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This book is to be used as a textbook in the Damage Control Course given by the U. S. Naval Submarine School, U. S. Naval Submarine Base, New London, Connecticut.

The publication does not supersede any official publication. In case of any conflict between the material in this puhlication and that in a directive of a properly constituted authority‑, the directive will be followed.

The information contained herein should not be considered the final word on the subject but only as a collection of the information taught in the Damage Control Course at the Submarine School.
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THE UNITED STATES NAVY

GUARDIAN OF OUR COUNTRY

The United States Navy is responsible for maintaining control of the sea

and is a ready force on watch at home and overseas, capable of strong

action to preserve the peace or of instant offensive action to win in war

It is upon the maintenance of this control that our country's glorious future depends: the United States Navy exists to make it so.

WE SERVE WITH HONOR

Tradition, valor, and victory are the Navy's heritage from the past. To these may be added dedication, discipline, and vigilance as the watchwords of the present and the future.

At home or on distant stations we serve with pride, confident in the respect of our country, our shipmates, and our families.

Our responsibilities sober us; our adversities strengthen us.

Service to God and Country is our special privilege. We serve with honor.

THE FUTURE OF THE NAVY

The Navy will always employ new weapons, new techniques, and greater power to protect and defend the United States on the sea, under the sea, and in the air.

Now and in the future, control of the sea gives the United States her greatest advantage for the maintenance of peace and for victory in war.

Mobility, surprise, dispersal, and offensive power are the keynotes of the new Navy. The roots of the Navy lie in a strong belief in the future, in continued dedication to our tasks, and in reflection on our heritage from the past.

Never have our opportunities and our responsibilities been greater.

CHAPTER 1

ELEMENTS OF PRACTICAL SUBMARINE DAMAGE CONTROL

A. Introduction

1A1. OBJECTIVES

The main objective of a damage control organization on any warship is to maintain maximum offensive power. Effective damage control on a submarine must provide for the preservation and control of the following essential elements:

1.
Watertight integrity.

2.
Buoyancy and trim.

3.
Maneuverability and seaworthiness on the


surface.

4.
Maneuverability and depth control sub​


merged.

5.
Ability to carry out the assigned mission.

8.
Proper facilities for the care and treat
ment 

of wounded personnel.

1A2. ELEMENTS OF THE

DAMAGE CONTROL PROGRAM

Three fundamental elements to be considered in planning a successful damage control program aboard a submarine are:

1. Organization.

2. Education and training.

3. Maintenance.

Undersanding of the principles embodied in these three elements will enable any ship to establish a successful damage control organization. A description of these fundamental elements is set forth in the following pages.

B. Organization and Administration of Damage Control

1131. SAMPLE ORGANIZATION

Damage control organizations aboard submarines may vary somewhat among submarines within the Force, but all of the organizations follow the same principles, as outlined in the Standard Submarine Organization and Regulations Manual. A sample organization is described below.

a.
The commanding officer is the head of


the organization.

b.
The most experienced qualified officer, usually the executive officer, coordinates all activities from the control room and is the "controlling officer."

c.
The engineer officer should take active charge of the repair party at the scene of the damage. He must keep the commanding officer and the controlling officer advised as to the extent of the damage and progress of the repairs.

It is recommended that if possible there be two damage control parties. These parties should be stationed advantageously, the forward

party taking care of damage forward and the after party, damage aft. In cases of a large amount of local damage the two parties can combine into one.

Each repair party should have a chief petty officer in charge and include an electrician's mate, an auxiliaryman, and two or three other rated men to act as assistants. Each repair party must have a Damage Control Tool Roll, Band‑It Kit, and Material Bag with them. (See figures 1‑1, 1‑2, 1‑3 and 1‑4.) An Emergency Damage Control Pipe Repair Kit should also be available to each repair party. These damage control kits should have most tools necessary for combating any controllable damage which might arise. Any new equipment added to the damage control allowance should be placed in the Material Bag. A list of typical submarine damage control equipment appears infigure 1‑5.

Remember, the most effective control of damage can be taken by properly trained personnel who happen to be at the scene of the damage at the time it occurs. It is mandatory, therefore, that all hands be trained in the methods of
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Figure 1‑1.‑Damage court

controlling damage. Damage control is an all​

hands evolution add your individual ability to

control damage is no more effective than the

ability of your mostunskilled and untrained man.

1132. EDUCATION AND TRAINING

All personnel on board must be educated in the types of damage to expect and the methods of using damage control equipment to control this damage. Actual training must follow education so that proficiency may be obtained.

It is suggested that a damage control questionnaire (as illustrated in chapter 2) be prepared. This will indoctrinate and acquaint all hands with the problem. The questionnaire should also be given to each new man reporting on board, thus aiding your submarine to be 100 percent damage‑control conscious.

After the questionnaire has been filled out, and personnel acquainted with the tasks of control and methods of combating damage, an active training program should begin.

It is recommended that training begin with the use of communication equipment and extend to simulated battle damage problems. In training for damage control, remember that the actual performance of an operation, where practicable, is of more value than simulating an operation. Drills held under ideal conditions do not always provide the training needed for coping with actual battle damage.

Realism in drills may be increased by:

1. Turning off lights.

2. Securing power circuits.

3. Disrupting communications.

4. Closing valves to isolate sections of piping.

01 tool roll (secured).

6.
Requiring actual use of OBA, submarine escape apparatus, or air masks (if on board).

6.
Removing key personnel unexpectedly.

7.
Using smoke candles to simulate actual


smoke in various compartments.

6.
Removing tools or other equipment from


their normal stowage positions.

As feasible, the commanding officer should be encouraged to provide every opportunity for the imposition of planned casualties, which, of course, should be consistent with the scheduled operations. Realistic training of this type is extremely effective.

1133. MAINTENANCE

The maintenance of tools and equipment is of vital importance to the damage control organization and the ship. Remember, every piece of equipment in a submarine was placed there for a definite purpose or function. It is therefore essential that all equipment be maintained and kept in proper working order.

In many cases material failures will be prevented if (1) progressive maintenance schedules, such as outlined in the routine maintenance books, are strictly adhered to; (2) shipyard, upkeep, and ship's force work areproperly supervised and inspected; and (3) equipment and tools are properly operated. Some material failures occur because of "design failures;" to some extent these, too, can be prevented by keeping the cognizant bureau informed of design problems and, when possible, including the ship's recommendation regarding the solution of the problem.
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1 Bar ‑ Wrecking 3/4" dia. x 30" long

2 Blades ‑ Hand hacksaw 12" long 18 teeth/in.

2 Blades ‑ Hand hacksaw 12" long 32 teeth/in.

2 Blades ‑ Hand hacksaw 12" long 24 teeth/in.

1 Chisel ‑ Cape hand 3/8"cut

1 Chisel ‑ Cold hand 7/8" cut

1 Clamp ‑ Plier narrow jaw 11‑1/2" long

1 Cutter ‑ Bolt clipper cut 1/2" capacity

1 Frame ‑ Hand hacksaw open grip

2 Prs Gloves ‑ Rubber electrical size 10 ‑ Hammer 

‑ Hand ball peen 2 lbs

1 Hatchet ‑ Half 3‑1/2" cutting edge

1 RL insulating tape ‑ Electrical friction Pr 

Mittens ‑ Cloth asbestos

1 Pliers ‑ Diagonal cutting 6" long

1 Pliers ‑ Slip joint combination jaw 6‑1/2"

1 Pliers‑ Flat nose side cutting 8‑1/2" 1 Puller ‑ Fuse double end 0‑100 amps 1 Punch drive P.N 1/8" dia. x 8" long 1 Punch drive P.N 1/4" dia. x 8" long 1 Punch drive P.N 3/8" did. x 8" long 1 Roll ‑ Tool empty 1 Screwdriver ‑ Flat tip 4" long ‑1 Screwdriver ‑Flat tip 8" long 1 Screwdriver ‑ Flat tip 12" long‑1 Shears ‑ Metal cutting hand straight 2 Voltmeters ‑ Indicator line voltage 1 Wrench ‑ Open‑end adjustable 12" long 1 Wrench ‑ Open‑end adjustable 6" long 1 Wrench ‑ Open‑end adjustable 8" long 1 Wrench ‑ Pipe Stillson 14" long 1 Wrench ‑Plier narrow‑jaw 11‑1/2" long

Figure 1‑2.‑Damage control tool roll (open).
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1 Kit ‑ Band‑It material, empty

100 Seal ‑ Steel strapping 1/2"

100 Seal ‑ Steel strapping 3/4"


1 Steel strapping‑Flat‑Stainless 1/2" (100 ft)


1 Steel strapping‑Flat‑Stainless 3/4" (100 ft)


2 Strongback for 2" pipe


2 Strongback for 3" pipe


2 Strongback for 4" pipe


1 Tool‑Steel strapping

Figure 1‑3.‑Band‑It kit.

Tools, as well as equipment, must be maintained and cared for. Replace defective tools. At no time except during an actual emergency or damage control drill should tools from the damage control kits be used. Use lead seals on such items as the tool rolls, material bags, and emergency flashlights to act as a reminder to personnel to "think before opening," The seals also act as indicators to show if the equipment has been used since last inventoried.

1 Bag ‑ Damage control empty

1 Lead ‑ Sheet (10 lbs)

1 Marline ‑ Tarred (2 lbs)

I Plug ‑ Wood 1" dia. x 3" long

10 Plug ‑ Wood 2" dia. x 4" long


6 Plug ‑ Wood 3" dia. x B" long


2 Plug ‑ Wood 5" dia. x 10" long


1 Rubber sheet ‑ Solid 1/8" x 24" (3 LF)


2 Wedge ‑ Wood 1‑1/2" x 3" x 12"


2 Wedge ‑ Wood 2" x 4" x 8"


1 Wire‑Steel (5 to spool)

Figure 1‑4.‑Material bag.

1134. CONCLUSION

The need for a damage control organization would not exist if it were not for enemy inflicted damage, personnel failures, material failures, and design failures. With proper education, training, and maintenance, the peacetime need for a damage control organization could almost be eliminated.


Equipment
Location

1. 
CO2 extinguishers
All compartments

2. 
Oz bottles
All compartments

3. 
D.C. rolls


4. 
D.C, bags


5. 
D.C. band-it kit
,/

6. 
OBA
FTR, COC, FER, and ATR

7. 
Momsen lungs
Foward and after torpedo rooms

8. 
Flashlights
All compartments

9. 
Battle lanterns-
All compartments

10. 
Submersible pump (fixed)
Foward torpedo room

11. 
Submersible pump (portable) -
After torpedo room

12. 
Blankets and bedding
FTR, FB, AB, and ATR

13. 
Emergency rations
FTR, COC, FER, AER, ManPm, ATR

14. 
Emergency fresh water
FTR, ManRm, ATP

15. 
Compartment air salvage
All compartments

16. 
External air salvage
All compartments

17. 
Divers (shallow water) outfit
ATR

18. 
Very signaling kit
Conning tower

19. 
SEIS
Forward and after torpedo rooms, pyrolockerATR

20. 
Emergency radio transmitter
Forward and after torpedo rooms

21. 
Emergency underwater telephones
Forward and after torpedo rooms

22. 
Messenger buoy release
Forward and after torpedo rooms

23. 
Ascending buoys
Forward and after torpedo rooms

24. 
Lifejackets
FTR, FF, COC, AB, ATR

25. 
CO2 absorbent
All compartments

26. 
Portable gas meter.,
COC

27. 
Dye marker
FTR, ATR

28. 
Inflatable liferaft (4-man)


29. 
Stretcher


30. 
First aid kits
All compartments

31. 
Depth charge rig kits


32. 
Hatch blanks
AB, AER, ATR

33. 
Dosimeters


34. 
Radioactive material detectors


35. 
Gibson girl radio transmitter


36. 
Narcotics lockers
A11 compartments

37. 
Emergency blower (portable) r
FTR, FER

38. 
Welding and cutting equipment (portable)
Pump room

39. 
Man overboard bag


40. 
Emergency damage control pipe repair kit


CHAPTER 2

TRAINING PROGRAM FOR DAMAGE CONTROL

A. General

2A1. COMMENCING A

TRAINING PROGRAM

Damage control training for all hands is essential. Any man in the crew may have to be a one‑man damage control party until help arrives. As so frequently results, the steps taken in the first few seconds after damage has occurred either saves or loses the situation. It is desirable, therefore, to send as many men as practicable to damage control schools. This, however, must be supplemented by an active program on board.

In commencing a training program prepare and/or conduct a damage control questionnaire, and a series of explanatory lectures containing simple elementary facts concerning basic casualties. Then progress to the very complicated casualties.

2A2. SAMPLE QUESTIONNAIRE

A questionnaire similar to the one which follows should be filled out initially by all hands and subsequently by all men reporting on board. This questionnaire will help to identify areas where training will be required as well as to make new men damage control conscious.

1.
List location of all damage control kits


and actually be able to locate them.

2.
List contents and uses of all equipment


contained in the damage control kits.

3.
Where are the Band‑It Tools and what is


their use?

13.

18.

4.
List location of all CO2 and dry powder


fire extinguishers.

5.
What other means or equipment are


available for fire fighting?

6.
Explain how you would flood the maga​


zine and pyrotechnic lockers.

7.
List location of all OBAs and canisters.

8.
How should the OB. canisters bestowed?

9.
Where is the shallow water diving equip​


ment?

10.
Where is the emergency welding and cut​


ting equipment?

11.
When would you use water to extinguish


a fire?

12.
List location of electrical connection


boxes for the portable submersible pump.

Where is the discharge hose for the submersible pump and howlong is thishose?

14.
When would you use the submersible 

pump


and where is the water discharged?

15.
List locations of all first aid boxes.

16.
Why is it important that all hands know the locations of the battery disconnects? If ordered to abandon ship, where would you go? What would you do if no lifejackets were available? What would you take with you?

What procedure would you follow if you discovered a fire, chlorine, or flooding (underway and moored)?

19.
What is the Emergency Damage Control Metallic Pipe Repair Kit? Bow is it used? When?

B. Sample Training Program

2131. SUGGESTED DRILLS FOR

TWO MONTHS

1. Hand out damage control questionnaire

to all hands. Explain the program to be

carried out and require each man to supply his own answers.

2.
Correct questionnaires and hold a lecture fox all sections, explaining points of controversy brought out by questionnaire.

3.
Describe communications and telephone

procedures.

4.
Lecture entire prevention, types of fires,


and ways of fighting fire.

5.
Lecture on flooding and methods of con​


trol.

6.
Conduct elementary fire and flooding drills, each drill followed by discussion. (This is accomplished best by duty officer each night, until each section has been through the desired casualties.)

7. Lecture on multiple casualties such as
17.

a combination of fire and flooding.

8.
Hold multiple casualty drills.

9.
Demonstrate use of damage control equip
ment 

to stop flooding.

10.
Demonstrate use of OBA; also of submarine escape apparatus and air masks, if aboard.

11.
Explain and demonstrate escape proce​


dures.

12.
Hold simple casualty drill followed by a


multiple casualty drill.

13.
Explain the Abandon Ship Drill.

14.
Hold casualty drill followed by an Aban​


don Ship Drill.

15.
Lecture ‑on, and give practical demonstration of, the Shallow Water Diving Equipment.

16.
Lecture on communications.

Hold complicated emergency drills, bringing out all points learned in the previous drills.

This program should be repeated as often as necessary to keep all hands in a high state of training and to provide training for those men who have reported on board since the previous training period. All new men reporting onboard should receive the questionnaire as a part of their checking‑in procedure. The sample questionnaire illustrated in this chapter is a guide for use by individual commands.

CHAPTER 3

FIREFIGHTING

A. General

3A1. FIRE PREVENTION

When a casualty occurs from a bomb, depth charge, nuclear‑blast, or collision, a fire can be expected to result. Unless the fire is quickly extinguished, a possible loss of the ship could result.

The best way to avoid afire is to take adequate fire prevention measures. This can be accomplished by the use of common sense and:

1.
Observance of the Strip Ship Bill when


applicable.

2.
Elimination of unnecessary flammable liquids such as paints, solvents, and thinners. Those carried should be stowed in suitable containers and spaces.

3.
Removal of unnecessary combustibles.

4.
Strict observance of safety precautions concerning electrical equipment, ammunition loading and stowage, fueling ship, and painting.

5.
By not permitting trash to accumulate for long periods of time unless the tactical situation makes it desirable to keep the trash.

6.
Enforcement of smoking regulations.

7.
Inspection of firefighting equipment as


required by the Routine Maintenance Book.

8.
Keeping the Watch Quarter and Station


Bill up to date and properly filled out.

After a fire has started, the main consideration is to extinguish the fire.

3A2. TYPES OF FIRES

Class A fires are fires in combustible materials such as paper, wood, rags, bedding, and trash.

Class B fires are fires in combustible gases and include such materials as gases, oils, paints, grease, and .gasoline.

Class C fires are fires in electrical equipment such as motors, controls, switches, and generators.

Class A fires present a different problem from the other kinds in that the burning material should be completely saturated with water. The flame from the burning material may be extinguished instantly by the use of dry powder or carbon dioxide, but the remaining glowing material will re‑ignite as soon as air reaches it. When the situation permits, water should be used to drench class A fires.

In class B fires the combustion is a surface action; only a thin layer of the liquid is being vaporized into a gas and it is this gas that burns. Carbon dioxide and dry powder extinguishers are particularly effective if the fire has not been burning for a considerable length of time. If the surrounding metals have been heated sufficiently, however, there is a possibility that they may cause the fire to reflash. When liquid fires have burned for a long time before being extinguished, it is wise to discharge additional carbon dioxide on the surrounding objects. This action takes advantage of the cooling effect of the carbon dioxide extinguisher and reduces the danger of a reflash.

When combating the fire, the operator should always direct the discharge of either type extinguisher toward the base of the flame nearest himself in order to sweep the fire away and allow him to move in closer. The operator must take care not to allow himself to become engulfed with fire while sweeping the flame.

In a class C fire the carbon dioxide or the dry powder extinguisher are the only types of extinguishers to be used. The carbon dioxide and the drypowder (used inthese extinguishers) are dielectrics and hence preclude the chance of the operator receiving an electrical shock. The first and most important step in flighting an electrical fire is to deenergize the affected circuits. When the fire is caught in its early stage, one extinguisher should readily put it out.' The horn or nozzle of the extinguisher should be directed so that the discharge is directed at the insulation or base of the flame. This, :in the case of the C02 extinguisher, helps to cool the

insulation and metals to a point below the ignition temperature of the insulation.

It. has been said that if a fire in a compartment ever got out of control, it could be extinguished by tossing three CO, extinguishers, with their valves opened, into the compartment. Thiswould raise the CO2 cotent of the average sized compartment and the flame would be expected to exist until the percentage of CO , rose above 12 percent. This method is recommended only under the condition that the compartment is being abandoned. Once the compartment has been abandoned and has been sealed, it should never be unsealed, for the fire will soon burn

itself out. However, if the seal is broken and the door opened by personnelor by other means such as ammunition explosions or burned‑out stuffing glands, a serious explosion and possibly deaths will occur. This is because the air entering the compartment will meet the oxygen

starved fire raging within. The risk of such an explosion must be considered by the senior man in charge at the scene, prior to unsealing any compartment in which there is a fire, but the smaller and younger the fire the less the risk of explosion. Remember: It is better to lose one compartment than the entire ship and human life.

6. Fire Extinguishers

3131. CARBON DIOXIDE FIRE

EXTINGUISHERS

The CO, extinguisher is charged with 15 pounds of carbon dioxide in a liquid state at a high pressure. Upon emerging from the outlet nozzle, the liquid CO, immediately vaporizes, expanding to 950 times its stored volume. The discharge is a combination of carbon dioxide gas and carbon dioxide snow (dry ice) at a temperature of ‑110° F. A discharge horn is provided which permits distribution of the carbon dioxide over the desired area. The extinguisher has the effect of smothering the fire with CO2 and cooling the burning material with the snow. The amount of charge in the extinguisher cannot be determined by a pressure gauge because the pressure varies considerably with the temperature. The contents can be checked, however, by weighting the extinguisher periodically and noting the weight on a tag provided for that purpose. This should be part of the regular monthly damage control checkoff. As temperatures affect pressures, it is important that CO e extinguishers stored in enginerooms have a reduced charge of 10 percent less than normal, or 13 1/2 pounds by weight. A temperature of 140° F will give an excessive pressure of 2700 psi in the extinguisher. Blow‑out plugs designed to function at 3000 psi and relief valves set for 2700 psi are installed to relieve unsafe pressures in the cylinder.

Carbon dioxide extinguishers may have either disk type release valves or squeeze type valves. To operate the disk type, the locking pin is pulled out and the valve wheel turned. In the squeeze type extinguisher a needle valve controls

the flow of carbon dioxide. When the extinguisher is in use, the operator can control the amount of CO, by "squeezing" the operating lever. When released, the lever closes the valve and stops the discharge. To operate the "squeeze" type, pull out the locking pin at the side of the upper operating lever, breaking the seal, and with the hand on the carrying handle, place the palm over the operating lever and depress by exerting a squeeze pressure. By using this type of extinguisher for a small fire where only a short burst is necessary, most of the CO2 can be kept for subsequent use. Two views of the squeeze‑grip type extinguisher are shown in figure.3‑1.

When a CO, extinguisher has been partially used the possibility of a leaky needle valve always exists. Thus the contents of the bottle may bleed off over a period of time, leaving the bottle empty. It is recommended that after a bottle is partially used it be weighed immediately and then checked frequently in order to detect further leakage.

a. Advantages and disadvantages of CO, extinguishers:

The most favorable features of the CO, extinguisher for submarine use are that it will extinguish fires without the damage caused by water application, and it is effective at all normal atmospheric temperatures.

The CO, charge is noncorrosive, leaves no residue, and will not deteriorate m the extinguisher.

The disadvantages are:

1.
The building up of CO, content in the boat


when submerged.
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Figure 3‑1.‑Squeeze‑grip type release valve.

2. The relatively small charge in the extin

guisher. If the discharge valve is held open the device will discharge CO2 for a period of only one minute.

b. Operating precautions:

1. Carry the extinguisher to the fire, then open the valve.

2. Carry the extinguisher with the left hand.

With the right hand hold the nozzle by the

l 166 men y
in one hour under

normal atmospheric conditions. This amount of CO, released will require (approximately) one (full) can of CO2 absorbent. (One pound will absorb 0.9 pounds of CO2.)

3132.
DRY CHEMICAL FIRE


EXTINGUISHERS

The dry chemical or dry powder fire extinguisher is a relative newcomer to the submarine force, although it has been used in industry

handle. Never hold nozzle near discharge end.

3.
Direct discharge to the edge and at the base of flames nearest the operator. if the fire is at or on a bulkhead, direct the discharge at the bottom of the flames.

4.
Coat hot metallic material in vicinity

with snow to prevent a reflash.

5.
Recharge extinguisher as soon as possi​


ble after using.

6.
Check contents of extinguisher monthly


by weighing.

7.
The small amounts of carbon dioxide snow coming in contact with the body are harmless if allowed to dissipate naturally. If the snow is rubbed into the skin, it may cause a reaction similar to frostbite. If this should occur, give the affected skin the same treatment as for a burn.

8.
Always wear an oxygen breathing apparatus or air mask when fighting fire below decks.

9.
Deenergize the affected circuit immediately, if an electrical fire is caused by a short circuit.

10.
Do not store extinguisher in high tem​


perature spaces.

c. Warnings:

I.
IF a carbon dioxide fire extinguisher has been discharged while the submarine is submerged, and immediate surfacing ie not desirable, CO2 absorbent should be brought into use. If in doubt, check the CO2 content of the air with the carbon dioxide indicator testing apparatus. Remember that excessive CO2 in confined spaces can cause suffocation of personnel.

2,
One 15‑pound CO2 extinguisher released in a submarine while submerged will raise its CO2 content to above 3%, or to as much CO, as will be generated by ap

proximate
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Capacity:
516. Ansel Plus‑Fifty B Dry Chem​


ical

Cartridge:
1‑3/8 oz. carbon dioxide

Weight:
Charged 11‑1/2 1b.


Shipping 19‑1/8 lb.

Dimensions:
Height 19 in.


Width 6‑1/4 in.


Depth 5‑1/2 in.

Hose:
15 in. length of 3 8 in. diameter


with threaded couplings

Nozzle:
Fan‑shaped stream with 10 ft.


range. 5 q u e e z e operation.


Weather‑tight construction. Op​


tional long range nozzle has 15 ft.

ran e.

3‑1 2 in. outside diameter steel

shell. 2‑1/8 in. diameter fill

opening.

60016. per sq. in hydrostatic, shell

200 16. per sq. in. gas, assembly

Figure 3‑2.‑Model 5 Ansel chemical fire

extinguisher.

Test:


20 lb. Ansel Plus‑Fifty B Dry


Chemical

Cartridge:
5‑1/4 oz, carbon dioxide

Weight:
Charged 38 Ib.


Shipping 92‑1/2 1b.

as:
Height 20‑1 4 in.


Width 10‑3/8 in.

Depth 7 in.

31‑5 8 3n. length of 1 2 in. diam‑


eter chemical engine hose with


threaded, couplings

Nozzle:
Fan‑shaped stream with 17 ft.


range. S q u e e z e operation.


Weather‑tight construction. Op​


tional long range nozzle has 25 ft.


range.


6‑5/32 in. outside diameter steel


shell. 2‑7/8 in. diameter fill


opening.

est:
600 16. per sq. in. hydrostatic,


shell. 20016. per sq, in gas, as​


sembly

Figure 3‑3.‑Model 2‑D Annul chemical

fire extinguisher,

for some time. Dry powder fire extinguishers,

such as those being placed aboard new con​

struction submarines, have the highest ratings

ever awarded by Underwriter's Laboratories.

These extinguishers expel minutely sized particles of dry chemical by means of small CO, cartridges. When these particles enter the flame area, they inhibit the oxidation of fuel and also absorb the heat being given off by the fire, according to the most authoritative current theories. Although some CO, is liberated when the dry chemical hits the flame, this is not the true reason for such effective speed in knockdown and extinguishing effect. The chemical action of the dry powder, which is chiefly sodium bicarbonate, is still under study.

The type of extinguishers being placed aboard new submarines are the ANSEL Dry Chemical Fire Extinguishers, which are manufactured by the Ansul Chemical Company. There will be two sizes aboard; the Ansul‑5 (5 to) and the Ansul‑20D (20 16). See figures 3‑2 and 3‑3.

Dry powder extinguishers are extremely effective with classes B and C fires. The chemical used is made up primarily of sodium bicarbonate andother ingredients to make the powder free flowing and water repellent. The chemical is nontoxic, noncorrosive, nonabrasive, nonfreezing, a dielectric, and is unaffected by temperature extremes. It has an indefinite shelf life, in that it will not evaporate or deteriorate. The greatest advantages, as far as submarines are concerned, however, are that these

3C1. GENERAL

It is not anticipated that the dry powder or chemical fire extinguisher will replace the carbon dioxide extinguisher in the foreseeable future; however, it is believed that all submarines will eventually have the dry powder type to supplement the carbon dioxide extinguishers already aboard.

Extinguishers are compact in size and can be refilled aboard the ship within a few minutes, whereas the carbon dioxide extinguishers are bulky and once expended, cannot be recharged until arrival in port. In addition to these advantages, the dry powder does not raise the CO2 content in the ship a significant amount.

As mentioned above, the dry powder is quite effective with electrical fires; however, unlike the carbon dioxide extinguishers, the dry powder types leave a residue which should, if circumstances permit, be cleaned cut prior to putting the equipment back into service. Experiments have shown that motors and generators can be kept in service after having dry powder discharged within them; however, good engineering practices dictate that the equipment should be cleaned as soon as possible after extinguishment of the fire. The dry powder can be readily removed from motors and generators, and other such equipment, with a brush or a low pressure air blast.

The operation of the dry powder fire extinguisher is quite simple. Fire should be attacked in the same manner as would be done with the carbon dioxide extinguisher. The mechanics of operating the extinguisher and refilling it are described in eight steps in figure 3‑4,

C. Conclusion

3C2. COMPARATIVE EFFECTIVENESS

Figures 3‑5 and 3‑6 show is graphic and tabular form the characteristics of the carbon

dioxide, dry powder, and other familiar types of fire extinguishers.

[image: image18.png]
A. HOW TO USE.

1. Remove ring pin.

2. Push lever down.

3. Squeeze nozzle handle.

B. HOW TO RECHARGE.

1.
Release remaining gas pressure.

2.
Use cartridge guard to fill with Ansul plus​


fifty dry chemical.

3.
Replace ring pin.

4.
Replace used cartridge.

5.
Replace cartridge guard reseal with lead


and wire seal.

Figure 3‑4.‑How to use and recharge an Ansul 20‑B extinguisher.
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The areas shown in these charts are the maximum areas of open tanks of fuel to be protected by one extinguisher according to the recommendations of the Factory Mutual Laboratories. The original data from which the charts were constructed are to be found in the Factory Mutual book entitled "Approved Equipment ‑‑ 1954."

Figure 3‑5.‑Comparative effectiveness of extinguishers for small gasoline fires (graphic form).




TYPE OF EXTINGUISHER
ANSUL

DRY CHEMICAL
CARBON DIOXIDE
VAPORIZING LIQUID
FOAM
SODA AND ACID
PRESSURIZED

WATER TYPE



CLASS A FIRES
NO

But will control
NO

But will control
NO

But will control
YES
YES
YES


., 
Wood, Cloth, Paper, Rubbish, etc.
small fires.

_--__
small fires.

 __
small fires.

_.___._._. 





 
CLASS B FIRES
-YES 
,_.YES 
__-__-YES 
__ _-YES
NO
NO _



Oil, Gasoline, Grease, Paint, etc.









CLASS C FIRES
YES
YES
YES
NO
NO
NO



Electrical Equipment











1 qt. carbon tetra-








chloride-1/2B:C or IB:C








1-1/2 qt. carbon tetra-








chloride-1/213:C








2 qt. carbon tetra-






2-1/2 Ib.- 4B:C
2-1/2 IV.- 28:C
chloride-1/2B:C or 2B:C






5 Ilb.- 8B:C
5 Ili.- 4B:C
2-1/2 qt. carbon tetra-
1_1/9 gal.- IA: 2B
1-1/4 gal.- IA
1-1/9 gal.-IA


Nominal Capacities and
10 Ib.-16B:C
10  8B:C
chloride-113:C
2_1/2 gal.- 2A: 6B
1-1/2 gal.- IA
1-1/2 gal.-IA


Corresponding Highest
20 Ib. -20B:C
15 lb.-I0B:C
I gal. carbon tetra-
5 gal.- 9A: 6B 
2-1/2 gal.- 2A
2-1/2 gal.-2A*


Underwriters'
30 Ih.-20B:C
20 Ib.-12B:C
chloride-1B:C to 613:C
I7 al.-10A:12B
17 gal-10A
*Ansul Unit


Laboratories Classification*
150 11).-80B:C
50 Ib.-16B:C
1 qt. chlorobromo-
g3 gal.-20A:90B
33 gal.-20A




350 Ib.-80B:C
75 Ib. -20B:C
methane-111:C or 2B:C







100 lb.-40B:C
1-1/2 qt. chlorobromo-








methane-1B:C








2-1/2 qt. chlorobromo-








methane-4B:C








1 gal. chlorobromo-







__
methane-4B:C or 8B:C





Maximum Horizontal Range
.__

--.5 Ib. -10 to 12 ft.
___.3-ft. to 8 ft. 
__-._______._i8 ft. to 30 ft.
30 ft. to 90 ft.
30 ft. to 90 ft.
30 ft. to 90 ft.



20 & 30 - 20 to 25 ft-_. 








.---_.____--__-____Z 

IV.-11-5/816,--__._______.__-_-.--_.__---

__--.__
-




2-1/2 lb.-8-1 i2 to 13 11).








3-5/8 lb.-11-1/8 lb.
1 qt.-7 lb.
1 20 lb.

1-1/9 gal. l
20 Ib.

1-I/4 gal.




5 Ib.-11-1/2 11>.
4 IV.-20 it,.
1-1/2 q1.--9-1/9 IV.
to

1-1/2 gal. ( 
to

1-1/2 gal.



Approximate Weight,
10 IV.-22 lb.
5 Ib.-16 to 22 lb.
2 qt.-16-1/2 IV.
25 IV.
25 IV.
2-1/2 gal.-35 IV.


Fully Charged
20 IV.-38 1V.
7-1/2 IV.-35 16.
1 gal.-25 to 35 11>






30 IV.-59-1/2 11).
10 Ib.-38 1V.
2 gal.-55 Ib.
2-1/2 gal.-35 Ib. 
2-1/2 gal.-35 Ib.





15 lb.-48 1V.
3 gal.-75 Ib.
5 gal.-70 Ib.






20 1V.-60 11).








25 Ib.-65 11>.



"


Subject to Freezing
NO
NO
NO
YES
YES
YES





Partly-Discharge,


Check pressure


Yearly Inspection
Weigh cartridge
Weigh
Weigh, Check
Discharge
Discharge
gauge or





Pressure


weigh cartridge



5 !b.

push
Turn Handwheel,






Operation
10

It)).. lever
Pull Trigger
Pump or
Invert
Invert
Open valve or invert



20 1 

down
01,
Open Valve


and bump on floor



31

0 
Squeeze Handle






Means of Expelling
Carbon dioxide
Under pressure in
Pump, air pressure,
Chemical reaction
Chemical reaction
Carbon dioxide cartridge


Extinguishing Agent
cartridge
extinguisher
or carhop
to form
to form
or under pressure





dioxide cartridge
carbon dioxide
carbon dioxide
in extinguisher



Specially treated sodium

Specially treated carbon
Solutions of





bicarbonate in powdered

tetrachloride with
aluminum sulfate
Sodium bicar-



Composition of Extinguisher
form with important
Carbon dioxide
important components
and sodium bicar-
[innate solution
Water


Charge
components for produc-

for lowering freezing
bonate with foam
and sulfuric acid




ing free-flow and

point and avoiding
stabilizing agent





water -repellency 

corrosion





*Numerical listings for Class B fire extinguishers are synonymous with area in square feetof 

flammable liquid fire which can be extinguished by an average operator. An experienced


operator can extinguish fires 2-1/2 times these areas according to U.L. tests. Standard test fires 

are utilized in rating the Class A fire extinguishers numerically. The ratings are di-


rectly proportional to the amount of solution contained, with the 1-1/9 gal. water extinguisher used 

as the base of IA. Due to variables involved, 10 gal. sizes and larger are reduced 25°,


from the direct proportion. Extinguishers with a Class C rating have no numerical rating. The main 

requirement for Class C extinguishers is that they can be used on electrical equip-


ment without electrical hazard to the operator. Class C ratings are given only in conjunction with 

Class A or B ratings and never alone. The ratings of vaporizing liquid extinguishers


vary according to the method of 

discharge-hand pump or stored 

pressure. Generally, the hand pump 

units receive lower ratings.
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4A1. GENERAL

The oxygen breathing apparatus, type A‑3 (figure 4‑1), is a self‑contained apparatus designed to protect the wearer in any irrespirable atmosphere. The wearer breathes in a closed

system. His exhaled air is purified and replenished with oxygen as it passes through the chemical in the canister.

4A2. FUNCTIONAL COMPONENTS

The facepiece is similar in design to the Navy Mk 3 gas mask, and contains a speaking diaphragm for Communication. The facepiece has six headstraps mounted around the outside. These straps are used to pull the facepiece tight against the wearer's face.

Directly below the facepiece is the facepiece valve assembly. This assembly contains the starter valve and the inhalation and exhalation check valves. (See figure 4‑2.) The two check valves control the directional flow of air in the apparatus, and thus prevent rebreathing of an exhaled breath before it has been purified and replenished with oxygen. The facepiece valve assembly is connected to the central casting by inhalation and exhalation rubber tubes. The central casting contains a cutter which pierces the foil seal on the canister and provides a sealing and seating surface for the canister gasket. Attached to the central casting is a mechanical timer which provides any setting from zero to sixty minutes. The timer is used to indicate the length of time that a canister has been in operation.

The breathing bag serves as a reservoir for the oxygen evolved from the canister and at the same time, due to its large surface area, helps cool the heated air coming from the canister. The corrugated rubber breathing bag tubes serve to provide internal support to the bag to prevent complete collapse and also to control the flow of oxygen in order to obtain the best cooling action and lower the temperature of the inspired air.

The canister holder holds the canister in position for proper operation and it also protects the wearer from the heat being evolved from the chemical in the canister. When in

Figure 4‑1.‑‑OBA Navy type A‑3.

sorting the canister in the holder, it is placed concave side toward the wearer and the bail
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Figure 4‑2.‑Air flow diagram with

canister in place, type A‑3 apparatus.

wheel is rotated until the canister rides up to

The harness consists of straps of strong

thecanister stop. 'this isthe canister's standby
black cotton webbing and suitable hardware

position. To bring the canister to the operating
which permits its use as x safety belt. A life​

position, the canister stop must be depressed
line may, at the discretion of the individual

and the bail handwheel rotated until the top
command, be attacked to the "17" ring which is

gasket of the canister makes an airtight seal
attached to the harness. However, it is recom the 

central casting.

mended for safety reasons, that a "buddy system"

17
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be utilized rather than the lifeline as the lifeline offers a potential electrical shock and entanglement hazard.

4A3. DESCRIPTION OF THE

OBA CANISTER

The type canister now in submarine use is known as the quick‑starting canister. This canister (figure 4‑3) replaces the N1K type. It

Figure 4‑3.‑Quick‑starting canister for use with Navy types A, A‑1, A‑2, A‑3, and patrol type OBA.

contains the same chemicals as the older type, but in addition has two oxygen candles, their firing pins, and detonators. Both types of canisters, however, may be activated by using the procedure outlined in section 4B1. The main advantage of the quick‑starting canister is that it furnishes an immediate source of respirable air.

The chemical contained in the canister purifies the exhaled breath of the wearer by absorbing the carbon dioxide and at the same time generating oxygen. The rate of oxygen release from the chemical is governed by the amount of moisture in the exhaled breath. For normal breathing purposes the water vapor in the exhaled breath is sufficient for this purpose. Do not introduce water into a used or unused canister as excess moisture will cause a sudden reaction and a rapid liberation of oxygen, with possibility of serious injury to the wearer.

To repeat, in addition to the chemical, the canister contains two oxygen candles, their respective detonators, and firing pins. When an oxygen candle is fired, it will furnish approximately a 4‑minute supply of respirable oxygen immediately to the wearer. Prior to the end of

this 4‑minute period the chemical will have become activated.

Quick‑starting canisters have a "tear‑off cap," under which are found a pasteboard disk and a metal disk. The pasteboard and metal disks must be removed before using the canister to ensure a tight seal between the OBA and the canister. One Navy chief petty officer is known to have died from smoke asphyxiation because he failed to remove the metal disk.

The service life of a canister depends on the amount of the wearer's exertions. The amount of chemical in the canister and its characteristics are such that it will last, ordinarily, one hour while doing intermittent hard work. If the work is continuous and extremely strenuous, the canister life will be reduced accordingly. It is possible, under hard‑work conditions, that the life may be 30 minutes or less. As the canister approaches the end of its life, the wearer will notice an increase m the number of inhalation breaths necessary, and in addition there will be a noticeable amount of resistance to exhalations. These signals should warn the wearer to leave the contaminated space and return to fresh air. In the event the wearer is unable to get out immediately, a safety reserve of a 4‑minute air supply may be activated by starting a second oxygen candle. The second candle must be started as soon as there is an indication the canister is exhausted.

The mechanical timer already referred to is used to indicate to the wearer the time the canister has been m operation, and thus further safeguard him against unexpected canister exhaustion. It is recommended that the timer be set for 30 minutes when the canister is activated. If, at the end of 30 minutes, there has been no noticeable increase in inhalation breaths or resistance to exhalation, and the wearer is not doing extremely hard work, the timer may be reset for an additional period. Normally, an additional 15‑minute period will be safe. As a general rule, a safe policy is to have the wearer return to fresh air after 45 minutes regardless of the condition of the canister.

The resistance to exhalation experienced from a spent canister should not be confused with the same resistance which occurs when the breathing bag is overinflated. Overinflation may occur when the oxygen candle puts out too large a volume of oxygen or when the am 3n the bag expandsuponenteringaheatedcompartment. Thus overinflation will cause resistance to exhalation. To relieve this situation, pull the facepiece away from the face a very small amount while

exhaling. This will allow some of the excess air to escape. In following this procedure, be careful to release the air in small amounts in order not to release too much. If, after relieving the excess air, exhalation resistance is still present,the canister is expended or is not functioning properly. RETURN TO FRESH AIR!

If desired, or in case of failure of the oxygen candles, the new type canister may be activated in exactly the same manner as the obsolete N1K type. Failure of the oxygen candles does not render the canister useless.

4A4. AIR FLOW

Starting at the facepiece (figure 4‑2) the exhaled air flows through the exhalation check

valve and the exhalation breathing tube into the canister. It passes to the bottom of the canister via the central tube. From the bottom of the canister the air passes upward through the layers of chemical which surround the central tube. While passing through the chemical, carbon dioxide is removed from, and oxygen is added to, the air. Upon leaving the canister the purified air passes into the breathing bag (on the wearer's right side) via the corrugated rubber breathing tube. The pure airthen passes through the back side of the breathing bags and on up the corrugated breathing tube (on the wearer's left side), the inhalation elbow, the inhalation breathing tube and inhalation check valve, and thence to the wearer.

B. Normal Operating Instructions

4131. DONNING THE APPARATUS

Donning the OBA requires 7 steps, illustrated in figure 4‑4, as follows:

1. With one hand grasp the apparatus by the central casting, dropping facepiece over the hand‑holding apparatus. Slide the other arm through the loop made by the prefastened strap and the head through the V‑shaped opening formed by the crossing of the two straps attached to the breastplate.

2. Continue to hold the apparatus on the chest with one hand, and with the other reach around to the rear at one side and grasp the free end of the harness strap. Bring the end of the strapbeneath the armpit and snap it into the metal D ring located on the top side of the breastplate.

3. Make any final adjustment in the position of the apparatus on the body by means of the metal slides on the harness straps. The position of the apparatus should be such that the wearer can look up or down without having the facepiece shift or catch on the timer or main valve housing.

4. Snap the waist strap to the small D ring or waist strap eye bracket on lower side corner of the breastplate, and adjust to hold the apparatus snugly to the body.

5. To place canister in apparatus, first remove the metal protective cap and expose the metallic‑foil seal in the neck. This is done by pulling the metal tab straight out, up, and then straight across the top of the cap. Ensure that the metal disk and both cardboard disks have

been removed. When using quick‑starting canister, remove one candle cover. Then, with handwheel in extreme down position, swing bail inward far enough to permit canister to enter canister guard. Insert canister with neck up. After canister hats canister stop, swing the bail back in place under the canister and turn handwheel clockwise until canister is locked firmly, but not too tightly, in place. The apparatus is now ready for standby service. (Before inserting canister make sure that protective tear‑off cap, and metal and cardboard disks have been removed.)

6. Operating position of apparatus: to obtain this active service condition, the wearer momentarily releases the pressure onthe canister by turning the handwheel counterclockwise approximately one‑half turn with his right hand, and with his left hand pushes the canister stop on the left‑hand side of the guard in as far as possible. He then turns the handwheel clockwise until the canister gasket is firmly seated against the V‑shaped recess in the main valve.

7. With the apparatus properly and comfortably positioned and with the head harness straps properly in place through the buckles of the facepiece, slip on the facepiece by placing head harness pad on head, stretch harness, and slide facepiece into position, and adjust the head straps to fit the face and head size of the individual wearer.

To obtain a firm and comfortable fit against the face at all points, adjust head straps as follows:

a. See that straps lie flat against head.
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Step 1. Grasp breastplate and place V‑straps overhead. Step 2. Hook harness straps under armpits. Step 3. Hook waist straps. Step 4. Instal canister. Step 5. Secure canister. Step 6. Prepare facepiece. Step 7. Heady for use.

Figure 4‑4.‑Donning the OBA.

b.
Tighten lower or neck straps.

c.
Tighten the side straps. (Do not touch


forehead or front straps.)

d.
Place both hands on head harness pad and


push it toward the neck,

e.
Repeat operations b and c.

f.
Tighten forehead or front straps.

g.
Test for tightness of facepiece by squeezingboth breathing tubes and inhaling gently. The facepiece must collapse against the face or be readjusted until it does.

As explained in the deacription of the apparatus, oxygen is provided the wearer as a result of a reaction between the chemical in the canister and the moisture and carbon dioxide in the exhaled breath.

While starting the canister, the wearer breathes the 21‑percent oxygen in the air. Bodily requirements would soon deplete this supply of oxygen from the air contained in the breathing bags, and it, therefore, must be changed to maintain an adequate oxygen content until the oxygen‑producing reaction starts in the canister. The firing of a chlorate candle in the quick‑starting canister provides an immediate supply of pure oxygen. This is sufficient to last until the reaction starts in the canister.

4112. REMOVING EXHAUSTED CANISTERS

Canisters become very hot. Ensure that care is taken in removing them from the OBA. Do not touch them with bare hands. To remove the exhausted canister after returning to fresh air:

1.
Spread legs and lean slightly forward.

2.
Turn bail handwheel to the extreme down


position.

3.
Swing bail outward quickly allowing the


canister to drop clear.

4133. OPERATING PRECAUTIONS

1.
Check the lanyards of all the canisters on board. Many lanyards are not firmly secured to the firing pin stops so that in pulling the lanyard it comes loose instead of tripping the firing pin stop. This could result in a fatal accident in the case of the man in a contaminated space who was depending on the second candle for enough air to get out.

2.
Do not pull lanyard and fire the detonator until the OBA facepiece is on and the apparatus has been tested for proper operation.

3.
Fire one candle initially. Save the second


candle as a safety factor.

4.
The canister is not working and cannot be used until it is warm. Be sure to check it on both top and bottom, before entering a contaminated compartment. When the canister begins to warm up set the timer at 30 minutes. At the expiration of this time the bell will sound indicating the time that the canister has been in use.

5.
Upon sounding of the bell, the timer may be set for an additional 15 minutes if there has been no indication of canister exhaustion. When inhalation breaths increase and it becomes difficult to exhale and this exhalation resistance is net due to overinflation of the breathing bag, you are experiencing an oxygen deficiency. Immediatelyfire the secondoxygen candle and return to fresh air regardless of the timer reading. Remember that the average life of a canister in continuous use is 45 minutes.

C. Cold Temperature Operating Instruction

4C1. GENERAL INSTRUCTIONS

As a storage temperature or the ambient temperature in which the apparatus is used decreases below 50° F, more and more effort is required to start oxygen evolution from the chemical due to condensation or freezing of the moisture on the walls of the breathing tube. Low temperatures and wind dissipate the heat generated by the chemical reaction and tend to slow down the reaction. Best results can be obtained during cold weather by keeping canisters in warm surroundings until needed for use,

Without the use of the quick‑starting feature, canisters have been started in temperatures as low as 10° F, but starting time has been as long as 18 minutes. With the use of the quickstarting feature, canisters have been started at ‑20° F and work commenced immediately.

4C2. PLACING IN ACTIVE SERVICE

With starting candle, activate the quick canister as described in Section 4131 at all times, unless, of course, both starting candles fail. failure of both candles however,

is extremely rare and will most likely never be encountered. However, keep the following instructions in mind:

1.
Do not pull lanyard on a sealed canister, since the oxygen released will deform the canister and blow out the neck seal and gasket.

2.
Be sure canister is seated in operating


position before pulling the lanyard.

3.
The second candle should normally be


reserved for emergencies.

4.
Do not fire both candles simultaneously, as the safety factor of the second candle is removed.

4C3. COLD WEATHER SAFETY

PRECAUTIONS

Under cold weather conditions when the man removes the OBA and it is desired to put the

D. Deactivation of

4D1. NEUTRALIZING

Extreme caution must be used to neutralize a canister that has been in operation. Primarily, it must be realized that any mixture of oil, or oily substance with the chemical in the canister will cause an explosion. Canisters must be deactivated as soon as practicable to eliminate the possibility of foreign material coming in contact with the chemical.

To neutralize a canister, puncture the canisters several times close to the bottom;

same apparatus on another man for continued use, the apparatus must be thoroughly dried out, for a great deal of moisture will have formed inside the facepiece and in the apparatus. This moisture rapidly turns to ice when exposed to the outside air. Thus, to prevent freezing of check valves, and to prevent excess water vapor from getting into the canister, the moisture should be wiped from the apparatus as soon as it is removed. When starting the apparatus again, ensure proper operation of check valves and canister before allowing the wearer to enter a smoke‑filled compartment. If too much water vapor gets into the canister it gases violently, and expends itself rapidly. This condition will be indicated to the wearer by the breathing bag continually building up pressure and making exhalation difficult. Thus he must continually relieve the pressure by allowing air to escape past his facepiece.

Used Canisters

immerse canister in a deep pail of clean water if submerged; throw overboard if underway.

Precautions to observe when neutralizing canisters are as follows:

1.
Used canisters may be extremely hot;


exercise care in handling.

2.
When holes are punctured in the canisters, the chemical often starts to burn. Do not place canister on combustible material when puncturing.

3.
Do not dispose of the canisters in garbage ejectors along with garbage; cooking greases and oils may cause an explosion.

CHAPTER 5

AIR REVITALIZATION

A. General Discussion

5A1. NEW EQUIPMENT AND TECHNIQUES

Air revitalization in submarines is becoming increasingly important. In these days of long submerged operations of both conventional and nuclear submarines the problem of submarine atmosphere purification is receiving more and more consideration by the technical bureaus, medical research and, of course, by the operators themselves.

New equipment and techniques for air revitalization arecontinually being devised. During and immediately after World War II, air revitalization consisted primarily of the use of carbon dioxide absorbent and oxygen bottles within the submarine. In most cases, these items proved to be adequate for the type of operations encountered. With the advent of the fast attack type submarine, came the large external oxygen bottles mounted in the superstructure which were to supplement the oxygen bottles already with the ship. This addition was adequate for the fast attack submarines. With the advent of nuclear submarines, however, because of their greater submerged endurance, came the need for better methods. Therefore, in addition to the CO2 absorbent and oxygen bottles, nuclear submarines are being fitted with such items as atmospheric analysers, carbon monoxide‑hydrogen burners, and carbon dioxide scrubbers. Research and development

with this type of equipment

process.

is a continuing

5A2. AIR REVITALIZATION BILL

As most submarine school students will report to conventional submarines, only air revitalization applicable to this type ship will be discussed. The following pages contain the "Air Revitalization Bill" as extracted from the Standard Submarine Organization and Regulations Manual, along with amplifying information.

AIR REVITALIZATION BILL


1. Purpose. To set forth policies for meth​

ods of air revitalization in an attempt to limit

the concentration of carbon dioxide in the air

and for replenishment of the oxygen supply dur​

ing periods of prolonged submergence.

2. Responsibility for the Bill. The Damage Control Assistant shall be responsible for this bill, and shall, under the supervision of the Executive Officer, maintain it in a correct and current status.

3. Information. Rescue of Submarine Personnel, NWP 23‑6 and Bureau of Ships Technical Manual, chapters 94 and 96 provide the necessary doctrine and information for this evolution and theory behind each sequence of action. When the ship is operating under conditions during which the air in the boat cannot be revitalized either by surfacing or by use of the snorkel for periods in excess of fifteen hours, then revitalization becomes paramount. Normally for dives of less than fifteen hours no consideration for revitalization is necessary and only thought for comfort need be given. Prior to escape procedures, air revitalization is always required.

4. Responsibilities.

a. The Commanding Officer shall, when the known situation warrants revitalization, make the decision for necessary action as far as possible in advance of the expiration of time limit.

b. The Executive Officer shall coordinate and directly supervise the revitalization process.

c. The Damage Control Assistant shall:

1) Take charge of the revitalization process throughout the various compartments.

(2) Compute necessary information relative to amount of oxygen to be utilized and inform his assistants of amount to use.

(3) Maintain record of oxygen used and make necessary reports to the executive Office,.

(4) Poet appropriate instructions and data for air revitalization in compartments and at oxygen bottles.

d. The First Lieutenant shall:

1) Assist the Damage Control Assistant in supervising the process of each compartment.

(2) Direct the placing of carbon dioxide absorbing materials in adequate locations and maintain records of expenditures.

(3) Inspect compartments and carbon dioxide absorbing material periodically for any unusual conditions.

e. The Medical Department Representative shall:

(1) Make hourly readings after twelve hours submergence of the consistency of the air; maintain a log of readings.

(2) Observe personnel for signs of fatigue and any unusual physiological symptoms.

(3) Issue necessary medical supplies to personnel requiring treatment.

(4) Maintain records on personnel.

f. The Officer of the Deck shall:

(1) Ensure the watch personnel are properly rotated and relieved to prevent excessive fatigue.

(2) Ensure that smoking regulations as specified by the Commanding Officer are strictly enforced.

5. Procedure. Data for computing air revitalization requirements is contained in figure 5‑1. Limitation of the carbon dioxide content and air revitalization is governed by the following:

a. The maximum allowable percentage of carbon dioxide is three percent (3%0). A concentration of two percent (2%) of carbon dioxide will ordinarily not be noticed, but may cause some discomfort if work requiring strenuous exertion is attempted. Prolonged breathing of air containing more than three percent (3",'0) carbon dioxide causes discomfort in breathing even when the individual is at rest and becomes progressively dangerous at about four percent (4°(,). One percent (1%) or less is harmless and after purification is commenced, efforts should be made to keep the percentage of carbon dioxide from exceeding this amount. Due consideration and tolerance must be made for any excessive pressure that may be in the boat.

b. The percentage of oxygen in the air should not be allowed to fall below seventeen percent (17%). This limit will be reached, with the normal complement on board, after seventeen hours submerged. Reduction of the

percentage of oxygen below safe limits is indicated by difficulty in keeping a safety match lighted, and labored breathing.

c. To maintain the air within the above limits of purity, it is necessary to reduce the increasing carbon dioxide by the use of chemical absorbents and to replenish the decreasing supply of oxygen by bleeding certain amount of oxygen or fresh air into the boat at regular intervals. When it is necessary to revitalize the air supply, it shall be done fn the following manner:

(1) Bleed into the boat 0.9 cubic feet of oxygen at atmospheric pressure per man per hour following the below outlined method:

(a) In releasing oxygen use only one bottle it. the compartment and use it completely.

(o) To release oxygen, open the HIGH PRESSURE gage; crack the LOW PRESSURE gage and bleed oxygen into the compartment until the HIGH PRESSURE gage has dropped 8.65 pounds multiplied by the number of men in the compartment. (Example: Far three men change in reading is 8.65 x 3 = 25.95 pounds. If the HIGH PRESSURE gage reads 1,800 pounds, bleed off oxygen until the HIGH PRESSURE gage reads 1,800 ‑ 25.95 or 1,774 pounds pressure.)

(c) Spread out carbon dioxide absorbent as described in subsequent paragraphs. If there are no bunks inthe compartment, utilize mattress covers or similar materialsto spread out absorbent on and place them in a low position of the compartment away from water or oil.

(2) In lieu of oxygen, bleed into the boat air from the compressed air banks at the rate of 31 cubicfeet ofair at atmospheric pressure per man per hour. For the normal complement, this can be done by pumping a vacuum of two inches (2") in the boat (discharging the air from the air compressors into an empty or low air bank) and then bleeding the air into the boat from another bank containing fresh air until the atmospheric pressure has returned to normal.

(3) Carbon dioxide absorbent is carried in canisters containing approximately fifteen pounds (158) (fig. 5‑2) and are to be found in each compartment. One can will remove the carbon dioxide accumulated during a period of 144 to 150 man‑hours. The contents of the can should be spread evenly over the mattress covers on the lower bunks (normally four will suffice) or in the lower portions of non‑berthing compartments. Care must be exercised to

[image: image24.png]- cu.

cu.
cu.
cu.

ft.
ft.
ft.
ft.




Men Aboard

nNumber Of

Vessel
Time to Build

up 3% CO,

0 1)
Time (1) 15#

an 2

sorbent Lasts

(42)
Gage Press. Drop/Hr.

from (1) ,. Bottle

Required (#3)
Press. to Pump Down/Hr.

& Restore (Air Comp.) to

Revitalize Air (4,4)

10
142 Les.
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20
71 hrs.
7-1/2 hrs.
163 psi
.5" Hg.

30
47.5 hrs.
5 lies.
245 psi
.75" Hg.

40
35.5 firs.
3-3/4 firs.
326 psi
1.0" Hg.

50
28.5 firs.
3 firs.
408 psi
1.25" Hg.

60
23.5 firs.
2-1/2 firs.
490 psi
1.5" Hg.

70
20 firs.
2-1/8 firs.
572 psi
1.75" Hg.

80
18 firs.
1-7/8 firs.
654 ps i
2.0" Hg.

90
16 firs.
1-2/3 firs.
735 psi.-
2.25' H .

g

Note #1.
Assumes fresh air at time of diving. 3% CO2 builds up in approximately same time 02 content drops to 17,e level.

Note 42. Keeps CO, level at about 2% for length of time indicated.

Note #3.
Bleed down indicated amount/hr. from standard 1.63 cu. ft. oxygen bottle (initial pressure 1800 psi.) at minimum rate. When fully charged, pressure drop will occur in less than an hour at minimum rate obtainable.

Note #4.
Pumping down and bleeding of air should be at slowest practicable rate, with maximum recirculation rate.

EQUATIONS USED:

Col (1): T = .04 x N , where

V = net air space recirculated. N = no. of men in space recirculated, V = compt. _

Col (3); P = _13.3 X N where


V

N = no. of men requiring oxygen

V = volume of 0, bottle

(usually 1.63 cu. ft.)

CAPACITY OF COMPARTMENTS:

Forward torpedo room:
cu. ft.

Forward battery:

Control room:

Conning tower:

After battery:

Figure 5‑1

Col (2): T,= 1N , where

H = no. of men requiring absorbent

Col (4j: K=25 X N X P in inches Hg'/hr., C where

N = no. of men aboard.

P = Press., in boat at start, in inches Hg.

C =net air apace of vessel =

Forward engineroom:
cu. ft.

After engineroom
cu. ft.

Maneuvering room:
‑ cu. ft.

After torpedo room:
cu. ft.

Total:
cu. ft.

.‑Extract from SSORM: data for computing air revitalization requirements.
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B. Carbon Dioxide Detection and Effects

5131. DWYER CO2 INDICATOR

The Dwyer CO2 Indicator (fig. 5‑3) is supplied to each submarine for determining the percentage of C02 In the air. In an isolated compartment where the testing outfit is inaccessible, the percentage of CO, can be estimated by noting the reactions of the men. If accessible, the CO, test set should always be used. It should be available at battle stations for use by the damage control officer. Tests for CO2 with this apparatus are extremely simple and sufficiently accurate for all purposes. Instructions for its use accompany each outfit. These instructions are included here for general information.

a. Operation:

1.
Lower the absorption basket (18) by depressing the lifting rod (11), and open valves (10) and (13) by depressing them. This properly levels the indicating fluid.

2.
Close valves (10) and (13) and set the zero reading of the scale (20) opposite the liquid level in the indicating tube (23).

Scale adjustment is accomplished by scale adjusting nut (29).

3.
Connect the aspirator bulb, and line to


apparatus at connection (26).

4.
Depress valve (10) and flush the sample gas through the instrument using 20 strokesof the aspirator bulb. This should be accomplished as fast as possible without causing the water to bubble over into the sample chamber (25).

5.
Allow valve (10) to shut immediately after


the twentieth pump on the aspirator bulb.

6.
Raise and lower the absorption basket(18)


four times.

7.
Vent the indicating tube by depressing valve (13) until the fluid level has come to rest.

8.
Allow valve (13) to close andread the percent CO2 as the position of the fluid level on the calibrated scale.

b. To Reset:

1.
Open valves (10) and (13) simultaneously, and check that the absorption basket (18) is in the lowered positron.

ensure that the active material does not become moistened and so that it will remain thoroughly dry. Likewise, it roust be positioned so that it will be subject to maximum air circulation, but freefrom drafts and air disturbances thatmight agitate it excessively. This is most important, since the chemical is caustic and its dust will cause throat irritation. After handling the chemical, personnel should not rub their eyes before washing hands. Should the chemical come in contact with the eyes, wash them with a solution of one (1) part vinegar or lemon juice to six (6) parts water. When the chemical absorbs carbon dioxide it becomes moist and evolves heat. When it no longer evolves heat, it has become saturated and should be renewed. If there is any doubt as to whether the chemical is spent, leave it and spread an additional charge on other bunks. As a general policy, sufficient absorbent will be spread at the start of a prolonged dive to take care of the requirements during that dive. Used chemical shall be replaced in the containers, properly tagged and returned to supply upon return to port, for salvage.

Figure 5‑2.‑Older type carbon dioxide absorb​

ent can (lithium hydroxide).
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Figure 5‑3.‑Dwyer CO, indicator.

Precautions:

1.
The plunger valve (10) must be released and allowed to close after the last pump of the aspirator bulb and before the flow of the gas sample through the instrument has materially decreased.

2.
If the plunger valve (10) is accidentally


depressed any time after step 5 under

27

Operation, discard the reading and start over.

3.
Do not raise and lower the absorption basket more than four times or an error will ensue.

4.
Make a reading immediately after the


sample of gas is taken.

5., Readings taken during periods of rapidly changing ambient temperatures are somewhat unreliable.

6.
De not touch the top of the instrument prior to or during an analysis. The temperature change thus caused will produce an error.

7.
Keep the water saturation chamber filled with distilled water to the level of the red line (33) engraved on the front face.

8.
The absorbent solution is good for 500 tests. When the rate of absorption is noticeably slower than normal, refill with new solution.

9.
When recharging the absorbent solution, pour out the old solution, clean with fresh water, and let dry. When dry add the entire contents of one bottle of Dwyer Red Absorbent Solution, touch the rubber gaskets (14) and head threads lightly with vaseline and replace handtight. Do not use a wrench or pliers.

10.
Due to the solubility of carbon dioxide in water, and the accumulation thereof in the water of the Dwyer Indicator, the first analysis run may be in error and should always be discarded.

In the interval that a man consumes 4$'c of the available oxygen from the atmosphere, he will increase the carbon dioxide concentration by about 3%o. It is therefore possible to use this relationship to estimate the percent of oxygen in the atmosphere after the carbon dioxide percent has been determined with the Dwyer:

Oxygen % equals 21 _ (1.5 x CO, 7)

Whenever you are in doubt about the CO2 content of the ship,usethe Dwyer CO, Indicator.

5132. EFFECTS OF CARBON DIOXIDE

UNDER PRESSURE

Individual escape from sunken submarines requires the crew to retreat to the forward or after torpedo rooms, or both, and the equalizing of the sea pressure by flooding such compartments or escape trunks prior loins opening of the escape hatches. Under these conditions the air breathed by the occupants of the

compartments (after flooding has been started) is not at atmospheric pressure but eventually reaches the pressure of the sea at the depth of submergence.

As indicated before, air at atmospheric pressure containing as high as 3%n of CO2 can be breathed for short periods of time. This, however, does not hold true for air under increased pressure. The physiological effects of CO2 do not depend upon the percentage in the air, but uponthe pressure which Asserts. For example, if an escape compartment contains 3% of CO2 before flooding at a depth of 165 feet, or 6 atmosphere absolute, it would still contain 3% of CO2 after flooding. The pressure, however, would have been increased six times, and the physiological effect would be equal to that of air containing 18% of CO2 at atmospheric pressures disastrous condition. Therefore, it is highly essertial that any CO2 THAT MAY BE IN AN ESCAPE COMPARTMENT BE RAPIDLY REMOVED PRIOR TO, OR DURING, THE FLOODING PROCESS.

As much of the CO2 absorbent as can be obtained should be utilized immediately upon closing the bulkhead door. Nothing will be gained by delaying air purification until the CO 2 percentage has risen to an excessive concentration. A given amount of the absorbent will absorb a given amount of CO2. Consequently, the same length of protection will be afforded whether the air purification is started immediately or whether it is delayed until the air in the compartment becomes oppressive.

The absorbent in the escape compartment should be spread on decks, bunks, motors, valves, tubes, lockers, torpedoes, and any other fittings or surfaces in the compartment which will retain it in contact with the air during the flooding process. This procedure will result in the circulation and suspension in the air of a considerable amount of CO2 absorbent dust. The occupants of the compartment should wear their submarine escape apparatus until the dust settles. When flooding begins, the water will gradually rise over the fittings on which the absorbent has been spread. This will render useless only the portion of absorbent that has been submerged. The combination of the chemical and water produces a harmless solution.

