth, mat, flbers, and tape)
are provided to glve mass and strength to the patch and to hold the fluild
plastic compound while the chemical reaction 1is completed through the coolling and
settlng stages. These additional materials for a standard plastlic plpe patch are;

{1) Vold cover. A plastlc-impregnated, stiff glass fiber cloth
which 1s used to keep the patch from sinking Into the hole or break.

(2} Fibrous glass mat or woven roving cloth.

(3) Glass tape. 12" or 2" tape 1n 36 ft. long rolls. It 1s
used to bind the other materials together into a tight, solid mass by wrapping
with half-width lapover on each turn, simllar to the wrapplng of a flrst-aid
bandage.

(4) Retaining cover. Kraft paper wrapped over the completed
patch to prevent loss of the fluld activated resin by dripping. If kraft paper
1s not avallable, newspaper or cother paper 1n a sheet large enough to cover
the entlre patch may be used. In new type_patch kits, the retalner cover may
e a thin transparent polyvinyl chloride plastic film, called "PVC" £ilm.
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(5) Chalk-line (string) 1s used to secure the vold cover over
the opening, to lace the paper retaining cover over the outslde of the patch and
to secure the ends of the retalning cover to prevent loss of the liquid actlvated
resin during the curing perlod.

. The comblnation of actlvated resln and relnforcing materlal
produces a solld, tough, hard patch capable of wilthstanding up to 300 p.s.1i. of
pressure and a temperature of 200 degrees F.

o, Strong-Back Sealer 1s used for sealing cracks and small leaks,

a. The Sealer Resin comes in a partially-filled container to allow
for adding and mixing the activator.

h. The Sealer Actlvator comes 1n a small contaliner.

c. A bag of short inert reinforclng fibers 1s provided to glve
megs and strength to the seal and to provlde a body for holding the liquid
activated resin through the chemlcal reactlon and cooling and hardening stages.

d. The combinatlon of, Sealer Resin, when activated, and reinforc-
ing material (glass fibers) provides a plastlic mass which can be molded and
préssed into cracks, small holes, and leaklng polints to form a seal. If deslired,
or if required by the slze and nature of the crack or leak, a standard patch may
be applied over this sealer on piping.

%, Paste or putty is used for plugging small holes and for pressing
into cracks and small leaks to seal them.

a. The Pagte Resin comes in a partislly-filled container to allow
space for adding and mixing the activator.

b. The Paste Activator comes in a small container.
¢c. A bag of Putty Powder 1s provided.

d. The combination of activated speclal Putty Resln and Putty
Powder, when mixed and kneaded into a smooth homogeneous mass, similar to
glazier's pulty, can be pressed into cracks and other small leaks or holes to
plug and seal them before application of the standard patch. In some cases it
will be effectlve without such relnforcement.

4, Strong-Back Fairing Compound 1s used to fill in breaks or depres-
gions before applying a standard patch.

a. Tt consists of a 3tandard Resin 1n a partially-filled contalner
to allow for adding and mixing the actlvator.

b. The Standard Activator 18 in a small container.

¢c. A bag of long, chopped-glass fibers 1s provided to add mass
and hody to the fairing and to thicken and hold the liquid actlvated resln
tnrough the ¢hemlcal reactlon, cooling and hardening stages.

d. The combinatlon of the activated resin and reinforcing {ibers,
when mixed in the bag and thoroughly kneaded into & homogeneous mass, produces a
material which is used for falring over breaks 1n flanged jolnts and depresslons
in fittings, such as valves that may have cracked. A standard patch 1s then
applied over-all. The comblinatlon of fairing compound with a standard patch over
1t 1s called a complex patch.

5. BUSHIPS has developed a new, more compact and more versatlle
damege control metalllc plpe and general purpose repalr kit (plastic) to replace
current repalr kits. The new materlals are assembled 1n a kit {Stock No. GM
§730-289-4533) and a refill kit (3tock No. GM 4730-289-4532). These new repalr
kits have been authorized in MST3 allowances ag replacements for exlsting kits.
Present kits willl be used for general repalrs and for training purposes.
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&. The new materials consist of two assemblies contalining a syn-
thetic thermosetting resin in paste and liquid forms, with hardening agents and
glass reinforcement.

(1) Assembly #1 - liquid resin for repair of metallic pipes.

(2) Assembly #2 - paste resin to patch holes in decks, bulkheads,
flat surfaces or cracks.

b. The two assemblies may be used in combination to patch large
holes. :

C. Tralning Manual for Damage Control Metallic Pipe and General
Purpose Repalr Kit, NAVSHTPS 250-638-2, describes the procedures for use of these
new materials,

C. Chemlcal Reactions.

1. Stowage. As long as the resins and activators are kept in their
Individual closed contaliners, they may be stored for an indefinite perlod with
no noticeable deterioration and wlthout any reactlion taking place,

2, Stirring. Stir the resin as ¥ou would stir palnt before using.

3. Mixing. When the activator 1s added to the resin (1t should be
mixed throughly for about two minutes) and the two are stirred together, a
chemlcal reaction takes pPlace which generates heat. This heat generation occurs
gradually at first, until the "kick-over" polnt 1s reached. At this point the
temperature rises rapldly to 1ts peak and then gradually cools down. During the
coollng period, the mass sets up and hardens into the finished patch or repalr.

4. Temperature. The peak temperature generated at "kick-over” ig:
a. For the Cordobond Standard Materlals - 250 to 200 degrees.

b. For Emergency Damage Control Metallic Pipe Repalr Xit {Navy
Kit) - 350 degrees F.

5. Time required. The time requlred for completicn of the chemical
reactlon cycle ™ Is governe ¥y the temperature of the materials when mixing, the
temperature of the surface to which applied, and the free alr temperature. How-
ever, resin temperature 1s the most important. At 73 degrees F., mixing time to
"kick-over" time will be twelve to fifteen minutes, Higher temperatures shorten
the time and lower temperatures lengthen the time requlred to apply a patch.
Therefore, all materlals mist be cut, prepared and laid out ready for use in
Séquence before mlixing the resin and activator.

6. Curing time. When the patch has been completed and "kick-over" has
occurred, the tITme regulired for curing will depend largely on the mess of ths
patch.

&. A thin patch of glass fiber tape and activated resin will take
from two to four hours to cure and harden ready for normal service.

b. A patch of one-half inch or thicker willl generate more heat
quickly and cure much faster - in from 20 minutes to B/ﬂ hour.

noxious fumes. It 13 1n a atate scmewhat similar to boil-
ing ligquld and flows freely. The mass of resin and lmpregnated reinforcing mater—
rial 1s soft hut, as cooling takes place, 1t sets as a result of the generated
heat (thermosetting) and hardens into a solid homogeneous mass, lmpervicus to
water, olls, gasoline, and even dilute aclds and many chemilcalas.

7. Betting. During the stage Immedlately following "kklek-over", the
activated resin emlits
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D. Pipe Preparatlion and Application of Plastic Patch.

1. Preparation of ruptured piping or fitting.
a. Remove lagglng.

b. Clean and roughen surfaces removing all palnt, grease, oll,
scale, dirt, or other forelgn matter.

¢. Remove 1lrregular projections. TUse a hammer and chisel or
coarse flle to form a smooth contour over the break.

d. The type and size of patch will depend on the size of plpe or
where it 1s to be applled, and on the size of the rupture or leak.

(1) on a flat surface, a flat patch will conslst of fairing
compound molded over the rupture, covered by a sheet of glass cloth extending at
least two inches beyond the fairing material all around, and the whole well-
brushed with activated resin. The patch may be backed up with a back-up-plate
or wood, sheet metal or any rigid flat surfaced material, held in place wlth
suitable braclng.

{2) Liquid or paste resins may be used for flat patches or a
combination of both used.

{3) On a pipe, the patch will include vold cover, glass flber
mat, glass tape, activated resin and retalning cover. Woven roving materlal may
be used in place of glass fiber mat and tape.

e. If the new woven roving cloth 18 used, 1t may be impregnated
with ectivated resin and wrapped 3 or 4 fimes around the pipe. This will elimi-
nate the use of the fibrous glass mat and glass tape.

f. The amount of material required can be estimated readlly by
ohservation of the slze of the break. One unit of resin &and actlvator is suffil-
clent for the average rupture 1ln pipes up to three 1nches 1n dlameter. All
material should be pre-cut to gpeed application.

2. Application of materials to form patch.

a. After brushlng a coat of activated resin on the area surround-
ing the break, apply a pre-cut plece of vold cover which 1s at least one 1nch
larger than the rupture all around and lash it securely 1in place with chalk-line.

b. Pour and spread or brush activated resin on the inner layer of
the glass mat, pre-cut one inch longer at each end than the void cover and long
encugh to go completely around pipe with a small overlap on the ends. Apply the
impregnated mat over the vold cover and smooth it in place.

¢. Wrap the glass tape from one end to the other of the lmmer mat,
beglnning and ending one or two lnches clear of the ends of the mat, lapping the
tape over one-half 1ts width on each turn and pulling 1t tight as each turn is
completed. Brush on a coat of activated resin over the layer of tape. A tape-
coating machine 1s included with the kit to coat the tape wilth activated resin
before wrapplng. This machine merely allows the tape to be run off one reel,
through the activated resin and onto another reel, which 1s then used to wrap the
impregnated tape. About four layers of tape are required for adequate strength.

d. Apply the outer layer of glass mat pre-cut to extend at least
one inch beyond each end of the previous tape wrapping and impregnated with
activated plastic in the same manner &3 the 1nner mat layer.

e. Agaln wrap on another layer of glass tape and brush with
activated resin. Tnls additlonal wrapping 1s not essentlal but will add strength
and bind the complete patch.
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(1) If the new woven roving cloth 1s used, it may be impregnated
with activated resin and wrapped 3 or 4 times around the pipe. This will elim-
inate the use of the fibrous glass mat and glass tape.

f. Apply & wrapping of kraft or (PVC film) to extend several inches
beyond both ends of the completed patch and golng around pipe and patch twlce to
retaln the liquld actlvated resin in the pateh and to prevent 1its loss by dripping.

g. Finally, take two turns with string around one end of the
retaining cover and then wind string diagonally arcund the patch to the opposlte
end. Take two turns tightly around the end and wind the siring diagonally back
to the beginning and tie 1t off. The patch is now complete except for "kick-
over" and curing.

E. Bafety Precautlons. Perscnnel handling plastic pipe patching materlals
must protect Themselves from its fumes and from the harmful effects of these
materials on the skin. The following precautions must be observed:

1. Apply petroleum jelly to the exposed skin of hands and wrists
before mixing the resin and the activator.

2. Wear goggles to protect the eyes from fumes.

3. Wear neoprene rubber gloves furnished in the kit when handlling
glags fiper materials and activated resin.

4, Personal cleanliness 1s a primary factor. On completion of the
patch, thoroughly wash gloves and tools in warm soapy water.

5. When using plastic plpe patching materlals In enclosed areas, rig
a forced supply and exhaust ventilation to remove noxlous fumes.

6. Avoild breathing noxilous fumes glven off during the curing perilod.

7. Avold spllling plastic materials. Keep kraft paper under the patch
to catch any spllled or dripplng materials.

F. Custody and Stowage=Repalr Kit. The plastic pipe repair kit is an item
of damage control equipmént bul, due to its designed purpose, 1s assigned to
custody of the Chief Engineer for use in emergency repair and training.

1, BStowage will normally be in Repalr 2 locker or, in cargo ships, in
the custody of the Chief Engineer.

2. ©Stowage should, if possible, be in a cool place in consideration of
the effect of temperature on working time from mitx to "kick-over". If kept cool,
more time will be available for making an emergency patch before its "kick-over".
V. SUMMARY

A. Advantages. Review briefly the five advantages of plastic patching.

1. Versatility. %. Effectliveness. . 5. Durability.

2. Slmplicity. 4. Ease of application.

B. Materlals, Outline the baslc materlals required for plastic patching.

1. Flbrous glass materlals.

2. Resins and activator or hardener.

3. Retalning covar.
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C. Patching. Revlew patching skills and thelr application.
1. Application of patches.
a. Varlety of methods depends on type of patch.
b. Procedures for each type of patch.
2. 2afety precautlons.
a. Materlal handling precautlons.
b. Personnel safety measures.

D. Ship's Allowances.

Custody and stowage of repalr kit.

1. In custody of Chlief Englneer.

2. Generally stowed In Repalr 2 locker.

%. May be stowed 1n machlne shop or in engineer's storeroom.

Use these and additional questlons as an cral quiz.

In applylng a simple rupture patch, what ls the {lrst materlal
Plastic patch temperature cycle "kick-over" time 1s approxi-
if the temperature of the resin, alr and plpe 1s about 73

12 to 15 minutes.

What type of patch 1s applied to a surface having projectlons
A complex patch conslsting of falring compound wilth a standard

What 1s the primary factor of perscnal protectlon?
Cleanliness of self and protective clothing.
What 1s the greatest hazard to personnel 1n plastlic pipe

The heat generated at "klck-over."

Is the plastlc patch a permanent type of repalr?®

VI. TEST AND APPLICATION.
A. Test.
1. Q.
applied
A. Vold cover.
2., Q.
mately how long,
degrees F.?
A,
3.
such as a flange or jagged edge?
A,
patch over 1t.
4. q.
patchling?
A.
6. Q.
A.

No, 1t is Intended for emergency use only, although 1t does

meke a very effectlive, seml-permanent repalr.

.

7.
repalr kit?
A.

8. Q.

What personnel protective equlpment ls provided In the plpe

Rubber gloves, goggles , and olintment.
Which factor has the greatest effect on the "klck-over" time?
The temperature of the resin.
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9. Q. Can holes in flat surfacesa opr leaking tanks seams be repaired
wlth plastics?

A. Yes, by combining and by varylng the application of putty and/
or fairing compound with the standard patch, as appropriate.

16. Q. How may plastic patches be removed aboard ship?
A. By sawing the patch, or with hammer ang cold chisel.

B. Application, Demonstrate the use of all types of plastic patching -
the standa¥™d Tes and activator, liquid resin and hardener, and paste resin and
activator. Glve the group an opportunity to but a plastic patch on a Plpe whish
may require repair. Point out the materlals and amounts used, see that all
safety precautions ape observed, and discuss each phase of the operation as it
proceeds,

VII. HANDQUTS. These summarles and informatlon sheets are on the following pages.

A. Types and Treatment of Ruptures.

B. Pre-cutting Patch Materials.

C. Preparing a Patch (D, C. Metallic Plpe Patch Kit}.

Applying a Patch (D. C. Metallic Pipe Patch Kit).
MSTS Magazine Reprint, August 1958,

F. BUSHIP3S Journal Reprint, November 1959,
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VIiI A
SIMPLE BUPTURES are on
( » j Figure 1. straight sections of
pipe and have no pro=-
FiG. | truding edges.

Figure 2. ELBOW RUPTURES are on
curved gections of pipe
and have no protruding
edges.

FIG. 2 Figure 3. SEVERED RUPTURES are ones

in which the pipe is com-

letely separated.
39 ;

Figure 4. COMPOUND RUPTURES have
protruding edges and in-

r 7&_, 4@ clude ruptures in flanges,

fittings end mengled pipe.

f’w

FIG. 4

After cleaning the patch area surface thoroughly, the step-by-step procedure
may be followed to apply a patch to a SIMPLE RUPTURE,

To patch an ELBOW RUPTURE the edges of the void cover musat be slit end the
mets cut to conform to the contour of the pipe.

when patching a SEVERED pipe, if the severed area is 5" or less in length,
use the regular procedure. Where severance is greater then 5", use as-
bestos sheeting or light sheet metsl for a substitute void cover. Because
a long void increases stress, gubstitute void covers should extend 5" on
each end of severed pipe, with 2" overlap on the round turn.

Patching a COMPOUND RUPTURE.
1. Where practical, cut awy oOr file down protruding edges.

2. VWhere removal of protruding edges is not considered practicel for short
ruptures, cut away the demaged area to make a severed pipe.

3, If patch must be applied over protruding edges, patch materiels must be
cut to conform with existing barbs and protrusions.
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PRE-CUTTING PATCHING MATERIALS
VII B

Due to the limited time in which to apply a patch, it is important that
ell materials be pre-cut. The table below will assist in selecting
measurements accurate enough for most applications.

TABLE
PIPE DIAMETER vz |34 " 152" 25" 3" |3 4 | 5*f e | 8" 0" 12"
CRCUMFERENCE 3" 135" 4" ) 8" 75" 9" |11 jizs|1a fizs 217] 2734 [40"
PATCM LENGTH LENGTH OF RUPTURE + 8"
PATCH AREA CIRCUMFERENGE X PATCH LENGTH
RESIN (ORAMS) PATCH AREA X 10
TAPE (YARDS) PATCH AREA % 9
R.C. LENGTH s.s“lzs"f 8" [ll" Ila.s'lls.s"lla.si 21" l 23" |ze.5fg.j 43"| 53"] 62"
R.C. WIDTH PATCH LENGTH + ¢
O.M. LENSTH |2"[ 14" l 16" I 24"] 29'[ 36"| 44"[ 50"] ss“[ 70" I 84" |oa"]|33'|160"
0. M. WIDTH LENGTH OF AUPTURE + 8"
1.M, LENGTH 5" ]5.5"[ s“l a" fs.s"f u* ]ls" 14.5" 16" IIQ.S'{ 23"’ 29"1 3s'|42"
|.M. WIDTH LENGTH OF RUPTURE + 4
V.C . LENGTH LENGTH OF RUPTURE + 2
V.C. WIDTH LENGTH OF RUPTURE + 2

HOW TO USE THE TABLE

EXAMPLE: A 21" cooling water line loses pressure because of a rupture
which extends 3" along its length and about 2" across the
width of pipe. Basic information for measuring patch material
for pre-cutting may be selected from the table above.

Circumference: From table, diameter 24" =9" circumference
Patch Length: Length of rupture + 8", or 3" + g% = ]1]1n
Patch Area: Circumference x Patch length, or 9 x 11 = 99 sq. inches
Resin (grams): ratch Area x 10, or 99 x 10 = 990 grans

Tape (yards): Patch Area divided by 9, or 99 = 9 =11 yards
Retainer cover length: From table, 154"

Retainer cover width: Patch length + 4", or 11 + 4 = 15"
Quter mat length: From table, 36"

Outer mat width: Length of rupture + 8%, or 3 + 8 = 11"
Inner mat length: From table, 11"

Inner mat width: Length of rupture + 4", or 3 + 4 = 9"
Void cover length: Length of rupture + 2% or 3 + 2 = 5%
Void cover width: Length of rupture + 2", or 2 +2 5 4"
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PREPARING A PATCH

VIT ©

Before attempting to apply a patch,
certaln preparations must be made.

Remove lagging several inches from rupture,
l ¢lean off all rust, oil, grease, water and

other foreign matter.

Wirebrush around

patch area to ensure solid metal surface.

2

If the rupture is compound, remove irregu-
lar projections to make a sirple rupture,

if possible, or cut out section to make a

severed rupture.

Stack or arrange, pre-cut Patch Materials
in the same order in which they are to be

used:
a. Void cover
b.

Inner mat
c. Outer mat

d. Retainer cover

4

Thread tape to tape coating machine, 1if

one is belng used.

(Tape may be coated with resin by brusha
ing on after each leyer is wrapved onto

pipe).

Have tools and supplies in a convenient

place:
5 a. Spatulas (stir sticks)
b. Brush {or "dcbber")

¢, Scissors

d. Chaelk line

6

If ruptured pipe is still lesgking after
isolating the damaged area, prevent further
leaskage by securing gasket material over
hole with Fiberous Glass Tape #890. To
eénsure required promptness in completing
the final patch, two men generally work
together.
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CHAPTER 4
OFFICERS' DAMAGE CONTROL - For Licensed Officers (Lesson Plans})
SECTION 4.5
UNWATERING
I. Ob jectives IV. Presentation
IT. Material V. Sumrary
ITI. Introduction VI. Test and Application

1. OBJECTIVES.
A. To Impress officers with the importance or dralnage systems.

B. To explain bullt-in dralnage systems, their designed Purposes and
their practical application to umwatering,

C. To famililarlze officers with the capacitles and limitations of
equlpment.

IT. MATERTAL,

A. Training Film. MN 6774, Methods of Unwatering Flooded Compartments,
18 minutes, B & S, sound,

B. References.
1. BUSHIPS Manual, Chapter 88.
2. Damage Controlman 1 & C, NAVPERS 10572.
3. Damage Controlman 2 & 3, NAVPERS 10571.
4. Ship's Allowance List Group S47 - Pumps.
5. Ship's Allowance IList Group 588 - Damege Control.
6. Ship's Allowance Tist Group 893 - Firefighting.
IIT. INTRODUCTION,

A. Introduce self and sub ject (thatering).

B. Compartments may become flooded as a result of direct damage or from
excess water used to fight fire through ruptured plping, etec. This water mist
be removed to restore normal stabllity as well as to reatore the compartment to
its normal use. Such emergencles may arise elther in port or at sea. They
1nvolve the smergency employment of personnel as well as of unwatering equipment.

C. MSTS ships have occasionally had to use portable pumping equlpment to
unwater chain lockers, holds, or compartments which became flooded. Compartments
which are connected to the main drainage system have at tlmes had thelr stralners
plugged, Preventing use of the dralnage syastem. Portable unwatering equipment
has proven very useful in such emergencles.

D. All ships officers and men should have a working knowledge of the ship's

drainage system and portable unwatering equipment, their uses and limitations,
and the proper methods of rigging and operating urwatering equipment,
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E. Flooding dangers exlst 1n gravity drain plplng. Such plping usually
plerces the ship's slde and passes through watertight decks., As a damaged ship
1iats to one slde, or settles more deeply, unless some posltive closure l1s pro-
vided, water wlll flow back through drelnage plping and flood the ship.

Iv. PRESENTATION.

A. Dralnage Systems.

1. Definitlon. Each shlp has some means provlded for removing vater
from within 1t¥ Bull. Systems of plplng witn or without pumping facllltles
1nstalled for thls purpose are termed draelnage systems.

2, Component parts of dralnage gyatem. A dralnage gystem fundamentally
consists of:

a. A length of suctlon plping (drainage main).

b. Pranches leading from the main line into spaces to be dralned,
normelly near the lowest point in each space.

c. One or more pumps, or eductors, to take suction from the
drainage maln.

d. Discharge plping from the pumps, leading overboard.
e. Necessary valves, manlfolds, and stralners.

3. Kinds of systems. The dralnage systems installed in most shlps

are, the:
a, Main drainage system.
%, Secondary dralnage systems.
¢. Plumblng and deck drains.
d. Weatherdeck dralns.
e. Feed drains 1n machlnery spaces.

4. Maln drainage system.

a. The main drainage system runs throughout the maln machlnery
compaertments. However, 1n scme ships, 1t may extend forward and aft of the
machinery compartments.

b. TIn smaller ships, the dralnage maln conslsts of a single plpe
running fore and aft, usually along the centerline,

¢. In larger ships, 1t 1s a loop system extendlng along both sides
of the engineering compartments and jolned at the ends.

d. Maln dralnage systems may be used 1n many modern ships to empty
fuel oll tanks which have been ballasted wlth sea water.

e. Maln drailnage plping 1s normally of about 5" galvanized plpe
or copper-nickel tubling. The vranch suctlon 1llnes leading to valves or manifolds
from various bllge wells, tanks, oOr other compartments are of smaller slze on
down to about 2".

5. - Secondary dralnage systems.

a. Secondary dralnsge systems serve to draln spaces forward and
aft of the main machlnery compartments. The plplng 1s smaller 1n slze then that
used 1n maln dralnage systems.
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b. BSecondary drairage systems are Independent systems, each with
1ts own pump or eductors.

6. Plumbing and deck drains.

a&. These are provided for draining fixtures and compartments with-
ir the ship by gravity. Gravlity drainage plplng is installed most extenslvely
in compartments above the waterline.

b. In large ships, some compartments nearp or below the waterline
may be drailned to compartments lower in the shlp from which the water can be
paped overboard., These lower compartments may be bilges and bllge wells, shart
alley sumps, drain tanks, or sanltary draln tanks.

¢. Flooding danger exlsts in gravity drain piping unless some
positive closure is provided.

(1) Each separate overboard dlscharge led through the ship's
slde from spaces below the freeboard deck must have an automatic non-return

In passenger ships where the bulkhead deck 1s hlgher than the freeboard deck,
the positive means of c¢losing 1s from the bulkhead deck.

(2} An alternate way of fltting such overboard dlacharge
closures 1s through two automatic non-return valves without positlve means or
closing, provided the upper valve 1s so located above the deepest loadline ass to
be accessible for examlination under service conditlons, and 1s of g type which
1s normally closed.

T. Weatherdeck drains. Weatherdeck drains ape provided to drain
exXposed levels and maln decks. hese drain entirely by gravity, overboard above
the waterline.

8. PFeed drains in machinery spaces.

&. Gravity drains should not be confused wlth feed dralns from
machinery. These, too, drain water by gravity, but in thls case the water 1s
steam condensate, potential bollew feed water. Therefore 1t 1is carried to tanks
lower in the ship and is retalned,

b. Bince such Plpling plerces decks and bulkheads, there 1s g
potentlal danger of breeching watertight integrity. S8ome cases of machinery
compartments flooding through open drain piping have occurred,

B. Types of Pumps and Eductops.

1. Types of pumps installed in the main dralnage systems are:
4. Bteam-driven reclprocating pumps (1n oldenr type ships).
b. Turblne or motor-driven centrifugal pumps.
¢. Jet pumps (eductors).

2. Types of pumps used in the secondary drainage systems are:
a. Electric motor-driven centrlifugal pumps.
b. Jet pumps (eductors).
C. Portable electric submersible pumps.

3. Fixed pumping equipment provided aboard ship 1nclude;
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a. Steam-driven double-acting reciprocating pumps. These are
usually for ballast and general services and are cross-connected into the plige
manifold. Thelr capacity 1s about 400 GPM.

., Electrically-driven centrifugal pumps {bilge, ballast, and
general service). These are cross cormected into the pilge manifold. Thelr
usual capacity 1s gbout 400 GFM although they may be larger.

c. Fixed electric submersible pump for the maln bilge system,
capacity up to 600 GFM.

d. Main cilrculating pump.

(1) With the sea chest valve closed and the billge suction
valve open, this pump will rapldly unwater englne room hilges, discharging
through the maln condenser and overboard.

(2) It cannot be comnected to any other compartment.

C. TPortable Pumping Equlpment. This includes:

1. Portable electric submersible pumps.

2. Eductors (conventional type or peri-jet).

3. P-500 pumps {furnished to ships on special missions).
D. Capacities of Portable Pumping Equipment.

1. Portable electric submersible pump.
a. 140 GPM at a 70O foot head.
b. 180 GPM at a 50 foot head.
¢. 200 GPM with no head pressure.
2. FEductors {conventional and peri-jet type).

a. 151 GPM at a2 40 foot head. Approximately 182 gPM 1s requlred
to operate the eductor.

. The rule of malntaining a minimm ratio of 3 to 1 between
operating and discharge pressures 1s of particular Ilmportance when f{ire main
pressure is used to actuate an eductor.

3. P=-500 pump.
a. 675 GPM at statlc dlscharge heads of 55 feet or less.

b, 1,043 GPM at a statlc dilscharge head of 20 feet in combinaticn
with two eductors.

c. 500 GPM at a discharge pressure of 100 PSI with a 16 foot
suctlion 1ift.

E. TUse of Umwaterlng Equlpment for Firefighting.

1. Do not use the electrlc submersible pump &s a fireflighting pump.
Tt 13 not designed for positive dlsplacement of water. Its dlscharge hose can
be led to the scene of fire; however, do not use an applicator or all-purpose
nozzle with 1t.
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2. The model P-500 pump was originally and prlmarily developed for
firefighting. Stralght suctlion up to a maximm of 16 feet may be taken either
from overboard or from a flooded compartment. For suction 1ifts of over 16 feet,
an eductor activated by one of the two preasure lines from the P-500 pump can
be used to boost suctlon water inte the pump inlet.

F. Types of Valves Installed in the Drainage Systems.

1. Stop or cutout valves (gate, angle, or globe).

2. 3top check valves.

3. Check valves (swing check or spring loaded)}.

4. Gagged scupper valves and plug cock valves, GOagged scupper valves
nave a flap which 1s kept closed {gagged) by a screw-down stem or other device.
Plug cock valves have a simple rotating plug closure.

G. Operation of Valves.

1. In smaller ships, only the main cutout valves can be remotely
operated. In larger ships the main cutout valves, together with many of the
Important stop check valves, may be operated from distant control statlona.

2. Valves 1n smaller ships are controlled mechanically; larger ships
have hydraulic or pneumatic control.

H. Bucket Brigade., Should all other methods fail, an efficlently
organized bucket brigadé should be avallable to control flooding. This should
be kept in mind and adequate provision made for handling flcooding in thias way.
All ship's personnel should understand that this may be expected of them in
such an emergency.

V. SUMMARY. Revlew key polnts and stress the following:

A. Function of Dralnage Systems. The function of dralnage systems 1s to
remove flood water rrom the snip. Thelr importance requires that they be main-
tained in efficlent operating condition ready for use at all timss. A group of
trained and skilled men, who are able to use the drainage faclllties to thelr
maximum efficlency, will go far to keep the ship afloat when damage occurs.

B. Control Flooding. HNo matter how small a leak may be, the walter 1t
allows to enfer must be removed or it will eventually flood not only one but
possibly many compartments. Such flooding must be controlled. Drainage by
fixed system or portable pumps 18 Ineffective in handling flooding due to damage
until the rate of flooding has been controlled.

C. Test Pumping. A compartment contalning draln lines leading to pumps
can often Be tested for flecoding by putting a suction on the compartment, without
having to enter the compartment. If water la present, 1t will show 1n the pump
dlscharge; 1f the compartment is dry, the check valve will rattle. 3uch test
pumping may also Indicate the amount of flooding and the size of the holes
causing it. Thus i1f a single fire and bilge pump were put on a flooded compart-
ment and the pump lost suctlon within a half hour, the flooding would be
controllable and the hole relatively small.

D. TUse of Other Pumps. It should be understood that any pump can be used
as a dralnage pump if there is power to operate 1t and 1f its suction side can
be tightly comnected through sultable hose or piplng to the area to be drained.
The vertical dilstance between the suctlon side of the pump and the water cannot
exceed approximately 15 feet unless some means, such as with an eductor or
electric submersglble pump, can be used to ralse the water part of the distance bto
the pump.
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E. Isolatlon of Flooded Compartments. The entire pumping capacity of the
dralnage systems Is sufTlclent to care for only minor damage where the leaks are
smalli. A hole in the shell plating, wlth an area of only one square foot, fif-
teen feet below the surface, will admlt water at the rate of 13,900 GPM. Since
all pumping facllities cannot be brought to bear on any single flooded compart-
ment, it 1s essential that compartments flooded by any considerable underwater
damage must be isolated by watertight subdivision before unwatering efforts will
meet wilth any degree of success.

VI. TEST AND APPLICATION.

A. Test. Use these and additional questlons as an oral quiz:

1. Q. Glve three sources of flooding 1n addition to flooding from
direct damage to the ship‘’s hull.

A. (1) Excess water used to flght fire (as in the case of the
NORMANDIE).

(2) Rupture of any of various piping systems.

(32) Progressive flooding due to Improperly secured or damaged
watertight flttings.

2. Q. What 1s the capaclty of the electric submersible pump?
A. (1) 140 GPM at a 70 foot head,
{2) 180 GPM at a 60 foot head.
{Z) 200 GPFM with no head pressure.
3. Q. List the five dralnage systems found aboard ship.
A. (1) Main dralnage system.
{2) Secondary dralnage system.
{3) Plumbing and deck drains.
{4) Weatherdeck drains.

(5) Feed drains for machinery spaces.

4. Q. What type of drain piping is considered a floodlng hazard?
A. Flooding danger exlsts in gravity drain piping.

5. Q. Fundamentally, what does a dralnage system conslst of?
A. (1) A length of suction plping.

(2) Branches from the main leading into the spaces to be
drained, normally near the lowest polnt in each space.

_ (3) One or more pumps or eductors to take suctlion from the
dralnage main.

(4) Discharge plping from the pumps, leading overboard.

{5) Necessary valves, menifolds and stralners.
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6. Q. What types of pumps are installed in maln drainage systems?
A. (1) steam-driven reciprocating pumps.
(2} Turblne or electric motor-driven centrifugal pumps.
(3} Jet pumps (eductors).
T.- Q. What types of pumps are used 1n the secondary dralnage system?
A. (1) Electric motor-driven centrifugal pumps.
(2) Jet pumps (eductors).
(3) Portable electric submersible pump (for emergency use).
8. Q. What types of valves are installed 1n the dralnage systems?
A. (1) Stop or cutout valves (gate, angle or globe).
{2) Stop check valves.
(3) Check valves (swing check or spring loaded).
(4) Gagged scuppers or plug cocks.

8. Q. What pump will rapldly unwater englne bllges, but cannot be
connected to any other compartment?

A. The main clrculating pump.

10. Q. What would be the last resort to control flooding should all
other methods fall?

A. A bucket brigade.
B. Application. Tour the ship, polnting out the dralnage systems, control

valves and pumps. Demonstrate the operation of fixed pumps and the rigging and
operatlon of portable pumps.
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CHAPTER 4
OFFICERS' DAMAGE CONTROL - For Licensed Officers (Lesson Plans)

SECTION 4.6
STEERING SYSTEMS

I Objectives v Presentation

ITI  Material v Summary

I1T Introduction VI Test & Application
I. OBJECTIVES.

A, To impress upon personnel the lmportance of a thorough knowledge of the
main and auxiliary steering systems.

B. To acquaint personnel with the different types of steering systems pro-
vided aboard ship and their interchangeabillty In the event of casualty.

C. To familiarize shipbcard personnel with steering system terminology.
IT. MATERTAL.

A. DBUSHIPS Manual - Chapter 22.

B. Drawing of ship's steering systems.

C. Manufacturer's Ilnstructlon book.

D. Rules and Regulations - USCG 256.

E. COMSTS INSTRUCTION P3120.2B.
ITI. INTRODUCTION.

A. TIntroduce self and subject (Steering Systems}.

B. Arouse Interest.

1. When steam power for ship propulsion was introduced, 1t brought
about many problems aboard vessels, the first and probably most Important of,
vhich was to emphasize the inadequacy of hand-powered steering apparatus. The
rapld incresse 1n the size and speed of steamships resulted in a correspondlingly
greater turning effort requlred at rudder stocks. Therefore, 1t was only a
natural sequence that led to the introduction of steam-powered steering gear.

2. Today sll large commerclal and naval vessels are equipped wlth
power steering of elther steam or electronydraulic design. Most large vessels are
also arranged with an auxlllary hand-operated steering apparatns, elther bullt
into the power-driven steering gear or furnished as an entlrely separate unit.

%, The importance of understandling steering systems cannot be over-
emphasized., Steering 1s a primary requlrement for ship control underway, including:

a. Maneuvering around docks and in restricted waters.
b. Traversing harbor and channel to sea.
¢. Making good coursea between ports 1ln the open sea.

d. Emergency maneuvering as 1n heavy weather, man overboard.
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4. A forelgn flag vessel lost steering near the Azores and ran aground
with conslderable loss of 1ife in 1958. Cite other examples of steering casualties
drawn from the instructor's or from the groupts experlence.

Iv. PRESENTATION.

A. BSteering System Terminology. A knowledge of steering system terms is
necessary in order to understan & system's operatlion and emergency action.
1. Rudder - The vertlical flat plece or structure of wood or metal that

1a fitted at the after end of a vessel's immersed body as the means by which she
1s 3steered.

2. Rudder pest. The vertical post abaft the propeller which supports
the rudder - more frequently called the stern post.

3. Rudder stock. The forward part of a rudder to which the main part
1s attached; the part which passes through the rudder post into the shlp where
the helm or quadrant 1s attached.

Y. Tiller. A bar of iron or wood connected with the rudder head and
usually leading forward. By means of the tiller, the rudder is moved as desired.
The quadrant 1s the most frequent form of a tiller in modern vegsels,

5. Hydraulic plungers. These are opsrated in a cylinder by pressure
of a 1liguld. 1In a hydro-electric steering system, one at each side of the
tiller forces the ship's rudder into any position required by the steering control.

6. Hydraulic Pumps or unlts. Units comprised of constant speed motors
driving a rotary type pump, delivery from which 1is autcmatlcally controlled.

7. Steering wheel. TUsed to send impulses to the steering gear by
mechanical, hydraulic or electrical means to Indicate the direction and amount of
rotation of the rudder.

8. Follow-up mechanisma. These maintain the movement of the rudder
closely 1n step with the steering wheel. They consist of a differentlal gear
and cam arrangement which controls the discharge of oll from the Pumplng unlts.

B. Evolution of Steering Systems. Steering systems were developed in the
followlng order:

1. A simple paddle or Sweep oar over the stern of a small hoat.
2. A ruddar and tiller as boats grevw larger.
3. Hand lines and yoke on the rudder head.

i A hand wheel attached to a yoke or quadrant on the rudder head by
ropes, cables or chains.

5. Steam gear controlled by the wheel and transmitting its power to a
quadrant or rudder head thru chaln, cables, or shafting.

6. Telemotor equipment. Hydraulic connections between the wheel and
the steering englne at the rudder poat.

7. Electro-mechanical and electro-hydraulic systems for transmitting
the steering action of the wheel to the steering engine and thus turning the rudder.

8. Automatic systems such as electric-gyro-pilot hydraulic pump and
motor aystems.

§-53















Lt

T

COMSTS 3541.5A
27 April 1960

G¢. Demonstration of Changeover to sach Method of Steering.

1. Study the changeover instructions posted in the steerlng englne
room and learn the locations and markings of all the changeover valves and filttings.

2. Responsible personnel, assigned in the steering casualty blll,
should actually make the changsover Lo all methods of steering avallable.

3, Some of the followlng methods of changeover to each type of
steering may be found aboard your ship:

a. Shifting to standby unit.
b. Steering with trick wheel in steering englne room.
¢. Steering from after steering astation.

d. Shifting to hand pump ateering. Gensrally seven turns equals
a one degree change 1n course.

e. Wire rope and winch.

£. Chaln falls, blocks, tackles.

g. Steering by prepellers 1n twin screw ships.
V. SUMMARY .

A. All licensed personnel should know how to change over to each method
of steering aboard your ship.

B. Listed below are must-know ltems:
Stesring system termlnclogy and its Importance in steering control.
various systems of accomplishing steering control.

Most frequently found types of systems.

1
2
3
4. Maln components and method of operatlon.
5. Control stations provided, remote and loccal control.
6. Casualtles and primary consideration.

7. Correctlve procedure.

vI. TEST & APPLICATION

A. Test. Use these and additional questions as an oral quiz.
1. Q. What was the simplest hand steering used?
A. Paddle or sweep oar over the gtern of & small boat.
2, Q. Where are the steering control statlons located?
2) Steering engine room.
%) after steering statlon.

%. Q. What is the most commonly found steering system in use aboard
ships today?

A. §1§ Bridge or wheelhouse.

A. The electro-hydraulic steering gystem.
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4, Q. What type of steering controls are most likely to be
found in the wheelhouse?
A. (1) Hand-operated telemotor,
(2) Hand-operated electric,
(3) Automatic electric gyro~pilot,

3. Q. What type of steering controls are most likely to be found in
the steering engine room?
A, (1) Trick wheel,
(2) Emergency hand pump,
(3) Chain hoists.

6. Q. What type of steering controls are most likely to be
found at the after steering station?
A. (1) Steering wheel with shaft connection to the trick wheel

in the steering engine room.

(2) steering wheel operating positive displacement pump.

(3) Lines or cables attached and used in conjunction with
capstans.

(4) Handy-billies attached to shackles and fixed points,

7. Q. In case of a steering casualty involving loss of steering
control, what is the prime consideration?
A, To restore steering control in the shortest possible time,

8. Q. What is the procedure on the bridge in case of a steering

casualty involving loss of steering control?
A, Call tbe Master and sound the steering casualty signal

of one long and two short rings on the general alarm bells (''"), announce-
ment on the PA, and one long and two short rings on the alarm bells. When
other ships are in the vieinity, hoist "not under command" signal or
international code flag "D' and/or sound & long and two short blasts on the
ship's whistle, as appropriate. Then execute the steering casualty bill,

9. Q. Where will you find the instructions covering changeover
procedures for a steering casualty?
A. They are posted in the steering engine room.

10. Q. How can you identify steering gear changeover valves
and couplings?
A. They are marked and labeled in accordance with the posted
changeover instructions.

B. Application. Have the group indicate or demonstrate how they
would change over to the various alternate steering methods.
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CHAPTER 4
OFFICERS' DAMAGE CONTROL - For Licensed Officers (Lesson Plans)
SECTION 4.7
PLOTTING DAMAGE

Presentation
Summary
Test and Applisatlon
I Damage Control Reporting Slip

I ObJectlves
1T Materlal
IIT Introduction

a4

I. OBJECTIVES.

A. To Ilmpress offlcer personnel with the Importance of making and maln-
talnlng an accurate plot of all damage control casualties.

B. To famlllarize offlcer personnel wlth the ship's damsge control dis-
play plans, thelr contents, purpose and use.

C. To 1lndoctrinate offlcer personnel in standard methods of plotting
cagualtles and the progress of correctlve measures taken.

D. To explain the lmportance of establishlng casualty boundarles and
advancing them as progress 13 made to elimlinate the casualty.

E. To explaln the methods of completing the plot when the casualty has
been eliminated.

II. MATERIALS.
A. Tralning Alds. Shilp's damage control display plans.

B. References. BUSHIPS Manual, Chapter 88, Sectlon II, Part 10,
InvestigatIng Damage; Sectlon I, Part 18, Estimate of the Situation.

ITT. INTRODUCTION.
4. Introduce self and subject {Plotting Damage).

B. Arouse Interest.

l. Damage Control Display Plans have been furnlished to all M3TS pass-
enger ships and are belng provided all other MSTS ships. These dlsplay plans are
deck plans for the indlvidual shilp drawn on an l1sometric projection. They are
set up in speclal frames 1n damage control central, under a plexiglass sheet, and
used to plot the locatlon, extent and progress of correctlve actlon of each
casualty occurring to the ship.

2. Communications between damage control central and repalr parties
and zone areas 13 of prime importance 1n furnlshing damage control central with
the neceasary Informatlon to make the plot and malntaln the record of progress
g0 that s plcture of the sltuatlon 1s kept current without relying on memory.

3. 3tandard symbols and colors are used throughcout the M3T3 fleet
four plotting all casualty sltuatlons on damage control display plans.

4. As primary and secondary damage boundaries are set up and reported
to damage control central, they are also plotted.
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5. When the casualty has been eliminated, completion of the plot
will so Indicate. TIf there is more than one casualty existing, the pro-
gress and completion of each is graphically pictured as corrective opere-
tlons proceed.

IV. PRESENTATION,

A, Plotting Procedures. The basis of damage control casualty plot-
ting 1s the isometric projection of the ship's deck arrangement plans show-
ing all compartments labelled and numbered according to the hull marking
system (COMSTS INSTRUCTION 9280.3 or effective revision) and showing all
damage control features by means of standard symbols.

1, These plans are generally mounted under plexiglass in special
frames in damage control central.

2., Colored grease pencils are used to plot the different types
of casualties. The plots are made directly on the plans' plexiglass
covers and can be wiped off with a cloth when the drill is secured,

a. Red pencill is used for "Fires",.

b, Green indicates "Flooding'.

c¢. Black plotting shows "Hull Damage'.

d. Yellow grease pencil is used for "ABC contamination",

3. Standard symbols are used throughout:

a, Fire. Fire 1s plotted by writing A, B, or C for the class
of fire (as '"C" for electrical fire) on the plexiglass over the compartment
on the deck plan, using red grease pencil.

(1) When the repair party reports arrival on the scene,
one side of a triangle to surround this symbol is drawn, also in red, as
HCH .

(2) Boundaries are drawn on the casualty plot as a
wavy line surrounding the area and the repair party is instructed by

sound~powered phone to set up boundaries and investigate aécordingly.

(3) When the repair party reports the fire has been
brought under control, the second side of the trilangle is drawn in, as

HEII.
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(4) When the repair party reports the fire extinguished,
the third side of the triangle 1s plotted, indic ting that the fire 1is
out and that cleaning up has been started, as “‘é&".

(5) Fire main is indicated by the letters "F/M",
Rupture of the fire main or other piping system in the fire area is
indicated by the symbol " - F/M" in red and, when repaired, is
indicated thus "_N_ F/M",

(6) If required and if permission has been requested
of and granted by damage control central, an open watertight door or
fitting 1s indicated at its location on the plan by "WTD" in red. When
secured, this symbol is boxed in "[H[B]".

b. Flooding. Flooding conditions are plotted in green
grease pencil, using the letter "F'" and a number to indicate the rate
of flooding, as "F 300" for flooding at the rate of 300 GPM.

(1) When pumps have been rigged and unwatering started,
the first side of the triangle surrounding this symbol is drawn in, as
IIF"'

- (2) When flooding is under control (no longer gaining),
the second side of the triangle is drawn, as '2&&5

(3) When the repair party reports the compartment has
been pumped dry, the third side of the triangle is plotted to complete
ic, as "Z\".

¢. Hull Damage. Hull damage such as cracks or holes in
shell plating are plotted in black grease pencil,

(1) Structural damage is indicated by the zig-zag
symbol " "W

(2) Damage repaired is a zig-zag boxed symbol enclos-
ing the damaged area.

{(3) A hole in plating is indicated by the symbol ‘(::>'
and a number indicating the size of the hole in feet or inches, as "

un .
7
(5) Where shoring is erected, Indicate this in the

correct location and direction by symbol, “K or N".

(4) When the hole has been patched, box in the symbol
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d. ABC Contamination. Contamination resulting from ABC
attack is plotted in yellow grease pencil

(1) Areas found to be contaminated after rough survey
are circled and labeled with the appropriate symbol: "A'" for atomic, "B"
for biological, and "C" for chemical contamination.

(2) When the affected areas have been decontaminated,
ghade or cross-hatch the encircled area.

e. Use of Symbols. This standard system of plotting
symbols and color code will permit maintenance of a current running
picture of the casualty situation, progress of control measures, and cor
rective action on one or more cagsualties for the information of both the
demage control officer and the master. Boundaries for containing damage
are plotted in the color appropriate to the type of damage. Even after
control and correction or repair of the damage, patrols such as fire and
security watches are set to assure that control is maintained.

f. Resume of Casualty Plotting Symbols, These are the
standard Navy symbols used in most ships for casualty plotting:

A B _C (in red). Classes &, B, and C fires reported,

[A_ [ﬁ_ & (in red). Classes A, B, and C fires - under

control,
A A (in red). <Classes A, B, and C fires - fire out.
/A (in red). Class A fire - reflash watch set,
& (in red). Class B fire - compartment tested.
@ (in red), Class C fire - fire overhauled.
F (in green) Flooding = reported
F300 (in green) Flooding reported at the rate of 300 GPM.

(in green). Flooding - pumps rigged.
(in green) Flooding - being pumped out,.
(in green) Flooding - completely pumped out,

L
&
@- (in black) Holes - indicating size.

r@j (in black) Hole - patched.
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{ Broken pipe or line (red for fire
and black for other piping),

Broken pipe or line repalred (red
= bﬂ-— for fire and black for other piping).

Broken pipe of line isolated (red
¥~ —X for fire and black for other piping).

Break bypassed, (red for fire and
m black for other piping).

K or N (in black) Shoring,

FM (in red) Fire main

WTD (in black) Watertight door,
WTH (in black) Watertight hatch,
AfH (In black) Access hateh,

B. Communications, Communications, in any casualty situation, must
be established quickly, must be dccurate, and must be restricted to essential
messages. 1In order to direct Proper emergency action, the damage control
officer must know exactly what the casualty is and all details regarding the
location and extent of damage, distribution of equipment and personnel, and
must receive regular reports of progress. Therefore:

1. Telephone talkers must be trained to transmit clearly, slowly
and in standard phraseology,

2. Rigid control of circuilt discipline must be maintained {in
order to insure that messages get through properly,

3. Repair parties must keep damage control central constantly
informed of Progress; regarding personnel casualties, 1f any; boundaries
et up to contain the casualty; equipment used and Steps taken to combat
or eliminate the casualty; flare-up watch get on extinguishment of fire;
security watch posted to check and tighten shoring when completed; progress
of unwatering; repairs to piping or electrical circuits, ete,

4. 1If telephone cummunications are interrupted, the .flow of

information to damage control central must be maintained by utilizing
méssengers until telephone contact can be reestablished,

4-63



COMSTSINST 3541.54
14 September 1961

2. Q. What is the symbol and color used to plot flooding
situations?
A. The letter "F", together with a mumber indicating the
rate of flooding, enclosed by lines eventually forming a triangle, all
plotted in green.

3. Q. What emergency situation does yellow indicate in the
damage control plot?
A. ABC contamination.

4, Q. Why 1s it {mportant to establish casualty poundaries?
A, Casualty boundaries are necessary in order to contain
and prevent any further spread of fire or other damage. In passenger
ships, these boundaries keep unnecesary personnel clear of the action area.

5. Q. What is the purpose of damage control display plans?

A. They permit a current running plcture of any casualty
gituation and thus enable the damage control officer to efficiently direct
corrective measures. They also make full informatlon available to the
master at all times to enable him to maneuver the ship to best advantage.

6. Q. Why are communications considered especially important
in casualty situations?

A. Communicaticons are important because plotting of damage
cannot begin or be kept . current without good communications to relay in-
formation from repair officers to damage control central and orders OT
instructions to be relayed back.

7. Q. What casualty information is plotted in black?
A. Structural damage, holes in shell plating and shoring.

8. Q. What do the sides of a red trisngle plotted on the
damage control display plans during a casualty represent?

A, A fire area: oOmne gide indicates the repalr party is
at the scene, the second side is plotted when the fire is reported under
control, and the third side of the triangle is completed when the fire
{3 extinguished.

9, Q. How is a ruptured fire main plotted?

2 Tt s plotted "—mm—df p——F/M" in red and e F 11

when repaired.

10, Q. If repair one had to open & watertight door in the casualty
area, what permission is required and how would it be shown on the casualty
plot?

A. The damage control officer would have to authorize opening
of a watertight door. He would plot it at its location, in red, as a UyTD" .
When secured, it would be shown boxed 1in.
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- Plotting a stimylateg fire and/or flooding,
2. Plotting g damaged Structural gpes,

3. Plotting Secondary boundary arsas.

4, Plotting the access routes to damaged areas.

5. Plotting a 8lmulated collision,

VII. DAMAGE CONTROL REPORTING SLIP,
T SATORTING SLIP,

DAMAGE CONTROL REPORTING SLIp TIME

DIRECTIONS: 1. Repair Officer or Zone Area Commander sponld fill out slip and fand it to Telephone
Talker or Messenger for transmistal te DCC. 2, Ar-Dec, Telephone Talker records all information

on an identicg] slip before forwarding 1o the p. C. Officer. He then hands it to the p. (. Officer.

3. Messages from DCC are handled gs items | and 2 gbove. 4. Afier drills, the corresponding slips
will be matched and reviewed for effectivencss and corrective action,

REPORTING LOCATION
REPAIR ZONE

EMERGENCY (BY TYPE) )
M
REQUEST

M
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CHAPTER &4
OFFICERS DAMAGE CONTROL - For Licensed Officers (Lesson pPlans)
SECTION 4.8

LEADERSHIP IN DAMAGE CONTROL

1, Objectives Iv. Presentation
1I. Material V. Summary
I11I. Introduction vI. Test

1. OBJECTIVES.

A, To impress‘officers-in-charge of repair parties, zone area com-
manders and lifeboat commanders with the importance of good jeadership
{in meeting their re5ponsibilities in the damage control organization.

B. To outline leadership procedures in specific damage control
gituations which reflect officers’ jeadership capabilities.

Cc. To accomplish a more efficient damage control operation with
gkilled men or at times with fewer trained men.

D. To emphasize the technigues of good {nstruction as they relate
to damage control training.

E, To impress officers with the importance of establishing high
standards of behavior and performance by personal example.

11. MATERIAL.

A, Training Afds.l Film - MN 5328B "ghipboard Training - Learning
by Doing," 13 ainutes. 2e.Film,FN 8829, Effective Naval Leadershlp Series
3, Films KN-9698, fesdership Speaks series.

B. References.

1. Naval Leadership, U.S. Naval Institute.
2. Selected Readings {n Leadership, U.S. Naval Institute.

3, COMSTS INSTRUCTION 5390.1 (Moral Leadership Program) .
Lo U.S.Navy Manwal for Leadership Support, NAVPERS 159344

4-66

ch#€

ch#g





