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{2) Move the skillet to closed position marked CAL STD
and with center knob adjust the needle to coincide with the RED pointer.
This pointer is preset to the correct value of STANDARD in the skillet.

(3) Repeat (1) and (2) above till the needle settles
on A and the RED pointer when the gkillet handle 1s shifted between these
two positions. When using the CP 95 computer-indicator, check needle 1n
A apd CAL STANDARD at frequent intervals (about every tenth DT 60 reading)
for accuracy.

¢. Reading the DT-60 Dosimeter.

(1) Open the DT 60 with wrenches or opening studs on
top of CP 95 case under the handle. Take care not to touch the surface
of the phosphor glass crystal.

(2} Log the serial pumber of the DT 60

(3) Place the crystel bearing half of the DT-60 in
the recelver socket of the gkillet.

(4) Read first on the 600R scale, then, if the reading
is below 200R, read on the 200R scale.

(a) On the BLACK scale (o to 200R}, the value of
each division of the scale is 10R.

(t) On the GREEN scale (0 to 600R}, the value of
each division is 20R.

(5) Log the reading obtained on the lowest scale.

(6) Open the reader by moving the skillet handle all
the way to the lef%. Remove the Dr-60, reassemble with wrenches or studs
on the CP-95 case, and return the dosimeter to the wearer.

D. Demonstration of QOperation.

1. Using the radioactive source, demonstrate the operation of
each radiac instrument to the group.

2. Then permit each trainee to operate the equipment himself.
E. Film. Briefly introduce and show training f£ilm MA 6T730A, An
Introduction to Radiation Detection Instruments, or appropriate films
from the MN 869k series, Radiac Equipment.

F. Radiac Allowance. Radiac equipment in MSTS ships includes some
or all of the following allowances:
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RADIAC EQUIPMENT IN MSTS SHIPG* o2
A
- <
RADIAC SET Survey 0 to .5 R/HR Battery Must be checked every six months by authorized 3
AN/PDR-18 Series 0 to 5.0 R/HR radiac repair shop. 1
(High Intensity 0 to 50 R/HR NN
Measurements ) 0 to 500 R/HR \oyn
RADIAC SET Survey 0 to .5 MR/HR Battery Must be checked every six months by authorized
AN/FDR-27 Series 0 to 5.0 MR/HR radiac repair shop.
(Low Intensity 0 to 50 MR/HR
Measurements ) 0 to 500 MR/HR
SURVEY METER ALPHA For Monitor- O to 10,000 M Battery Must be checked every six months by authorized
(Passenger ships ing Food rediac repair shop.
only)
PHOSPHOR-GLASS Personnel 0 to 600 R None required Non-indicating. Must be read with a "Computer-
DOSIMETER protection Indicator" CP-95/FPD.
DT-60/PD
POCKET DOSIMETER  Personmnel 0 to 200 MR Set on zero Current pocket dosimeters are unrelisble. New
IM~9/PD protection by charger type being developed.
RADIAC DETECTOR Charging Self-contained Used in charging: AN/PDR-17, IM-8,/PD, IM-9A/FD,
CHARGER Focket electrostatic IN-19/PD, IM-21,/PD, and IM~22/PD
PP-354/PD Dosimeters ‘ generator
COMPUTER INDI- For use with 0 to 200 R 120 Volt AC Reading is total radiation dosage to which the
CATOR CP-95/PD Dr-60/PD 0 to 600 R DI-60/PD has been exposed.

* Radiac equipment allowances for MSTS ships in-service are established by and contained in COMSTS IRSTRUCTION
9670.1 (Allowance of Electronic Equipment for MSTS ships in service; establishment of). Radiac equipment
allowances for MSTS ships in commlssion are established by and contained in OPRAVINST 09670.2 (Ship Type
Electronics Plan).

AT AR . . . _ _ . . ‘43 . .
WQR2.  Tew, imnroved pedis foulnment is under on*inpal cavelonerent, with a wonsidershla tire Jag
W vefore dts shinbonrd avaiishy ty., In the meantime, clder eguinwant besomes ciffiglt to
é REIRLALN And wmay be de:lared ghanlata, “harefors. this list 4s not neressariiy un to Azte
ut doer dndiscte tha Tymeas of eruinsent sener-ily ayntlanhle oo treining purngses,

-~










COMSTSINST 354L.5A
14 August 1959

V. SUMMARY. - Show, describe and demonstrate the use of the following radiac

instruments: .
A. Hi-R Equipment. Portable survey equipment capable of detecting and

indicating the presence of high intensity of gamma radiation, fram O to

500 roentgens per hour.

B. Lo-R Equipment. Portable survey equipment capable of detecting and
indicating the presence of low intensity {low roentgen) of beta-gemna radi-
ation, from 0 to 500 millircentgens per hour. '

C. Phosphor-Glass Dosimeter. A badge used for personnel protection;
has a range of O to 600 R/HR. No power such as batteries is required. It is
non-indicating and must be read with a computer-indicator.

D. Radiac Computer-Indicator. Designed for computing and indicating
the total emount of X-ray snd gamma radiation to which dosimeter DT-60/PD
has been exposed. Fower required for operation 1s 120 volt AC. Range 1s
0 to 600 R/HR. :

E. Radiac Detector Charger. Used for charging the pocket dosimeter.
Power 1s supplied from a self-contained frictional electrostatic generator
(currently, pocket dosimeters ere unreliable but a reliable model is being
developed).

NOTE: New equipment will be provided as developed and available.

VI. TEST AND APPLICATION.

A. Test-- Use these and additional questions as an oral quiz.

1. Q. Define a "dose rate" meter.
A. A "dose rate’ meter is a device that measures the intensity
of radiastion in roentgens per hours, similar to a speedometer reading in
"miles per hours".

2. Q. What is the purpose of a phosphor-glass dosimeter or badge?
A. A phosphor-gless dosimeter is a device used to indicate the
accumilated dosage of rediation; it is similar to total miles driven on a
speedometer.

3. Q. What 1s the difference between a high intensity meter and
a low intensity meter? ‘
A. High intensity devices read in roentgens (R) and low intensity
devices read in milli-roentgens (MR).

4. Q. May shipboard personnel service radiac instruments?
A. No. Shipboard personnel are not permitted to service radlac
equipment. These instruments are very delicate and sensitive and must be
gerviced only in authorized radiac repair shops.
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2. Q. Can miclear radiation be detected by any of the five
natural senses?
A. Fo. It can be detected only with radiac instruments.

6. Q. How is the phosphor-glass dosimeter (DT-60) read?
A. It is read by the use of an auxiliary device called a
"Computer-indicator",

7+ Q. What radiac equipment is included in allowances of MSTS
ships?
A. Radlac set (high intensity)
Radiac set (low intensity)
Phosphor-glass dosimeter, pocket dosimeter, rediac detector-
charger, and computer-indicator.

8. Q. Define the term "radiac".
A. "Rediac” is the term given to all radio-activity detection
Instrments. It stends for Radiological Activity Detection, Identification,
and Computation.

9. Q. Name the three basic types of muclear radiation glven off
by radicactive elements.

A. Alpha particlea, beta particles, gamms rays.

10. Q. Name the three main purposes of moni toring for miclear
radiation.
A. To determine location, intensity and dose rate of radiation
to which exposed personnel have been subjected.

B. Application - Have each individual demonstrate his knowledge of and
ability to take readings with the various radiac instruments.

Radiological

- Activity

- Detection
Identification
= And
Computation

QrHOPT
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vII. HANDOUT. A convenient radiaticn dosage caleulator has been placed sboard
many ships (see 1llustration of next page). The followlng directions for its
use may be reproduced ‘as a handout and for reference purposes.

DIRECTIONS FOR USING THE RADIATION DOSAGE CATCULATOR

A. Rediatlion Hazard, After a nuclear explosion, there 1s danger of resid-
ual radloactIvity ceused by fallcut in the case of an air burat, or by the base
surge or radicactive rain in an underwater burst. After the fallout 1ia over,
the radloactivity decreases with time, rapldly at first, then more and more slowly,
through natural decay.

B. What the Calculator Will Do. The radlation dosage calculator will
aolve three Lypos ol problems:

1. Tt will predict the dosage rate at any future time (or glve the
rate for any time p@st?? )

5. Tt will find the totel dose accumilated by one person (or persons)
up to the present time.

3. It will determine the staey time for any permissible dosage {the
length of time one can remain exposed): Entry time, or exit tlme.

C. Background Information. The master, damage conirol officer and ABC
defense officer shou ow or determine the following before using the calculator:
1. The units of measurement for DOSE and DOSE-RATE are roentgens §§g
outer 1

and milliroentgens (mr), or one-thousandih of a roentgen. "K" on
("A'"dTgl) means thousand, so 1K equals 1000 units. The "A" diasl 1s the one on
vhich all DOSE or DOSE-RATE readings in roentgens or millirocentgens are read.

2. As 1in reading from a speedomester, the DOSE-RATE readings are In
r/hr or mr/hr and the DOSE readings are in r or mr, as "miles traveled", or
amounts of radlation exposure during a given time.

3. The middle dial (red or "B" dial) 1s the "TIME after the detonation"
dial. All times are messured from the TIME of the incident - the "H hour.

4. The inner dilsl (black - "C" dial) 1s the "TIME OF EXPOSURE" dlsl,
which 1s used for all problems involving total DOSE recelved during any length
of time in a contaminated area. B

5., The master must kmow the permissible whole body doses (if only a
part of body 1s exposed, there 18 less danger):

a. In peacetime, 5 r 1s the highest permissible accumulated dose
in a year.

b. An accidental or emorgency dose of 25 r over the whole body
i3 mssumed to have no permanent effect, but this dosage should cccur only once
in a lifetime.

¢. In wartime, military necessity may call for greater exposures
than the above.

6. If readings taken through a door continue to rise, keep under cover,
since fallout is continuing.

7. Constant, or decreasing, radiation level readings at a selected
interior locatlon will indicate when fallout has ceased.

D. Procedure in Solving Problems.

1. Sesmple DOSE-RATE problem.
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a. Facts glven. Ten hours after the explosion (H 4 10) a survey
meter gilves a reading of 200 mr/hr in a contaminated area.

b. To Find. What will be the DOSE-RATE readlng at 1 day (24
hours) after the explosion (H + 1d)?

c. Procedure. Using the outer and middle dlals only {"A" and "B"
dials), rotate the ved "B" dlal until the 10 hour mark is directly opposlte 200
(mr) on the black "A" dial. Then opposite the I day mark on the red "B" diaT,
read 70 as the answer on the black "A" dilal., This is In mr/hr, since your orlg-
inal reading was glven In mr{i’g. If the original units were r/hr, the answer
would be in 1/hr. This sameé setting can be used for determining the predlcted

DOSE-RATES at any future time - or vice-versa, the time at which any gpeclfic dose-
rate reading can be expected.

Example: To find the tlme at which the intensity would fall to 10 mr/hr, based
on the same facts as in the previous problem, use the same basic setting, locate
10 on the outer black "A" dial and read 5 days on the red "B" dlal as the enswer.

2. Sample ACCUMULATED DOSE Problem.

a. Facts given. The dose-rate reading at H - 10 was 20 r/hr. A

man was observed enter e area at H + 7.

h. To Find. What willl be hils accumulated dose to the present
time - 10 hours after the explosion (H + 10)?

c. Procedure. The two outer dials are rotated so that 20 (r) on
the outer black "A™ dlal Is opposlte 10 hrs on the red "B" dlal. Rotate Inner
black dial ("C" dIal) until the 7 hr mark Is opposite the end of the START
EXPOSURE artow on the red "B" digl. Place the 7 hr mark opposite the end of the
arrow, 0ot the line next to 1t. Now locate the 10 hour mark on the "C" dlal,
follow the red gulde line out to the outer black dlal ("A" dlal - DOSE reading
d1al) end read about 80 (80 ¥, since the original Dose Rate was in r/hr).

NOTE: Since the 10 hour mark on the inner black "C"
dial is s1Ightly "behind" the red gulde line, a
corresponding proportionate correctlon 1s made
%Enrg?gi.ng the correct answer off the outer black

3, Sample STAY-TIME Problem.

a. Tects glven. The Dose—Rate reading 1s 3r/hr at H + 5 hrs.
The Master has set—fh‘_ﬁﬁxmb'le PERMISSIBLE EXPOSURE DOSE (MPE) at 20r.

b. To Find. STAY-TIME in the area for a man who enters at 5 hours
after the blast (H + 5)

¢. Procedure. Use same basic procedure for setting "A", "B", and
"g" digls as for previous problem - except the initlal readings and condltlons
are now 3 r/hr at § + 5. The new condltlon for which answer 1s needed 1ls that
the man should not be allowed to accumilate more than a dose of 20r, as set by
the Master. How long can be STAY In the contamlnated area? -

After setting 3 (r) on the outer black "A" dlal opposite 5 hrs
on the "B" dfal, and ENTRY time at 5 hrs on the "C" dlal, TTnd
the maximum dose reading 20 (r) on the outer black "A" dlal,
follow the red gulde line on the "B" dlzl down inward to the
inner black "C" dlal and read }%. This is TIME AFTER the
blast - to determine the approx e number of hour's Lhe man
should be allowed to STAY in the area after he entered, 1t would
be necessary to subtract the 5 hours (he entered at H + 5) from
1 day. The STEY-TIME then would be:

1 day, or =¥ hours, minus 5 hrs., equals 13 hrs. as the answer.
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4. Variation. Often you are interested in determining when you can
ENTER s contaminat®d area and STAY for a perlod of time without exceeding an
establlished radistion exposure 1limit.

a. Facts gilven. The MPE 1s 25r and the original DOSE-RATE read-
Ing 1s 16r at H 3 hrs.

] b. To Find, When can you enter the area to perform rescue work
estimated to require ¥ hours STAY-TIME without exceeding the MPE of 25r?

¢. Procedure. 8et the 16 (r) DOSE-RATE on the outer black "A"
dial opposite the 3 hr marker on the red "B" dial.

Fote the 25(r) DOSE mark on the outer black "A" dial and
follow the corresponding red GUIDE LINE down or in toward

the "C" dial. Thls guide line and the "START EXPOSURE" marker
now represent the two limlts between which you want to place
the earliest 4 hrs of STAY-TIME, as indicated on the inner "C"
dlal. By moving the various hour markers on the "G" dial back
and forth so that a total of 4 hrs of elapsed time can be
"compressed" between these two 1imits; 1t will be seen that
the earllest time at which this can be done is with the space
‘between the hour markers of 5 hrs ENTRY TIME and 9 hrs EXIT
TIME,

It will be noted-that If you place the 4 hr marker at START
EXPOSURE, the next 4 hours of elapsed tIme would carry you
beyond tThe 25r 1imit line. This, then, indicates that Ehis
would be too €arly as an entry time, In like manner, any
trial after 5 hra Entry Time would indicate that 4 hours
elapsed tlme would fall well within the 25r 1imit.

Accordingly, the answer to your problem 1s: ENTRY TIME should
be at H + 5.

5. Directlons. The directions on the back of the calculator should
also be studled and used 1in solving similar practice problems.

E. Stova%gﬁof Calculator. Recommended stowage of the calculator 1s in a
conspleuous clo vocket Tn damage control central.
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COMSTSINST 3541.54
1. Radlologleal Defense - Volumes IT and Iv. 2 February 1961

2. Instruction Guide for Shipboard Atomlc Defense (Radlological Aspects,
NAVPERS 10886).

3. ABC Warfare Defense, NAVPERS 10099.
ITT. INTRODUCTION.

A. Introduce self and subject (Monitoring Procedures).

B. Contamination. Radlologlcal contamination 1s the presence of radio-
active materTal over an area, article or individusl. This may conslst of any
comblnation of alpha, beta or gamma emitters which constitute & hazard to per-
sonnel. Radlatlon from these emitters cannot be seen or felt, nor can it be
detected by any of the five natural senses.

C. Purpose of Monitoring. Monitoring 1s conducted for the following
purposes:

1. To determlne and mark off contamlnated areas and/or objects.
2. To establish an exposure rate or "stay time."
3. To detect contamination of personnel.
4. To establish "clean" routes for operating personnel.
5. To prevent the spread of contamination.
Iv. PRESENTATION.
A. Bhip's ABC Defense Organization. (See Sectlon 1.5, ABC Defense Bi11).

1. ABC Defense Officer (First Asslstant Engineer).

a. Coordinate with the Damage Control Officer in organizing for
ABC defense.

b. In charge of directing monitoring and decontamination teams
from repalr locker control point.

c. Is responslble for calculating and recommending to the Master
the "MPE" (maxlmum permissible exposure) and "sfay time” for personnel requlred
to Wwork 1n contaminated areas.

2. Master.

a. Based on calculatlons and recommendations of the ABC Defense
Officer, establishes the "MPE" and "stay time". This 1s a command decision and
may not be delegated.

b. The Atomic Energy Commission (AEC) has set a normal, peace-
time "MPE" in any 13 consecutive Weeks as 1 REM (biologlcal dose or roentgens)
per quarter or five REMs (or roentgens) per year. (For all practics. purposes,
a REM can be considered equlvalent to a roentgen. )

c. In wartime, the Master would have to declde the "MPE" based on
the tactlcal sltuatlon. For guldance, the following medical effects are llsted:

Exposure

0 to 150 R 25% of peraonnel wlll be slck for one
150 to 200 R 50% g?yiersonnel will be sick for one
200 to 300 R 100% 111 be sick for ome day, with

posslbly 20% dead.
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%. Repalr Party Officer.

a. Trains personnel assligned to monitor teams.

b. Assures that the monltor team has a set of plans or charts,
pencils, chalk, markers, survey meters, DT-60/PD dosimeters, and pocket dosli-
meters.

¢. Assures that protective clothing and gas masks are properly
wvorn Including:

(l) Gloves — cloth and rubber, with sleeves taped closed
around them.

(2) Coveralls - rubber, with pants legs taped closed at
ankles.

(3} Rubber boots.
{4} Head covering.
(5) Protective masks or resplrators.
d. Reports to ABC Defense Offlcer at repalr locker control point.

4, Monitor Team. Fach team conslsts of two or three men; generally a
menltor, a recorder, and & messenger if necessary. Monitoring is performed qulte
some tlme after a burst 1f the radiation 1s severe. One man may first make a
rapld rough survey to determine the extent of radlation tntenslty and also to
avold exposing additlonal personnel.

s8. The senlor man, the monltor, carrylng a survey meter, reports
the current dose, intensity, time and locatlon to the recorder and later to the
ABC defense offlcer.

b. The recorder plots the key intensities and type of radlatlon
on plans provided, noting time of the survey. In addltion, he logs readings of
pocket desimeters at start of the survey, and agaln on completilon.

¢. The measenger marks off "hot areas" by means of chalk or
markers, showing the detalls of Ilntensity and time.

B. Human Tolerances. The peacetime "MPE" (maxlmum permissible exposure)
13 established by ABC via the Federal Reglster. The latest sllowance for ARC-
licensed industrisl workers was established by the Federal Reglster of 7 3ep
1960 as 1i REM {or roentgens) per quarter or 5 REM per year as a dose over the
whole body or to the gonads, active blood-forming organs, head and trunk, the
lens of the eye.

1. Accumulated Exposure. The maximum permissible accumulated ex-
posure, at any age, 18 I'Lve times the number of years beyond 18, provided no
anmial part of thils accumulated dose exceeds 12 roentgens. For example, at age
28, the MPE {accumalated) is 28 minus 18 or 10 years times 5 equals 50 roentgens.

2. Fmergency Exposure. In an emergency, an exposure of 25 roentgens
to the whole body ior An accldental exposure In peacetlme) cccurring only once
in a person's lifetime, 13 assumed to have no effect on the radlation fo%erance
status of Thaet person (Natlonal Bureau of Standards Handbook #59).

3. Medical Exposure. Radlatlon exposures resulting from medical and
dental proceduTes are assumed to have no effect on the radliation tolerance status
of individuals.

C. Monitoring Techniques. There are two baslc techniques for taking sur-
vey readings w radiac atruments. These are: walst-high readings taken with
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instrument held constantly at walst level, and near-contact readings taken wilth
the probe or instrument held about one inch from the contaminated surface.

1. Rapid or Rough Survey. The rapid survey 1s made 1in operational and
weatherdeck areas as 300N =r the blast ag safety and the sltuatlon dictate.
Tt 1s taken by the walst-hlgh technique and always using a Hl-Range survey meter.

The 1initisl ‘survey 1s completed as rapldly =% possible and may initially be made
by just one mamn.

5, TDetalled Survey. This is first taken by the walst-high nethod as
above. If readings are iow, 1t will be followed by a re-check witk a Lo-Range
survey meter, using the near-contact technique, and paying particular attention
to vital areas.

%. Personnel Monltoring. This 13 always done by the near-contact tech-
nique, with a Lo-Range 1ns rament 1f pcssible.

4. "Stay Tme". After the rapid rough survey, the ARG Defense Officer wlll
determins the command exposure rate, which 1s essentlally the permissible "stay
tims" for decontaminstlon teams. He will also plan safe routes and additional
monitoring procedures. All readings on radiacs are plotted and reported to the
ABC Defense Cffilcer. Speclfled survey routes with designated spots at which
readings are to be taken should be set up in advance for each individual shlp
depending on the priorities of operatlonal areas and use requlrements.

5. Re-surveys. . Re-surveys follow all decontaminatlon measures.

6. Survey Technigues.

a. TUtllize the carrying harness on padiac survey lnstruments. Thls
keeps the set from touchlng the deck and vecoming contaminated and 1t also
facilitates rough surveys in which readings are taken walst high.

b, For computing progress of decay, readings should be taken at the
same dlstance from the surface monitored 1n both the rough and detalled surveys,
followed by a second detalled survey Ly the near-contact method.

c. Take several readlngs of the same area 1f time and exposure permit.

d. There will be variations in readings after an interval due to de-
cay and/or decontamination.

e. Take readings 1n all directions. Your body may shleld the detec-
tlon chamber.

£ (bserve all safety precautions pecullar to rediatlor: hazards.

7. Marking of "Hot Areas”.

a. Use standard "atom" marker. (Radlological Defense, Volume IT,
Figure 9.36). Secure the markers to a menlla line to keep personnel out of "hot
areas” and to show safe access routes.

b. Write the intensity, time and date on the markers.

¢c. Intenslties of areas may alsoc be indicated by chalk.

d. 9afe access routes should be clearly marked.

6. When the area has been decontaminated change to a "3afe" marker
or remove the "Atom" marker.

8. Supplementary Moniltoring. This will be conducted to:
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a. Check food and water supplies.

b. Dlspose of unpackaged water, food and particularly meat which 1s
cutslde of reefer boxes.

¢. Monltor peraonnel at decontamination stations befure and after
showering In order to record thelr exposures.

d. Monitor ventllation 1intakes and outlets.
e, Monltor openlngs to weather deck aress.
V. SUMMARY.
4. Explaln the dutles and procedures of moniltor teams 1in ABC defense.
B. Stress the importance of protective clothing.

C. Dilscuss possible decontamination routes to take on own ship.
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D. Review the meaning of dosage rate and explain vhy the MPD is a
flexible one which may vary according to situations (particularly emer-
gency situations).

E. Review various techniques in monitoring, the importance of re-
porting, and the value of accurate plotting.

F. Introduce and show one of the films listed as training aids.
VI. TEST AND APPLICATION.

A. Test. Use these and additional questions as an oral quiz;

1. Q. Who 18 the ABC defense officer 1in any MSTS ship?
A. The first assistant engineer is in all cases the ABC
defense cofficer.

2. Q. What protective clothing and other protective devices do
monitoring teams wear?
A. They wear rubber coveralls, rubber gloves, boots, head
covering, respirators, DT-60/FD dosimeters , and pocket dosimeters.

3. Q. A monitor team consists of three men. Name them and
briefly state their duties.
A. The senior man, the monitor, carries the radiac meter and,
calls off intensities and types of radiation. The recorder plots these
readings on the plans. The messenger marks off "hot areas".

4. Q. What 1s meant by a dosage rate?
A. A dosage rate is the amount of radiation being emitted
Per unit of time, i.e., roentgen per hour.

5. Q. What 1s the main reason for the initial rough survey?
A. To determine the command dosage rate and the "stay" time
for decontamination teams.

6. Q. Why should the radiac meter be carried in its harness and
not be allowed to touch the ground?
A. The instrument itself must not beccme conteminated and all
readings can readily be taken waist high during the rough survey.

T+ Q. What do you do with slightly conteminated food and drink?
A. "Deep six" them; contaminated food or drink must not be used.

8. Q. After contaminated personnel have taken a hot shower with
several soapings and rinses, what is the next step in the decontamination
procesgs?

A. Monitor them thoroughly and re-shower if necessary.
9. Q. What technique of menitoring 1s used in personnel monitoring?

A. The near-contact technique.
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10. Q. What details should be noted on markers used to show "hot"

areas and safe access routes?
A. Markers should show the intensity, time and date for "hot"
areas, and should be changed to "Safe” merkers after decontamination.

B. Application. Organize the group into monitor teams of three

and have them demonstrate proper rough and detailed survey techniques,
recording and markings.
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CHAPTER 3

ADVANCED DAMAGE CONTROL - For Deck and Engine Personnel (Lesson Plans)

Section 3.1k

DECONTAMINATION PROCEDURES

I Objectlives IV Presentation
II Material V Summary
III Introduction VI Test and Application

VII MSTS Magazine Article

I. QBJECTIVES.
A. To familiarize personnel with shipboard decontamination procedures.

B. To plan for the reduction of contamination hazards and the restor-
ation of normal operations aboard ship in event of ABC attack.

C. To stress the need for personnel decontamination.
II. MATERTIAL.

A. Training Alds.

1. Film MY 9221, The Washdown Countermeasures, Freventing Radio-
loglcal Contamination of Ships Exposed to Underwater Atomic Attack, (20 mi mrtesh

5. Film MN 6949C, Industrial Radiological Decontamination of
Ships, Ship Decontamination Methods (16 minutes).

3. Ship's protective clothing.
4, Ship's damage control- display plans.
B. References.

1. Radiological Defense - Volume II, Chepter 11.
5. Shipyard Industriel Radiologicel Manual - NAVSHIPS 250-348.
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3. Instfuction Guide for Shipboard Atcmic Defense, NAVPERS 10886.
4. Atomic Warfare Defense, NAVPERS 10097.
III. INTRODUCTION.
A. Introduce self and subject (Decontamination Procedures).

B. In World War II, damage control measures following ocean warfare
attacks involved chiefly the clearing away of wreckage and restoring ships
to pormal. operations.

C. Atamic, biological and chemical (ABC) warfare defense will require
a preliminary job before clearing away wreckage and repairing damage, that
is -« "decontamination".

D. Radiological contamination may result from an underwater explosion,
a surface burst, or from fallout as a result of an air burst explosion
hundreds of miles awmy.

E. After a contaminating attack, restoration of undemaged equipment
may be achieved either by walting, to permit the radicactivity to decay,
or by decontamination, which reduces the activity to a level at which it
is no longer a significant hazard to operating personnel.

F. This session will be limited to radiological decontamination, al-
though many of the same techniques, if all precautions are taken, will
serve for blological and chemical decontamination.

IV. PRESENTATION.

ship's superstructure down so that contamination will not stick readily
and washes away much of the contamination which may fall. Tms it affords

a contirmious rough preventative and decontamination process. The wush-
down procedure consists of the fo. :

1. Set condition "Emergency" {Buttoned-Up). (See ABC Defense
Bill, Section 1.5).

2. Rig weather deck hoses to their respective washdown clips
and take cover at designated repair locker or other interior location.

3. In ships equipped with the fixed-pipe spray system, rig hose
Junpers and take cover at designated repair locker or other interior
location.

L. start all fire pumps with full fire main pressure, check far
good washdown coverage, and maneuver as necessary to assure best cove: gf
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'c. Notify decontamination teams of "hot areas" as desig-
nated by the ABC officer.

2. Isolation of "remote areas"” may be accomplished by roping
or marking off these areas for later shipyard decontamination.

6. Disposal operations. Contaminated debris and articles badly
damaged, or articles which cannot be decontaminated, such as porous materials
(canvas, line, etc.) should be disposed of over the gide.

f. Washdown. Hose down weather deck surfaces and/or repeat the
washdown countermeasure to remove any remalning contaminastion.

8. Other possible methods of rough decontamination by ship's
force are by:

a. Steam.
b. Caustic solution - lye or boiler compound.
¢. Sealing with a coat of paint.

9. Shipyard and repair base methods of detailed decontamination
include;

&. Surface decontamination.

(1) Vacuum cleaning.

(2) Flame cleaning.

(3) Abrasion (scraping, grinding, sandblasting, etc.).
b. Aging and sealing.
¢. Disposal.

D. Personnel Decontamination. Personnel decontamination will be
accamplished as follows:

1. Exposed personnel will follow designated routes to decon-
tamination stations.

2. They will strip their clothes off in designated spaces and
willl place them in the containers provided.

3. They will turn in their phosphor-glass dosimeters (DpT-60/PD)
for reading.

L. They will shower. This includes thorough soap scruktbing of
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bair, armpits and pubic regions, rinsing and rescrubbing.

5. Pergonnel will be monitored immedlately after leaving the
showers and will repeat showering and scrubbing if necessary, until all
contamination has been removed.

6. They will then enter the clean dressing rocms and be given
clean clothing.

V. SUMMARY.

A. Summarize the use of the washdown countermeasure, introduce, and
show film MN 9221 - The Washdown Countermeasure.

B. Review key points of preliminary and secondary decontamination
methods .

VI. TEST AND APPLICATION.

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

1. Q. what is the main purpose of radiological decontamination
aboard ship?
A. To get rid of radiclogical contamination and to resume
normal activities as soocn as possible after contamination.

2. Q. What are same of the primary ceuses of radiological con-
tamination?
A. Surface, air or underwater miclear bomb burst, or fallout
as & result of a distant nuclear bomb explosion.

3. Q. How long should the washdown countermeasure, or water curtein,
be maintained over the ship's exposed surfaces?
A. The washdown countermeasure should be contimied until danger
from fallout, has passed.

L. Q. After the washdown countermeasure hag been secured and
the detaliled monitoring survey has been completed, what is the procedure
for decontaminating "hot aress”:
A '"Bot areas’ are then decontaminated by hosing down the areas
with sea water under pressure.

: 5. Q. How many men comprise each decontamination team and from
where are they assigned?
A. Each decontemination team consists of two men provided
from repair party I.

6. Q What important information must the decontamination team
have before starting to hose down "hot areas'?

A. They must have an established dosage rate or "stay” time in
the "hot area". This is designated by the ABC officer.
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CHAPTER &4
ADVANCED DAMAGE CONTROL - For Deck and Engine Personnel {Lesson Plans)
SECTION 4.1
FUNDAMENTALS OF SHIPS STABILITY

I. Ob jectlves TV. Presentatlon

IT. Material V. Summary

ITI. Introductlon VI. Test and Appllication
I. OBJECTIVES.

A. To provlide the master and hls offlcers with the basic elements of ship
stabllity.

B. To streas the lmportance of atabllity and 1lts affect on the safety of
the shlp, passengers, crew, and cargo.

IT. MATERTAL.

A. Tralining Alds.

1. Film MN 61F, Damage Control - Elements of Stability in Ships, 37
minutes, B & W, sound.

2. Ship's Trim and Stabillity Booklet.
B. References.
1. BUSHIPS Manual, Chapter 88, Sectlon I, Parts 2, 3, and 4.
2. Stabllity and Trim for the Ship's Offlcer by Ladage and Van Gemert.

COMSTSPACAREA ABC Defense and Demage Control Manual for Merchant
Marine Personnel (Rev. 1-60) pages 76-82.

III. INTRODUCTION.
A. Introduce self and subject (Fundamentals of Ships' Stabllity).

B. Definition - Stabllity of a ship 1s 1ts abllity to right 1tself when
displaced from 1ts origlnal positlion of equillibrium.

C. O0f all the facets of damage control, stablllity 1s the most important.
In order to have the abllity to right itself, the ship must have buoyancy, proper
welght distributlon bullt into the shlp, and good cargo, fuel or other welght
stowage. Some of these elements of atabllity are fixed by belng bullt into a
ship, others are adjustable by the shlp’'s officera. The lnherent moment of
forces righting the shlp Iln excess of the momients heé&lling the ship 1s the margin
of stablility. Measuring and providing thls marglin 1s the purpose of all stabllity
studles. The purpose of thls lesson 1s to examine each of the elements making
up a ship's stabillity and to understand 1ts centributlon te the final sltuatlon.

1. Any welght added, removed, or shifted 1n a ship may affect 1ts
stabllity. As a shlp assumes deeper drafts, due to the additlon of welghts,
1ts reserve buoyancy 1is reduced. The locatlon of these welghts has a deflnite
relationship to the resultant stability. A vessel may be well within her load-
line requirements and yet be deflclent 1n stabllity..
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2. The additlion of any forelgn welghts, such ag the water from flood-
ing after a colllsion, ruptured pilping, or fire fighting tactlics, can be extrem-
ely hazardous. This 1s not only because of the added welght but alsc due to the
free surface effect of the ligquld which causes a virtual rlse of the ship's
center of gravity. Free surface effects in slack tanks have the same effect and
should therefore be Kept to a minlmim. Each shlp has its own stablllty charac-
terlstics and its officers should become famlllar with them and be governed
accordingly and, in addlition, apply the baslc concepts cof stability at all times.

D. In a ship whose master and officers have the knowledge to plan "What
to do in Case of Dlsaster," the chance of survival in a casualiy situatlon are_
greatly Increased. Following are lllustrations of the Importance of stability:

1. The loss of the British-built SS TITANIC, with 1517 lives, after
colliding with an 1ceberg on her malden voyage 1n Aprll 1912. The progresslve
flooding and loss of stabllity ellmlnated her reserve huoyance and the ship
gsank in a comparatively short time. (See Sectlon 7.2.)

2. The 53 VESTRIS 1s a traglc case of a ship that had inadequate
gtakllity and free board. When the VESTRIS left New York, she was loaded a foot
deeper than her wilnter loadline and with a slight 1ist to port. Ten hcours later
1t was reported that the ship had a 11st of 3 to 5 degrees to starbcard. Due
to her very low freeboard and 1ist, water entered the ship through the starboard
ash ejector and the half doors on the upper deck. The water ran down to the
bilges by way of some upper deck hatches that were not battened down. The
free water in the bilges reduced her stability further; the 1ist became greater
and the scuppers on the upper deck became immersed, bringing in more water.
Forty-two hours after her departure from New York the first 3-0-3 was sent out.
One hour later, the Captaln reported that the ship had a 32 degree 1list. Three
hours after this repert the VESTRIS went down. (3ee page 7-54.)

3. The 33 ANDREA DORIA, an TItalian liner, was rammed in collislon
with the 35 STOCKHOIM and sank 1n about 11 heours. It appears from the many
conflicting statements that the lack of knowledge of the master and officers of
the DORIA regarding the ship's stabllity features was the princlpal cause for
the loss of this ship through progressive flooding. {See Section 7.4 and book
"Collision Couwse" by Moscow.

E. BS3tability 1s therefore a factor that must be constantly guarded and
which, in time of war, becomes even more important when - to the dangers of
collision, grounding and storm, the possibllity of attack from the ses or air
is added. Nevertheless, whether in peace or in war, the lmportance of stabllity
should be strongly emphaslized, because a ship is a large investment, both in
ilves and 1n property, and the less a major dlsaster to any owner or natlon.

Iv. PRESENTATTON.
A, Baslc Principles.

1. Density’ The welght of a substance per unit volume is called
DENSTITY. This can be expressed as follows: Derslty equals weight divided by
volume. In the English system, the density of fresh water at average temperature
is 62.4 1bs. per cubic foot. Similarly, ordinary salt water 1s 6% Ibs. per cuble
foot. 1In the metric system, fresh water 1s one gram per cublc centimeter. As

an example, a piece wood 6' x 1! x &' would have a volume of 3 cubic feet. IF
its welght 1s 90 1bs., 1ts density would he:

Density equals 2% equals 30 1bs. per cublc foot

2. Force. A force may be thought of as a push or a pull., A forece
has directlon as well as magnitude and 1s measured in pounds, tons, grams, or
any silmilar unit.
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3. Reactlon. For every action of a force there 13 an equal and
opposlte reactTon, For instance, a box weighing 100 lbs placed on a firm sup-
port will create a reaction of 100 1lba acting in the same directlon as that of
the welght or force exerted by the box.

4. Equilibrium. A body cannot be in egullibrium under the action of
a single forcel If a Torce and 1ts reactlon balance they must have the same
line of actlon, the same magnltude, and must be opposite in sense in order to
establish "equilibrium,"

5. QCenter of Gravity. The center of gravity (CG) of a body or mass
1s the point at WhIch the toftal weight of the body acts. For instance, the GG
of a uniformly thick circular disc would be 1n the center of the cirele and
thickness. 1In & square or rectangular board it would be In the mlddle at the
intersection of the dlagonals. 1In a triangle, the CG would be located 1/3 of
the helght above the base of the triangle.

6. Moment. The moment of a force, area or welght, wilth respect to a
reference point oT axls, i1s the product of the force, area or weight, and the
perpendlcular distance from its line of acticn to the reference poilnt. Figures
1, 2, and 3 illustrate "moment:"

YERTICAL
AXIS

\ MOMENT = FXD = FT,"LBS
N _ MOM

- oR D=
FOINT OF | L \
ROTATION | < B -
& 90 o
N %
e -«
) A
] T
P
) FiG. 1 hS
P
43 Ly i JAREAT A FT2

I
I T AXD
1 DFT. MOMENT 'y
£o. oRr p = i

A

I Fls. 2

TORPING LIFT

POINT OF WEIGHT = ¥ LBS.

|
|

ROTATION aoo"‘
pe
CG MOMEMT = WXD
] _ Mom
orT, oR D=
| FIG. 8

"
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a, As a further example of moment, consider a seesaw where a man
of 200 1lba. is sitting on one slde 2.5 feet from the pivoting polnt and a boy of
50 1bs. 1s on the opposite side 10 feet from the pivotlng point. What would the
moment be and would the seesaw be balanced or in equlllibrium?

1FT, ZSeL

50 LB. BOY 2c0LE, MAH

ey

FIVOTING OR POINT OF ROTATION

N

FIG. 4

The moment of the left side of A would be M eguals 50 lbas.x 10 ft. equals 500
ft. lbs. The moment on the right alde of A would be M equals 200 lba. x 2.5 ft.
equals 500 ft. lbs. This shows that the moment to the left as well as to the
right of the plvoting point A 1s the same and therefore the seesaw will be in
equllibrium.

. Couple. A special case of moment is that where two parallel
forces, acting in The same plane and of equal magnlitude, but different in sense
and line of action, form what 1s called a "couple.” The perpendicular distance
between the llnes of action of the two forces 1s called the "arm" of the couple.
The followlng 1llustrates the particulars of a couple.

\RECTiq,,
) OTAT, Qp
L foy,

FORCE = W

G ARM| OF z
COUPLE I
)

FORCE ® W

FIG, 3

Therefore, 1n accordance with the above definition, the couple shown would have
a moment: M equals W(GZ). If the two forces are viewed from the middle of the

arm (GZ), it 1s evldent that the couple would create a rotation counterclockwise
In the dlrection shown by the arrow.

B. Calculation of CG.

1, Example #1. As a clarlficatlon of moment and the center of gravity
(ca), Fig. 6 shows several welghts and thelr relation to & reference line or

axis. It 1s required that the moment and CG of this group of welghts be deters
mined relative to the reference line.
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WEIGHT A

-1+
R — - WEIGHT ¢
190 Tows WEIGHT B %

20FT, —— -
18T FT. ! SFT.
5 TONS
BFT, l
20 TONS
REFERENCE LINE
. l - I

OR AXIS

FlG. &

Vertical Distance

Welght Above Base Line Vertical Moment in Ft-Tons
10 tons X 20 feet equals 200 ft-tons
20 tons X B feet equals 160 ft-tons
_5 tons X 9 feet equals _45 ft-tons
35 tons 405 ft-tons

Then the location of the center of gravity CG above the reference line equals

405 divided by 35 or 11.57 feet. 1In other words, If the total of welghts 4, B,
and C (35 tons) was placed at the 1ine through the CG@, 11.57 ft.above the
reference line, 1t would produce the identical moment to that obtalned by

adding the indlvidual moments from each of the sepsrate welghts A, B, and C. The
locatlon of the CG of the system corresponds to the definition of GG as the polnt
at which the total welght of the body acts. Thls 1s because the total effect

of the 35 tons at the CG 11.57 ft. above the base llne would produce a moment
11.57 ft. x 35 tons equals 405 ft-tons, which 1s identical to the summatlion of
the moments from the individual welghts.

2. Example #2. When deallng with welghts and centers it 1s important
to recognlze the Gverall effect caused by changing the quantity and location of
an Individual welght. This is 1llustrated by Increasing B as used in Fig. 6 to
30 tons and the vertlcal distance to 12 ft.; Flg. 7 shows the effect of this
change.

— [+
)
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Vertical Dlstance

Welght Above Base Lilne Vertical Moment
A 10 tons x 20 feet equalsa 200 ft-tons
B 30 tons b3 12 feet equals 760 ft-tons
C _5 tons x 9 feet equals 45 fr-tons
45 tons 605 ft-tons

Then vertical CG equals 605 equals 13.44 feet or the rise in the CG equals 13,44~
11.57 equals 1.87! I

%, Determinatlon of CG in a ship. As 11lustrated in the above cal-
culations, the toltal momen vide v total welght glves the dilstance of
the CG from the reference line. The center of gravity of a ship 1s determined
by uslng the same princlple. However, in thils case 1f 1nvolves extenslve work
which requires a summation of all the welghts and thelr moments 1n relation to a
horizontal and vertleal reference line. The welght includes the hull, machinery,
equipment and other materlal which, go into the constructlon and operation of the
ship, and also lliquids and cargo added or deducted for various conditlons of
operation.

L. Tocation of CG vertically. The vertical CG 1s usually at some
point in the centérllne plane of the ship, except where there may be an unequal
weight distribution between the port and starboard slde off centerline. Where
en unsymmetrical weight distribution exlsts, an additlonal moment calculatlon
mist be made to determine the horlzontal positlion of the CG relative to the
centerline or to an arbitrary selected reference 1line parallel to the vertical
centerline of the ship.

5. Location of CG fore and aft. To determine the fore and aft posi-
tion of tne CG, a moment celculation 1s also mads, usually using the forward
perpendicular of the ship es the reference line. If the midship ordinate 1s
used, the forward moments are asslgned a plus value and those aft of midship a
minus value. Their difference indicates whether the resulting moment is for-
ward or aft of the ordinate. This, however, 1s conductive to errors in signs and

therefore many designers prefer using the forward perpendicular as the reference
line.

C. The Flotatlon of a Ship.

1. Ship upri%gp. When a ship is floating at rest in stlll water, two
resulting forces esia sh equilibrium:

a. The welght of the ship acts vertlically downward through the
center of gravity (CG).

b. & reactive force of the same magnitude acts vertlcally up-
Yar?s through the center of gravity of the immersed hull, the center of buoyancy
CB).

]
CEHTER1 LINE OF SHIP
I

=D

FiG. &

47
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Illustration, Flg. 8 shows a transverse section of 2 shi

P as she floats upright
in water. 1In this instance, the welght of the ship, W, acting downward thgougﬁ
the CG of the mass of the shlp, 1s equai to the reactive force acting upward
through CB ang both forces are therefore in the fame vertical line. For this

2. Ship heeled, In Fig. 9, the welght of the ship, W, 1a actin
downward throy e of the ship. ,This CG does not change’dué to the hgel
but remains a fixed point unleas g change of welght location 1s made 1n the
ship 1tself or by adding or removing cargo orp any other heavy welghts

FiIG. 8

With the ship heeled, the center or buoyancy, CB, has now moved from the center-
line of the ship to a new posltion, CBl, to starboard of the centerline, Bearing
in mind that the CB 1s the center orf gravity of the water dlsplaced, 1ts change
of position 1s a result of the change 1n shape of the dlsplaced waten.

a. Ri%gting mowent. In contrast to the ship when upright, as in
Flg. 8, the welght™ o € 8hip acting downward through the CG and the equal up-
wards force acting through CB1 now forms a couple with an arm, GZ, creating a
righting moment. This rlghting moment, M equals W x GZ, tends to return the ship
Lo Its upright positicn. The magnitude of the righting moment ig a measure of
the ship's abllity to survive when 1ts watertight Integrity igs seriously damaged.

3. Initlal 3tabllity, GM, righting moment. 1In Flg. 9, note that a
change in the righting arm, Us, alTects the distarce GM. This distance, GM, 1s
a measure of the ship’'s initlal 3tabllity. Within s limited heel of 10 to 15
degrees, the GM, which Indicates the ahip's Initial stabllity, can be expressed
as follows:

(&4
GM equals I oo
G2 equals GM x sin g°

If the value of GZ 1s gubstituted in the equatlion M equels W x GZ, the ship's
righting moment would be:

Righting Moment (M) equals W X OM x sin go©

EXAMPLE: Figare 10 11lustrates the use of thls equatlion. What would be the
beam wind load which would heel the following ship 7.5 degrees? (Note: For
wind loads, the a33umption 1s usually made thet the wind force acting at the cg
of the above water prufile forms a couple with the reaction force of the watenr
against the underwater profile; this reaction is assumed to act at one half Lhe
draft. Asasume the center of above water ares 1s 9 feet above ship's water line.)
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WIND "
= I_‘.
3 <G

' 2.8
1

12000 TONS REACTION
___J [ i

FiG. 10

The heellng moment M equals 50 tons X 20! equals 12000 tons x 3.5 ain @°
gin &0 equals _ 50 x 20 equals .0238
0500 X 3.90

X .
g® eguals 1° - oo approximately

As & further {11ustration conaider the ship in Fig. 11 and assume that instead
of the wind load a 50 ton welght 1is placed 20 £+, to one B

1de of the centerline
of the ship, assuming a GM of 3.50 ft. bub with no change 1n draft or
displacement.

|

20 |

\ 50 TONS
1

e L
b L

12,000 Tgus l

[

Fla. 11

M equals W x GM x sin @°

a
M equals Wind Force X {9 plus 12.5) equals 12000 tons X L' M x sin 7.5° heel
or 21.50 % Wind Force equals 12000 % 4 x 1305

op Wind Force egquals 12000 x 4 .1%05 equals 292 tons

.

4. Unstable ship. ao far we have considered a ship of characteristics
which will provide sEaBiliE

y under normal operating conditlons, However, other
conditions may exist where a ship may De unstable. Fig. 12 ghows the relations
of characteristics for an unstable ship.
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FIG, 12

to Increase the heel rather than oppose 1t as for the stable ship in PFig. 9.
Considering the ship represented by ¥lg. 11, addition of welght such as Snow, or
deck cargo op burning out or fuel will ralse the center of gravity and may regsult
in an unstable condition. Ior example, what result wiil burning of 1500 tong off
fuel from the double bottom tanks {KG-2 ft.) cause upon the stability of the ship,
assumlng no change 1in location of metacenter?

New displacement = 12,000 - 1500 10,500 tons
Origiral moment - moment of welght removed
New dIsplacement
12,000 x 29.5 - 1500 x 2.0
10,500
33.4 ft. Ko

New location of Cg

It

This places the center of gravity above the metacenter (33,0 rt. EM) and results
in the ship belng unstable, on this slze or ship, such fuel consumption may
readlly be experienced in a voyage. The Problem of loss of stabllity will be
further considered in the next lesson outline.

V. SUMMARY,

In summary, the ships stabllity, stated in 1ts simplest terms, i3 the
comblned effect of buoyant forces as determined by the underwater shape of the
shlp and the welght distribution of the ship., It is 1in controlling the welght
distribution of the shlp that the ship's officer controls 1lts 8tabllity. Thig
problem, which he must golve, 13 one involving the ship's center of gravity and
1ts moment zs determined by welghts and thelr locations as they are added,
removed or shifted. The keys to the problem are, first: Know the starting
conditlon for which the displacement and location of the center of gravity and
center of buoyancy are known. Second: Correct the starting condition by
adding or subtracting, as appropriate, the welghts so that the actual or antic-
lpated condition is reached. This 15 done with respect to weight (displacement)
and moments ebout base line or cther convenlent reference line and new centers
calculated. Determine 1f the CG is above or below the metacenter. It must be
below for positive Stability. Evaluate the degree of positive stability avail-
able to assure it is adequate to the antleipated voyage and regulations. Flnally,
take action with cargo cor 1liquids to increase stability by lewering the CG as
nesded. As a baby cannot valk until 1t learns how tc balance its welght, and
gains strength and skill only by practice, so an offizer in thinking for his
ship must lsarn to balance the ship's vwelght and gain skill through frequent
solving of the stabllity problems constantly presénted by his ship as 1t loads
different cargoes and 1s threatened by hszards of the sea.

4-10
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TEST AND APPLICATTION

A, Problems.

1.

The following welghis are P

ft. long. Find the location of the center of
A

laced on a & 1b. t

4FT.

ray 3 ft.wide and L
gravity of the group.

SOLUTION: Take moments from one end AD and one side CD.
Welght lLever to End AD L Mom. Tever to 5ide. CD Side Mom.

7 lbs .6 foot y.2 1.7 feet 11.9

3 1bs 1.7 feet 5.1 .5 foot 1.5

4 1bs 1.7 feet 6.8 1.4 feet 5,6

8 1lbs %,0 fset 24,0 2.0 feet 16.0

Tray 6 1bs 2.0 feet 12.0 1.5 feet 9.0
group 28 lbs 1.86 feet from 52.1 feet 1.57 feet

AD from CD k4.0

1.86 feet 1s ob
dividing 44 vy 28.

talned by dividing 52

These dlstances locate the

.1 by 28 lbs.

1.57 feet 1s obtalned by

CG as shown in the 111lustratlon.

2, Q. What 1ls the righting couple of a ship?

A, The comblnatlon of puoyant force and gravity force rultiplied
by the righting 1ever or perpendlcular 1ine dilstance between Yhe 1lines of actlon
of these forces. {Displacement welight x righting lever.)

3. Q.

A. That polnt at which all the vertlcally downward forces of
waight are considered to be concentrated; the center of the mass of the vessel.

L Q.
4. That polnt at which all

bucyancy are gonsldered
portlon of ths vessel.

Defline the center of gravity of & ship.

Define the center of buoyance of a ship.

the vertilcally upward forces of
£o pe concentrated; the center of volume cof the Immersed

h-11
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CHAPTER %
ADVANCED DAMAGE CONTROL - For Deck and Engine Personnsl (Lesson Plans)
SECTION 4.2
FLEMENTS AFFECTING THE STABILITY OF A SHIP

I. Ob jectives IV. Presentation

IT. Material V. Summary

IIT. Intreductlon vI. Test and Application
1. OBJECTIVES.

A. To provide an understanding of the changes in a ship's stabllity
caused by forces of sea, wind, and damage which the ship's officer must control
to keep the ship seaworthy.

B. To indlcate characterlstics pullt intc a shlp which provide stabllity
and capacity to survlve damage.

IT. MATERTAL.
A. Training Alds.
1. Ship's Trim and Stability Bocklet.

2. Films MN-61, Damage Control, Part L, Loose Water in Stabllity -
Tn Intact Spacés, 15 minutes; part M, Lcoose Water {n Stablility - In Spaces Open
to the Sea, 13 mlnutes. Instructor may also refer %o other films in the MN—gl
series, Parts F through N.

B. Refegrences.
1. BUSHIPS Manual, Chapter 88, Section I, Parts 2, 3, and 4.
5. Staphility and Trim for the Ship'a 0fflcer by Ladage and Van Gemert.
3, Princlples of Naval Archltecture, Volume I.
L. International Cenvention for Safety of Life at Sea, 1048 (CG 242).
TII. INTRODUCTION.
A. Introduce self and aubject (Elements Affecting the Stabllity of a sShip).

B. Definition. Stabllity 1s the ability of a shlp to right 1tself when
heeled over from the actlon of outside forces, such as wind and gea, and from
internal forces, such as shifting of cargo or 1iguids or fallure of ship's
structure.

¢. Arouse interest by referring to sea disasters such as the TITANIC,
ANDREA DORIS, and VESIRIS as examples of the ilnfluence of the elements upon the
atability of well-deslgned ships, causing them to sink. The TITANIC and ANDREA
DORTA casualties are similar since since their loss was dus to flooding result-
ing from collision, wlth an iceberg in the case of the TITANIC, and with the
STOCKHOIM in the csse of the ANDREA DORIA. The case of the VESTRIS 1is particu-
larly slgnificant since it 1s an exsmple of the 1influence of wind and sea causing
flooding through poorly secured hatches and hull openings which were expozed to
the sea by cargo overloading. The HORMANDIE 1s an example of a ship lost due O
addition of water from firefighting. The large amounts of water 1n the upper
decks and on one side resuited In overcoming the ship's stabllity and causing 1t
to capslze.
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Iv. PRESENTATION,
A. Mechanical Relatlonship between Center of Gravity and Center of

Buoyancx.

1l. Center of buoyancy depends upon the shape of the Immersed water-
tight hull; it changes with}

a. Wave profile.
(1) Lengitudinal differences cauyss Pbltching.
(2) Transverse differences cayse rolling,
b. Damage to watertight shapes of the hull which may flood:

(1) Compartments centered in the ship, causing no change in
trim.

(2) Compartments on one slde of the ship, causing off center
shifting of the center of buoyancy, and change in trim,

c. Center or bucyancy 1s not controlled by shipa' officers except
indirectly.

{1) By changing the effect of waves through course and speed
changes,

{2) By maintaining watertightness.

ship 1s a point, designated as the metacenter or "M," The distance between the
ship's center of gravity, CG, and M 1a the metacentric helght, GM. as can be
seen from the geometric relatlons, the righting arm, GZ, 1s proportianal tc the
sine of the angle or heel. €

FiG. 1

&. Curves of Form, The deslgned characteristics of the ship
which contribute to the ship's buoyancy and 3tabllity are described by a plan
called the "Cupves of Form" or "Hydrostatic Curves of Form," These curves indi-
cate, for any draft. The ship's displacement; the tons T inch; the moment to
trim 1"; the location of the center of buoyancy above re?grence polnt KB; the
point at which the line of buocyancy intersects the centerline Plane KM at small
angles of heel (Metacenter) above reference point K. These locatlons are shown
from both loengitudinal and transverase axls, therefore, care myst be taken'to use
the transverse centers when transverse stabllity 1g consldered. These curves in
tabular form are 1ncluded in the Trim and Stability Booklet.

2. Center of gravity depends upon the distribution of welghts In and
on the ship. These Include;

&. Cargo distribution.
{1) shirts ship's Cg vertically, transversely and longltudinally.
52) Due to the weight of targo, the Influence of loading is
usually s large an Important factor,
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é}) For a glven leg of a voyage, the cargo 1s a welght that is
not normally consldered to be under control of shlps' officers.

(4) shifting of poorly stowed cargo while at sea may result 1n
changling the ship's center of gravity, causing heel and a possibly dangerous
condition in additlon to internal damages.

b. Operating welghta.

(1& 4s a result of operation, welghts of fuel, water, and stores
are consumed which, due to locatlon and size, cause important changes 1in the
center of gravity, usually ralsing it and therefore reducling the GM and subse-
quently the rightlng arm.

. (?) Tanks emptled may be off center, giving the shlp a heel to
one 8lde.

) If counterbalancing tanks are used, both may be slack,
permitting liquld to move from slde to glde freely, causlng changes 1In the
virtual CG.

(a) $ince for small angles of roll, the amount of liquid
that can move depends primarily on 1ts surface area, thls effect upon the CG 1s
called "free surface effect.” The Trim and Stabllity Booklet contalns tables
showing the effect of 1liquid shifting in each of the shlp's tanks.

(b) Free surface effect also depends upon the unfllied
gpace which permlts the movement of the 1liquld. Free surface effect can be
reduced by pressing up the tank.

{c) Due to thelr locatlon in the bottom of the ship, fuel
tanks are particularly lmportant. When they are emptled, the ship's resulting
center of gravlty rilses, reducing the righting arm. 711ling these tanks wilth
galt water ballast results in maximm improvement in stabillty by:

Adding welght low in the shlp.
Eliminating free surface by pressing the tanks up
thelr fullest extent.

(4) Speclal welght problems in cargo handling. Cargo belng
loaded with the ship's booma 1s a speclal problem, particularly heavy 1ifts., The
11ft 1s concentrated at the head of the boom as soon as the welght 1s supported
by the gear, therefore 1t has an unusually high vertical lever. The large trans-
verse lever has a corresponding effect on the ship's CG. The comblned effect of
vertical and transverse levers results 1n an unusually large shift in the ship's
CG and lessening of avallable stablllty. Cargoes such as grain, coal, and ore
may act like a fiuld, shifting under the ship's roll and causlng off-center
weights. These must be secured sgalnst movement,

B. Grounding or Drydocklng. These are speclal cases of ship stabllity

slince;

1. The welght of the ship 1s supported partlally by the sea bottom,
rocks, or drydock blocks Instead of water.

2, fThe support, 1f off center, would cause a_heeling moment, which
may change as the water level changes with tide or drydock level.

3. Groundlng must be considered as an individual problem. TUnless
the shlp cannot be refloated qulckly by lightening, grounding 1ls a problem for
the salvage teams. The ship must be kept from pounding 1f possible, by flooding
1f necessary.

4. TLoss of stabllity due to faulty support by the drydock wlll be
indicated by the ship taking a heel 1ndependently of the drydock attitude. The
dockmaster should be notifled as soon as heel 1s noted slince the shilp must be
refloated to correct the support.
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C. Ship Deslgn and Damage Reslatance.

1. A shlp 1s designed and bullt so as to be able to survlve the
casualties that experlence indilcates may be encountered.

2. The two essentlal factors of survival are buoyancy (water-
tlghtness) and stability. A damaged shlp may have enough buoyancy to float
upslde down, yet 1t cannot be conaldered to have survived the damage.

5. Buoyancy of a ship 1s bullt into the hull by providing, in
additlon to a watertight shell:

a. Transverse watertight bulkheads. The spacing of the
watertight bulicheads 1s arranged so that the loaded ship, if damaged 1n one or
two watertight compartments, would not sink beyond an arbltrary margin iine
located three Inches below the bulkhead deck. ' If two adjacent watertight com-
partments may cause this sinkage, the shlp 1s known as a two-compartment ship.
If only one does, 1t 13 a one-compartment ship.

b. These bulkheads are jolned longltudinally by one or more
decks. The uppermost continuous deck to which the transverse watertight bulk-
heads extend 1s designated as the bulithead deck. Thls deck may be elther
continuous or stepped in way of transverse bulkheads, extending above the deck
such as 1n ships wlth. forecastle, poop and well deck. The bulkhead deck, where
covered by a house or where the shell extends above thls deck as an enclosure,
need not be watertight but requires protectlon by weathertight doors and coam-
Ings through the exposed bulkheads at the bulkhead deck level.

¢. The maximum load line draft, 1f not exceeded, assures
that suffilcient reserve buoyancy 1s availlable in splte of the added welght of
water due to damage by flooding.

d. BShips over 200 feet long must be fitted with doutle bottoms.

4, MSTS transport ships are two-compartment shilps 1n accordance
wlth the International Convention for Safety of Life at Sea.

5. 5tabllity of a ship as a function of metacentric helght, GM,
1s determined by locating the center of gravity of the shlp in light condition
soon after 1t 1s buillt or undergoes any ma jor changes affecting the ship's
welght distribution. This 1s done by means of an Inclining experiment.

6. Calculatlons are made under several loading and damaged
conditlions and wind forces to assure avallable stability, freeboard and safe
opergting condition in service.

T. 5tabllity and trim of a shilp 13 the responsibllility of the
ship's master. He In turn requires the first officer {and deck offlcers) to
maintain the ship's stabllity through good cargo stowage and trim - and the
chlef engineer (and engineering officers) through proper ballasting.

D. Influence of Weather.

1. Wind force affects transverse stabllity by creating a heeling
moment consisting of:

a. Wind force against the exposed slde of the ship's hull
and superstructure.

b. Reactlon of the force of the water agalnst the hull acting
through the center of the underwater side profile of the ship,

G. A lever egual to the vertical separation between the two.
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