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DEPARTMENT OF THE NAVY
BUREAU OF ORDNANCE

WASHINGTON 25, D. C.

28 February 1956
ORDNANCE PAMPHLET 2081
USE OF EXPLOSIVES IN UNDERWATER SALVAGE

1. Ordnance Pamphlet 2081 describes the techniqnes for use of explosives
and other demolition material in nnderwater salvage activities: harbor clear-

ance, harbor bottom alteration, rock and concrete blasting, steel and timber

entting, and removal of propellers for replacement. The publication also
reviews the fundamental characteristics of explosives and contains information
about demolition equipment.

2. This publication is intended for use by all personnel responsible for plan-
ning and performance of underwater salvage.

3. This publication does not supersede any existing publication.

F. 8. WiTHINGTON,

James H., Wagp,
Rear Admiral, U. S. Nawy,

Acting Depuly and Assistant Chief,
Bureau of Ordnance.

Gene Slover's US Navy Pages Table of Contents

1.


www.tinyurl.com/slover

CONTENTS

Part 1. Fundamentals and Equipment

Chapler : Page Chapter ; .
1 INTRODUCTION________. NI 1 3 DEMOLITION EQUIPMENT AND
Défnition: « -ooovcmmsn o pue 1 ACCESSORIES—Continued

B oo e S R e S A = 1 Blasting Caps—Continued
Advantages. . ____________________ 1 Special Electric Blasting Cap____
Disadvantages. - .. _______________ 1 Special Delay Caps_____________
o R P ) LA S 1 Comnercial Blasting Caps_ . ____
REIBECRACER". . - ot v minsa 3 Primacord Primers_______________
2 FUNDAMENTALS OF EXPLO- 4 PRIMING OF CHARGES _______.
SIVES. o 4 Priming Connections___________"_
Definitions . - 4 Charges with Threaded Activator
EXplosive ..o cussmsanasvsan S 4 Wells. ..o .
High Explosive. . ..cuowiozu i 4 Electric Priming. . ... ... ..
Pmpel]ants ____________________ 4 Nﬂn(ﬂwtﬁc Pr"lming ------------
Deflagration ... _____ 4 Charges with Nonthreaded Activa-
Detonation. .. ________ 4 tor Walls........comanaiia vanee
Rate of Detonation. ... .. 4 Ammonium Nitrate Cratering
“Sympathetic” Detonation_ ____. 4 Charges. .. ... o coooas
Sensitivity_ . ___ o 4 Electric Priming_______________
Power; Effectiveness . _._._______ 4 Nonelectric Priming____________
SRRt e 4 Demolition Charges_ _ ____. . _.___
Demolition Charges. . ... _______ 4 Demolition Charge Mk 8 Mod 0.
Internal Charges. ... ________ 4 Demolition Charge Mk 14 Mod 0.
External Charges_ . ___.___.___ 5 Fabricated Charges____.._......._.
Shaped Charges. ... .. __ 5 Line Charge - ............
Main Filler__ . ___ 5 Powder Points_________________
lnitiator. _ .. ... ... 5 5 FIRING SYSTEMS__ _._____...__.
Booster. ... 5 Electric Firing Systems___________
Characteristics of Explosive Re- Series Cirewit .. ...
actions. ... _________ 5 Parallel Cirewit_______________.
Velocity . __ e il aater 5 Series-Parallel Circuit. ... ______.
BOOIgRs omos oo cee o ey 5 Clircuit Connections_ .. _______
Presourts. . b v B 20 5 Testing. -----------------------
Comparison of Explosive Reactions Blasting Cap_ . —-.....ooooo
in Air and Under Water. _..____ 5 Firing.; ere-____ -------------
Military and Commercial High Ex- B-!astl-ng Machine. .. ........
plosives___________________ 10 3 Circmt-s‘ ......................
Basic Characteristics. - 10 Power Requirements ________.__.
. . Series Circuit Caleulation_ _ . . _
- Magazine {mnt'?"f‘ R, 10 Parallel Circuit Caleulation____
3 DEMOLITION EQUIPMENT AND Series-Parallel Circuit Calcula-
ACCESSORIES. . ._.___._____ 22 ton -
Blasting Caps____________________ 22 Nonelectric Firing Sytems.. . ______
Special Nonelcetric Blasting Cap- 22 Detonating Cord__ ... _____

Find the page you want and enter it in the page number block at the
upper left to go directly to that page.

This file is indexed and searchable. Enter the phrase you want in 1 1
search block. If that does not work, try a different phrase

Page

24
24

24 .

25
25

- 25

25
26

26

© 8 i P e b,

!
|
2
!



Jeff
Text Box
Find the page you want and enter it in the page number block at the upper left to go directly to that page.
   
This file is indexed and searchable.  Enter the phrase you want in search block.     If that does not work, try a different phrase  


OP 2081

Chapler _
5 FIRING SYSTEMS—Continued
Nonelectric Firing Systems—Con.
Waterproof Detonating Assem-

Secuning Blasting Cap to Deto-
natingCord_ . _______________
Detonating Cord Initiator___ ____
Combination and Dual Firing Sys-

Page

35

35
35

37
37
38
38

39
39
39
39

Chapter
6 SALVAGE DEMOLITION EQUIP-
MENT-—Continued
Diving Equipment.._._____ . __
Centrifugal Pumnps_.._______
Air Compressors_.._______.____
Wire Rope, Chain, Cable, and
Cordage: oy congmarsaympemss
NI
Pontoons_._.__________________
Cutting Apparatus_____________

Pneumatic Tools_______________

Concrete Mixers_ ______________

Part 2. Applications of Explosives

Chapter

7 UNDERWATER SALVAGE AC-
TINIFPIES :pomeceee sova s

Harbor Clearance Considerations. __

Ship Salvage Considerations_______
Placement of Charges_ . ______._._
Personnel . . . ________________ e
Safety Precautions__ ____ .. _.____.

8 ROCK BLASTING. _____._._ .. ....

Rock Ledges_ .. _____________
BonIaIa: - ovmnmmvosnemosmmm s

Mushroom-Top Head......_.__.
Solid Head . .. ... . . _______

Projections through Ship’s Hull____
Placement of Anchors___._._..___.

9 ALTERATION OF HARBOR AND
CHANNEL BOTTOMS_ _______
Channeling Operations____________
Preliminary Survey_ . _________
Methods_ _ . ___ ... . _______
Explosives__._ ... _._.__..

. Powder Points___._ o R

iv

Page

42
42
42
43
43
43
44
44
44
14
44
44
44
44

45 -

45
45
45
45
46
46
46

48
48
48
48
49
49

Chapler

9 ALTERATION OF HARBOR AND

CHANNEL BOTTOMS—Con.
Test Charges.. ... ______________
Channel Alteration___. ________.
New Chapnels_ - ____._._..._ .
Channeling Alongside a Ship. ... .
Trenching and Tunneling. - _______
Air Laft. ... __
Sand Bar Removal . _____________
10 CONCRETE AND MASONRY
BLASTING .. .. . ___.
Formulag: - -:oyociccmmmmampse:
For Simple Breaching of a Wall. .
For Dispersing & Section of Wall_
Placement of Charges_.___________

EXCIDIOB.. .. cocmsn cosmsssin
Intermal Charges. .- ____._.__

Removal of Concrete Ballast from
ShipsHull_____.___ . ______
11 BREAKING AND CUTTING

Formulas. .. __________________
Placement of Charges_____.________
Structural Members______.______
Steel Plates________________.____
Combination of Plates and Struc-
tures._ _ _ _ . e e

Gene Slover's US Navy Pages

Table of Contents

Page

39
39
39

40
40
40
40
41
41
41
41
41
41

Page

49
60
50
A0
51
51
61

o7
a7
57
a7
57
57
57
58
59
59

60

63
63
63
63
64

65


www.tinyurl.com/slover

CONTENTS
Chapier * Poge  Chapler Page
12 BREAKING AND CUTTING 12 SHIP CUTTING, DISPERSAL,
STEEL—Continued AND SCRAP SALVAGE—Con.
Welded and Riveted Joints______ 65 BOBEL o s s visin 90
Wi cvennnmrssnesasmmaa s 65 Berap Balvage. ... oo 96
Shafts and Masts . _ _ ___.________ 65 Dispersing Wooden Ships_ .. ______ 26
Anchor Chains_ ... s m s 66 13 TIMBER AND PILE CUTTING.. 99
~ 12 SHIP CUTTING, DISPERSAL, Formulas. ... .. _________ 99
- AND SCRAP SALVAGE...___ 68 Placement of Charges ___________ 99
Cargo Determination and Handling 68 Wooden Piers. . ... 102
Ship Settlement. ... ... .._.___. 68 Piles 102
™ Ship Construction. ... ... S 7 £ T sl e i s )
Ship Flattening .. ... _.___ - 75 14 PROPELLER REMOVAL AND RE- ;
Removal of Masts and Rigging___.. 75 PLACEMENT. _¢-ooooeeeo 103 :
Removal of Superstructure_ .. _____ 76 Propeller Removal . . _____________ 103
Flattening the Hull_____________ 80 Propeller Replacement____________ 104
|
4
|
4
=
5.
|
I
|
v

Gene Slover's US Navy Pages

Table of Contents



www.tinyurl.com/slover

ILLUSTRATIONS
Figure . Fage Figure .
1—Typical Blocked Harbor_. .. . _____ 2 34—Waterproofed Detonating Assemhly _
2—Pressure Wave in Air from Fired 35—Double Detonating Assemhly At-
Detonator. __________._ .. ___._ 5 tached toFloat_ .. _____________
3—Pressure Wave in Water from Fired 36—Method of Securing Blasting Cap to
Detonator. . ____..___ . __._____ 6 Detonating Cord_______.________
4—Underwater Gas Globe.____________ 6 37—Method of Securing Blasting Ceap to
5—Fragmentation Effect of a Charge Two Lines of Detonating Cord.___
Casing Exploded in Air__.___ ... 6  38—Attaching Initiator to Detonating

6—Fragmentation Effect of a Charge
Casing Exploded in Water._____. 7
7—Typical Surface Explosion_______.__ 7
8—Typical Underwater Explosion____ .. 8
9—Equal Pressure Zones_______._____.. 9
10—Demolition Blocks M3 and M4 ____. 3
11—TNT Block, One-half Pound________ 3
12— Ammonium Nitrate Cratering

L . 14
13—Chain Demohition Blocks M1_____ .. 15
14—Nitramon Charge__ _____.__________ 16
15—Blasting Gelatin Used in a Rope

CHATER - ovsgr e rayresudBusae 16
16—Special Nonelectric Blasting Ca.p_ wri 22
17—Special Electric Blasting Cap___. .. 23
18—Identification of the Brand of Elec-

tric Blasting Cap_____.-_______“ 24
19—Primacord Primer.______.._____.__. 24
20———Prmung Charges with Electric Blast-

57 g 7 SRS S S 25
2]1—Priming Charges with Nonelectric

Blasting Cap. . . ___....______.. 25
22—Firing Device______.__.___________ 26
23—Demolition Charge Mk 8 Mod 0____ 26
24—Demolition Charge Mk 14 Mod 0___ 27
25—LineCharge_ ... _______________ 27
26—Series Cirewib_ ... _____..________ 28
27—Series-Parallel Circuit_.______. _ I 29
28 —Method of Splicing Wires. . ______.. 29
29—Connecting Two Pairs of Wires___. _ 30
30—Testing Firing Circuit______.._____ 30
31—Locating Breaks in Firing Circuit.___ 31
32—Square Knot for Connecting Ends of

DetonatingCord - ____________. 34

33—@Girth Hitch Used to Connect Branch
Line to Trunk Line of Detonating
Cord. __ _ e 34

{617, N,
39—Priming with Nonelectric Blasting

Cap and Initiator_____.____ . ___.
40—Priming with Other Firing Devices

Coupled to Initiator_______.. ___.
41—ARS Vessel.______________________
42—Mud Capping_ ... ___._______
43—Snakeholing and Blockholing_ . . ____
44—Dispersing Rock Mounds_...._______
45—Freeing a Ship from Rock Pinnacle_
46—Cratering Charge Used for Anchor

Placement_ ... __ . ___________
47—Sweeping & Channel ________________
48—Typical Blocked Channel Entrance._
49—Straightening a Channel . . __________
50—Deepening a Channel . . ___________
51—Widening a Chennel . _ _____________
52—Method of Channel Blestmg_ _ _ _____
53—Trenching and Tunneling with Ex-

plosives Alengsidea Ship_ . _______
54—Use of Air Lift During Trenching and

Tunneling Operations__ .. ________

" 55—Sand Bar Removal __________._______

56—Form of Charges for & Wall Less Than
Six Feet High or Six Feet Thick____
57—Form of Charges for & Wall Greater
Than Six Feet High or Six Feet
Thick: .- e i e
58—Dispersing a Concrete Pier with In-
ternal Charges_ . _______________.
59—Use of Shaped Charges to Make Bore-

60—Use of Shaped Charges to Make Bore-
holes for Dispersing a Section of

61—Dispersing a Concrete Pier with an
External Charge_________________

Gene Slover's US Navy Pages

Table of Contents

Page
35

36
36
36
37
37
37
40
44
45
46
47
47
48
49
50
51
52
53
54

35
56

58

59

60

61

62

62

i



www.tinyurl.com/slover

(RY!

B

£ ]

ILLUSTRATIONS
Figura Page .-  Figure Page
62—Removal of Concrete Ballast________ 62 85—Mast Removal, Second Stage_. . ___.. 84
63—Placement of Charges for Shearing an 86—Ship Flattening—Removal of Super-
I-Beam_ __.________.___.__. S 63 atructure, First Stage. Prepara-
64—Placement of Charges for Deck Cut- 1) ) el 85
17717~ S 04 87—Ship Flattening—Removal of Super-
65— Breaking Welded Joints_ _______._._ 65 structure, Second Stage. Prepara-
66—Breaking Riveted Joints____________ 65 tom_ __ . . _ . ____. 86
67—Cable and Chein Cutter Mk 1 Mod 1_ 66 88—Ship Flattening—Removal of Super-
68—Cutting a Propeller Shaft . ____.____. 67 structure, Third Stage, First Step.
60—Cutting Anchor Chain______________ 67 Preparation_ ___ .. _______.______ 87
70—Perspective View of Blocked Channel . 69 89—Ship Flattening—Removal of Super-
71—Channel Clearance, Firat Phase, Bow siructure, Third Stage, Seeond
of Wooden Coaster, and Masts Step. Preparation______________ 88
and Rigging of Passenger Vessel are 90 Ship Flattening—Bow Removal,
Cut_ o . 70 . Preparation_.__________________ 89
72—Channel Clearance Second Phase. 91 Ship Flattening—Flattening the Hull,
Wooden Coal Ba.rge Dispersed. ___. 71 First Stage. Preparation. _______. 90
73—Channel Clearance, Third Phase. - 92—Ship Flattening—Flattening the Hull,
Wooden Ferry Flattened _ __ ______ 72 . - Second Stage. Preparation_ _____ 91
74—Channel Clearance, Fourth Phase, 93—Ship Flatiening—Forward Portion of
Remaining Wooden Coal Barge Hull Flattened__________________ 02
Dispersed. ___ . ________________ 73 94—Wooden Ship Lying on Bottom _ ___. 293
75—Channel Clearance, Last Phase 95—Wooden Sbip Dispersal, First Stage _ 04
Dredger Flattened; Dashed Lines 96—Wooden Ship Dispersal, Second
Indicate Cleared Path_._ . _______ 74 _ Stage_______ . .. ___________ 95
76—Sunken Ship Converted to a Pier, 97—Wooden Ship Dlapersa.l Third Stage. 96
Front View_____ . ... ___.______ 75 98—Wooden Ship Dispersal . ________. 97
77—Sunken Ship Converted to a Pier, 99—Using Saw Chains to Cut a Wooden
Rear View_____ ... . __._______ 76 Vessel ________________________ . 98
78—Upright Sunken Ship Converted to a 100—Placement of External Charge to Cut
Pier o ____ 77 Timber__ _ ___ . ... 99
79—Providing ‘AFCESS to C{“‘ Bo SP‘-"-GBB— --- 78 101---Placement of Charge for Pile Cuttmg_ 99
30—00(‘31“‘9""““"8 Against  Unknown 7o 102—Dolphin Cutting, First Stage. ... 100
81— Setiling o SunkenShip_ g 03— Dolphin Cutling, Sccond Stage. ... 101
82—Typical Noncombatant Shlp Con- 104—Preparation for Propeller Removal .. 104
Struetion. - o oo 81 105—PFlacement of Charge for Propeller
83—Ship Lyingon Bottorn_____ .. _____ . 82 ¢ Removel ... . ___..._. 105
84—Mast Removal, First Stage. . ________ 83  106—Propeller Replacement ____________ 106
vii

Gene Slover's US Navy Pages

Table of Contents



www.tinyurl.com/slover

Tables

Number
1—Comparative Effects of Military and Commercial Explosives. .. _.
2-—Properties of Dynamite._. . . ._________
3—U. S. Military Explosives . . . . ...
4—Foreign Military Explosives. . - . _ ... ... _.
Great Btein____ ... .
Franee _ __ il
GermBny _ e
Ttaly . e
JRPAN . e
Russia. . _._______.___. e e e m e
5-—Magazine Location (Military Explosives). .. ______._____._.____
6—American Table of Distances for Storage of Explosives (Com-
mereialy___ __________________ e
7—Data for Calculating Power Requirements for Electrical Firing
Systems____________ il A
8—Maximum Circuit Capacities of Various Power Sources . ____.___ -
9—Material Factors____. _.____ . ...
10—Rope Charges for Shearing Steel Plates___ . ... __.___ . . . ____.

Page
10
10
11
17

17
17
18
18
18
19
20

20

31
32
57
65

Gene Slover's US Navy Pages Table of Contents



www.tinyurl.com/slover

[

1

SAFETY PRECAUTIONS

The following listed publications contain safety precautions aend other
information applicable to underwater salvage work with explosives:

OPNAY 34P1, US Navy Safety Precautions (especially chapters 5, 8, 18,
and 20}

OP 4, Ammunition Afloat

OF 5, Ammunition Ashore

OP 1411, Safety in Combat Demolition Installation and Blasting for
Underwater Demolltlon Teams

OCL A3-50, Disposal of Ammunition and Explosives hy Destruetion at
Naval Shore Establishments.

The safety precautions contained in this publication and in the official
publications listed above are mandatory. Following is a list of the safety
precautions in OP 2081 and DONT'S adopted hy the Inatitute of Makers of
Explosives, May 5, 1951, which is included for complianece, especially when
using commercial explosives.

WARNING

When testing a blasting cap, pull the wires out to their full length ard
place the cap as far away as possible and behind a barrier. Serious
injury ean result from failure to observe this warning (page 30).

WARNING _
Never enter the danger zone until at least 30 minutes after the last
attempt to fire; o hangfire may be in process (page 38).

WARNING

Never work with nonelectric components of a firing system until at
least 30 minutes after a misfire; & hangfire may be in process (page 38).

WARNING

The rendering safe of underwater explosive ordnance is outside the
seope of salvage operations, Whenever the prosence of such explo-
sives is known or suspected, qualified explosive ordnance disposal
personnel shall he called upon to clear the area before salvage opera-
tions are started (page 42),

WARNING

For above water work, do not place the second charge until the hole
made by the first charge has cooled. Artificial cooling with water is
suggested to avoid delay (page 59).

WARNING

Never detonate the charge when anyone is in the water within a 2000-
foot radius of the charge (page 103).
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Terms used in the list are defined as follows:

“Explosives” shall signify any or all of the following: dyna.mjt,e black
blasting powder, pellet powder, blasting caps, and electric blasting caps.

“Kleciric blasting cap’’ shall signify any or all of the following: instanta-
ncous electric blasting caps, delay electric blasting caps, and delay electric
igniters with blasting caps attached

1. DON'T purchase, possess, store, transport, handle, or use explosives
except in stnict accordance with organizational, local, state, and federal
regulations,

2. DON'T store explosives anywhere except in & magazine which is clean,
dry, well ventilated, properly located, substantially constructed, and securely
locked. -

3. DON'T allow persons under eighteen years of age to handle or use
explosives, or to be present where explosives are being handled or used.

4. DON'T leave explosives lying around where children can get them.

5. DON'T allow leaves, grass, brush, or debris to accumulate within 25
feet of an explosive magazine.

6. DON’T emoke or have matches, open lights, or other fire or flame, in

or near an explosive magazine, or have them near by while han dlmg or loadlng

oxplosives,

7. DON’'T shoot into explosives with any firearm, or allow shooting in
the vicinity of an explosives magazine.

8. DON'T store any metallic tools or implements in an explosives magazine.

9, DON'T drop, throw, or slide packages of explosives or handle them
roughly in any manner.

10. DON'T open kegs or cases of explosives in a magazine.

11. DON'T open kegs or wooden cases of explosives with metallic tools,
Use & wooden wedge and wooden, rubber, or fiber mallet. Metallic slitters
may he used for opening fiberboard cases, provided that the metallic slitter
does not come in contact with metallic fasteners of the case.

12 DON’T store or leave packages of explosives which have been opened
without replacing the cover.

13 DON’T use empty explosives cases for kindling.

14. DON’T permit any paper product used in the packing of explesives
to leave your possession. Accumulations of fiberboard cases, paper case
liners, cartons, or cartridge paper should be destroyed by burning after they
have been carefully examined to make sure that they are cmpty.

15. DON'T use explosives that are ohviously dotenomted

16. DON’T attempt to reclaim or use fuse, blastihg caps, electric blasting
CADS, OT any ot,her exploswm that have been water-soanked, even if they have
dred out. :

17. DON’T carry explosives in pockets of clothing.

18. DON’T make up primers of explosives in a magazine or near excessive
quantities of explosives.

19. DON'T force cartridges of any explosives into a bore hole or past any
obstruetion in & bore hole.

20, DON'T allow explosives, or drilled holes while being loaded with
explosives, to be exposed to sparks from steam shovels, locomotives, or any
other source,

21. DON'T spring a bore hole near another hole loaded with explosives.
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SAFETY PRECAUTIONS

22. DON'T load & sprung bore hele with anotber charge of explosives
until i has cooled sufficiently.

23. DON'T tamp with metellic bars or tools. Use only & wooden stick
with no expoged metal purts.

24. DON'T nse combustible material for stemming.

25. DON'T allow near the danger area of a blast any persons not sesential
to the blasting operations,

26. DON'T fire & blast until all surplus explosives are in 1 safe place, all
persons and vehicles are at a safe distance or under sufficient cover, and until
adequate warning hes been given.

27, DON'T retsien to the face untll the smoke and fumes from the blast
have been dissipated by adequste ventilation.

28 DON'T sttempt to investigate & misfire foo soon.  Follow all appli-
eable rules gnd reguistions, or, if no rules are in offect, wait at least an bour.

29 BON'T drill, bore or pick out a charge of explasives tbat bas misfired
Misfires should be handled only by & competent gnd cxperienced man.

30. DON'T abandon any explosives. Dispese of or destroy them in
strict accordance with regulations.

31. DON'T store cases of dynamite so that the cartridges stand on end.

32. DON'T leave dynamite, black blasting powder, or pellet powder in ¢
field or any place where Hvesiork can get at them.

33. DON'T take surplus quantities of permissible dyuamite, black blpsting
powder, or pellel powder inte a mine at any one time. These explosives
deteriorate rapidly in 8 damp atmosphere,

34, DON'T use black blasiing powder or pellel powder with permussible
explosives or dynamite, nor dynamite with pormisaible explosives, in the asme
hore hole in & coal mine.

35. DON'T tamyp pellet powder in a bore bole hard enough to erush the
pellels, because of danger of premature explosion,

36. DON'T store blasting caps or electric blasting caps in the same box,
e¢ontainer, or magagine with other explosives.

37. DON'T leave blasting caps or electric blasting ceps exposed to the
direct rays of the sun,

38 DON'T insert & wire, a nail, or any other imuplerent into the open end
of 8 blasting cap to remove il from a box.

38, DON'T strike, tamper with, or sttempt to remove or investigate the
conkants of & blasting eap or an electric blasting cap.

40. DON'T try to pull the wires out of go electrie blasting cap.

41. DON'T eonnect blasting caps or electrie blasting caps to Primacord,
except by approved methods.

42. DON'T attempt to fire a circuit of electric blasting ceps exeept by an
adequate quantity of delivered wurrent.

43. DON'T use in the stte circuit sleetric blosting caps made by more
than one manufaeturer.

44, DON'T handle oxplosives during the spproach or progress of an ?}(*C’-
mcai atorm. All persons should retire 1o & place ol safety.

45. DON'T make electrical connections without first making sure that the
ends of the wires are bright and clean.

45. DON'T sllow slectrical conneciions to come o contact with other
eonnections, bare wire, reils, pipes, the ground, or other possible sources of
current or paths of leakage,
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£7. DON'T heve electric wires or cables of any kind nesr slectric blasting
caps or bore holes charged with explosives axcept at the time of, and for the
purpose of, firing the blaat.

48. DON'T use electric blasting caps in very wet work unless they have
adequate water resistance and suitahly insulated leg wires.

49, DON’T use any means other than e blasting galvanometer conteining
8 ailver chloride cell fur testing electric blasting caps, singly or when connected
in 8 cirouit.

50, PON™T use damagad Ies,dwg or connecting wire in blasting eirenits,

B, DON'T use duplex leading wire except for singla shot firing,

52. DON'T tsmper with or changs the circuit of & bleeting machine in
any way for any purpose.

53. DON™T apurs force or energy in opersting a blasting machine,

54. DON™T store fuse or fuse lighters in 6 wet or damp piacg or near ofl,
gasoline, kerosene, distillutes, or similaz solvents.

55. DONPT store fuse near redistors, steam pipes, boilars, or stoves.

38, DON'T handle fuse carclessly in cold weather. I poss:bié it should be
warmed shightly before using to avoid cracking the waterproof coat.

37. DON'T use shors fuse. Ont fuse long enough o exiend bayend the
collar of the hole and to sllow time 1o retire safely [rom the blsst. Never use
Jess than six feet.

53, DOR™ cut fuse until you sre ready to insert it into & blasting cap.
Cut off an inch or Ltwo to ingure & dry end.

59, DON™ cut fuse on o slant, Cut it square seroas with a clesn, sharp
blude. Sest the fuse lightly against the eap charge and aveid twisting after
it is in place.

80. DONT critnp blasting caps to fuse with & knife or with the teoth,
Use a standurd cap crimper and make sure that the cap is fastened securely
to the fuge.

81. DON’T use fuse and blasting caps in wet work without having a
thoroughly waterproof joint between the fuse and eap.

82. DON™T kionk fuse in making up primers or in tamnping a charge.

63. DON'T hold the primer cartridge in the hand when lighting fuee.

64. DON’T lightfuse in sny bore hole nutil the holes eontain sufficient.atenm-
ming to proteet explosives from sparks from the end spit of fuse or & Aying nmich
bead.

65, DON'T try to light fuse with burning paper, other inflammable refuse,
or improvised torches,

86. DONT }zghé fuse pesr blesting caps or any expicszves othar than
those being used in the blass,
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Part 1. Fundamentals and Equipment
Chapter 1

INTRODUCTION

Definition

The term underwater salvage used in this puhli-
ciation means constructive underwater demolition
by the use of explosives to clear harhors, inland
waters, channels, and offshore waters of sunken,
capsized or wrecked .vessels, or other obstacles.
Such salvage demolition is, in general, a short-range
emergency operation.

Use

This definition applies to the following
operations: '

1. Harbor Clearance. The purpose of salvage
demolition in harbors or channels blocked by
sunken, capsized, burned or wrecked vessels is to
remove such obstacles so that these waters may
be used by other vessels siill afloat, figure 1. A
channel is selected through the path of least
obstacle density, considering such factors as cur-
rents, channel depth, and the desirahility of keep-
ing the channel as straight as possible. Ohstacles

in this path are dispersed by explosives. As time

and conditions permit, clearance operations are
extended to as wide an ares as is considered
Neccssary.

2. Other Obstacle Clearance. Salvage demoli-
tion is used to remove such obstacles as rock,
concrete, masonry, timber, and piling in the wny
of shipping,

3. Alteration of Sea Bed. Natural obstacles
that obstruct shipping may be present in the form
of sand bars, shallow harbor bottoms, or narrow
or filled-in channels. Salvage demolition is used
to alter tle configuration of the sea bed.

4. Propeller Removal. A ship’s propeller can
be removed while the ship is afloat by the use of
a small amount of explosive placed by a diver in
the proper location to loosen the propeller fromn
its shaft.

Advantages

The use of explosives in underwater salvage
operations has many advantages: speed, economy
in labor and materials, elimination of the need for
a sizahle array of elaborate and specialized heavy
floating equipment, and savings in cxpense. For
example, these advantages are apparent in the
case of a heavy cargo vessel deliberately sunk by

. enemy action to block a channel entrance., De-

pending on its actual condition, action could be
initiated to refloat it and tow it away or to dis-
member the superstructure and hull. Either
method would be time-consuming and very costly.
The use of explosives as described in succeeding
chapters would accomplish the military objective
in the most satisfactory manner by dispersing the
wrecknge,

A further advantage of usimg explosives is that
results are obtained which cannot be obtained by
other means. For cxample, the only practicable
method of demolishing a concrete pier is to blow
it up.

Disadvantages

The use of explosives requires highly trained
personnel! and strict and vigorous adherence to
safety precautions. However, these disadvantages
are far outweighed by the advantages listed,

Scope

Part 1 of this publication reviews the funda-
mentals of high explosives and information about
demolition equipment, accessories, techniques,
and tools applicable to underwater salvage oper-
ations. Much of this information already is con-
tained in existing publications, OP 1839, UInder-
water Demolition Team Materials and Their
Uses, provides comprehensive and detailed cover-
age of inany of the topics presented in this publi-
cation. Review material in Part I is intended as
“refresher” information only; it does not supersede
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Figure 1—Typical Blocked Horbor,
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INTRODUCTION

or replace detailed information in other publica-
tions.

Part 2 covers the application of the materials
and methods described in Part 1 to such varied
underweter salvage ectivities as harbor clearance,
barbor bottom alteration, rock and concrete
blasting, steel and timher cutting, and removal of
propellers for replacement. Similaer underwater
ectivities of groups such as the Underwater Demo-
lition Teams and the Bureau of Yards and Docks
are outside the scope of this publication.

OP 2081 is not intended to take the place of
training by competent instructors, but rather to
provide guidance and information for trained
personnel and assistance to instructors, Informa-
tion on size of charges and techniques employed
are furnished for guidance only. The sound judg-
ment and experience of the salvage officer will be
the deciding factor in successful underwater ship
salvage and harbor clearance work.

References

OP 1178 (First Revision), Demolition Material,
26 June 1046,

OP 1411 (First Revision), Safety in Combat
Demolition and Blasting for Underwater Demoli-
tion Teams, 14 April 1947,

OP 1839, Underwater Demolition Team Demo-
lition Materials and Their Uses, 8 September
1953, .

FM 5-25, Explosives and Demolitions, Septem-
ber, 1954.

FM 5-35, Engineers’ Reference and Logistical
Data, 4 September 1952

TM 9-2900, Military Explosives, 28 August
1940}

Translation 208, Introduction to the Theory of
Underwater Explosions, David Taylor Model
Basin, U. 8. Navy, July 1948

! Not available for distribution by the Buresu of
Ordnance.
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Chapter 2
FUNDAMENTALS OF EXPLOSIVES

Definitions :

Explosive. An explosive is a substance or &
mixture of substances which, when suitably imiti-
ated, ia capahle of rapid and violent chemical re-
action. An explosive renction always is accom-
panied by a sudden rise in pressure resulting from
the formation of gases and their expansion by the
heat liberated in the renction.

High Explosives. Some substances give nse to
explosive reactions characterized by molecular re-
arrangement which proceeds practically instan-
taneously. This molecular rearrangement may be
combined with burning. Such substances are
called high explosives. In these, oxygen is usually,
hut not always, present with combustible elements
such as carbon and hydrogen. The chemical ar-
rangement gencrally is one of unstable equilibrium;
the initiating impulse brings about a breaking
down of chemical bonds and a molecular rearrange-
ment which occurs so rapidly that the evolution of
heated gnseous products is practically simulta-
neous throughout the mass.

Propellanis. Certain substances give rise to
explosive reactions characterized by extremely
rapid combustion. These substances, known as
burning or progressive explogives, are usually used
as propellants. The reaction in these explosives is
a true burning, called deflagration, which proceeds
from point to point throughout the explosive sub-
stance, accelerated by the heat and pressure pro-
duced. This type of explosive is not suitable for
underwater salvage work. '

Deflagration. The explosive reaction of a burn-
ing or progressive explosive is called deflagration.

Detonation. The explosive reaction of a high
explosive is called detonaiion. A strong shock is
needed to initiate the detonation. This is ob-
tained by exploding a smaller charge of o more
sensitive high explosive in contact with or in close
proximity to the main cbarge. The smaller
charge is exploded by heat or shock.

Rate of Detonation. The rate of detonation 18
the velocity, usually specified in- feet per second,

4

at which the explosive reaction progresses through
<he mass of a high explosive.

“Sympathetic’’ Detonation. Frequently it has
been demonstrated that detonation of an explosive
mass can be transmitted to other masses of high
explosive in the near vicinity, without actual con-
tact. It has been gencrally accepted that such
transmission is caused by the passage of an explo-
sive percussion wave from one mass to the other.
The second detonation occurring under these con-
ditions is called a “sympathetic’”’ detonation.

Sensitivity. Sensitivity is a measure of the
strength of the impulse required to start an explo-
sive reaction. The less sensitive cxplosives are
difficult to detonate directly and requirce a booster
charge of more scnsitive material to set tbem off.
The more sensitive an explosive, the easier it is to
start the reaction and the more carefully the ex-
plosive must be handled.

Power: Effectiveness. Power, better termed
effectiveness, is a general term used to indicate the
results produced by the detonation of & high ex-
plosive, such as capacity for penetration of steel.
Determimation of the effectiveness of different ex-
plogives is made by conducting comparative tests
or equal weights of the different explosives under
similar conditions, The effectiveness values of
different explosives are useful in selecting the best
explosive for a given application,

NOTE: The effectiveness of an explosive
is not necdssarily related to its sensitivity.
TNT is a highly effective explosive with
low sensitivity.

Strength. Strength is a term applied to the
dynamites. It is expressed as a percentage that
indicates the nitroglyeerin content by weight.

Demolition Charges. Demolition charges are
defined as follows: '

1. INTerNaL CrarGis. Internal charges are
those placed in naturally occurring cavities or
manmade holes in the object or area subject to
demolition.
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FUNDAMENTALS OF EXPLOSIVES

2. Exterwat Unances. External charges sre
those placed on the outside of or secured to the
surfece of the object or area subject to demolition.

3. Sxarpp Cuarase. Shaped cherges, salso
known a8 cavity or Munrae charges, are so fab-
ricated as to focus the explosive ensrgy o obtain
greater peneiration for a given mass of explosive.
The typical shaped charge has 2 cavity or air
apace in the shape of & cone, hemisphere, or ¥+
shaped groove,

Main Filler. A main 8ller v o high explosive
of low sensitivity snd forms the bolk of sa ex-
plosive charge.

Initiator. The most sensitive high explosives
are classed as initiators. They are used to stard
the deflagration or detonation of other explosives.

Boaster. A booster is an explosive chargs that
is sensitive snough to be detonsted by a small
smount of initiator explosive and powerful enough
to cause the detonition of the main filler

Choracteristics of Explosive Reactions

Yelocity. The velecity of detonation of high
sxplosives varies within wide hmds, depending
upon the kind of explosive and upon itz physical
state. The velocity of resciion of high explosives
ranpes fram about §,501 1o 28,000 feel per second.

Eaergy. An explosive reaction is always ae-
companicd by the rapid liberailon of snergy.
The amount of energy represents the potential for
deing work (damage).

Presgure. The high pressare sccompanying an
explosive reaction is due mamiy to the formation
of guses which are expanded by the heat Hberated
in the resction. The meaximiun pressure devel-
aped in the surrcundings and the way in which
the enorgy of the reaetion 18 applisd depand upon
the volume of ithe gases, the amount of heat
liberated, the velogity of the reaction, and the
density of the surrounding medium.

Comperison of Explosive Reastions in Air and
Under Water

The explosive reaction of each of the high
explosives dizonssed v this publieation is an
almost-instantanesus change from & solid or liquid
to & equal volume ol gases® under extremely
bigh pressure. This change is independent of the
surrounding medinm within the limits of practical
application,  That is, detenation of & cubie inch

1 Cortain inert solid pertislss romain after detonation,
bt may be disregarded for the purposes of this discussion,

of TN'T will produce s cubic ineh of gases® whether
the detonation occurs in air, in earth, or under
water; also, the release of energy will produrs
the same maximum pressure, regardless of the
surrounding medium. However, the effscta of
the resction sre guite different under water from
thoas in air.

In air, the first effect of the completed explosive
reaction i the impact of the extremely high
pressure of the celeased gases on the surrounding
envelope of air. This impact davelops a pressurs
wave that travels away from the detonated explo-
sive in all directions && supersonic speed, figure 2,
The wave rapidly develops into a sheck wave {&
wave with s vertieal front) the smpltude of whick
diminishes &s the distance from the paint of origin
increases, The high pressure developed by the
explosive reaction is quickly dissipated into the
astmnosphere,

2
Figure S-Pressure Wave in Alr from Fired Detonator,

Under water, the first offect of the completed
explosive reaction is $he Unpact of the exiremely
high pressure of the released gases on the sur-
rounding envelope of water. This impset de-
velops o pressure wave that travels away from the
defonated explosive ih all direetions «t supersome
spesd, Hgure 3. Up to this paint, the effeet is the
samme as for a rewetion in air except that the
presgore wave developed wndee water does pol
hecome a shock wave. From ihis point on, how-

FIRE0S O—06—03
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Figure 3-Pressure Wove inWater from Firad

Detanatar,

™

Figure 4-—Underwarer (Gos G?oiw;

ever, the offects differ.  Under water, the gases
relensed by the explosive resetion expand ramdly,
compressing the nwrrounding layers of water and
thrusiing the water away from he peini of origin.

6

The potential encrgy of the gas preasure is changed
to kinetie energy as the water iz thrust back, The
gases expand enough so that the pressure within
the “bubble” drops below that of the surrounding
water. Hydreulic pressure then “collapses” the
bubble down te a volume approaching that at the
instant of detonation. The surrounded gases then
start to expand agein; st the instant expansion
starts for the second time, the impact of the gas
pressure aguinst the surrounding weter causes a
second pressure wave similar to the first.  Aler-
nate expansion annd contraction of the bublide,
figure 4, continues until the hubble breaks the
gurface of the water and the gases are exhausted
to aimosphere. Each expanston causes s pressure
wave similarito the firet. These successive pres-
aure waves are called bubble palses.  In sddition
to the effect these pulses heve on ohjects in their
puth under water; there 18 & secondary sffect on
the objects dugs to the thrust of the water as it is
pushed baek bodily by the expanding gases,

Figure S—Fragmentation Effect of o Chorge Cosing
Exploded in Air.

The shattering cffects of sir and water explo~
sions are different.  The fragmentation petiern of
a charge casing exploded in air, figure 5, shows
innumerable small splinters.  The same amount
of explosive detonsted under water, figure 8, pro-
duces fewer, but larger fragments because of the
ratarding offect of the wetor,
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(&)

Figure 6—Fragmentation Effect of a Charge Casing
Exploded

(8]

in Woter.

The preceding paragraphs outline the basic
differences between explosions in air and under
water, figures 7 and 8. Other factors influence
the effects of an under water explosiott, such as
the placement of the high explosive relative to an
object or the situation of the object itself. For
example, a charge placed against hull plating will

have a completely different effect when the com- -

partment behind the plating is & void (filled with
air) than when it is filled with a liquid, such as oil
or water. Figure 9 shows the wide variation in
equal pressure zones produced when equal amounts
of an explosive are detonated near the surface, near

the bottom, and midway between the two. The

contour and type of bottom also modify the effects
of an,underwater explosion, Within practical
limitations, the effects of a specific charge under a

specified set of conditions cannot be predicted with

accuracy because of the many variables involved.
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Figure 7—Typical Surface Explosion.
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Figure 8—Typical Underwater Explosion.
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FUMDAMENTALS OF EXPLOSIVES

DETOMATION NEAR THE SURFACE
8]0 \ zz;:: | 120 140 160 180 FEEY

0.5 A7 043 038 035 231 o.27 .23 INCHES

DETONATION (N OPEN WATER

LR 46 68 , 80 0 Zgﬂ . 14;9 . 1§{} , IBIOF‘E&'T
-ﬁq“‘.-‘___\"
10
piie]
£ 2°% 230 PouNDs
® 40

5 ot 0’27 ozamgs

DETORATION (N THE BOTTOM (RAND)
0 n 120 B0 180 FEET

031 937 023 INCHES

figure P—Equal Pressure Zones,
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Therefore, the size and placement of a charge for
underwater salvage must be datermined by the
salvage officer hased on fundamentals and on his
W paal axperience.

Military and Commercial High Explosives

Basic Characteristics, Tables 1, 2, 3, snd 4
give the basic characteristics of domestie and
foreign military and commercial high explosives.
In general, military high explosives have higher
velocities of detonstion, greater relstive effects
fbused on the effect of TNT as unity), higher

ioading densities, and lsss sersitivity than com-
mercial explosives. Propellanis and other burning
or progressive sxplosives are not suitable for
underwater use; therefors, such explosives are not
listed in the tables. -

Magszive Locations, To safeguard other facil-
ities from the effects of a mag&.zine__@aion,
magazines must be solated. Tuble 5 Whows the
minimum distances required for safety between
magnzines containing military explosives and
other facilities. Toble G gives similar information
for magazines conteining commercinl explosives,

Table 1—Comparative Effects of Military and Commercial Explosives

i
. * Belative ! | Losding | Veloclty {feet
Explostve Uze effels donsity yor sevond)
WY {teindroteluened ..., MiieEY i 00 1. &7 21, 800
Ammoniom pitrate. L. e N SE'; < M - 7 25 R i1, 000
Tebrytol . i do.. oo L 20 j. 0 23, (¥
e TS SO * SN 1. 96 i 5% 23, (4]
Compasition T-3, C—4 . oo v e da. ... . 1.3 . hg 28, 600
Compasition -2 e i e ol .. i34 i 57 24, (00
I{D)F-Ecyc!zmite} ___________ o o o o o e oo i. 50 i. 65 25, 60D
Nitramon ¥, i e e Commereial_____ ] e e i 24, 200
Wlasting gelatin?_ ________ ... OV DU . | SO R T DR, 20, 800
60 pereent gelatin dynamite T vunvn s do .76 1. 34 16, Q0D
650 percent gelatin dynamite®. .ovennnnnnnnn v i]vnn s 3 [+ T I ¥ S Q000
40 perpent gelatin dynamite2 L Lol do........ . ____ AR 8000
00 pereent straight nitro-glycerin dynsmite. ... . S do_____________ .81 1. 22 13, 000
40 poreent. straight nitro-glveerin dyoamite. , ... .. Y « [+ TR B £ T 15, 0DG
"\ Prguras hasmr on TR 58 ity (1001 o
* ¥'z8d in =ililaTy operations alss.
Table 2—Properties of Dynamite
SQirength {perceni}
Crad Losding Velopity ¥ Water re-
TRa® : density + | {feet per second’ | sistanee
. Weight | Bulk
[ 15-35 15-38 142 £306- 12, 860 | Poor,
Stzaight dynamite_ .. L 5 A0-30 H-5¢ QR84 13, 86634, 160 | Good.
5951 11-99 110 200-""en | Fag
. 1 - ¥ 40 8ir.
Ammonia dynamite. . ... &N 3585 110 | 10, 400-12, 800 | Good.
Gelatin dv i 20--60 30-59 8506 | 10, 50014, 700 | Bxcellent,
ACIALIH CYRBIULE - - oo oo 75-00 67-79 | 101107 | 20, 00-22, 300 Do.
Special (aAmmonium) gelatin. . ... vnw wnmwn. oas { s(kgg 35—;8 B8~ ;gg 13, IW{S: J{gg ]83
Hi-vetozity gelatin. - _____________ ... ...... 5680k 41-56 - 120 18, (0021, 800 Deo.
Bigsting gelatin . ... . Lo LY 150 14a 28, 800 Tia.

F{lommereinl decsiiy is given in terms of the nwaber 30 (0 by § inches) tartcidges per %-pound ease.

* W here a range of velosity is given. the rate of detonsiion of the jnitiator wiil determine ihe velocity of delonaiing of tie dlnrme.,

10
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Table 3—L), S Military Explosives

Yelociiy {feet per Goperal efecla (TNT
Explestve Phystcsl charadleristics seeond’ Priening pxternal charge= 1,00}
C&mg{esition -3 | Plasiic, essily mokdsd st fem fares L 8000 . ....] Detonsiing zord  andior | Used for general militory
(REX}. between - ¥° snd +128° F.; sensi- Pirean of Ordnance ? purposes, Fair valup sz n
Hiviky sbout equal to TXT, hes good cial Dlasting eap. {1he pratering charge, Exier.
witer remistance.  Pao in 2y Corpr of Bagineers spe- nil charge 1.28,
pound blosks (ME demeolition blook} sigl onp iz exsolly the
and Wepound Blogks (M4 demelltiso m@&ﬁtﬁ%ﬁ&m& biv the )
blocky, fig. I8 Alse svallable in & Buresu of Urdnaosa.}
e hlosks ss Demolition Chargs
i 24 Mod § in Demalivion Ousfit M 1
135 Mod 8. Gives off polonous foities
: S after detonstion.
Campositian €4 ! Similer 4o Conposition O-3; ls replasing .
{RIIX:, . Lo
Trinitrotaiuene {TNTr . Crystalline sabstance; light brews eolor; | 251008 .. .. Patossting  cord andlor | Used primarfly for cutting

Aminonium (nitrate)___ _

Penteerythrit  iesrani-
trase JPETNG.

e s B

L]

Tedeytolecowen oo~

tairly steblz; does not  deferiorate; !
watey resistent; packa%ed in l.dh.
and 1-1b, blocks, fig, 1l: gives of
poisonous gases after detonation; den- |
sity 1.58; moltinﬂg goint A0LB® (. axplo. ¢
sion temp, 295-800° C,; very toxic.
Crystalline powder white to brown in | 11,000 . ... ...
eolor; insensfiive to heat and fristion:
fairly nflammable: deteriorates fast
when exposed o air) uot resistant to
mojature; preked as dponnd cherge,
fg. 12 "roduces noironous gases sfter
ezéglmign; density 1.30; meitimg egeim
1689,.5° C.; desomposition temp. L +2
White sryseal powder; solubie in water; |
grant energy and brissnoe; can be deto-
naied by bulled; densily .81, melting
point 141° O expiosion tomp, F0-
205° G
Crystalline powdsr; yellow solor; stabis
at sl lemperatures enspuntersd in
stotage: more sonsitive to shoek and
fristion than TRT; readiy exploded
by pepetraiion of a rifie bullel] water
resistant: densive 1 8%; hieh hrisance;
wmettin émém 13:% €1 oxplosion temp,
13:"}*19% {3 very toxic, _
Mixture of teiryl (75 pereent approzis
meate] and FRT; shout twi ST
tive and 1.2 flmes more powerhul than
FXT; packagad fn chain blocks as M1
ifig. 13), and M%Z demolition block,
Nonhygroseopie,

BRO06. .. ...

23,000 1o 34,500, ...

Burean of {rdosnce zpe-
cinl binsting oap.

Detonating  cord  andfor
Buresu of Ordnance spe-
cial bleating cap or Clorpa
of Bnginesrs specisl slec-
trie or nonclestrie binst-
ing cap,

Estonsting cord  andior
Buresay of Grdnance spe-

of Enginears special eloo-
trie or nonelectric blask-
ing cap,

Gene Slover's US Navy Pages

Table of Contents

cial blastitg cap or Corpa ¥

and kreaching, but may
be used for geriaml thenkg-
lition work, Gond value
as cratering charge.

Cratering charge valug ox-
vellent. External sharge
effect ©0.42,
for steel cutting charges.

{ized primarily in deionaiing
COrgs: B high-veimﬁty fusa,
usedt for firing 2 number
of charges nsariy simyl
taneously,

{ised 88 B hooster exphmive.

Cuttieg  and  bresshing
charge; cratering charge
value is fajr;  extersal
sharge ellectivensss is 1,20,
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Table 3—U. . Military Explosives—Continued

" Physieal chacactoriatios

" Valoelty (feat
vt >

Ammonigns picrate {ex-
plosive 12}

.........

ROX {eyclonite) ...

RDXm_wmpwmn AL
BRDX-gomponition B.__

RDX—ecompoaition (...

Nitramaos {commercial)..

Blasti gelstin  {com-
mezggﬁ},

Contains 84 ;zewent RDX,

Mixtare of azsmonium uitrate ang TNT.
ﬁmmnﬁmamwfwmty 1.64,
sad BOS0 (BO i ammonium
nitrate) denuiby insansitive . tc

Ctrict‘iion, ol momtum readily. o
ryetalline powder: urangs yellow saoloy;
insenaitive to shock an Mﬁ, h.hhly
inflammable; inferior o TNT on ex
Khﬂm powsr; poor waier resistance.

powder, more sepsitive o impact
ighly inflammable; de-

mim when expoped o mi&ture,
;&w&am iwnows gases alter explo-
sion. ed in -poysd and Wpound

iés vrg-sismm pawder; imo!zzbzs in
y: meoiting point is 200° C,; added
T High degree of stabiity in

storage.
Geay io buff eolor; eontalns 81 pﬂ‘m‘h
RDX and 9 percent heeswax,
nlar in form; insensitive; high bzisame
39 pereent
'Z‘Z&'? and 1 pereent bepawax; non-
pmm more sensitive than TN'i"
Contning 48 peresnt RDX and 12 pereent
plastivising oil; buff in color; plestic
substance; water resiptant; highly ine
flstamable; high brisance; ?Ems off
poisancus fumes sfier detonal
Contains 47 persent KDX, 40 percent
TNT, 1% percent slaminum pewdar,
and n frastion of 1 purcent of boeswax;
gray, moviar-lice o8 very
Tsemsitive to impact;  highly ioflam-
miable; nonhygroscopic; deneity 174,
Exitrenwiy insensitive mt shotk; none
166 packagad in watsrproof metal
cans 4%y-inches to Y-inches i mmn
by 24-inehes long, fig. M.
Para rubber substance; sbeolutely mte:~

es in dimeter feinehen hmg

m;wmz #3.000);
20730 a. mstoi

sy =

ting cord and/or Bu.
reay of Ordnanoe apecial
binating cap.

Del‘nm&ia% eord md!or Ba-

blasting on] m'{}e of
Enginccra posthl tap.

B m Eéi;:mmon primer
) pm&i detonating oord or
blasting cap. -

I)etom eord and/or Bu-
prduance
biasfzing copa.

Damplition exvaa.'

External effoel, 1.50 in air
and 1.78 under water,

Good crate gharge (used
mm&e?;gcmm ¢

Excellant for undsrwater
work. .

t Mot survently Being prosgeed.

e et b e i} e e et
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M3 DEMOLITION BLOCK T P
: 2% LB > -

i

: TN IT IS PLASTIC
] f \_ : LOOKS AND HANDLES
- ; {g / - - LIKE PUTTY *

M4 DEMOLITION BLOCK
% LB

Figure .T T—TNT Block, One-half Pound.
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DETONATING
CORD TUNNEL

(= _ —

DETONATING CORD

AMMON IUM /
NITRATE )
S ' :

CROSS  SECTION
'Y :

EXTERNAL VIEW OF CHARGE
WITH DETONATING CORD

Figure 12—Ammonium Nitrate Cratering Charge.
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FUNDAMENTALS OF EXPLOSIVES

Figure 13—Chain Demolition Blocks M1.
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ELECTRIC FIRING WIRES
(TO BLASTING MACHINE)

NITRAM

TUER T (LT (R T I

OR
BLASTING cap _ ELECTRIC
BLASTING CAP

Figure 14—Nitramon Charge.

Figure 15—Blasting Gelatin Used in a Rope Charge.
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Table 4—Foreign Military Explosivas

Greot Biftain -
. Effectlve-
o : Yelockty .
Bxplosive - “;_' (fent per Value an » ctatering Principal uses : ... Packaging
ooy | vacond) ehacge - |
C. B INT demolition alabs.; - 1L 18 23, 800 ¢ Fair ggﬁﬁwmy not | Al uépme, except bare- | 1 mmd skba 14 d&b& in in 'm wisl
. Izg and  camouties *Wb&& mmziam 10 slabe
Flaatie H, B ... .o 13 24,300 1 Feir. e o ’ﬁ ouiiing charges, | 4-ounce oeriridge, 1Mdneh dinmoter, ;
. . : mzé minad charges. imiz:g loag callophane wmm {mzr 3« :
po . pound wartons, packed in woodan
BOR ploddit. v e s L3 S5.806 1. .. do . _____ . . __ Alpurpese............... &ounee waxed @zb%
gémamkgi m gt o
. - 15 PG in wooden
Gunoestion fobaciete) . .. ____ Wat, 6.9 i 80 ... ;1 TR r::zpo% axoept Doy lQ«mce slab’ ﬁnﬁuﬁ! mmm of watarl,
- o i Dy, 1.1 b3 11, ¢ I S b samoufed 8 by 3 inches, } t«txiwk 14 siaba 0
charges, i box m, tatal
. ' _ wetght 25 pmmda.‘
852 PIABIIC. o v msmc v 1,2 93,8600 . .... do. e Z AR PUBIEE . na - d-ounse wazed paper , 1%-inch
_ diameter, 3 inches lmtg fo pound -
: tone pscked in
Ammonsl (likely to become ] 11, 00 | Clood (detonation | All purpose, except putting, | 25 pounds in tin l:uux, Ezmé 9 inchen 0%
obsolete). must not he de- Do not use in damp inches thick; 3 boxes in total weight
- layed), - p};cigs or on deferred dem:- 114 pounds,
olitiona.
Polar N, 8. gelignite_.o.. .. .9 18,400 | Goole e ecuneeannan- i Borsholes  snd  minsd | deounce paper-wrapiud mtridm, e B
' : : cherges particuiarly saft pound cartone in a SGpound wood onse;
~ able in fgpneling: dan- tmi weight 58 pognds,
Co gerous ¥ {rozen, :
% -
: L™
France %
Fierie asid {melinite} § .8 2550 | Good AH purpose Blwk dsmahtwn thm mi 2., packed 2
T ' S ) T in brass oase i _wmgm__‘ of 138 3‘;:
“kilogram, 10 hbgtama and 20 m 4
Bkmk demo&r.ﬁo.n charges, model 31A, in =
braes.case, 1 ki >
Binali cylmder ouneea in ' brass B,
1¥-inch dismetar, 4% inchm Joing. E
Large cylinder, 1 Jeil m in timss case,
© #-inch diameter, & nahw Yong. Q
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: Table 4—Foreign Militery Explosives—Continued
- Germony '
Efective. . '
Yelorly | yoiae as a eraterd '
Explosive .. | (Teet per e as A 4 Privchpal uses Pacloging
) ﬂ;’g} eecond) charge
B W 1 1.0 21, 500 (}ood»; ............ All purpoge. . .o.cuwennunnn Bnhrpntmne 28, 3}£-ounm wnxnd
! . Elmnakapar 28. T-ounce blowk, paper.
arenghu Sxmmd 3-oynce binek.
balite hdun&, kilogram Woek i ainc
wfbnwnsr hoilo
m .
Piorie 8. oo v n s mnnon LO BLOOO B0t =1 A Bom“_ %?}i—mﬁw waxed paper
e .
gbamhse 24, und, Soynes blpsk,
hdung, S blook in sine
R}}Xé‘{‘&’? {ﬁgg ;mmmz 1.2 2&% Fagr ... 1 A purpose, goed oolling 1%3 wmm demolition charg
PECED N w
228 shargs 3&‘?&%@% -aw
Plawtite RDX il ... L3 25,008 1..... < SR AH purpose, eutbing and Z-mzmd 2-ounve,
sressare chorges.
Peuthritefwax {PETN com- 1.2 24,200 ... 1 TN AL pUTTRIBE . o v v s Wogram, bollow-shsped chnrgs,
pramud), : - $00-gram, hollow-shimped churge.
- fraly
TRT . el RO 20,500 | Gootoueennennn... Al purpose. ... .....o.....| 100-gram (3%-cunce) bloek charge.
' : Img-rm § unaa} blnck
e . 100-gram {3 zwe
Penthrite (PETN soam-~ 12 24,200 . FRIF. e memr e mmn o n e A v cvnmv m (T-cutes) blosk ehn%
presseds. ¥ : Sw»gmm {1~poun¢! t}(woun ehinegs.
Jopan _
G-Bhokursha {piorde seidd. .| 1o 21, 300 e IR AR DUTDORG .o v e v nenw 3«@0&2&6 prepamd M o
' - --Wﬁﬁmambhﬁspmkﬁmmm*
¢ 27 3M-ounce aticks packed in 8 wooden box.
I-kilogram demolition wxn,
_ o : . Bekilogrem demelition ean.
Plastie ﬁxplmim RDX a8 1.3 - T B ! S QO e cncmn e é-ounce charge wrapped in mhmmt paper.
permt (vegetable oil 20 o L R .
permn ' ) . :
Nigo  Tan-o-yaky (com- 11 22,800 |.....doe o All purpoee, oubting wnd | 30-kilogram ﬂqtl
w RD 60 peroont; pressure charged, OF $%-ounce sticks pwk‘ed in » wooden box,
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’ Table 5~—Magazine Locotion (Military Explosives)
. Minimeam distance nearest (feet) °
Quantlty, pounds of exploalve (not over)—— _ Publt P .
: ) : Inhabited [ blic !
bullding rallway | highway | Magusine
B0 o o oo 145 90 45 60
T 240 140 90 ‘80
200D _ e mmmmmemmmmmaan 1200 | T20 360 230
000 mrrmmm e e e 2140 1260 640 300
100,000 .. IITIIIIIIIIIIIIIIIIIIIIIIIIIII 3630 2180 1090 . 100
O % e ammmimmmmaan 4310 2590 1300 BOOD
. U'Muimom pemitted in sny ms magasine. : _
Table 6—American Table of Distances' For Storage of Explosives (Commercial) |
. S Distances when storage Is .bu"rléule\l
Inhabited | Passenger Puhblie
Pounds, over— Poonds, not over— bulldings | rallways kighways
70 30 0
- 90 35 a5
. 110 | 45. 45
: 125 : 50 50
140 58 85 —
150 & 60
1 170 | 70 0
a 190 75 T5
" 200 80 60
215 85 85
235 © g5 95
255 - 105 . 105
270 110 110
208 120 + 120
320 130 130
340 185 |- 135
355 145 |- 145 .
375 150 | 150
390 1585 | 155
400 160 160
425 170 |- ‘185
450 130 | 170
470 190 175
4190 195 180
506 205 1B5
545 220 109G
580 235 195
833 255 210
-85 | 275 25
730 | 205 235
770 810 245
800 320 250
835 335 255
R8s | 345 200
875 - 370 R
1 Estahlished by the Instituts of Makers of Explosives. ) '
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Chapter 3
DEMOLITION EQUIPMENT AND ACCESSORIES

Demolition charges, outfits, equipment, and
accessories of standard design and issue are
described in OP 1839, Underwater Demolition
Materials and Their Uses. Use these stock items
whenever practicable as they are particularly
suited to salvage operations. However, salvage
units may be reqitired to operate in areas remote
from supply lines or where the flow of supplies
is erratic, Under such conditions, make full use
of any suitable explosives and equipment avail-
able locally, including foreign military and com-
mercial explosives. Accessories commonly used
in underwater demolition work of special interest
or not covered in OP 1839 are listed in this chapter.

Blasting Caps

A blasting cap is a detonator used to initiate
main charges, boosters, detonating cords, and
other initiators. The cap is extremely sensitive
and must be protected against heat and shock.

Special NonElectric Blasting Cap. ' The special

b

nonelectric blasting cap, figure 16, is an openend
shell into which is crimped a fuse or the snout of a
coupling base. The cap includes a flash charge, a
priming charge, and a base charge. The flash
from the fuse or coupling base sets off the flash
charge; the flash charge then sets off the priming
charge which detonates the base charge.

Special Electric Blasting Cap. The special
electric blasting cap, figure 17, consists of a
PETN base charge, a priming charge, bridge wire,
and two 12-foot leg wires sealed into the end of
an aluminum or copper shell. When voltage is
applied to the leg wires, the current through the
bridge wire heats it sufficiently to detonate the
priming charge which then detonates the base
charge.

Special electric blasting caps are the only caps
that positively will detonate all present military
explosives, Boxes containing these caps are
marked “Will Detonate Composition C.” The
Bureau of Ordnance issues three different makes,

- U —— — A

rr..... . e g

02a

e S——

HASE CHARGE

~

PRI ING CHARGE

IGNITION I'JHAR_GE IFLASH!

p—

METAL CAPSULE

Figure 16—Special Nonelectric Blosting Cap.
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DEMOLITION EQUIPMENT AND ACCESSORIES

IGNITION PLUG

MET} CASE PRIMING CHARGE
_"‘____,,__'.:__._'._'._'_ — ./_ =
b'_—r—-_‘ TR ““"". !

' /l A N e

BASE CHARGE BRIDGE WIRE WATERPROOF ING LEG WIRES
5 COMPOUND
i APPROX. 3 i
t L e s . ot~ *
HERCULES g

DUPONT

———
S P B ‘/‘W\ L =
METAL FOIL

ATLAS

SOUARE LEAL CLIF

Figure 17—Special Electric Blasting Cop.
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OP 2081

figure 18, to naval activities for combat use,
but only caps of the same make, grade, and type
should be used in any one circuit.

Special Delay Caps. Special delay caps are
similar to special electric blasting caps except
that a delay in detonation is obtained by em-
bedding the bridge wire in a burning mixture
instead of in & high explosive. Special delay
caps are issued in ten different delay periods.

Special nonelectric, electric, and delay blasting
caps issued by the Bureau of Ordnance are identi-
cal with the corresponding types of blasting caps
issued by the Army Corps of Engineers.

Commercial Blasting Caps. Because they do
not agsure positive detonation, never use com-
mercial blasting caps in salvage or demolition
work.

"

METAL FOIL

Z ﬁm’m

v_
b
75" —-- =
h-..J ol — e’
HERCIAES DUPONT ATLAS
Figure 18—Identification of the Brand of Electric
Blosting Cap.
24

Figure 19—Primacord Primer.

Primacord Primen

Primacord primers, figure 19, are commercial
primers used to ensure detonation of watersoaked
or frozen detonating cord. Such detonating
cord will propagate once it haa been initiated, but
cannot be detonated reliably by a blasting cap or
another detonating cord line. Primacord primers
are cylindrical charges of relatively insensitive
but very powerful explosive encased in & “cel-o-
seal’” band. Each cylinder is approximately 1%
inches long and 1%4: inches in diameter. Tbere
are three holes running lengthwise throughb the
cylinder; two of these can be used to thread the
detonating cord that is to be detonated, while
the third is used with & short detonating cord
tail for connecting to a trunk line. The principal
use of these primers is for firing charges that
have been pgimed for a prolonged period. They
also are used for setting off detonating cord
leading to underwater charges and for firing
the relatively insensitive Plastic Reinforced RDX
Primacord.
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A complste sn.lvage demolition charge consists

ofl..mmcharge & booster, mdanmhabor In--;;_--};.-- R |

soms ‘canes, the booster. is emitted;’ The connes-

honoftheimhntnrnndbooat.ermthemmehugo. o

is known as “priming” the charge. Standard mili-

tary charges and outfits include the necessary '

booster charges and are squipped with activator
wells or detonating cord to facilitate connections
with firing accessories.

Salvage demolition charges may be det.ona.ted .

individually or in groups. ‘When charges are to be
dstonated in groups, they may be connected to
detonate succemively or simultaneously, Charges

" may be detonated -either by - eleetrical or non-

electrical means or by a oombmshon of both,

Priming Ccnncdlom ._

When a series of d:u.tgea is elect.neaily deto-
nited gimultaneoualy, s finng wire must be con-
nected between the blasting caps and the blasting

‘machine; all blasting caps must be the product. of
the same manufacturer. If the series is to be

detonated nonelecirically, the charges are to be
connected by e detonating cord. . The detonating
cord then iy’ connected for ﬁrmg by one of three
methods“‘(l)’ nonaliact.ric blisting cap and time
fuse; (2) fring device and detonating cord initiator;

or (3) electnc blasting cap, firing wire, and blasting

ma.c.hme.

Charges with Threaded Activator Wall )
Charges with threaded “activator wells are

primed with an eleotric 6r’a“nonelectric. blasting
cap. Priming adapters are designed for use with

-~this type charge as described in the i‘ollomng

paragraphs.

Electric Priming. To pnme a charge with an
electric bln.st.mg cap, figare 20, pdes the capr wires
throngh the wire alot of the priming adapter,
Place the wire end of &heblaatmgeapmthehrger
bore of the adapter, and then screw t:he ada.pt.er
into the activator well.

Flgurc leﬁillfng Chu

Nolelectrie Prlning.

the. adapter for priming with time blasing’ fuse,

- Or use & ﬁnng device with a nonelect.nc blastmg

cap.

kS
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Figure 22— Firing Device.

To prime with & time blasting fuse, figure 21,
first cut off and discard about three inches of the
fuse to make sure that no absorbed moisture re-
mains at the end of the fuse. Insert the cut end
of the fuse through the priming adapter. Crimp
& nonelectric blasting cap to the fuse, push the cap
into the adapter, and screw the adapter into the
activator well.

To prime with & firing device, first screw a
coupling base into the firing device. Then place
& cap sleeve over the snout of the coupling base.
Without forcing, push a nonelectric blasting cap
over the cap sleeve and snout. Crimp the cap
on the coupling base with a pair of cap crimpers.
Screw the assembled firing device and blasting
cap into the activator well, figure 22.

Charges with Nonthreaded Activator Wells

No adapters are provided for use with charges
having nonthreaded activator wells. To prime
this type charge, place the electric cap, nonelectric
cap, or detonating cord extender in the well, and
then tie the cap wire, cap fuse, or detonating cord
securely to the charge. :

Ammonium Nitrate Cratering Charges

Electric Priming. To prime a 40-pound am-
monium nitrate cratering charge, place an electric
cap in the cap well on the side of the can. Wrap
the cap wires three times around the cleat nbove
the well. Connect the firing wire to the hlasting
machine,

Nonelectric Priming. For nonelectric firing of
&N ammonium nitrate cratering charge, prime the
40-pound can with & nonelectric hlasting cap or
with detonating cord.

26

When priming. with a nonelectric blasting cap,
place the fused cap in the cap well on the side of
the can. Tie a string around the fuse and then
around the cleat above the cap well to hold the
cap in place. This method of priming cannot be
used for simultaneous firing of several charges.

When priming with detonating cord, pass the
cord through the tunnel on the side of the 40-
pound can and tie a knot in the cord six inches
from the end. When the charge is to he used in
a borehole, prime with detonating cord and con-
nect the cord for firing hy a nonelectric cap and
fuse. '

Demolition Charges

Demolition Charge Mk 8 Mod 0. Prime
Demolition Charge Mk 8 Mod 0 (explosive hose,
25 feet long, 2% inches in diameter), figure 23,

-with electric blasting cap, nonelectric blasting cap,

or detonating cord. When priming with electric

P e —

7 s

Figure 23—Demolition Charge Mk 8 Mod 0.

cap, insert the cap with firing wire attached into
the well at the end of the charge. When priming
with nonelectric cap, insert the cap with fuse
attached into the same well. When detonating
cord is used without a detonating cord extender,
the cord must he wrapped around one end of the
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PRIMING OF CHARGES

charge at least six turns and secured to the charge
with sash cord or line of equal strength.
Demolition Charge Mk 14 Mod 0. This demoli-
tion charge, figure 24, has a self-contained tetrytol
booster and detonating cord.
ing cord with a Llasting cap.

Prime the detonat-

1

1
«
._'-;_‘ -:..—" .

Figure 24—Demolition Chorge Mk 14 Mod 0.

DETONATING
CORD

Fabricated Charges

Line Charge. A line charge is a chain of
charges of blasting gelatin or Composition C—4,
To prime a line charge, punch side holes in the ends
of each individual charge and weave a detonating
cord through the holes, figure 25.

Powder Points. Powder points are fabricated
by driving pipes into the bottom of a harbor or
channel and then placing charges of blasting
gelatin, Composition C—4, or Nitramon in the
pipes. Composition C-3 may be used as long as it
is in stock; Composition C—4 is being issued to
replace C-3 as it is expended. The charges are
made above water and then placed in the pipes by
a diver. To make up the charges:

1. Tie a series of knots in a continuous length of
detonating cord. Space the knots far enough
apart to allow each charge to be dropped to the
bottom of its corresponding pipe by a diver.

2. Press each knot into one charge of the plastic
explosive.

3. Arrange the cord and charges so that the
diver can pay the cord out easily as he moves from
pipe to pipe to place the charges.

When Nitramon is used for the charges, a
special Nitramon primer must be used in conjunc-
tion with detonating cord or blasting ceps.

EXPLOSIVE
(BLASTING GELATIN)

CENTER
REINFORCING
ROPE

Figure 25—Line Chorge.
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Chapter 5
FIRING SYSTEMS

A firing system is a group of connected com-
. ponents arranged to permit detonation of a cbarge
from a remote station. The system may be
electric, nonelectric, or a combination of both.
In air, the system may be a simple fuse that leads
from a distant point to a blasting cap, and a match
with which to light the fuse. Underwater, the
system may be & complex arrangement of elec-
trical wiring, hlasting caps, detonating cord,
primacord primers, and a blasting machine. In
either case, the firing system transmits energy

from the point of firing to the main charge to

detonate it.

For underwater work, use a combination firing
system whenever possible. For hest results,
detonating cord should be led from the main
charge to a point above the surface of the water.
An electric blasting cap then is attached to the
cord and connected to a blasting machine or other
power supply. This combination gives the most
positive results because all electric connections
are above water.

Electric Firing Systems

An electric firing system is one in which an
electric power supply is connected at the instant
of firing to one or more electric blasting caps
attached to the main charge(s). - A single charge
or a group of charges can be detonated with such
6 system. When a group of charges is fired
electrically, the charges can be set off simul-
taneously or in succession; when fired in succession,
charges must be fitted with special delay caps.
Connections of the firing and connecting wires of
the electric circuit may be in series, in parallel, or

in series-parallel as the number of charges and °

available power supply dictate.

Parsllel or series-parallel circuits should be used
only when absolutely necessary and only by per-
sonnel thoroughly familiar with the electrical
problems involved. These circuits must be accu-
rately balanced to ensure detonation of all charges.
Inaccurate balancing may cause a misfire of one or

28

/
more charges, with consequent delay and danger.
Because most of the charges probably will he
detonated, detection and investigation of misfires
are usually difficult.

Series Circuit. Use a series circuit for electrical
firing by a blasting machine when the number of
caps is8 within the rated capacity of the machine.
The simplest series circuit is one in which one side
of the cap is connected electrically to one side of the
blasting machine and the other side of the cap to
the other side of the machme. When several
charges are to be set off at the same time, the
series circuit, figure 26, is made up by connecting

_one wire of the first cap to one of the second eap

and so on until only one wire of the first cap and
one wire of the last cap are free. These two free
wires then are connected to the two leads of the
firing wire from the blasting machine, The series
circuit has a definite advantage over parallel or
series-parallel circuits; because it can be tested in
its entirety after all connections have been made
and it does not require balancing. :
Parallel Cireuit. A parallel circuit is used when
the number of caps to be fired exceeds the rated
capacity of the blasting machine or other power
supply. In a parallel circuit, one wire of each
blasting cap is connected to one side of the circuit
and the other wire is connected to the other side
so that, the same voltage is applied to each of the
caps at the same time. *

Figure 26—5«1'._; Circvit.
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FIRING SYSTEMS

Series-Parallel Circuit. Like the parallel cir-
¢uit, the series-parallel circuit is used to fire a
greater number of caps than can be fired in a
simple series circuit. The series-parallel circuit,
figure 27, is one in which two or more series circuits
are connected in parallel. In this type circuit, the
number of caps in each series circuit must be the
same and must not exceed the number of caps for
which the available blasting machine is rated, and
in no case may it exceed 30. Although connections
aref more complicated, this circuit has the advan-
tage that with an adequate power supply the num-
ber of caps that can be fired is practically un-
limited.

Figure 27—Series-Parallel Circuit.

Circuit Connections. For safety, all circuit con-
nections should be made by one man who is thor-
oughly familiar with electrical firing circuits. He
should personally make all splices and insure that
all blasting caps are of the same manufacturer
and are properly connected into the cireuit. .

CAUTION: To short out stray currents
that might be picked up by the firing wire
and to eliminate the possibility of prema-
ture explosions, the two leads at each end
of the firing wire must be twisted to-
gether and kept that way until final con-
nections are to be made to the blasting
caps and the power supply terminals.
The firing wire must not be connected to
the power supply until the circuit has
been checked as described in later para-
graphs and until all personnel are clear of
the danger zone.

Splices are to be made as follows, figure 28:

1. Strip about three inches from the ends of the

Figure 28—Method of Splicing Wires.

wires to be spliced. Make sure that all insulation
is removed.

2. If stranded wire is used, twist the strands of
each wire together to form a single lead.

3. Twist together the leads of the two wires to
be joined to form a pigtail. Bend the pigtail to
one side s0 that it lies along the wire.

4. Insulate the pigtail by wrapping it securely
with electrician’s rubber tape.

NOTE: When a pair of leads is to be
connected to & second pair, stagger the
splices to prevent a possible short circuit
between them, figure 29,

Testing. Test all caps before connecting them
intq a circuit. Test all series circuits before firing.
Parallel circuits cannot be tested safely in their
entirety; therefore, parallel circuits require great
care in the making of connections.
CAUTION: Test electric blasting caps
and blasting circuits only with a blasting
galvanometer (also called a circuit tester)
that contains a silver chloride cell.
Other types of electric circuit test instru-
ments cause prema‘ure explosions.

Blasting machines do not normally require testing

unless an unusual number of misfires have

occurred.
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ELECTRIC BLASTING
CAP LEG WIRE TWINE OUTSIDE
: INSULATION

FIRING WIRE :
A
LEG WIRES

Figure 29—Connecting Two Pairs of Wires.

Brasring Cap. To test a hlasting cap, touch
the cap wires to the terminals of the blasting gal-
vanometer. A wide deflection of the needle indi-
cates a satisfactory cap. Little or no deflection
indicates a defective cap.

WARNING

When testing a blasting cap, pull the
wires out to their full length and place
the cap as far away as possible and
behind a barrier. Serious injury can
result from failure to observe this warn-

ing.

Firine Wire. Test firing wire before it is
connected into a circuit and then again, when
possible, as a part of the circuit. Before connect-
ing into a circuit, firing wire can be tested on or
off the reel. To test, twist the two leads at one
end together; then touch the leads at the other
end of the wire to the blasting galvanometer
terminals. A wide deflection of the needle indi-
cates that there are no breaks in the wire; slight
deflection indicates a partial hreak or a poor con-
nection at the twisted ends; no deflection indicates
a break in the wire. To test for short circuits,
separate the twisted leads and again touch the
leads at the other end to the galvanometer ter-
minals. If the needle moves, & short circuit
exists.

BrasTing MacHiNE. A blasting machine may
be tested in one of two ways. The preferred
method is to connect two or four caps in series
with a special test rheostat and then to fire the
caps. The rheostat has a series of coils of varying

30

resistance. Each coil has a resistance equal to
that of a specified number of blasting caps; this
number is stamped between the posts to which
the coil is connected. To make sure that the
blasting machine is performing satisfactorily, the
rheostat is set so that its resistance, plus that of
the two or four caps in the test circuit, is equal to
the resistance of the number of caps to be used in
the firing circuit. If the caps in the test circuit
fire properly, the blasting machine is functioning
properly.

Alternately, the actual number of caps to be
fired can be connected to the blasting machine
and detonated to check the operation of the
machine. Because it wastes caps, this method
should be used only when the special test rheostat
is not available, ”

Circurts. An entire series circuit is tested by
touching the ends of the firing wire to the blasting
galvanometer terminals, figure 30, before the firing
wire is connected to the blasting machine or other
power supply. A deflection of the needle indi-
cates a good circuit. If there is no deflection of
the needle, successive parts of the circuit must be
tested to locate the break or short circuit. Only
the series portions of series-parallel circuits can be
checked as a whole; an entire parallel or series-
parallel circuit cannot be checked satisfactorily
because a needle deflection results if only one of
the parallel circuits is complete.

When a break is indicated by test, proceed as
follows: make sure the ends of the wire on the
reel are separated and not touching any conductor.
Move the galvanometer to the points where the

FIRING
WIRE 4

¢
N GALVANOMETER FIRING -WIRE REEL

Figure 30—Testing Firing Circuit.
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a defective cap is not accessible, treat it as a
misfire. After all breaks have been found and
repaired, check the entire circuit again.

Power Requirements. The almost instantane-
ous detonation of a blasting cap whben the firing
circuit is closed requires that a minimum current
flow through the bridge wire in the cap. The
power supply for any circuit must have a voltage
* equal to the total amperes required by the blasting

4 ) caps in the circuit multiplied by the total resistance
= { f J /. / oMvAwomstie of the circuit in ochms (Ohm’s law). Also, the

e e

: == #mino wing [k . capacity of the power supply must be sufficient to
N i - deliver the required current at that voltage. Up
Figure 31—Locating Breaks in Firing Circuit. to 10 caps in series can be detonated successfully

with & 10-cap blasting machine; up to 30 caps in
cap wires are connected to the firing wire, figure series can be detonated successfully with a 30-cap
31. Connect joints C and D to the galvanometer  blasting machine. The number of caps that can
terminals. If the galvanometer needle deflects, be detonated by eitber machine ean be increased
the firing wire connections at C or D are faulty. by connecting caps in parallel, rather than in
If the needle does not deflect, fasten wire N to  series. However, for any circuit that contains
joint D and to terminal L. (Wire N must be the equivalent of more than 30 caps in a single
long enough to reach any joint in the circuit.)  series, a higher capacity power supply is required.
Move the galvanometer around the circuit, touch-  Table 7 gives data for calculating power require-
ing terminal 0 to various points in succession. ments. Table 8 gives circuit arrangements within
When & circuit is indicated (by needle deflection)  the capacity of each of several power supplies; no
at one point and not at the next, the break lies  computations are required for circuits connected
between these two points. Repair the break by  aslisted in this table. Examples of power require-
splicing or by replacing the faulty wire. If a cap  ment calculations are given in the following
is found defective and is accessible, replace it. If  paragraphs.

Table 7—Data for Calculating Power Requirements for Electric Firing Systems

1. Current needed to fire electric caps connected in series=1,5 amperes.
2. Current needed to fire electric caps connected in parallel=0.8 ampere X number of caps in circuit.
8. Resistance of one Corps of Engineer electric cap=2.0 chmas.
4. Total resistance of caps connected in series=2.0 ohms X number of caps,
5. Total resistance of caps connected in %arallelulﬁ ohms--number of caps.
8. Resistances of copper wire of various B and 8 gage:
[3
Lengt. Resistance
Gage No.! %::i‘:::; welght (feet (ohms per
per pound) 1000 feet)
Do crvowmesnsipaatan B Ll Ha 5.0 0.2
o e e R T e Y 7.9 .3
W T e R SRS 1 ©12. 6 .4
L R e R A S N 14 20. 0 .6
| 11 S SR S e éo 1.8 L0
) b SRS S e i 2 50 1.6
) U i e iyl g Ha B0 25
) 1 RSN - N e, | Ko 128 4.0
5. A SN SN or Ke 203 6.4
11 SR o 323 10. 2
I , and § ars haavy-dot war , 10, 128 r light| reuft lines; slzas
m&s‘ ?ﬂ !‘nru n’nmnn I-Im;:pl?u mugfﬁnﬂfi‘:rg l-oumcmr w:.nall.'lh et“ COmMmon con-
e
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2 Tdili 8—Marimem Circult Capacities of Variow Power Sources

- -

i | ER
 Clrcult design § \ i i - l;,s 3 k| R li
AR R AN RN ik b
s | = - o= 1Y
' |4 O I >
3 S & i - '.a,
A a2 - L) L) 4 b
. 'mmm-mwby_nmrm
: ut-ndlrd‘ﬁ-ennduetor firing reel. :
10 ecape in contlnuous serdes . ____ . ______________________ 10 x B 3 x I x x b g
#0 gape In continuous sertes_ _ ... . . . _.________________ 301.__... x .= x X x x
The cirouiia below sre connectad with 1 5D0-foot
' o standard 3-canductor firing reel and 200 feet
- o of 20-gage connesting wire.
3luimwi§hwnpt each ______ ... 60 {______ N x z x x z
A perieawlth 33 eapseach ____ .. ___._______.______.__ [ IR x x x x ‘X
:mmgupm ................................ .1% PO R x x X x | =x
", 7 agiom, i eappench.___.______________ . . _____ ] JEUNINI (S VR SN S SN B 3 x
nmmgmm_- _______________ T 38 M NS DER NN A i ox x
Sl with 30 eapaench_ . __ .. .. BT ) I DU I I I S x x
.. 15-wrbes with 17 capsench. - __________________________ b~ RPN FROURRIS) FRSUPUUUN UM PR WP X
9 series with B0 capseach_______ . ... 270 (.. .___ ST, [NSLUSUR S SO x x
10 meries with 8Q eapsesch___ __ .. _ . . .. .. ___. 800 |, || el x
© 13 series with 30 eapseach__ . ____________________________ b 1| I R MU RSN PRI PRy B 1
The oircuits below are. connected with 2 500-foot
- standiird 2-sonduttor firing reels and 400 feet
of 20-gagh’ oom:ect.lng w-lre
4 series with Beapseach__ . ____________ .______________'_____ 83 SR R . x . xr | x. x
2-series with 23 eapsench_______ . _ . _______________ . ..., 46 |...__ ol x . | = x. .
B geries with 13 eapaeach . . __.___ . . _____ 104 | __}._ SR SRV PISIROIE) PR B N B |
G.mielwithﬂmpseach _________________ e mmm—————— | 162 |_ .o e e X x

Semies Circurr CiLcoraTion. Table 7 shows -
Lhatncumntofl.’inmperesmmqmred t.oﬁ.re
caps in series. Therefore, for any series circuit,
the voltage required will be equal to 1.5 times the

. resistance in ohms of all elements of the eircuit.

Example: Assume & series cireuit of 20 Corps of
Engineers capa to be fired through 500 feet of
standard 2-conductor 18-gage firing wire. Cap |
-wires are directly ¢onnected, w1t.hout. intermediate

;connecting: wires.
- Table 7 shows that each cap bas a resistance of
2.0 obms and that t.hereamtanceo{t.haﬁnngmre

'm64ohmaper]000feet.

Total resistance= resistance of caps{
resistance of firing wire.
=2.0X20+6.4/1000-+ 1000
i {two 500-foot leads).
" =46.4 ohms. :
Voltage required==1.5 amperesx46.4 ohms=
69.6 volts.
Thus, the eireuit can be fired’ ‘with & 70-volt
power uupply rated at 105 watts, minimum,
ParaLLErL Ciecurr Cai.cnm'non._ A aimple
parallel circuit can be divided into three parts:

- the caps themselves, the connecting wires to which

the caps are connected -and the firing wire w‘hmh
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connbots the power supply to the sonnecting wires.
Prom Table 7, the total amperes required is 0.8
¢imos the number of raps In the creuit. - Total
renintance of the circuit is the neb resistance of the

. caps plus the resistance of the firing wire plus half
- the resistance of the connecting wire. (Ouly halt
of the conmecting wire is copsidersd’ becawse it

represants the sverage peth of current to all of

. the caps in parallel,} The voltage requirad for the
- ¢irenit will then be the product of total amperes

required and total resistance of the creuit.-
Example: Assume 8 cireuit of 20 Corps of Engi-
neers oape connected in purallel at 10-foot inter-

- vals by 20-gage wire with one 10-foot lead of the
- same wire from sach side of the cireuit to the

firing wire. Tha pcwez supply is to be sonnected
to the comnecting wires by 500 fest of stszzdazd
2-conductor fixing wire (18.¢age). -
Current required =0.6 2z;z-zz Amiperes.
Resistance of ceps==2.0-+20=0.1 ohm.
Resistance of firing wire==6.4/1000X 1000 (2

 500-foot strande) =4 4 ohitns,

- Resistance of connocting wire from caps to firing

wire==2> 10X 10.2/1 ((R==0,2 ohin.

Resistance of connecting wire between caps=
19310 X 10.2/1000:=:1 94 ohms.
- There are 1% intervals of 10 feet dach between

‘the 30 caps. There is 1 connecting wire for each
gide of the circnit for sech interval, but an}y half
‘the Tength of this wire is considered.

Total resigtances==01+864-+02-4+ 194564 oizms«
Voltage required =12 8.84=-10%.68 volts. .
Thus, the cireuit san be with & 105-volt

. power supply rated at 1% kilowatis.

Sxrres-Pararrsn Cmovrr Cartortarion, Ina

serics-paralle circoit, exch series circuit requires

1.5 aznperea to fire the caps”  The total cinrent re-
quired is 1.5 times the number of series circuits.
Wire resistance ig csloulsted in the same way as
for & simple parallel cireuit.
squal o 2.0 ohme per cap in any one series divided
by the number of series circuits,

Exemnple: Assurne 10 peries circvits containing

30 Corps of Engineers caps in each series with the
sories circuits connected in parallel. The finng

“wire I8 & standard 500-foot Z-conductor wire,

Caps within each saries are direstly connected to
ench other without sddiiions! commecting wire.
Eaeh series circuit is connected to the next by
two 20-fout lengthe of eonmectmg wire, and the
entire parallel cirenit i3 convected to the firing

Cap resgistance is -

- -xmpere generator né A power supply.

'Wmmtmwmwemwtsﬁwdwdzw
eonduetor firing wire - md 200 feet d Mgﬁ
- conpecting wire,

wire by two 20400t lengthe of connecting ‘wire. |

Al mnw&zxgmi'smm smmlofiw{mf,
is required.

" Cuarvent rogquired =13 10=15 amperes,

Resistance of capa==2.0X 301028, Q‘o&m

- Resistance of firing wire=8§ 4}!%@}( 1000 {twon
560-fool strands)==8.4 chms, :

Resistance of conmeeling wire :&m p&mﬁel
eircuit to firing wire=23 203 10.2/1000==0.4 ohr.

Resistance of connecting: wire betwaan -peries

- eireiite =9 X} 20 10.2/1000==1.84 chms,

There are nine intervals of 20 feet each batween

~ the 10 series vircuits. There is 6ne conpecting wire
for sach side of the ciretdt for each intereal, but

only half of the length of this wire in considired.
Total resistance—8.0+644-0. 4%1.&&%&1& 84
thﬁ
Vcita@mqmmd 153 14.64=213.8 volte,
Thus, the circuit can be fired with a 220-volt

| power w;z;:iy rated at 3.3 kilowatts o:*izzg}max

With e given power supply, such asa gammwr, '

nmaplaw dats cun be used to determine the max-
imum number of sevies. for a. series-paraflel cidenit
and also to determine the maximum number of capa

per geries, . To determine the maximum number of

series, {imde the rated amperage hy 1.5, Ta_de-
termine the maximum number of caps por mmsm

1. Divide the rated voltage by the rated sm-
parage or divide the rated power in watte by the

' squmaitéw:m%d sauperage. This will give the
mexirnpn resietancs in ohms for the entire girouit,

2. Dietermine the net foial resistance of the

| firing wire and the connecting wire. Bubiract shis.

sum from the total allowable resistance so deder-

“mine the muximum sllowable resistance of the cups,

3, Multiply the maximum allowable resistance

“of sape by the number of sarica to determine
~the sallowable resistance for each series branch.
~Divide the result by 2.0 (resistance per exp). to
" dotermine the mn.mmum number of cs.pa par series
‘branch,

Exmpls Assyme 8 3akﬂawatt 220-/#01*& Y -

The pro-

Mavimurn number of sertes=138. 5w-i 5”?
M&ximm mﬁmwmm—*}&émzaz ohms
or=3,000-+{18.8 X 18.5}
==18.5 ohms,
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Because power ratings are “‘rounded,” the ans-
wer may be slightly different when dividing rated
power by current squared from that obtained by
dividing rated volts by rated amperes. Always
use the lower of the two.

Resistance of firing wire=6.4/1000 X 1000 =

6.4 ohms,

Resistance of connecting wire from parallel
circuit to firing wire (allowing 20 feet)=10.2/
1000 X 20=0.2 chm,

Resistance of conhecting wire between caps
(using half the wire because of parallel connec-
tiona)=10.2/1000 X 180/2=0.92 ochm.

‘Total wire resistance=6.4+0.240.92=7.52
chms.

Allowable cap resistance=16.3—7.52=8.78
ohms. ‘

Cap resistance per series=8.78 X 9=79 ohms,

Number of caps per series=79-+2.0=39.

The power supply is capable of firing 39 caps per
series in a 9-series circuit, but not more than 30
caps should be used in any series circuit.

Nonelectric Firing Systems -

A nonelectric firing system is one in which all
components are mechanical or explosive; there are
no electrical components in the system. For
underwater salvage, the connecting link between
the remote firing station above the surface and the
main charge(s) underwater is detonating cord,
which also may be used for work above water. In
a system of this type, the detonating cord is set
off by a nonelectric blasting cap, usually as a part
of 8 waterproof detonating assembly, or by a firing
initiator.

Detonating Cord. For underwater usc and for
charges to be left in place above water for several
hours before firing, seal all free ends of detonating
cord with a reliable sealing compound to keep out
moisture. At all connecting points, leave a 6-inch
length of cord free to protect the remainder of the
cord from moisture. This measure will protect
the active part of the cord for 24 hours from
seepage through the ends; however, cord subjected
to action of surfl may abrade enough to admit
water into the cord at other points. Pliofilm-
wrapped detonating cord, presently issued by the
Bureau of Ordnance is the best available cord,
but even this cord may develop leaks after being
subjected to surf action for more than three hours.

34

Because of this, use waterproof detonating as-
semblies for underwater demolition work,

When several charges are to be fired together,
make the detonating cord main line in the form
of a ring and fire from both ends. This will
assure firing of all charges, even if there should be
a break in the main line.

Use detonating cord double underwater to
insure against misfires, Avoid reverse (S) curves,
kinks, and sharp bends because they may cause
failures. When two cords are connected, tic
them securely with a square knot, leaving six
inches of each cord free, figure 32, to prevent
moisture absorption by the active parts of the
cord. Make branch lines and T-connections with
a girth hitch, figure 33. The hitch must be tight
to prevent sliding of the branch along the main
line and the angle between lines must be 90
degrees. '

g RS R

”w W""_t.-sn.-
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Figure 32—Square Knot for Connecting Ends of
' Detonating Cord.

Figure 33—Girth Hitch Used to Connect Branch Line
to Trunk Line of Detonating Cord.
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RUBBER ] BLASTING CAP

oy, M FUSE
FUSE LIGHTER : e’ 2}
p—— PO Ty,
. . DETQNATING CORD
3 ———

WATERPROOFED DETONATING ASSEMBLY

Figure 34—Waterproofed Detonating Assembly.

Waterproof Detonating Assembly. A water-
proof detonating assembly, figure 34, can be
simply fabricated from the following materials:

Time fuse. Rubber prophylactie.

Fuse lighter. Friction tape.

Nonelectric blasting Detonating cord
cap. (2-foot length).

Cap-sealing compound.

Insert one end of the desired length of the time
fuse into the fuse lighter and the other end into a
nonelectric blasting cap. Crimp the cap to the
fuse. Coat both joints with cap-sealing com-
pound. Place the prophylactic rubber over the
fuse lighter; coat the inside of the mouth of the
rubber with cap-sealing compound; and tape the
open end of the rubber to the time fuse. Dip
both ends of the two-foot length of detonating
cord in cap-sealing compound. Tape one end of the
cord alongside the blasting cap. Coat all friction
tape with cap-sealing compound and allow to dry.

NOTE: Cap-sealing compound is the
standard issue waterproofing material.
Substitutes such as asphalt, shellac, or
soap may be used in emergencies, but are
not considered entirely satisfactory. Oils
and greases will destroy the powder train
and must not be used.

Use a double detonating assembly, figure 35,
for underwater work. This is fabricated by
making 2 waterproof assemblies, as previously
described, and taping one to each end of the
2-foot length of detonating cord. The cord then
is attached by a girth hitch to the main detonating
cord, and to a material that will cause the detonat-
ing assembly to float.

Securing Blasting Cap to Detonating Cord.
When a nonelectric blasting cap is to be secured
to detonating cord above water, it should be
placed alongside the cord, figure 36, and fastened
securely with tape or twine. When a double-cord
is heing used, the cap should be placed as shown
in figure 37. Before the cap is secured to the
cord, the cap should be crimped to the end of a
time blasting fuse from which about 3 inches has
been cut off and discarded. The fuse is then cut
to the desired length. The cap should be secured
to the detonating cord at a point about 6 inches
from the end of the cord with the time fuse leading
in the same direction as the free end of the cord.

Detonating Cord Initiator. Initiator (Detonat-
ing Cord) Mk 2 Mod 0 provides an explosive link
between a blasting cap or a coupling base and
detonating cord. The initiator is snapped onto
the detonating cord by gripping the cord firmly
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Figure 35—Double Detonating Assembly Attached to Float.

TIME FUSE

NONELECTRIC
BLASTING CAP

10
\ -
DETONATING
CORD

\‘ o~
-~

TAPE DR TWINE
WRAPPING

TO CHAKRGLES

7

Figure 36—Method of Securing Blosting Cap to
ting (.’ord

and pushing the initiator slot against the cord,
figure 38. The detonating cord is compressed
slightly as it enters the slot but snaps back into
shape after it passes the notch.

Initiator Mk 2 Mod 0 is primed as follows,

figure 39:
1. Remove the priming adapter and paper tube.
2. Thread a fresh, square-cut end of time fuse
of desired length through the tube and adapter.
Insert it as far as possible into a special nonelectric
blasting cap.

3. Crimp the cap securely around the fuse near

the open end of the cap.

4. Insert the cap into the cap holder.

5. Screw the priming adapter back into place.
CAUTION: Never try to force time fuse
into a hlasting cap past the point where
it moves easily.

36

>~
TO CHARGES

NONELECTRIC
BLASTING CAP

TAPE OF TWINE
WRAFPPING

Figure 37—Method of Securing Blasting Cap to Two
Lines of Detonating Cord.

Alternately, Initiator Mk 2 Mod 0 may be
primed with a firing device. With most demoli-
tion firing devices, such as that shown in figure 40,
the following proeedure applies:

1. Remove the packing tube and screw the
coupling base into the end of the firing device
{unless the coupling base is already in place when
issued), making sure the flat rubher gasket is in
position between the coupling base and the firing
device to make a watertight joint.

2. Remove the plastic protective cup (if there
is one) from the snout of the coupling base.

3. Detach the initiator head from its cap holder
and screw the head over the end of the coupling
base, eompressing the gasket to provide a water-
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Figure 39—Priming with Nonelectric Blosting Cop
and Initiator.

tight seal. (No blasting cap is used in this as-
sembly.)

4. Attach the assembly to the main detonating
cord line or lead from the charge by gripping firmly
with both hands and snapping the initiator over
the detonating cord with the thumbs.

5. Lash the firing device securely with a line
through the lashing eye.

CAUTION: Never leave the percussion
cap end of the coupling base unprotected,
before assembling it to the firing device.

Figure 40—Priming with Other Firing Devices Coupled
- to Initiator.

Some firing devices, such as the 15-second delay
Detonator M1, have seclf-contained detonators
similar to blasting caps. Insert this type firing
device into the cap holder without removing the
initintor head. The cap holder also will accom-
modate hand grenade fuses M6A4 and M204,

CAUTION : Never allow dirt or moisture
to get into the initiator head. Always
keep it closed with a gasketed cap holder
or coupling base.

Combination and Dual Firing Systems

For safety and reliability, the underwater por-
tion of any firing system should be detonating cord
doubled. The use of electrical wiring underwater
is not recommended. To ensure against misfires,
a combination or dual arrangement for the above-
water portion of the system is advisable. An
electric circuit from the firing point to the main
detonating cord may be paralleled by a nonelectric
aboYe-water system of time fuse and nonelectric
blasting caps. When electric equipment is not
available, two separate nonelectric above-water
systems leading to the main underwater detonating
cord should be used.

Misfires

Because of the possibility of a hangfire, a misfire ‘
is a source of danger. When firing a group of ‘
charges, a single misfire may easily go undetected;

a misfired charge remains a hazard until it is
actually detonated successfully. For this reason,
it is imperative that every effort be made to avoid

37
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3' .rmsﬁres The ‘use of dmﬁ;ie éawnstmg sord,
o doubie detonating assemblies, dual firiog aystems,

and propar techniqiies will substantially lessen the
chances of s miefire. Avoid old, wateracaked, or

- frozen’ explosiven. Adequate elecizic power sup-

plies, careful wiring, md thmugh pirsuit testing
awremandstory.

Canses. Mzsﬁmamybesmmdby Bny 0% 0
mors of the following:

1. Improper connections, electnc or mmimtnc

2. Deteriorated fuse, detonating cord, or ex-
plogive,
3. Weak blasting caps.

4. Blasting machine weakened or 1mmpﬁtiy

: o

5. Improperly fabnaazed primers.

6. Failure to light time fuse properly.

7. Damaged destrie or nonelestric eircuits.

. 8. ‘Blasting caps of different {ype or manufsg-

'mr used = the same circuit,

19, lnedequate electrical power mlpply for the

-nmb&afmpamdmzmmt :

Provedures,  When electrical misfires aseur,
immediately check the connections of the, ﬁ:mug '

_wirs {0 the blasting machine or other power supply

and make two or shree further attempis to fire.
WARNING

~ Never enter the danger zone until at Jesat
30 minutes after the last &t.t.em;i& tofire;
" g hangfire may be in process.

38

1If the cirenit still fails to funetion, diseonneei
the firing wire from the power supply and chieck

‘all eleetrical conneations. Teat the wrenit for
-ahort cirouite or bresks with the bissting gal-

vanometer. If no lutaks or short cirouits are
found, plsce sdditioiel primed charges nesr the
orultul ‘charges and detofiate,

 Misfires W noneleotrie m mdiy méicate

?'fsuity eompnnan‘t& ?&z&% Tequire replamment

- . WARNING

Never work with mmeiacme compcnmtz :
of & fring system until &t least 30 min-
vtes after & misfire; a haugfire mey be in
‘If & charge pritied with s nonelectric cap nnd
time fuse misfires, reprime the eharge, If & non-
electric blasting cap being used to fire detonaling
cord misfires, cut the detonsting cord batween the
cap snd the charge and atiach a new cap to the
cord. I the cap detonates hut fails o fire the
cord, sitach & new chp fo the cord, muking sare
that the cap is secure. I & main line detonating
cord fires but a branch line misfires, attach s bisat-
ing cap to the hranch line and fire it separstely.
I the delonating cord fires but fails te detonate
the main cherge, reprime the charge. If the
charge hds been seattéred by detonmtion of the
eord, reassomble the charge and reprime. :
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Chapster &
SALVAGE DEMOLITION EQUIPMENT

Bquipment required for underwater salvage
varies secording to the condilions encountered.
Exgnipment Iisted in this chapier is intended as &

gude and shonld be moedified bo st the needn of -

each aperation.
Blesting Equipment

For demelition activities incident to underwater
salvage, the following may bs used as o suggested -

check-off Hat:
Main chwgw“st.mdard issue or in bulk for
fabriention,
_ Blasting cupa, elsttrival or ntme}eemcal L
required,
Bafety fuse, as required.
Fuse Lighters and safety mitches for non-
electric firing.
Firing wire for electric firing, 48 required.
Blasting geivanometer for eleckric cireuit
testing.
Blasting maebmw €23, for eleetric finng
Accessories:
 Baker flag
Ruhber tape {4 rolis}
Wooden wedges {2}
" {ap crimpers (2)
© 1 pair gloves per man
. Hand showsl
Marline {200 feet)
Field firat aid kit
Friction tape {8 rolls)
Wooden maiiet
Blaster’s wooden prod
Biearbonate of sods or strong GI soap {1
T pound) and bncksz
Band bags.
W&terpmef sealing mm;wzmzi

Saivagn Equipment

In addition to the equipment requxreé {or sctual

demolition work, the following major items of
equzpmeni will be required for most underwater

salvage operations;
Salvage veswn!
Diving equipment
Centrifugsl pumps
Alr compressors
Wire rope, chain, cable, aud cordage
Air locks
Pontoons
Cutting apparatus
Prieumatic tools :
Tiraber, steel plates, and misecollaneous heavy
" hardware
Winches
Cement and Wte
Sendbags
Condrate mixers

Salvage Yeusel, The veése} ahould be & moderr: .

ship of sufficient power and size to perform all
necessary salvage functions. Salvege operstions
are often paz{mmfad undér dithieult conditions;
when time is am;wmm tndependem from shore
installations s imperative. ARS and ARST
vessels are recomigended, figure 41.

The salvage vessel should be equipped with o

workshop with a complets outfit of tools including
a smith’s forge, e'ngmecr’ﬁ screw cukling lathe,
drilling machine, pipe and belt thzea.dmg misehineg,
carpenier’s bemixes circular saw, snd viees.
Diving Equipment. Both desp -and  shallow
water diving eqmpmeat I8 needed. Eqmpmmh
ghowld include air compressors, diving suils wnd

hélmeta, communieation equipment, lights, rig-

ging, snd hose.

Centrifugal Pumps. Two 10-inch md two
6-inch portable oil engine-driven centrifugel pumps

" aquipped with an adequate supply of flexible

suction hoses with couplings, fool valves,. ghd
strminers, discharge pipes, and fittings are recons
mended. When & power supply is available, eles-
tric submersible pumps are of greai valye, :

Alr Compressors, Two portable oil engine or

electrieally driven sir compressors each having
a capacity of 100 to 200 subic feet of free sir per

39
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Figure 41—ARS Vessel.

minute should be included. These are used for
expelling water from ships’ compartments, for
pneumatic tool operation, for emptying steel
pontoons, for inflating nylon pontoons, and for
operation of air lifts. Equipment should be
portable so that it can be moved from point to
point in salvage operations without requiring the
salvage vessel to move.

Wire Rope, Chain, Cable, and Cordage. These
are required in sufficient quantity for all lifting,
slinging, towing, and hauling activities.

Air Locks. Air locks are used to permit entry
into non-flooded compartments without opening
the compartments to sea.

Pontoons. Steel or rubberized nylon pontoons
are usually furnished by support units. Steel
pontoons have a lifting capacity of from 25 to
300 tons each. They are elliptical-ended ecylin-
ders and are divided into eompartments, aceording

to size. Each compartment is fitted with air
and water admission and expulsion valves. Chan-
nel bars are riveted to the cylinders for attachment
of wire ropes or chain. Three-inch fir planking
between channel irons protects the cylinder from
damage.

Rubberized nylon pontoons (air bags) are
placed in the hold or attached to the hull of &
sunken ship. A hose connects the pontoon to an
air compressor. When in position, the pontoon
is inflated for buoyancy.

Cutting Apparatus. Oxyacetylene cutting
equipment is used for work above water. Oxy-
hydrogen cutting equipment is used in all types
of underwater cutting operations. When cutting
operations must exceed three to four linear feet
of ¥%-inch steel plate, additional cylinders may be
coupled together to speed up the work. Oxy-
electric equipment is most adaptable to greater

40
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SALVAGE DEMOLITION EQUIPMENT

'deptﬁs, but is not suitable for cutting metals

more than an inch thick.
Pnenmatic Tools. Pneumatic tools are used

for drilling, chipping, and boring, and for driving

powder points. ‘
Winches. Winches should he of sufficient

_capacity for heavy lifts, heaving off B]les, and -

similar operations.

Timber; Steel Plates; Hardwnre. A good

supply of these materials is needed for patebing
when sunken vessels are to he refloated.
Cement and Aggregate. Provide a supply of
cement for patching. Aggregate usually can be
obtainéd at the scene.
Sandbags. Sandbags are used for weighing

- charges down, tamping, and similar activities.

Concrete Mixers. Concrete mixers are deair-
able for mixing patching concrete or mixtures of
cement and sea watar.
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| | | . Chapter 7 ) __
UNDERWATER SALVAGE ACTIYlTlES”'

Underwater salvage operations in which explo-
sives are used are primarily harbor clearance
operations. That is, they are applied to make
a blocked or cluttered harbor useful for sbips or -
vessels of a specified draft. Other underwater
salvage operations requiring the use of explosives
‘include rock blasting, alteration of channel or
harbor bottoms, concrete and masonry blasting,
breaking and cutting steel, ship cutting for dis-
persal or scrap salvege, timher and pile cutting,
and removal of ships’ propellers for replacement,
These operations may he independent or they may
he associated with harbor clearance.

_ " No particular underwater salvage operation is
- exactly like any other. Rarely does an operation
duplicate operations performed in research and
development. Many variable factors influence
the choice of type and amount of explosive to be
> used and the placement of charges: For' these
. reasons, no detailed step-by-step procedures can
be given that will have universal application.
Sugpested procedures and metbods given in the
following chapters must be applied at the dis-
cretion of the salvage officer, based on his own
judgment and experience and the conditions at
the salvage site.

Harbor Clearance Comsiderations

A harbor may be hlocked deliherately to deny
its use to an enemy or it may be hlocked as &
result of bombardment. In the one case, ships
and other objects will be positioned and sunk in

" locations calculated to make harbor clearance
particularly difficult. In the other case, ocbstruc-
tion will be haphagard. In intentionally blocked
harbors, it is probable that explosives will be
placed as hazards for harbor clearance personnel.
In harbors obstructed as & result of hombard-
ment, there may be explosives in sunken ships
or scattered on the harbor bottom.

42

WARNING .

The rendering safe of underwater explo-
sive ordnance is outside the scope of
salvage operations. Whenever the pres-
ence of such explosives 18 known or sus-
pected, qualified explosive ordnance dis-
posal personnel shall be called upon to
clear the area before salvage operatmna
are started. '

The type and extent of salvage operations will
be determined by many factors such as the size of
the area to be cleared, the depth required for
channels and anchorages, the character of the
bottom, the rise and fall of tide; -the types of
obstacles to be removed, and the prevailing wind.
Much of this mformation can be obtained from
intelligence teports and from standard reference

. date, such as sailing directions, tide tables, and

charts. Such information must be verified and
amplified by loca.l ohservations and by prelimi-
nary sweeping, inspection, and sampling of tbe
bottom.

Ship Salvage Considerations
Whether sypken ships are to be. dispersed by

explosives, converted to mooring or docking facihi- -

ties, or salvaged for reuse or for scrap must be
determined before salvage operations are sterted.
The condition of a sunken ship and the need for
it may dictate that the ship be salvaged for reuse.
The need for scrap steel and availability of out-
going supply channels may make salvage for scrap
the prime consideration. On the other hand, the
immediate tactical need for the harbor may make
it imperative that all sunken ships be dispersed or
finttened so that the harbor w111 be cleared in the

mmlmum time,
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UNDERWATER SALVAGE. ACTIVITIES

Placement of Charges

As a ‘general ruls, charges should be placed to
blast against strength rather then against weak-

ness. For example, a charge placed outside & hull.

should be placed where & plate is riveted or welded
to a rib rather than at the center of the plate be-

tween ribs. The stronger the structure against

which & charge is detonated, the more effective
the charge. Blasting against weakness not only
requires & greater amount of explosive hut also
may result in increased time and effort for com-
pletion of & joh. “Placement of charges against all
the weak points of e ship’s hull, for instance, will
result in leaving a structure of bare ribs thn.t are
harder to disperse or cut than the entire hull
would have ‘been had the charges been placed
against the strong points in the first place.

A small.vessel may be successfully dispersed by
placement of a sufficient number of charges so that
similtaneous detonation will blow the entire
For larger vessels, progressive
blasting is used to disperse or flatten tbe vessel in
stages. A passenger ship, for example, might have
its bow snd stern dispersed, the decka cut and

dropped, and the sides then cut to fold in on top of
the decks. Progressive dispersal and flattening by
blasting givea predictable results and uses & mini-
mum of explosives, -

Pononncl

Quahﬂed personnel only are to be used in all
phases of underwater sslvage work. Only qualified
Explosive Ordnance Disposal persorinel are to be
used for rendering safe procedures. The use of
locel pilots and .other persons native to the area

- who have knowledge of the barbor or ships sunk

therein is encouraged, but information obtained
froin such persons must be verified before use.

Salety-Precautions

OPNAYV 34P1, United States: Navy Safet.y Pre-
cautions, contains precautions directly applicable
to the ammunition and other explosives used-1n
nnderwater salvage work. Other specific safety
prec.nut.mns are given in t.he beginning of "this
publication. These and all other safety precau-
tions. issued by competent authority shall bée
observed in all underwater salvn.ge activities.
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“Three types of rock are usually encountered in
underwater salvage work: (1) Basalt, & tough,
denee, finegrained, dark, igneous stone; (2) pneiss,
s cohglomerate full of breake end fssures; and
(3) homogenous rock such as limestone, sundstons,
and shale. Techniques for blasting these types of
rock as woll as for blasting coral and Jads are

given in the following paragraphs.

"Roeck blesting requires s fast-scting, brisant
type éxplokive such s composition C-4, TNT, or
the higher strength gelstins or dynamites. About
one-half pound of explosive per cubje foot rock is
required for basalt.  Conglomerate (gneiss) e~
quires sbout one-third pound of explosive per
eubie foot: homogenous rock such as limestone,
requires only about ene-sixth pound per cubic foot.
Explosives with high rates of detonation have
been used succesafully in demolition of coral, but
experionce has proved that explogives with slowsr
rates, such &5 smmonium nifrate, are more
effociive when powder points ars not used.

Charging Methode

Rock is charged for blasting by mud capping,
snakeholing, or blockholing, When possible,
pawdar points ere used for blasting coral.

Mud Capping. Mud capping, figure 42, is the
gimpleat method of blasting roek but it requires
the most explosive and oan only be used above
water, In mud eepping, the charge is placed on
top of the rock and coverad with mud.  The dato-
nation of the charge gives 8 downward push effect
with little sentier of rock particies. Because the
mud cap has litile confiaing effect, much of the
smergy of the explosion is disparsed inte the sir
and lost. Snakeholing requires only about three--
fourths as much explosive as mud capping;
blockholing only sbhout one-eighth as much.

~ ROCK BLASTING

fiﬁs&g' 48 Musd Cﬂépiﬂﬁ._

Snakeholing. Snakeholing, fgure 43, is the
removal of material from beneath a_rock for the
placement of a charge. A water jet can be used
to advantage for snakeholing underwater. When
using thiz methoed, cars must be taken to ensure
that the lifting efect of the explasion will not move
the rock inio an existing channel where further
demelition work will he necessary.

Blockholing. Blockholing, fignre 43, consists of

. the placement of sharges in holes specifically

drilled for the purposs. Holes are usually made

. with hand-opersted pheumstic drills. In large

eperstions, a drill barge may be required. Crater-
ing charges should not be used to make the holes
because the jkgged tapering holes produced are
unsuitable. A water jeb muy bi vsed to keep
sand or mud elear of the rock while the charge is
being prepared,

Rock Ledges

Excavation of rock ledpes requires blockholing.
Holes should be spaced five to ten feet apart.” The
depth of each hole should be equal to the depth of
the desired excavation plus the distance beiween
holes. For sxample, if an excavation of 12 feet 18
required and the hole spacing is 5 {eet, the broles
should be drilled to a depth of 17 feet. The
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- Figure #3-3nokeholing and Blackholing.

amaunt of charge required will range beiween one
snd four pounds per cubie yard of rock. In
compuiing the namber of subic vards, use dhe
depth of the holes, not the depth of the desired
axcavstion. '

Boulden _ . E

Sraall boulders that extend above the surface of
the - water can bs dispersed by mud eapping.
Laurger boulders and those complstely submerged
require snakeholing. Very large boulders should
be blockholed. . '

Coral _ :

Coral is extremsly hard and iz difficult to blast.
The most practieal mothod is with powder points,
chepter 4. Blockholing is not practical because
the coral pariicles clog the drill. Water jais san
be used to wash away small coral projections, or
mud shovels oun bé used to scoop the coral away;
mud shovels are particularly useiu! when working
under ships in tunneling. ] ’

For largir masses of coral, where weater jats or
mud shovels are inadequate and powder points -
sannst be used, place charges 10 give ¢ sombina--

tion of shearing and shattering effecte.

Mushroom<Top Head. Place charges sround:
the head ilself. Alss, ploce ons cbarge of coms.
position -4 f{or five pounds of TNT or four

pounds tetryiol} par cubic foot next to the stem
bk at lesst one demplition pack or squivalant ¢n’

top of the head. By detonating (he charges

simultanecusly, & shesring of the  stem and
ghattering of the head will result. '

Solid Hend. Place the main charge on top of
the head with & few charges suspended around the-
sided, An sversge of three demolition packs o

equivalent is usunlly sufficient for the Fhain chsige.

Lava

Lava, which is melted rock emitted by & vol-

cano, is solidified by eceling either es a solid or in
einder form. Cinder type lava is sagy to hlasi
heonuss it is Hgbt in weight, composed of loose
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Figure 43Dispersing Rock Mounds,

particles, and full of eracks.  One demelition pack
or equivalent, without tamping, will remove ahous
ten cabic feet of cinder Java. Solid lavs usuaily 15
encountered in the form of boulders.  Top Josding
{muad capping) s preferred Lo snakebeling for dis-
persing these hotlders because snakeholing has &
tendency to crater the sarth under the houlder
rather than to disperse it.

Rock Mounds

Rock mounds, figure 44, are man-made barriers
that are likely to be hidden below the surfaee of

. the water. Ts disperse these rock moumds,

charges are placed between the rocks and deto-
pated. Mounds may be dispersed singly or in
groups, at the discsetion of the salvage officer,
I the rock mounds have a large mixture of sand,
powder points may be used effectively.

Projections Throwgh Ship's Hull

It o ship that is to be salvaged has been plerced
by & roek pinnnele, underwater demolition van be
used to belp free the ship. The best procedore is

46

to cement the rock to the hull so that it plugs the
hole and then bresk the rock free about two feet
outside the hull, figure 45, Steps are asfollows:

1. Cement the rock pinnacle to the hall $n the
outside, .

2. Working sbout two or three feet away from
the hull, drll heles eireumferentially®in the rock.

3. Place small demolition charges in the drilled
holea and detonate,

4, Place additional small charges in the craters
formed by the first blasting operation and deto-
nate, Repsatl this siep until the rock is sheared.

If & coral pinnacle has pierced the hull, remove
the coral and pateh the hole, Coral does not
have enough tensile strength to form a part of
the pateh.

Placement of Anchors

.- Oratering echarges can be used to help sel
" gnchors in hand elay, mud, or rock. A charge is

placed near an anchor and detonated; the anchor
is then hfted and sllowed to drop into the erater,
figure 45,
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Chapter 9
ALTERATION OF HARBOR AND CHANNEL BOTTOMS

In clearing blocked harbors, heavy dredging and
salvage equipment usually is not available, par-
ticularly when war conditions make time one of
the most important factors. Emergency under-
water salvage operations are intended to make a
harbor useful as quickly and as easily as possible.
Usable channcls and anchoring or berthing facil-
ities must be developed rapidly. The convenience
of straight channels and free open anchorages for
ship handling must be sacrificed to speed and the
most expedient means of making the harbor usahle,
The clearance plan will be based on the minimum
obstacle removal and on the minimum change in
the harbor and channel bottoms.

Channeling Operations

Preliminary Survey. A sweeping survey, figure
47, is the first step in planning for channeling oper-
ations, Standard survey equipment, including
fathometers, lead lines, and wire sweeps are used
to determine depths, locations of obstacles, and
the character of the bottom. All of this informa-
tion is plotted on a large scale chart of the area;

the chart then is studied to determine the best
channel for development.

In determining the channel to be cleared, the
following factors must be taken into consideration:

1. Existing channels, either natural or manmade.

2. The path of minimum obstacle density.

3. The type of bottom.

4, Interval and range of tide.

5. Prevailing wind.

6. Current conditions.

7. The positions of obstacles that might create
eddy currents.

The line for the channel, figure 48, may appear
to he “the long way around;” it will probably not
be a straight line; bul it must be the line that will
result in a usable channel with the least amount
of time and effort.

Methods. The method used to alter or create a
channel must be determined hy the salvage officer.
Soft bottoms may be more easily worked with air
lifts and water jets than with explosives. Both the
depth of the water and the character of the hottom
must be considered when explosives are to be used.

Figure 47—Sweeping o Channel.

48
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ALTERATION OF HARBOR AND CHANNEL BOFTOMS

; PASSENGER
(10,000 Tougf

FIRST CLEARED PATH FOR LST'S
AND OTHER SHALLOW-BOTTOMED CRAFT

+ + + + + + INITIAL CLEARED CHANNEL
T —— —— BOUNDARY OF FINAL CLEARED CHANNEL

ANTI-SUBMARINE NET
ANTITORPEDQ NET
o

PASSENGER VESSEL
(8,600 TONS}

MEDITERRANIAN
SEA

PASSENGER VESSEL
(5,000 TONS)

SUBMARINE

SECTION A-A

NOTE:
NUMERALS INDICATE ORDER OF
OBSTACLE CLEARANCE.

Figure 48—Typical Blocked Channel Entrance.

In loose rock bottoms, for example, about one
pound of explosives will displace a cuhic yard in
sballow water; in rock blasting in deep water, as
much as five pounds of exploswe per cuhlc yard
ia required.

NOTE: In computmg volumes, always
use the depth to tbe bottom of the hore-
hole or powder point. This will be
greater than the grade-line depth hy
‘the distance between charges.

- Explosives. - For bottom alteration, a 60 per-
cent dynamite is usually satisfactory. For exca-
vation of hard rock, & higher strength dynamite
or composition C—4 should be used. In lime-
stone and other soft rocks, a 40 percel'lt dynamite
is effective,

Powder Points.
chapter 4, they should always be driven in perpen-
dicular te the ‘material to be moved. Points

In pln.cmg= powder points, -

should be driven in to .a. depth equal to that of

" the desired grade line plus the distance between

points. For example, if the channel is to be
deepened by 10 feet and the powder points are
spaced eight feet apart, the points ‘ghould be
drigen 18 feetinto the channel bottom. Alternate
points should contain different eharges so. that the
detonation effects: will not cancel each other.
Thaet is, if one point contains a 20-pound charge,
the next should contain a 10-pound charge, the
third a 20-pound charge, and so ‘on, Point
positions should also he staggered, figure 49..

Test Charges. To determine the best spacing
for powder points or borehole charges, detonation
of test charges in the bottom to be altered is
recommended. . Test charges should be detonated
late in the day, when feesible, to allow the silt
to settle back to the bottom overnight. -

49

Gene Slover's US Navy Pages

Table of Contents



www.tinyurl.com/slover

Frgwc &—Sm:gkcm o Channel.

ﬂmw Idiulhon For deepsmng, figure 50,
'mdtm;ug, figure 51, or straightening, fignrs 49,
M%p@*’éerpomwmrmmnded Where
. powder points caonot be used, charges can- be
" placed in boreholes spaced snd staggered in the
same way as powder points. When widening or
snghhmmg 8 chaunel, place & light charpe
along the bottom of zize existing ¢hannel to be
dﬁ‘fb&ﬁ&%& at the seme time aa the charges in the
side. being bfasted this prevents the material
bléstedt from the side i'mm setﬁmg in the emt.mg
chdunel, .

- New: Channels, A new charmet, ﬁgure 52, will
neuslly:be required only to-clear an- obstacls and
then ouly when the work required for the channal

58

iz lesa than shet required for removal of the.

obstacle. The short channel normally required
should be biested in one simultaneous detonation
of properiy apgeed: powder points for the best
effect. An air Hft may be nesded to remove the
loosened meterial that is not fumed dem- of the
dosired. chaneel. -

Chansieling Alongside » Ship. When & chan-

‘pel is being sltered or crested alongside « ahip,

care must be  taken to provent the ship from
moving into the channel. If the ship 5 to be
salvaged, care also must be taken to prevent
damage to the hull. If the ship = to be demol«
shed, the hull can be blaated at the same tilme the
powder pointe ure detonstad. Charges for hull

blasting should ‘be placed on the hottorn 5 o

¥0 feet from the hull, spaced 15 4015 feat apark
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Tungieling and trenching i liard rock bottoms
will’ require” the use of explosives. Such opers-
tions, sdjacent; 1o & ship that is to be salveged,
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must be done with light enough charges so that
the ship itsell will not be demaged; figuare: 53.
Trenching and tunneling in looss roak, olay,
eand, or mud sre bast socomplished with & water
jot, an air lift, or a combinakion of the two. An
sir Eff may be nesded (o reisove maserial after

* hiasting in vock.

_Air Lift.  An air lift, figure 54,18 & gyphon type
piping srrangement which lifte maud, send, and

The completed channel must be clenr of all perta k& w 70
of the ship, whether the ship is to be salviged . = ;

. /
, / . - / //

/
/4

J//‘ j/r‘ %

R 179ach in diameter, should aat;er_'mgms-‘ pipe :
- at Jeast 2 feet ahove the bottam,_ _ T

can he placed 10 fest apart along the bar. A

string of thess blocks will clear & chaonel from

10 to 12 feet wide that is 4 fect deop.
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‘Band bars veually can be scoured awsy with
a water jet more eflectively than they wan be |
= iiastind, purtioulardy in nerrow channels.. When
the sand bar covers s lsrge srea or the depth

of out mekes the use of & water jet imypuwstiosl,
“powder points should be used, figure 55, Alter<
netely, TN'T blocks (Daoliten Charge Mk 14}
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Figure 51—Widening a Chunnel, _
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.ﬁ'gun 53— Trenching ond Tunneling with Exﬂoﬂ'm Alongside o Ship.
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Figure 54—Lse of Air Lift During Trenching ond Tonneling Operotions.
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Chapter 10
CONCRETE AND MASONRY BLASTING

Bln.stung of concrd‘te and masonry mn.y be re-
quired ir underwater salvage work to remove or
alter seawalls, retaining walls, or piers and to
remove concrete ballast from sunken hulls. Also,
harbor or channel blocking sometimes may include
concrete obstacles.

Recommended explosives for eoncrete blast.mg
include TNT, tetrytol, and composition C—4.
The formulas given in this chapter are based on
the use of any one of these three. In some cir-

cumstances, blasting gelatin, dynamite, or ammo-

nium nitrate may be used; if they are, calculated
weights should be increased to compensate for the
lower effectiveness of these explosives. _
The formulas and examples given in this chapter
are for blasting concrete in air, except where other-
wise noted. Simple concrete requires about one

pound of explosive per eubic foot of concrete for .

dispersal. Reinforced concrete requires approxi-
mately twice this amount, For underwater demo-
lition, the amount required in airshould be doubled.

Formulas

For simple breacbing of a wall (seldom requu'ed
underwater):

P=20 HT, where P is the weight in pounds of
explosive, H is the height of the wall in feet and
T is wall thickness in feet.

For dispersing a section of wall:

P=R*KC, where P is the weight in pounds of
explosive, R is the breaching radius, K is a mate-
rial factor, tabie 8, and C is a location factor.

The breaching radius, R, is the distance in feet
from an explosion within which all material is dis-
placed or destroyed. Tbe material factor, K, is
given for different materials for different breach-
ing radii in tahle 9. For underwater work, C is
equal to 1.0 for depths of water above the charge of
one-half the breacbing radius or less. When the
depth of water is equal to or greater tban the
hreaching radius, C is equal to 2.0. For charges
in air, consult FM 5-25 for the correct value of C.

. Dense eoncrete, ﬁrst-class ma- Legthanafaet.'. 146
to

Table ~—Material Facton

" Material R K-

Ordln.&ry ea.rth _______________ All values______ 0. 05
Poor masonry, shale and hard- [_____ do_._______ . 325

- pan, good tnnber and earth y

eonstruetion.

Good mascenry; ordinary con- | Less than 3 feet_| .35
ereta, rock. Jtoblest _____ .275

- StoTleel______ .35
More than 7 feet.| . 225

BONTY.

Reinforeed concrete (conerete | Less than 3 feet_| . 70
only; will not cut orcing | 3 to 5 feet______ 56
steel). i 5to 7 feet______ 50

Placement of Charges

Walls. Although elevating the explosive above
the ground is recommended for all charges, it is
not necessary sgainst walls under 6 feet high or
thick. However, elevating the charge is necessary
for walls over 6 feet high or thick, or for charges
greater than 1000 pounds. Elevation of the
charge eliminates excessive cratering in front of
the wall. For quantities of explosive up to 48
packs (Demoliton Qutfit Mk 133 or Mk 135},
the charge should be in the shape of & horizontal
bar. A charge of 24 packs in tbis shape is about

9% feet. long and will produce a gap of about 12 feet.

For walla less than 6 feet high or 8 feet thick,
use 8 packs (180 pounds) per foot of thickness
placed in a horizontal bar; figure 56.

For walls greater than 6 feet in helght. or thick.
ness, use 12 packs (240 pounds) per foot of thick-
ness placed as an Army Engineers’ Castle Cha.rge,
figure 57.

Exameres. The following examples are given
to mssist in determination of the best placement
of explosive charges for breaching or dispersing &
concrete obstacle, The effects of an explosion on

a particular obstacle encountered will depend-

57
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Figure 56—Form of Charges for a Wall Less Than Six Feet High or Six Feet Thick.

upon the material of which it is made, the amount
and type of explosive used, the location of the
charge, and the confinement of the charge.

A gap 18 feet wide will be opened in a masonry
wall with a 30° sloped face by a 24-pack charge
detonated on top of the wall. The same charge
detonated against the center of the face of the
wall will result in & deeper gap about 16 feet wide.

Against a reinforced concrete wall up to 6 feet
thiek, a bar charge of 56 packs set at least 18
inches above the ground will clear a gap about
13 feet wide by 5 feet deep.

A gap about 18 feet wide by 12 feet high will
be cleared in & wall 13 feet high by 3 feet thick at
the top tapering to 6 feet wide at the base by a
bar charge of 66 packs placed 2% feet above the
ground.

INTERNAL CHARGES. Internal charges are more
effective than external charges, but require more
preparation time. Boreholes for internal charges,
figure 58, may be made with pneumatic tools or
with small shaped charges, figure 59. A borehole
2 inches in diameter will hold about 2 pounds of
explosive per foot of length. If a single borehole

will not accommodate all of the explosive required
at 1 point, additional boreholes should be made
adjacent to the first.

For dispersing a section of a wall, boreholes for
internal charges may be produced by a group of
shaped charges placed three feet apart both hori-
zontally and vertically, Adjacent rows of holes
should be staggered. The outer line of boles,
outlining the desired gap, are cut perpendicular
to the face of the wall. All other holes should
be cut at an angle 15° downward from tbe horizon-
tal, figure 60.

For walls less than 8 feet high, internal charges
may be placed in boreholes 4 feet apart in a hori-
zontal row halfway up the wall. For walls
higher than 8 feet, 8 double row of charges 4 feet
apart may be used.

When using shaped charges to make boreholes,
it may be necessary to use two successive charges
to produce the desired depth of hole. If this is
done, the first charge should be secured with the
standoff legs in place; the second charge is then
detonated directly over the hole made by the
first charge.
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EXPANSION
JOINT

Figure 57—Form of Charges for a« Wall Greater Than Six Feet High or Six Feet Thick,

WARNING

For above water work, do not place the
second charge until the hole made by the
firat charge has cooled. Artificial cooling
'with water is suggested to avoid delay.

Rock-filled Cofferdams. A rock-filled coffer-
dam is a cribwork of logs fastened togetber and
filled with loose rock, To disperze such a dam,
charges should be placed at the intersections of
the loge. Main charges should be placed at the
foundation with smaller charges about two-thirds
of the way to the top; the main charges should

comprise about three-fourths of the total charge,
which is computed ai the rate of 2 pounds of
explosive per cubic foot of cofferdam, Charges
should be placed about 15 feet apart in tunnels
dug into the cofferdam at the base and about
two-thirds of the way up. Alternately, the main
charges may be placed in holes dug at the hase.

Piers. Either external or internal charges may
be used for concrete pier destruction. Charges
are distributed along the base of the pier and
primed for simultaneous detonation; if the pier
is amall enough so that a single charge will suffice,
the charge is placed against the base at the cen-
ter; figure 61. The effectiveness of charges placed

59
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against the supports of a pier can be. increased
by placing pounding charges on top of the pier
primed for slmult.a.neous detonation with the
base charges,

Removal of Concrete Bl“lll from Ship’s Hull.
Concrete ballast in ships is removed from the

inside by a nibbling process, figure 62. A small
charge is placed in the concrete and detonated.
Then a larger charge is placed in this hols and
detonated. By successive blasting, the concrete
is broken up, without demage to the hull, and
can then be easily removed from the vessel.

CROSS-SECTIONED VIEW TO INDICATE -
ANGULARITY OF HOLE DRILLING

Figure 58—Ditpersing o Concrete Pier with Internal Chorges.
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Figure 59—Use of Shoped Charges fo Make Boreholes.
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Figure 63—Removol of Concrete Ballast,
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Figure & 1Bispersing o Concrete Pier with an External Chorge.
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Chapter 11
BREAKING AND CUTTING STEEL

The effects of underwater explosions are in-
fluenced by so many variables that no hard and
faat rules van be given for the bresking or cutling of
steel under water with high explosmves. The

formulas and methods given in this chapter are

miended 82 8 guide; whenever posaible, test charges
sheuld be placed and detoneted fo determine the
best procedure. In many eases, this procedure
only can be delermined by @isl and error.

Enpergy releassd hy an explosion is proportional
to the weight of the sxplosive charge. However,
the destruetive effects on any given steel object
will depand on the degree and type of contact of
the explomive with the metel. Therefore, it is
maportant that the type of eharge snd its place-
ment be considered togother with the amount of
explogive to be used.

FOII‘I{IIGI

The following formulas, used to calculate the
weight of explosive needed 1o cut steel, are based
on untamped charges in air. Weighis must be
doubled for underwater use,

For structural ateel sections such ss [-beams,
built-up girders, and stecl plates:

P==3/8A, where P is the weight of the axplosive
in pounds and 4 s the cross-soctional area of the
steel section in square Inches,

For ateel bars, cables, and chains where it is
impossible to obtain pood eontact between the
charge and the steel:

PwA, where V' is the weight of the explosive
in pounds and A is the cross-sectional srea of the
steal in square inches,

Placement of Charges

The churgs usaslly is placed on one side of the
steel section ‘along the desired line of rupture,
with the lsrgest portion of the charpe noarest the
greatest cross-gection of the member. If the
charges must be placed on opposite sides of the
desired line of rupiure, they should be staggered.
Charges placed directly opposite sach other have
a tendency o nentralize the effects of both.
Charges should be primed for simultaneous detona-
tion. Contact betwean charge and steel should be
aa close us possible; any air or water space between
them resalis in loss of cutting power. Charges
mey be secured with rope, tape, cenvas, or sand-
hags. '

Stractaral Members, Structural members may
he single solid shapes, muliiple sohd shapes, single
hollow shapes, or hollow shapes fahricated of more
than one picce.  Singls members, such az I-beams,
steel rods, or hollow pipes; ean best he sheared by

staggering charges on oppesite sides of the member, -

Figure 63—Placement of Charges for Sheoring on I-Beam.
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Figure ééiwﬁqamd of Chorges for Deck Cautting,

~figure 83, Charges should be offset alightly more
than the dismeter or thickness of the member,
The weight of charge for a fabrieated shape of
more than one piece is caleulated for each pieee;
~ the total for all pieces is the weight required to
shear tbe entire member. Charges should be
 placed in the sume menner ga for single members,
For shesring odd-shaped struciural mambers, the

largest portion of the charge should be placed

agsainst the strongest seclion of the member,
Steel Piaten, Steel plates are cut with a linesr.

ripping eharge placed along the desired line of

rupture. Either s rope charge or a cavity charge

may be used. The amount of éxplosive required

- should be determined hy test charges; table 10

gives sugpested weighis of hlasting gelatin. 1f

“.
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A be found by @ial sand orrer.
practice for eutting s deck supported hy large and.
small structural members requires the use of.
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BREAKING AND CUTTING STEEL

othwmmvesmused,mfe?mmb}alfor
relative eﬁwt&venesa valoes, -

~ Table 10—%:%&?&%5%
of sivel -'ma."w

z ninghes = foui
{ L5

28

2.5

= ;y i
i ¥

g 19 ¢

The earity charge uses only sbout half the
amount of saplosive as the rope charge, but no
practical method has besn found for securing

the cavity charge o the piate, Therelors, s

rope eherge will be required in most cases.
The charge esn bs mede np sbove water in the
demired length.

MWM%M%{M;-

© neous delonation, but witha ome milliseoond. delay

fuse for sach pounding charge
Welded sad- Riveted Joints. For bresking

jointe, linear charges are used; when used above
m}mw;}x@@d'b&mﬁﬁm; For

woldments, the charge is placed alongside the

weld, fgure 65, to shear the plate itaclf becsuse
the weld is stronger than the plate. For riveted
joints, the charge is placed along the joint; when
the charge i detonated, the rivet hoads shear off
and the plate buckles, figure 66,

_ AFTER. DEIONATION
Fim E5-w-Beecking Welded Jsints.

#t

Combination of Plates and Structares. The
sombination of charges required fo cut a combina-
tion of plsies snd structures will usually have ko
Pregent acceped

pounding charges in combination with a line
charge. The line charge is placed to eus through
the deck piate and the snall struciural members;
pounding charges of 20 t0 30 pounds additional
then are placed at the points of support of the large
structural members, figure #4. The line and

Wire. For cutiing wire up io two inches in

- diameter, use Cable and Chain Catter Mk 1 Mod
-4, figare 67, Designed for use in sir or under-

water, the cutter utilizes & composition (-4 cavity
charge made up by field personnel. Fer wirs
greater ihan two inches in dismeter, use the came
provedurs as for shafta or masts,

Shafts and Masts, Shafts and masts up Yo
gix mches in dismoter can be cut with a single
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staggered charge, figure 68. For greater diam-
eters, an initial charge is placed around the shaft
or mast and detonated. This will produce a
necked crater around the member into which a
second charge is placed and detonated. This
procedure is repeated until the shaft or mast is
severed. When cutting a mast above water where
the direction of fall of the mast is important,
the mast can be cut by explosives to control the fall

in the same manner in which axe cuts are used to
control the fall of a tiee.

Anchor Chains. The recommended method for
cutting anchor chain is to fill vne link with plastic
explosive, figure 60, and detonate it. No calcula-
tions are required. Link size is dependent on
chain size and experience has shown that a link
filled with explosive will he severed by detonation
of the charge.

Fidw; 67—Cable and Chain Cutter Mk T Mod 1.
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Figure 68—Cutting a Propeller Shaft.

ANCHOR

Figure 69—Cutting Anchor_Chm'n.
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Chapter 12

SHIP CUTTING, DISPERSAL,

The time limitation in the emergency clearing
. of & harbor or channel uswally does not parmit
the ealvage of & sunken ahip either by raising or
by cutting up for scrap. When time is essential,
dispersal of the sunken ship by demolition i the
most effective way of cleating the harbor or
channel. Whethar a particular ship is dispersed
eompiemly in one condinnous aparatzo:z or whether
it iz Rattencd or dispersed in steges is delermined
by the overell situstion st the site. - If & well-
blocked harbor is raade ussble first for Hght-drafs
vessels and then for deeper-draft ships, the Gpper
portions of several ohstacles sre dispersed first
followed by progressive demolition of the lower
portions of the same obstacles, figures 70 through
75. If a cbannel is blocked by » single sunken
ship, the entire ship may be dizpersed in o single
operation. The methods given in this chapter
are the same for either procesdure, but they are
intended as a guide only. Test shote and the
judgment of the salvage officer must be depended
on for ths best procedurs for any perticular
gituation.

Io many cases, mnkmahx;mmbémmzé
as moorings or as sdditional pier facilities. This
is particularly true of a ship sunk slongside an
existing pier or close te shors. By removing
mests and superstructire snd oonsbrucling o
platform over the hull, figures 78, 77, and 78, &
satislactory pier can be mude without the need
Er the extensive demolition required to Hatten

e hull,

Cargo Determination and Handling

Before any demolition work is underteken on
or near a sunken hull, it is important to determine
the contents of the hull because salvage opers-
tions will depend on thesa contents. If the bull
is that of & merchantman, papors may be evailable
that will detail the ship’s cargo. Whether s
manifeat iz svailshle or not, divers should he
used {6 investigate the wrock se thoroughly s
posmible. I there is no other sccess o sergo

88

AND SCRAP SALVAGE

spaces, access holen muy he cut with explosives,

* figure 798, Before this is done, howsver, a pound-

ing charge should be placed sgainst the hull and
detonated. This charge is set off to determine
whether thers are sxplosives iu the hull that will
be detonated by demolifion sctivities; the area
should be completaly clearsd by all personmel
hefare this charge is detonated.  Afier this charge,
figure 80, has been exploded, cutting the hull with
explosives can be considered roasonahly safe.
Whether oargo is to bs removed or dispersed
wthtbemtcfﬁbehuﬁmmbedamdby
the salvage officar. If the carge is buoyant,
large enough holes can o made o sllow the cargo
to rise to the surface. (e snd mmilar cargoes

- can ba removed with sir lifts, Other types of

cargo must be handled with eguipment available
with regard to the tims element and the difficulties
of dispersing the hull with or without the cargo.
Ship Settiement

Explosives may he wsed to prevent further
setilement of a ehip on the bottom or they may
bo used to maks the ship mt&}e farthar into the
betiom.

‘When s ship s {o he salvaged, &bebem:mm
be compscied hepeath it i prevent furtber
setthing. This & done by detonaling powder
points driven ints the bottom srcusd ibe hull.
For this purposs, the powder pointa should be
leaded with anmxplosive with a Jow rete of detona-
tion, such ae ammonium nitrate. Charges must
he light enough so that the ship’s hull will not be
damaged.

When & ship resting on s sandy or muddy
hottom is to be dispersed or flattened, it should
he settled as desply ss possible. This can be
done by blowing boles in the hull slong the battom,
figure B1, to reduee the bearing surisce and to
allow the bottom material to ooz into the hull
Added sottling will resuit from mereasing the
weight of the ship by flling voids with sand, mnd,
or gravel through an air Hift '
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WOODEN COASTER
= __ - (2,500 TONS)

STEEL L e =
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NOTE: -~
NUMERALS - INDICATE THE SE-
QUENCE OF CLEARANCE.

Figure 70—Perspective View of Blocked Chonnel.
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Figure 71—Channsl Clearance, First Phase. Bow of Wooden Coaster, and Masts and Rigging of Possenger

70

Verre! are Cut.
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WOODEN COASTER

Figure 73—Channel Clearonce, Third Phose. Wooden Ferry Flattened.
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Figure 74—~Channel Cleoraoce, Fowrth Phase. Remaining Wooden Coal Barge Dispreved.
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Figore 75—Channel Clearance, Lagt Phose. Dredger Flottened; Doshed Lines Indicate Cleared Poth,
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SHIP CUTTING, DISPERSAL, AND SCRAP SALVAGE

Ship Construction

For salvage demolition purposes, a ship is
divided into three major parts: the masts and
rigging, the superstructure, and the hull, figure 82.
For each part, the principle of blasting against
strength should be adhered to in the placement of
charges.

The hull is the major component of n ship.
Extending from the keel to the main deck, the
hull includes the inner and outer plates, bulk-
beads, compartments, tanks, holds, and machinery
and boiler spaces. The superstructure includes
all parts of the ship above the main deck except
the masts and rigging.

Combat ships differ from others in their heavier
construction, armor plate, turrets 'and gun mounts,
and compartments for watertightness, Because
of these features, combat ships are much more
difficult to flatten or disperse than merchant ships,

However, combat ships rarely are used in the
intentional blocking of a barbor; normally they
will be encountered oniy when a harbor is blocked
by ships sunk by enemy action,

Ship Flattening

The stages in which a ship is flattened will
depend to some extent on the position of the ship
with respect to the bottom, figure 83. A ship
resting on its side presents a different problem
from one that is sitting upright on the bottom.
In most cases, the masts and rigging are first
removed, the superstructure is removed or dis-
persed, and finally the hull itself is flattened.

Removal of Masts and Rigging. Masts are
usually” hollow steel cylindrical structures that
extend to a height of 40 feet or more above the-
main deck. . They should be cut so they fall clear
of all areas in which further work is to be done.

Lok
& A

Figure 76—Sunken Ship Converted to a Pier, Front View.
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Figure 77—Sunken Ship Converted to o Pier, Rear View.

Direction of fall can be controlled by rigging a
hauling wire in the desired direction or by cutting
all stays but one, figures 84 and 85, leaving the
stay that tends downward in the direction of in-
tended fall. Masts are cut by detonating a
charge placed arocund the base of the mast in a
ring. Masts up to 6 inches in diameter can be cut
with one charge; masts of greater diameter may re-
quire several charges for complete cutting. Cable
cutters or formed plastic explosive mnay be used
for cutting the rigging.

Removal of Superstructure. Steps in super-
structure removal are shown in figures 86 through
89. Recommended procedure follows:

1. Remove stacks and ventilators, figure 86.
Place a linear cutting charge around the base of
each about one foot above the deck. Cut stack
stays with cable cutters or with formed plastic

explosive. Detonate charges individually or si-
multaneously, as necessary.

2. Remove the bridge and wheelhouse, figure
87. Cut all inside supporting members; then level
the structure in three stages. Ring the base of
the top section with a line charge heavy enough

" to shear the plates and all minor structural mem-

bers; place additional charges, attached to the
line charge, against all heavy structural supports
not previously cut. Repeat the procedure at &
lower level after detonation of the first charge.
After the second cut has been made, repeat again
with the line charge at the intersection of the
vertical structure and the deck.

3. Remove the poop deck, figures 88 and 89.
Use a procedure similar to that for the bridge and
wheelhouse. If the forecastle is a part of the
superstructure, level it also. Simultaneous charges
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Figure 78—Upright Sunken Ship Converted to a Pier.
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Figure 79 Providing Access fo Carge Spaces.
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Figure 81—Settling a Sunken Ship.

may be placed for cutting the forecasils and the
poop deck at the eame time.

FPiattening the Hull, In all hull fsttening
operations, charges should be placed o take ad-
vantage of the weighis of and exisling stresses
in structural members. The greater the siress
on B member, the less the explosive needed 1o 2ut
or brosk it. One recommended procedure for
hull flattening is as follows: -

i. Remove the boew. Ring the section with &
Hinear cutting cherge. Reinforce the linear charge
with pounding charges at heavy strustural sup-
port pointe, Detonation of the charge will aftan
oub the how free of the ship, figure 90; in some

cases, ad ditionsl charges it bis set and detonated
against internal members 0 free the bow,

2. Rewmove the stern.  Use the seme procedure
n for step 1. .

3. Cut sll supports and bulkheads below the
top deck of hall, ’

4. Place # linear cutting chirge slong each sdge
of the top deck. The lengih of deck to be sut
et one debonstion must he determined hy the
salvage officer, depending on the lengih of the hull,
the type of supports remaining, and other factors
peculiar e the specific hull heing fattened.
Set several pounding charges at intervals along
the longitudinel center Line of the top deck,

80 _
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Figure 83-~5hip Lying on Botrom.
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Figure 84—Mast Removal, First $tage.
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Figure 85-~Mast Removad, Second Stage.
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Figure 86— Ship Flottening—Remaoval of Superstruciure, First Stage, Preparation.
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Figure 87-Ship Finttening—Removal of Supentryciure, Second Stage. Preporotion,
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Figure B8-Ship Flnttening—Removal of Supeestructore, Thisd Stage, First Step.  Preporation.
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Figure 89—Ship Flottening—Removal of Superstructure, Third Stage, Second Sfep/ Preparation.
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Figure 90-Ship Flatizning-Bow Rewsvol, Preporation.
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Figure 91—3&# Flattening—Flattening the Hull, F:'r:: Stage. Preparation.

Connect the pounding charges for simultaneous
detonation with the Linear cutting charges at the
edges of the deck, but prime the pounding charges
with delay fuses of one millisecond each, figure 91.
This delay allows the cutting charges to cut the
deck free of the ship’s sides just before the pound-
ing charges force the deck downward and the hull
sides outward, figures 92 and 93. Continue this
procedure until the entire top deck has been
cut away from the sides. Then repeat the pro-
cedure for each deck remaining from top to hottom.

If & deck that has been partially .cut sags enough to
rest on the deck below it, use a linear cutting

" charge to cut across the deck on a line above the
lower deck, When making such a cut athwart- .

ships, place pounding charges of 20 to 30 pounds
each above the heavy structural beams and con-
nect them to detonate simultaneously with the
cutting charge. '

Boilers. To flatten a ship’s boilers, place
several pounding charges inside each and primne
them for simulteneous detonation. A single
detonation levels the boilers satisfactorily.
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Figure 23-Ship Flattening—Forword Postion of Hull Flatrened.
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Figure $4—Wooden Ship Lying on Bottom,
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Figure 95Wooden Ship Dispersal, First Stage,
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Figure P& Wooden Ship

Bispensal, Second Stage.
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Figure 97— Wooden Ship Dispersal, Third Stage.

Scrap Salvage

When using explosives to cut up a ship for
serap salvage, two general rules must be followed:

1. Cut into parts that can be handled by avail-
able lifting- equipment. _

2. Flatten all parts as much as possible to reduce
bulk so that shipping requires minimum space,

Dispening Wooden Ships

Wooden ships can be cut apart with saw chains
or dispersed with explosives, figures 94 through
98. The general procedure for removing masts
and rigging and superstructure for steel ships
applies; sec chapter 13 for calculation of charges

required for timber cutting. To disperse the hull,.

place a heavy charge inaide each end of the hull
and one heavy charge in the center. Detonate
these charges gimultaneously. Usually, the heavy
planking takes most of the ribs and frames with
it as it is forced outward hy the explosion.
Ribs or frames left standing must be cut
individually.

Sawing chains may be used for cutting light
wooden vessels, figure 99. A notch is first cut
in the how with explosives. Then each end of a
hedvy chain is led to & separate winch on the deck
on the deck of the salvage vessel; the center of the
chain is placed in the notch of the vessel to be cut.
The winches are run in opposite directions al-
ternately to give a sawing action to the chain.

If the wood clogs the chain repeatedly, the vessel

probably can be cut more easily with explosives.
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- Figure 98—Wooden Ship Dispersed.
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Figure 99—Using Saw Chains to Cut o Wﬁoden Vessel.
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Chapter 13
TIMBER AND PILE CUTTING

Harbor clearsnes may require timber cutting
sither above water or underwater. In either case,
explogives provide the essiest method. Plastic
compesition C-4 is particularly snited for timber
euthing.

Formulas

To cadeuiste the amount of sxplosive needed o
cut himber, use the following formulas:

For external charges, Pzg;

For internal charges, Pu . ;

where P is sgusl o the weight in pounds of the
exploaive and 77 is the umallest dimension in inches
of the fimber. '

ROPE OR
TAFE

PRIMER.

Figure TBMcmentK of Externcl Chorge to Cof

imbar,

Placement of Charges

External charges should be placed in contact
with the {imher st the level where it 8 to be cut.
The charge should be concentrated &8 much se
poasible and shauld be placed on the widest face of
the timher, figure 100.  Standing timher, cuf with

- explosive, falla toward the side on which the
charge is placed unless nfluenced hy other factors

such as wind or Jean of the simber. If timber
underwater 8 to be cut below the mud or sand

line, & water jet may bs used to wash the seil

away while the charges are heing placed,

Internal charges should be placed in boreholes
mads for the purpose. Above water, the charges
should be tamped with mud or clay; no tamping is
required for sharges underwater. If the required

ELECTRIC FIRING
(10 SALVAGE VESRED)
M_,..a-'ﬁl.f
3
DETONATIRG CORD \
P e 3 >

g t
Figure 10f—Placement of Charge For Pile Cotting.
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100

Figure 102—Dolphin Cutting, First Stage.
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Figurc 103—Dolphin Cutting, Second Shgt.
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charge is too Hrge for one borahiole, dwo or more
boreholes should bs made ss close a3 posaible to
each other. When a chargs iz divided in this
menner, all parts should be primed for simultene-
ous detenstion.

Woodan Pien

When & wooden pier i3 demolished, .ite own
waight should be used o assist in the demolition,
By working from the end of the pier toward shore,
cutting the supports suecmfv&y, an. incresse in
unsupported weight is imposed on ‘the unecut
supporta sc that less explosive ia nesded to cut the
inshore supports then the outer supports. When
vut frem, the pier and all floating debris should bo

cleared from the area so that they will not en-
danger shipping. :

Piles

Wooden piles can be cut with explestives in the
same W&y 88 other timber; s charge is plsced at the
Jevel to be cut and then is detonated, figure 101.
When & cluster of piles, or a dolphin, i o he cut,
the tie wite is severed first. Esch pile then is cot
individuslly af the deared lovel: cuter piles must
be cut Brst to permit sccess to the inner piles,

figures 102 and 103.

Conerete pilea are cat in the same menner &8

wther concrete struciures, chapter 10,

»
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Chapter 14
PROPELLER REMOVAL AND REPLACEMENT

Without the use of explosives, the removal of s
ship’s propeller for repair or replacement is a
time-consuming and costly task that normally
requires drydocking of the ship for accomplish-
ment. The use of explosives to simplify this
task is unrelated to the underwater salvage
activities discussed in earlier chapters, hut it is
definitaly a function of underwater salvage
personnel.

Originally forced onto a t.a.pered shaft, a pro-
peller tends to ‘‘freeze’” to its shaft after it has
been in sarvice for any length of time. This
‘“Ureezing’’ makes the starting of the propeller off

its shaft the most difficult step in its removal.

Effective hammer blows cannot be given undar-
water with ordinery equipment. However, such
blows can be given very effectively with explo-
sives. Furthermore, the work can bs done while
the ship is waterborne and without damage either
to the propeller, to its shaft, or to the ship itself.

Propeller Removal

The followiag procedure is recommended for
removing a propeller from a waterborne vessel,
figures 104 and 105: _ _

NOTE: For all underwater work, two
divers should work together.

1. Wrap a few turns of detonating cord around
the hase of the dunce cap and around the stud
nuts. Raise divers. Detonate the cord.

WARNING

Never detonate the charge when anyone
is in the water within a 2000-footl radius
of the charge.

- NOTE: Detonation of the cord should
remove or lqosen the cement in the stud
nut recess and loosen the stud nuts.
Alternately, a pneumatic hammer and
¥-inch side cutting chisel can be used to

" remove the cement.

2. Remove the stud nuts from the dunce cap
and from the gasket retaining ring. Push the
gasket retaining ring along the shaft. _

3. Remove the lifting pad plugs from the dunce
cap and insert the lifting pads,

4. Attach a pennant to the lifting pad; remove
the dunce cap and haul it to the surface. :

5. Remove the spline nut locking pin.

6. Laower a spline nut wrench to the divers.

7. Back off the spline nut with the wrench and
remove the nut; haul the nut to the surface.

8. Cover the shaft threads with several turns
of canvas and secure with sail twine. This will
prevent damage to the threads when the propeller
is removed.

9. Remove the studs from the propellar hub.

10. Attach pennant to the puller lifting pad.

11. Turn the propeller so that the keyway is at
12 o’clock; lock the propeller shaft with the jacking
gear so that it cannot turn.

12. Attach the puller to the propeller hub hy

inserting it into the huh stud holes. Tighten the
puller aganinet the shaft. If the propeller does not
start (loosen), continue with the following steps.

13. Wrap several turns of detonating cord
around the hub. Canvas may be used over the
cord to keep it in close contact with the hub. If
difficuliy is experienced in keeping the cord on the
lub; the cord may be woven on the huh hetween
the hlades in such a way as to direct the force of
detopation against the huh and not agamst the
blades. If detonating cord is not availahle, two.
small charges of composition C—4 may be placed
on the huh 180 degrees apart. Each charge should
be approximately ¥% inch in diameter by 1% inches
long. Prime with electric hlasting caps . for

‘simultaneous detonation.

WARNING: Never detonate the. charge

when anyone is in the water within a
2000-foot radius of the charge.

14, Fire the charge. If the propeller is not

loosened, repeat steps 13 and 14.
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© 15. Astach & chain fall of sufficient capacity to

‘the rear lifting pad on the vessel. Attach the

chain to tha lifting pad on the puller, Tighten the
shain and pull the prcpe.llet from the shale with
the chain fall.

18. Remove the chain from the httmg pad; haul

Birthe propeller to the surface with a wire pennant.

“Tie the propeler key to the shaft with sail twine,\bo
. pmmnt iaw of the key

Figure ;ﬁmm for Propelic/Removal.

Propeller Replocement, Rgure 106. -

Belore lowering the propelier for plscement on
the shaft, cean oat sll tapped holes with correet
size tape.  Also, clean the keyway and check xtfea'
proper fit of the key.

1. Attach wire pennant o the hub Yifting pui

2. Lower the propeller to the shaft.

3, Atiach a chein fall of sufficient eapacity. w

the forward hftmg pn.d on the vessel
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