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Chief Warrant Officer Bernard Webber 
“I reasoned I was a Coast Guard first class boatswain mate. My job was the sea and to save those in peril upon it.” 

On 24 January 2009, Chief Warrant Officer (CWO) Bernard Challen Webber crossed the bar.  During his 
20-year career, CWO Webber was the recipient of the Gold Lifesaving Medal and responsible for one of 
the greatest small boat rescues in Coast Guard history.  

Born in Milton, MA, on 9 May 1928, Webber began his career at sea in 1944 when he joined the 
Merchant Marine. After serving in the Pacific, he joined the Coast Guard in 1946. On 18 February, 1952, 
BM1 Webber was serving at the Chatham Lifeboat Station when a violent winter storm hit New England.  

Off the coast of Massachusetts, the SS Pendleton , a tanker originally built for the War Shipping 
Administration, was enroute from Baton Rouge, LA to Boston with a full load of kerosene and oil. At 
about 0550, in gale force winds, blinding snow and 60 foot seas, the vessel broke in two. In the bow, were 
the captain and seven crewmen. Thirty-three men remained in the stern section. There had been no time to 
issue an S.O.S. 

The stern section drifted south, about six miles off Cape Cod. The bow section was further offshore.  As 
the men of Chatham Station were busy with the rescue of another tanker, radar picked up the two sections 
of Pendleton. Visually sighted shortly thereafter, it became apparent that aid could only be rendered by 
use of the 36-foot Motor Life Boat CG-36500.  

Pendleton’s stern section drifted close to shore. At 1755, BM1 Webber and three crewmen left the pier. 
As CG-36500 crossed Chatham’s bar, massive waves tossed the small boat, shattering the windshield and 
tearing the compass from its mount. Knocked to the deck, Webber struggled to regain control.  Several 
times, the engine died as the waves rolled the small vessel in the high seas.  

As both the weather and visibility worsened, Webber slowed CG-36500. The small searchlight finally 
revealed Pendleton’s stern. Maneuvering his small boat around the mangled hulk, he saw men on the 
tanker’s starboard quarter. A Jacob’s ladder was tossed over Pendleton’s side and the surviving 
crewmembers started down the ladder. Webber moved CG-36500 closer and, one by one, the survivors 
jumped, landing in the lifeboat or in the sea where the crew assisted them to safety.  Of the 33 men aboard 
the stern section, 32 were saved.  

With no compass to steer by, and in zero visibility conditions, Webber returned to Fish Pier and a 
cheering crowd.  

Initially told that he would receive the Gold Lifesaving Medal, and his crew lesser recognition, Webber 
refused. Finally, for their actions that day, BM1 Webber and his crew ( EN3 Ander Fitzgerald, SN 
Richard Livesey and SN Irving Maske) were awarded Gold Lifesaving Medals on 7 May 1952.  

A reluctant hero who disliked publicity, Webber remained in the Coast Guard, rising to the rank of Chief 
Warrant Officer.  His 20-year career included a tour off the coast of Vietnam during Operation Market 
Time.  He retired in 1966.  Immortalized by the Coast Guard, the cutter Bernard C. Webber (WPC-1101) 
was commissioned on 14 April 2012. 

 
 
 
 
 
 





                    

BOAT CREW HANDBOOK – SEAMANSHIP FUNDAMENTALS – BCH16114.4

Subj: BOAT CREW HANDBOOK – SEAMANSHIP FUNDAMENTALS

Ref: a. Rescue and Survival Systems Manual, COMDTINST M10470.10 (series)
b. Boat Crew Handbook – Boat Operations, BCH16114.1

1. PURPOSE. This Handbook explains good seamanship fundamentals and how they apply to 
boat operations.  Major topics within this handbook are Seamanship Fundamentals, Boat 
Characteristics, Stability, Weather and Oceanography, and Boat Handling. 

2. DIRECTIVES AFFECTED.  The Boat Crew Seamanship Manual, COMDTINST 
M16114.5C, is canceled.

3. DISCUSSION. The subjects and principles discussed herein include marlinespike 
seamanship, boat characteristics, stability, weather and oceanography, and boat handling. 

4. MAJOR CHANGES. First issue.  

5. DISCLAIMER. This guidance is not a substitute for applicable legal requirements, nor is it 
itself a rule. It is intended to provide operational guidance for Coast Guard personnel and is 
not intended to nor does it impose legally-binding requirements on any party outside the 
Coast Guard.

6. IMPACT ASSESSMENT. No impact assessment warranted.
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7. ENVIRONMENTAL ASPECT AND IMPACT CONSIDERATIONS.

a.   The development of this Handbook and the general guidance contained within it have 
been thoroughly reviewed by the originating office in conjunction with the Office of 
Environmental Management, and are categorically excluded (CE) under current USCG 
CE #33 from further environmental analysis, in accordance with Section 2.B.2. and 
Figure 2-1 of the National Environmental Policy Act Implementing Procedures and 
Policy for Considering Environmental Impacts, COMDTINST M16475.1 (series). 
Because this Handbook contains guidance documents that implement, without 
substantive change, the applicable Commandant Instruction and other guidance 
documents, Coast Guard categorical exclusion #33 is appropriate.

b.   This Handbook will not have any of the following: significant cumulative impacts on the 
human environment; substantial controversy or substantial change to existing 
environmental conditions; or inconsistencies with any Federal, State, or local laws or 
administrative determinations relating to the environment. All future specific actions 
resulting from the general guidance in this Handbook shall be individually evaluated for 
compliance with the National Environmental Policy Act (NEPA), Department of 
Homeland Security (DHS) and Coast Guard NEPA policy, and compliance with all 
other environmental mandates.

7. DISTRIBUTION.  No paper distribution will be made of this Handbook.  An electronic 
version will be located on the Office of Boat Forces (CG-731) Portal site: 
https://cg.portal.uscg.mil/units/cg731/SitePages/Manuals.aspx.

8. FORMS/ REPORTS.  None

9. REQUESTS FOR CHANGES.  To recommend edits and changes to this Handbook, please 
submit a formal request at the following link: 
https://cg.portal.uscg.mil/communities/bfco/doctrine/SitePages/Home.aspx.
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1109192003
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CHAPTER 1 
Introduction 

Section A. Purpose of this Handbook 

Introduction The purpose of this Handbook is to explain good seamanship 
fundamentals and how they apply to boat operations.  Major topics 
within this handbook are Seamsnship Fundamentals, Boat 
Characteristics, Stability, Weather and Oceanography, and Boat 
Handling. 

In this Section This Section contains the following information: 

Title See Page 

Procedures 1-1 
  

 

Procedures This Handbook is not intended to cover every contingency that may be 
encountered during mission execution or training.  Successful operations 
require the exercise of good safety practices, sound judgment and 
common sense at all levels of command. 
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Section B. How to Use this Handbook 

Introduction Each Part of this Handbook includes its own table of contents and is 
divided into Chapters.  A glossary and list of acronyms are located at the 
end of this Handbook. 

In this Section This Section contains the following information: 

Title See 
Page 

Layout 1-2 
Warnings, Cautions, and Notes 1-2 
  

 

Layout The first page of each Chapter after this one includes an Introduction and 
an In this Chapter. 

The first page of each section includes an Introduction and an In this 
Section. 

In the left column of each page are the block titles, which provide 
descriptive words or phrases for the corresponding block of text across 
from them. 

Warnings, 
Cautions, and 

Notes 

The following definitions apply to “Warnings, Cautions, and Notes” 
found throughout the Handbook. 

WARNING  Operating procedures or techniques that must be carefully followed to avoid personal injury 
or loss of life. 

CAUTION! Operating procedures or techniques that must be carefully followed to avoid equipment 
damage. 

NOTE   An operating procedure or technique that is essential to emphasize. 
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CHAPTER 2 
Marlinspike Seamanship 

Introduction Marlinespike seamanship is the art of handling and working with all 
kinds of line or rope.  It includes knotting, splicing, and fancy decorative 
work.  Knowledge of line handling terminology, phrases, and standard 
communication among the crew is necessary.  To be less than proficient 
may be costly when the safety of life and property depends on the crew’s 
knowledge of marlinespike seamanship. 

This chapter discusses the following information: 

(01) Types, characteristics, and care of line, 
(02) Definitions, 
(03) Safety practices, 
(04) Line handling commands, 
(05) Directions for tying knots and making splices commonly used on  

boats, 
(06) Instructions about basic boat line handling, 
(07) Technical information for determining which line, hooks, and 

shackles are safe to use. 

In this Chapter This Chapter contains the following Sections: 

Section Title See 
Page 

A Types and Characteristics of Line 2-2 
B Inspection, Handling, Maintenance, and Stowage 

  
2-10 

C Knots and Splices 2-20 
D Deck Fittings and Line Handling 2-51 
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Section A. Types and Characteristics of Line 

Introduction The uses for a particular line will depend heavily upon the type and 
characteristics of the line.  This section includes information regarding the 
different types of line used during boat operations. 

In this Section This section contains the following information: 

 Title See Page 
 Line Characteristics 2-2 
 Natural Fiber Line 2-5 
 Synthetic Fiber Line 2-7 
  

Line Characteristics 

A.1.  
Composition 

Lines are made of natural or synthetic fibers twisted into yarns.  The yarns 
are grouped together in such a way as to form strands.  Finally, the strands 
are twisted, plaited, or braided, in various patterns, to form line. 

A.2. Line Line used on vessels is classified in two different ways: 
(01) Material used, 
(02) Size. 

A.2.a.  Material 
Used 

Lines are categorized as natural fiber or synthetic fiber.  Refer to Table 2-1 
for fiber line characteristics.  The characteristics of the natural and synthetic 
fiber lines will be explained further in this Section. 

A.2.b.  Size No matter what the line is made of (natural or synthetic), it is measured the 
same way, by its circumference or distance around the line.  This makes it 
different from wire rope, which is measured by diameter. 

Depending on its size, the line is placed into one of the following three 
categories: 

(01) Small stuff – Up to 1.5" in circumference, 
(02) Line – 1.5" to 5" in circumference, 
(03) Hawser – Everything over 5" in circumference. 
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LINE 

CHARACTERISTICS 
NATURAL FIBER LINE SYNTHETIC FIBER LINE 

Manila Sisal Cotton Nylon Polyester Polypropylene Polyethylene 

Strength:        

Wet strength compared to 
dry strength 

Up to 120% Up to 120% Up to 120% 85-90%1 100%1 100% 105% 

Shock load absorption 
ability 

Poor Poor Poor Excellent Very good Very good Fair 

Weight:        

Specific gravity 1.38 1.38 1.54 1.14 1.38 .91 .95 

Able to float No No No No No Yes Yes 

Elongation:        

Percent at break 10-12% 10-12% 5-12% 15-28% 12-15% 18-22% 20-24% 

Creep (extension under 
sustained load) 

Very low Very low  Moderate Low High High 

Effects of Moisture:        

Water absorption of 
individual fibers 

Up to 100% Up to 100% Up to 100% 2.0-6.0% <1.0% None None 

Resistance to rot, mildew, 
and deterioration due to 
marine organisms 

Poor Very poor Very poor Excellent Excellent Excellent Excellent 

Degradation:        

Resistance to UV in sunlight Good Good Good Good Excellent Fair2 Fair2 

Resistance to aging for 
properly store rope 

Good Good Good Excellent Excellent Excellent Excellent 

Rope Abrasion Resistance:        

Surface Good Fair Poor Very good3 Very good1 Good Fair 

Internal Good Good Good Very good3 Excellent1 Good Good 

Thermal Properties:        

High temperature working 
limit 

300° F 300° F 300° F 250° F 275° F 200° F 150° F 

Low temperature working 
limit 

-100° F -100° F -100° F -70° F -70° F -20° F -100° F 

Melting point   Chars 300° F 490-500° F 490-500° F 330° F 285° F 

Chemical Resistance:        

Effect of acid Will 
disintegrate in 
hot diluted and 
cold 
concentrated 
acids 

Same as manila Same as manila Decompose by 
strong mineral 
acids; resistant 
to weak acids 

Resistant to 
most mineral 
acids; 
disintegrate by 
95%  sulfuric 
acid 

Very resistant Very resistant 

Effect of alkalis Poor resistance 
will lose 
strength where 
exposed 

Same as manila May swell but 
will not be 
damaged 

Little or none No effect cold; 
slowly 
disintegrate by 
strong alkalis at 
the boil 

Very resistant Very resistant 

Effect of organic solvents Fair resistance 
for fiber, but 
hydrocarbons 
will remove 
protective 
lubricants on 
rope 

Good 
resistance 

Poor resistance Resistant.  
Soluble in 
some phenolic 
compounds and 
in 90% formic 
acid 

Generally 
unaffected; 
soluble in some 
phenolic 
compounds 

Soluble in 
chlorinated 
hydrocarbons 
at 160° F 

Same as 
polypropylene 

1  Grades with special over finishes are available to enhance wet strength and abrasion properties. 
2  For non-UV stabilized product, consult manufacturer. 
3  Dry condition.  Under wet condition:  Good. 

Table 2-1 
Fiber Line Characteristics 
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A.2.c.  
Construction 

Strands are twisted to either the right or the left.  This twisting is the “lay” of 
the line.  Line may have either a left lay or a right lay depending upon how 
the strands are twisted together.  Line is usually constructed as plain-laid, 
plaited, and double-braided lines.  Figure 2-1 illustrates fiber rope 
components and construction.  The type of construction will depend upon the 
intended use of the line.   

 

 
Figure 2-1 

Fiber Rope Components and Construction 
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 The following describes line types: 

Line Type Characteristics 

Plain-laid Made of three strands, right- or left-laid.  Most common 
is right-hand laid. 

Cable-laid Made of three, right-hand, plain-laid lines laid together 
to the left to make a larger cable. 

Plaited Made of eight strands, four right-twisted and four left-
twisted.  Strands are paired and worked like a four 
strand braid.   

Braided Usually made from three strands (sometimes four) 
braided together.  The more common braided lines are 
hollow-braided, stuffer-braided, solid-braided, and 
double-braided. 

Double-braided Made of two hollow-braided ropes, one inside the other.  
The core is made of large single yarns in a slack braid.  
The cover is also made of large single yarns but in a 
tight braid that compresses and holds the core.  This 
line is manufactured only from synthetics, and about 
50% of the strength is in the core. 

 

Natural Fiber Line 

A.3.  
Composition 

Natural fiber line is made from organic material, specifically, plant fiber.  
The following describes the various natural fiber lines: 

  
Natural Fiber 

Line Type Characteristics 

Manila Made from fibers of the abaca plant and is the strongest 
and most expensive of the natural fibers. 

Sisal Made from the agave plant and is next in strength to 
manila, being rated at 80% of manila’s strength. 

Hemp Made from the fiber of the stalk of the hemp plant, is 
now rarely used. 

Cotton Made from natural fibers of the cotton plant, may be 
three-stranded, right-lay or of braided construction used 
for fancy work and lashings. 
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A.4. Uses of 
Natural Fiber 
Line 

Natural fiber line, usually manila, hemp or sisal, are used for tying off 
fenders, securing chafing gear, and doing other small projects where line 
strength is not a major concern. 

Braided line is most commonly used for signal halyard, heaving lines, and 
lead lines. 

Plain-laid line may be used for securing loose gear, fender lines, and fancy 
work. 

CAUTION !  

A.5. Limitations Natural fiber line has a lower breaking strength than synthetic fiber line of an 
equal size, and unlike synthetic line, natural fiber line does not recover after 
being stretched (elasticity). It is not recommended to be used for load-
bearing purposes on boats.  Another limitation of natural fiber line is the 
likelihood of rotting if stowed wet. 

A.6.  
Construction 

A close look at a natural fiber line will reveal that the strands are twisted 
together.  They will have either a right or left lay. 

A.7. Plain-Laid 
Lines 

In plain-laid, three strands are twisted together to the right in an alternating 
pattern.  Because of the number of strands, this line is sometimes called 
“three-strand” line.  The yarns making up the strands are laid in the opposite 
direction of the strands.  These are twisted together in the opposite direction 
to make the line.  The direction of the twist determines the lay of the line.  In 
the case of plain-laid lines, the yarns are twisted to the right.  They are then 
twisted together to the left to make the strands.  The strands are twisted 
together to the right to make the line (see Figure 2-1). 

Do not use natural fiber line as a towline. 



 
Boat Crew Handbook – Seamanship Fundamentals 
Chapter 2 – Seamanship Fundamentals 

2-7 

 

Synthetic Fiber Line 

A.8.  
Composition 

Synthetic fiber line is made of inorganic (man-made) materials.  The 
characteristics of synthetic fiber line are considerably different from natural 
fiber line.  The differences will vary depending on the type of material from 
which the line is made.  The following identifies the various types of 
synthetic fiber line used: 

 Type Characteristics 

Nylon A synthetic fiber of great strength, elasticity, and 
resistance to weather.  It comes in twisted, braided, and 
plaited construction, and can be used for almost any 
purpose where its slippery surface and elasticity is not a 
disadvantage. 

Dacron A synthetic fiber of about 80% of the strength of nylon 
that will only stretch 10% of its original length. 

Polyethylene 
and 
Polypropylene 
(Polyester) 

A synthetic fiber with about half the strength of nylon, 
25% lighter than nylon making it easier to handle, and it 
floats in water. 

 

A.9. Commonly 
Used Types 

The most common types of synthetic line used on Coast Guard boats are 
nylon and polypropylene. Because of its superior strength and elasticity, 
nylon is used where the line must bear a load. 

A.10. Double-
Braided Nylon 
Line 

When double-braided line is made, the yarns are woven together much like 
the individual yarns in a piece of cloth are woven.  The actual line consists of 
two hollow braid lines, an inner core and an outer cover.  The core is woven 
into a slack, limp braid from large single yarns.  The cover is woven from 
even larger yarns into a tight braid to cover and compress the core. 

A.10.a. 
Advantages 

Double-braided nylon has two other characteristics that increase its strength, 
elongation and elasticity.  Elongation refers to the stretch of the line and 
elasticity refers to the ability of the line to recover from elongation.  
Synthetic line will stretch farther and recover better than natural line.  
Because of this, synthetic line can absorb the intermittent forces and surges 
resulting from waves or seas much better than natural fiber line. 
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A.10.b.  
Limitations 

While its superior strength makes double-braided nylon line a preferred 
choice for load bearing, there are disadvantages.  Because it will stretch 
further (elongate) and still recover (elasticity), the snap back potential if the 
line parts is greater than with natural fiber line.  Also, if nylon line is doubled 
and placed under excessive strain, there is a danger that the deck fittings 
might fail.  If that happens, the line will snap back like a rubber band, 
bringing the deck fitting with it.  Additionally, damage to the engine or deck 
fittings could occur if the bollard pull is exceeded. 

A.10.c.  Bollard 
Pull 

Bollard pull is the point where the static pulling force becomes such that any 
increase in engine load could lead to damage to the engine or the towing bitt. 

CAUTION ! 
 

A.11. Plain-Laid 
Polypropylene 
Line 

Yellow-colored polypropylene line is used on Coast Guard boats for life 
rings and heaving lines. 

A.11.a.  
Advantages 

The advantages to this line are high visibility and flotation. 

A.11.b.  
Limitations 

The main disadvantage of plain-laid polypropylene line is lack of strength 
compared to nylon line of equal size.  Its loose, course weave makes it easy 
to splice but susceptible to chafing.  Aggravating this is polypropylene’s 
characteristic of deteriorating rapidly when exposed to continuous sunlight.  
It can, in fact, lose up to 40% of its strength over three months of exposure.  
For this reason, the line is best kept covered when not in use, and inspected 
and replaced on a regular basis. 

A.12. Slippage Synthetic line slips much easier than natural line.  Because of this, it will slip 
through deck fittings and will not hold knots as well.  Care should be taken 
when bending synthetic line to an object or to another line to ensure the knot 
will not slip out.  One way to help prevent this is to leave a longer tail on the 
running or bitter end than with natural fiber line. 

A.13.  
Considerations 

When using synthetic lines consider the following: 
(01) Synthetic line will slip more easily than natural fiber line.  Use 

caution when paying it or surging it from deck fittings, 
(02) Beware of slippage when bending synthetic line together or securing, 
(03) Never stand in a position where exposed to the dangers of snap back 

if the line parts, 
(04) Do not double up the line during a towing operation, 

Never double a line or use a single line that can withstand more pulling force than the bollard pull of 
the towing bitt. 
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(05) Keep working surfaces of bitts free of paint and rust, 
(06) Do not stand in the bight of a line or directly in line with its direction 

of pull. 

CAUTION ! 
 

A.14. Cutting The use of a hot knife is the preferred method for cutting nylon and 
polypropylene line.  Using a hot knife eliminates the need for burning the 
ends.  Commercial electric knives, used by sail makers, are available.  Some 
soldering irons can be fit with blades for cutting line.   

When cutting the line, the blade or saw should not be forced through the line, 
as the heat will do the job. The best method is to work from the outside in.  
First, an incision is made around the circumference of the line, and then a cut 
is made through the center. 

NOTE  
 

Remember, when a piece of rope is cut, it will fray.  Always finish the end of the line whether before 
or immediately after cutting the line. 

To minimize the hazard of being pulled into a deck fitting when a line suddenly surges, ensure all 
crewmembers stand as far as possible from the equipment.  Work the lines with hands at a safe 
distance from the fittings. This is particularly important during towing operations. 
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Section B. Inspection, Handling, Maintenance, and Stowage of Line 

Introduction Proper maintenance and inspection of line is vital to the completion of the 
mission as well as the safety of the crew.  If a line is damaged or not properly 
maintained, it could fail, resulting in possible injury to personnel and/or 
damage to property.  This section provides the necessary information 
regarding basic inspection, uncoiling and unreeling, maintenance, and 
stowage of line. 

In this Section This section contains the following information: 

 Title See Page 
 Inspection 2-10 
 Uncoiling and Unreeling 2-13 
 Maintenance 2-15 
 Stowing Lines 2-18 
  

Inspection 

B.1. Description A periodic inspection of all lines used should be made, paying special 
attention to the following items: 

(01) Aging, 
(02) Fiber wear, 
(03) Fiber damage, 
(04) Chafing, 
(05) Kinks, 
(06) Cockles, 
(07) Cutting, 
(08) Overloading or shockloading, 
(09) Rust/foreign materials, 
(10) Eye splices. 

CAUTION !  Synthetic double-braided line should not be taken apart for internal inspection. Pay particular attention 
to black or dark colored lines as their color may hide or mask potential damage.  
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B.2. Aging Aging affects natural fibers more severely than synthetic.  Cellulose, the 
main component in natural fibers will deteriorate with age, getting more 
brittle and turning yellow or brownish.  When bent over bitts or cleats, the 
fibers easily rupture and break.  During bending, line strength may decrease 
up to five times.  Crewmembers can check for aging by opening the lay of 
the line and noting the color of the interior fibers.  In an old line, they will be 
gray or dark brown.  Aging is not a significant problem for nylon line, though 
it will change its color with age.  As stated before though, polypropylene line 
does deteriorate rapidly when exposed to sunlight. 

B.3. Fiber Wear When natural fiber line is under strain, the friction of the fibers, yarns and 
strands against each other, causes internal wear.  Also, internal wear is a 
good indication of aging.  Upon opening the lay of the line, any presence of a 
white powdery substance indicates small particles of line worn off by 
friction. 

B.4. Fiber 
Damage 

Damage to internal natural fibers occurs when a line under a strain exceeds 
75% of its breaking strength.  Although this load is not enough to part the 
line, it is enough to cause some of the internal fibers to break.  Internal fiber 
damage indicates aging and internal wear.  With synthetic line, some of the 
individual synthetic fibers of the line may break if overloaded.  These will be 
visible on the outer surface of the line. 

B.5. Chafing Chafing is wear that affects the outer surface of a line, caused by the friction 
of the line rubbing against any surface.  To check for chafing, the outer 
surface of the line should be visually inspected for frayed threads and broken 
or flattened strands.  With synthetic line, chafing can also cause hardening 
and fusing of the outer layer. 
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B.6. Kinks A kink (see Figure 2-2) is a twist or curl caused when the line doubles back 
on itself.  A line with a kink in it should never be placed under strain.  The 
tension will put a permanent distortion in the line.  All kinks should be 
removed before using a line. 

 

 
Figure 2-2  

Line with a Kink 

B.7. Cockles A cockle (or hockle) is actually a kink in an inner yarn that forces the yarns 
to the surface.  Cockles can be corrected by stretching the line and twisting 
the free end to restore the original lay.  A cockle can reduce line strength by 
as much as a third. 

NOTE  
 

B.8. Cutting Cutting damage found on line is similar to chafing, but occurs when the line 
rubs against a sharp edge rather than a rough surface.  This will give the 
appearance as if the line was cut with a knife.  Cutting damage to yarns and 
threads will greatly reduce the effectiveness of the line and can cause failure 
under strain. 

Braided line will not kink or cockle. 
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B.9. Overloading 
or Shock-
Loading 

Signs that a line was overloaded are elongation and hardness.  Line stretched 
to the point where it will not come back has a decreased diameter.  To 
determine this, the crewmember should place the line under slight tension 
and measure the circumference of a reduced area and of a normal area.  If the 
circumference is reduced by five percent or more, the line should be 
replaced. 

Another indication of synthetic line overloading is hardness to the touch.  
This can be noticed while gently squeezing the line.  Overloaded line shall 
not be used. 

A line under strain is dangerous.  If it parts, it will do so with a lot of force, 
depending on the size and type of line, and how much strain it is under when 
it parts.  As a general rule, when a line is under stress, it is important to 
always keep an eye on it.  Standing in line with the strain may cause serious 
injury if the line parts and snaps back. 

WARNING   

B.10. Rust / 
Foreign Material 

Rust stains, extending into the cross-section of natural fiber and nylon fiber 
yarns can lower line strength as much as 40%. 

Foreign materials (sand, dirt, paint chips, etc.) can get lodged inside the 
fibers of a line.  Once inside the line and under stain, these materials can 
cause abrasive damage to the line.  Care should be taken to cover up lines to 
prevent foreign materials from entering if they are stowed or in use near 
work areas. 

B.11. Eye Splices 
(Double-Braided 
Nylon Line) 

Prior to each use, all eye splices should be inspected on working lines 
(towline, anchor rode, mooring lines, etc.).  Crewmembers should pay 
particular attention to the area of the line that is tucked back in on itself, 
ensuring there are no “flat spots” or areas where the inner core has slipped 
away leaving only the outer cover.  The entire eye should be inspected for 
chafing and cuts (see Section C of this Chapter for illustrations). 

Uncoiling and Unreeling 

B.12.  
Description 

Proper use and care will significantly extend the lifetime of the lines used.  
Everyone is responsible for protecting lines from damage.  Along with good 
inspections, some of the ways to accomplish this are proper breakout, 
stowage, and care. 

NOTE   Never permanently cover natural fiber line with anything that will prevent the evaporation of moisture. 

DO NOT stand directly behind a line that is under strain!  If the line were to part, it could snap back 
and cause injury. 
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B.13. Uncoiling 
Natural Fiber 
Laid Line 

To uncoil natural fiber laid line, perform the following procedures: 

Step Procedure 

1 Look inside the center tunnel of the coil to locate the end of the 
line. 

2 Position the coil so the inside line end is at the bottom of the 
center tunnel. 

3 Start uncoiling the line by drawing the inside end up through the 
top of the tunnel (Figure 2-3). 

4 Do not pull on any kinks that develop, as they will develop into 
permanent strand cockles.  If kinks develop, lay the line out 
straight and remove them before use. 

 

 

 

Figure 2-3  
Opening a New Coil of Line 

 

B.14. Unreeling The recommended method for unreeling synthetic fiber lines is to: 
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Synthetic Fiber 
Line 

(01) Insert a pipe through the center and hang the reel off the deck, 
(02) Draw the line from the lower reel surface. 

Twisted fiber lines must not be “thrown” off the reel, as this will cause 
tangles and kinks.  It is recommended that three-strand synthetic lines be 
faked down on deck and allowed to relax for twenty-four hours.  Lengths less 
than 50 feet will relax in one hour when laid out straight.  Fake down double-
braided line in figure eight patterns (Figure 2-4).   

 

 
Figure 2-4  

Line Faked Down 

Maintenance 

B.15.  
Description 

While there is nothing that can be done to restore bad line, precautions can be 
taken to extend the life of lines. 

B.16. Keeping 
Lines Clean 

Lines should be kept free from grit or dirt.  Gritty material can work down 
into the fibers while a line is relaxed.  Under tension, the movement of the 
grit will act as an abrasive and will cause serious damage to the fibers. 
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B.17. Using 
Chafing Gear 

Chafing gear can be made of old hoses, leather, or heavy canvas.  It is used to 
protect short pieces of line where they run over taff rails, chocks, or other 
surfaces (Figure 2-5).  

 

 
Figure 2-5  

Chafing Gear 

B.18. Keeping 
Deck Fittings 
Clean and 
Smooth 

Bitts, cleats, and chock surfaces should be kept smooth to reduce line 
abrasion. 

B.19. Watching 
for Frozen 
Water 

Crewmembers should ensure that water does not freeze on lines and that any 
ice which accumulates is removed.  Ice is abrasive and can cut fibers. 

B.20. Avoiding 
Crushing or 
Pinching Lines 

Crewmembers should avoid walking on, placing loads on, dragging loads 
over, or in other ways crushing or pinching a line. 

B.21. Being 
Cautious of 
Sharp Bends 

Bending under a load causes internal abrasion between the strands of the line.  
If a line has to go around something, a fair lead should be used.  A fair lead is 
any hole, bullnose, lizard, suitably placed roller, sheave, etc., serving to guide 
or lead a rope in a desired direction.  It is important to remember that if a fair 
lead is not used, the bigger the bend, the less the abrasive effect. 
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B.22. Care and 
Stowage of 
Natural Fiber 
Line 

The practices that should be avoided or observed in the maintenance of 
natural fiber line are as follows: 

DOs DON’Ts 

(01) Dry line before stowing it in 
a cool, dark, well-ventilated 
space, 

(02) Protect line from weather 
when possible, 

(03) Use chafing gear (canvas, 
short lengths of old fire 
hose, etc.) where line runs 
over sharp edges or rough 
surfaces, 

(04) Slack off taut lines when it 
rains.  Wet lines shrink and 
if the line is taut, the 
resulting strain may be 
enough to break some of the 
fibers, 

(05) Reverse turns on winches 
periodically to keep out the 
kinks, 

(06) Lay right-laid lines 
clockwise on reels or 
capstans and left-laid lines 
counterclockwise until they 
are broken in, 

(07) Inspect lines for fiber 
damage and other wear 
conditions before each use, 

(08) Try to tie knots or hitches in 
new places as much as 
possible so as not to wear 
out the line, 

(09) Occasionally end-for-ending 
(swap one end for the other) 
to help reduce excessive 
wear at certain points. 

(01) Stow wet or damp line in an 
unventilated compartment or 
cover it so that it cannot dry.  
Mildew will form and 
weaken the fibers, 

(02) Subject the line to intense 
heat or unnecessarily allow it 
to lie in the hot sun.  The 
lubricant will dry out, thus 
shortening the useful life of 
the line, 

(03) Subject a line to loads 
exceeding its working load 
limit.  Individual fibers will 
break, reducing the strength, 

(04) Allow line to bear on sharp 
edges or run over rough 
surfaces, 

(05) Scrub line.  The lubricant will 
be washed away, and caustics 
in strong soap may harm the 
fibers, 

(06) Try to lubricate line.  The 
lubricant added may do more 
harm than good, 

(07) Put a strain on a line with a 
kink in it, 

(08) Let wear become localized in 
one spot, 

(09) Unbalance line by continued 
use on winch in same 
direction. 
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B.23. Care of 
Synthetic Fiber 
Line 

Most of the practices in the maintenance of natural fiber line are the same for 
synthetic fiber line.  However, the differences are as follows: 

(01) Nylon is not subject to mildew, and it may and should be scrubbed if 
it becomes slippery because of oil or grease.  Spots may be removed 
by cleaning with a 10% solution of mild detergent/degreaser and 
water, 

(02) Synthetic line stretches when put under a load.   

Stowing Lines 

B.24.  
Description 

To prevent the deteriorating effects of sunlight, chemicals, paints, soaps, and 
linseed or cottonseed oils, lines should be stored to prevent contact with 
harmful items or conditions. 

B.25. Synthetic 
Fiber Lines 

Synthetic fiber lines are not as susceptible to the effects of moisture as 
natural fiber lines.  They are, however, affected by all of the other conditions 
and materials that will hurt line.  The boat’s towline and other synthetic lines 
should be kept covered or stored in a dark area, when not in use. 

Synthetic line should not be constantly coiled in the same direction, as doing 
this tends to tighten the twist.  Three-strand synthetic line is often coiled 
clockwise to reduce a natural tendency to tighten up.  It can be coiled in 
figure eights to avoid kinks when paying out (Figure 2-6).   

 
 

 
Figure 2-6 

Figure Eight Coils 
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B.26. Towline See applicable boat operators handbook for location and procedures for 
towline stowage.  

B.27. Coiling The most common method of stowing the extra line on deck or on the dock 
after making fast to a cleat is to coil it. 

B.28. Flemishing 
a Line 

Flemishing a line consists of coiling a line against the deck ensures a neat 
and clean line without it being fouled. It is good for appearance as well for 
inspections providing a good seaman-like appearance. (Figure 2-7).   

 

 

Figure 2-7 
Flemishing a Line 
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Section C. Knots and Splices 

Introduction This section details the procedures regarding the art of knots and splices. 

In this Section This section contains the following information: 

 Title See Page 

 Estimating the Length of a Line 2-20 

 Breaking Strength 2-21 

 Basic Knots 2-21 

 Splices 2-39 

 Whipping 2-44 

 Mousing Hooks and Shackles 2-49 
  

Estimating the Length of a Line 

C.1. Procedure Estimating the length of a line can be a useful skill.  One method of doing so 
is as follows: 

Step Procedure 

1 Hold the end of a length of line in one hand. 

2 Reach across with the other hand and pull the line through the 
first hand, fully extending both arms from the shoulder. 

 

 The length of line from one hand to the other, across the chest, will be 
roughly six feet (one fathom).  Actually, this distance will be closer to the 
person’s height, but this measure is close enough for a rough and quick 
estimate of line needed. 

If more line is needed, the process should be repeated keeping the first hand 
in place on the line as a marker until the length of line required has been 
measured off.  For example, if 36 feet of line is needed, the procedure should 
be repeated six times. 
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Breaking Strength 

C.2. Knots and 
Splices 

Knots are used for pulling, holding, lifting, and lowering.  When using line 
for these purposes, it is often necessary to join two or more lines together.  
Knots and bends are used for temporary joining, and splices provide a 
permanent joining.  In either case, the breaking strength of the joined line is 
normally less than the breaking strength of the separated lines. 

The weakest point in a line is the knot or splice.  They can reduce the 
breaking strength of a line by as much as 50 to 60 percent.  A splice, 
however, is stronger than a knot. 

Basic Knots 

C.3. Temporary 
Knots 

Knots are the intertwining of the parts of one or more lines to secure the lines 
to themselves, each other (bends), or other objects (hitches).  Because knots 
decrease the strength of the line, they should always be treated as temporary.  
If something permanent is needed, a splice or seizing can be used. 

C.4. Definitions In making knots and splices, the crewmember must know the names for the 
parts of a line and the basic turns employed.  Refer to Figure 2-8 and Figure 
2-9 for an examples. 

Line Part Description 

Running End 
(Bitter End) 

The running end (bitter end) or the free end of a line.  It 
is the end of the line that is worked with. 

Standing Part The standing part is the long unused or belayed end of 
a line.  It is the remaining part of the line, including the 
end that is not worked. 

Overhand Loop The overhand loop is a loop made in a line by crossing 
the bitter end over the standing part. 

Underhand Loop The underhand loop is a loop made in the line by 
crossing the bitter end under the standing part. 
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Figure 2-8 

Basic Parts and Loops 
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 Basic Turns Description 

Bight A bight is a half loop formed by turning the line back 
on itself. 

Turn A turn is a single wind or bight of a rope, laid around a 
belaying pin, post, bollard, or the like. 

Round Turn A round turn is a complete turn or encircling of a line 
about an object, as opposed to a single turn. 

 

 

 
Figure 2-9 

Bight and Turns 

C.5. Anatomy of 
a Knot 

Good knots are easy to tie, easy to untie, and hold well.  A good knot will not 
untie itself.  In sailing vernacular, a knot is used to tie a line back upon itself, 
a bend used to secure two lines together, and a hitch is used to tie a line to a 
ring, rail or spar.    The knots listed below are those most commonly used in 
boat operations.  Crewmembers should learn to tie them well, for the time 
may come when the skill to do so could decide the outcome of a mission. 
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C.5.a.  Bowline The bowline is a versatile knot and can be used anytime a temporary eye is 
needed in the end of a line.  It also works for tying two lines securely 
together, though there are better knots for this.  An advantage of bowlines is 
that they do not slip or jam easily.  Refer to Figure 2-10 while performing 
the following procedures: 

Step Procedure 

1 Make an overhand loop in the line the size of the eye desired. 

2 Pass the bitter end up through the overhand loop. 

3 Bring the bitter end around the standing part and back down 
through the overhand loop. 

4 Pull the knot tight by holding the bitter end and the loop with 
one hand, and pulling on the standing part with the other. 

 

 

 
Figure 2-10 

Bowline 
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C.5.b.  Half 
Hitches 

Hitches are used for temporarily securing a line to objects such as a ring or 
eye.  One of their advantages is their ease in untying.  The half hitch is the 
smallest and simplest hitch.  It should be tied only to objects having a right-
hand pull.  Since a single half hitch may slip easily, care should be taken in 
cases where it will encounter stress.  Refer to Figure 2-11 while performing 
the following procedures: 

Step Procedure 

1 Pass the line around the object. 

2 Bring the working end “a” around the standing part and back 
under itself. 

 

 

 
 Figure 2-11 

Half Hitch 
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C.5.c.  Two Half 
Hitches 

To reinforce or strengthen a single half hitch, the line can be tied once more.  
Two half hitches make a more reliable knot than a single half hitch and can 
be used to make the ends of a line fast around its own standing part.  A round 
turn or two, secured with a couple of half hitches, is a quick way to secure a 
line to a pole or spar.  Two half hitches are needed to secure a line at an angle 
where it might slide vertically or horizontally.  Refer to Figure 2-12 while 
performing the following procedures: 

Step Procedure 

1 Take a turn around the object. 

2 Bring the running end (bitter end) under and over the standing 
part and back under itself. 

3 Continue by passing bitter end under and over the standing part 
and back under itself. 

 

 

 
Figure 2-12 

Two Half Hitches 
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C.5.d.  Rolling 
Hitch (Stopper) 

A rolling hitch is used to attach one line to another, where the second line is 
under a strain and cannot be bent.  Refer to Figure 2-13 while performing the 
following procedures: 

Step Procedure 

1 With the bitter end “a”, make a turn over and under the second 
line “b” and pass the link over itself. 

2 Pass “a” over and under “b” again bringing “a” through the 
space between the two lines on the first turn. 

3 Pull taut and make another turn with the bitter end “a” taking it 
over, then under, then back over itself. 

4 Pull taut and tie a half hitch. 
 

 

 
Figure 2-13 

Rolling Hitch 
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C.5.e.  Clove 
Hitch 

A clove hitch is preferred for securing a heaving line to a towline.  It is the 
best all-around knot for securing a line to a ring or spar.  Correctly tied, a 
clove hitch will not jam or loosen.  However, if it is not tied tight enough, it 
may work itself out.  Reinforcing it with a half hitch will prevent this from 
happening.  Refer to Figure 2-14 while performing the following procedures: 

Step Procedure 

1 Pass the bitter end “a” around the object so the first turn crosses 
the standing part. 

2 Bring the bitter end “a” around again and pass it through itself. 

3 Pull taut. 

4 Reinforce by tying a half hitch. 
 

 

 
Figure 2-14 
Clove Hitch 
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C.5.f.  Slip Clove 
Hitch 

A slip clove hitch should be used in lieu of a clove hitch when a quick 
release is required.  It should be tied in the same manner as the clove hitch 
but finish it with a bight to allow for quick release (see Figure 2-15).  It is 
sometimes used for stowing lines and fenders.  It should not be used when 
working with the line. 

 

 
Figure 2-15 

Slip Clove Hitch 
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C.5.g.  Timber 
Hitch 

Timber hitches are used to secure a line to logs, spars, planks or other rough-
surfaced material, but should not be used on pipes or other metal objects.  
Refer to Figure 2-16 while performing the following procedures: 

Step Procedure 

1 Tie a half hitch. 

2 Continue taking the bitter end “a” over and under the standing 
part. 

3 Pull the standing part taut. 

4 Add two half hitches for extra holding, if necessary (see Figure 
2-17).  Unless the half hitch can be slipped over the end of the 
object, tie it before making the timber hitch. 

 

 

 
Figure 2-16 

Timber Hitch 
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Figure 2-17 

Timber Hitch with Two Half Hitches 
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C.5.h.  Single 
Becket Bend 
(Sheet Bend) 

Lines can be lengthened by bending one to another using a becket bend.  It is 
the best knot for connecting a line to an eye splice in another line.  It can be 
readily taken apart even after being under a load.  Single becket bends are 
used to join line of the same size or nearly the same size.  It is intended to be 
temporary.  Refer to Figure 2-18 while performing the following procedures: 

Step Procedure 

1 Form a bight in one of the lines to be joined together, line “a”. 

2 Pass the bitter end of the second line “b” up through the bight 
formed by the first line “a.” 

3 Wrap the end of line “b” around the bight in “a.” 

4 Pass the end of “b” under its own standing part. 

5 Pull taut. 
 

 

 
Figure 2-18  

Single Becket Bend/Sheet Bend 
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C.4.i.  Double 
Becket Bend 
(Double Sheet 
Bend) 

The double becket bend works for joining lines of unequal size.  It is tied in 
the same manner as the single becket bend except for the following variation 
in step 4 above:  Pass line “b” around and under its standing part twice.  (see 
Figure 2-19) 

 

Figure 2-19 
Double Becket Bend/Sheet Bend 
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C.5.j.  Reef Knot 
(Square Knot) 

Called a square knot by Boy Scouts, the reef knot is one of the most 
commonly used knots in marlinespike seamanship.  Reef knots are primarily 
used to join two lines of equal size and similar material.  Caution should be 
used if the line is going to be under heavy strain since the reef knot can jam 
badly and become difficult to untie afterwards.  Reef knots are best used to 
finish securing laces (canvas cover, awning, sail to a gaff, etc.), temporary 
whippings, and other small stuff.  Refer to Figure 2-20 while performing the 
following procedures: 

Step Procedure 

1 Tie a single overhand knot. 

2 Tie a second overhand knot on top so it mirrors (right and left 
reversed) the first one.  The ends should come out together. 

3 Draw tight. 
 

 

 
Figure 2-20 

Reef Knot (Square Knot) 
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C.5.k.  The 
Monkey’s Fist 

Because some lines, such as towlines, are too heavy and awkward to throw 
any distance, a smaller line called a “heaving line” which is weighted at one 
end is used to pass the towline to a disabled vessel.  Most heaving lines today 
are between 75 and 100 feet long and use a softball sized rubber ball at the 
end to provide the additional weight needed during the throw.  Another 
option would be to tie a monkey’s fist at one end of the heaving line.  Scrap 
pieces of line, leather, or cloth can be used instead to provide additional 
weight needed to throw the heaving line.  Refer to Figure 2-21 while 
performing the following procedures: 

Step Procedure 

1 Lay a bight of the line across the fingers of the left hand, about 
three and one-half feet from the end, holding the standing part 
with the left thumb. 

2 With fingers separated, take three turns around them. 

3 Next take three turns around the first three and at right angles to 
them. 

4 Take the knot off fingers and take an additional three turns 
around the second three, and inside the first three. 

5 Take additional care at this step.  Place the core weight (pieces 
of line, leather, or cloth) into the knot and tighten it down 
carefully. 

WARNING   

6 After tightening, there should be about 18 inches of line left on 
the bitter end.  This can be brought up and seized alongside to 
the standing part. 

 

 

 

Placing pieces of metal (lead or steel) as additional weight in the 
monkey’s fist normally is not to be used since it could cause damage 
to personnel or property upon impact. 
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Figure 2-21 

Monkey’s Fist 

C.5.l.  Figure 
Eight (Stopper) 

A figure eight knot is an overhand knot with an extra twist.  It will prevent 
the end of a line from feeding through a block or fairlead when loads are 
involved.  It is also easier to untie and does not jam as hard as the over hand 
knot (see Figure 2-22). 

 

 
Figure 2-22 

Figure Eight Knot 

COMPLETE 
MONKEY FIST 
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C.5.o.  Crown 
Knot 

A crown knot may be used to prevent an unwhipped line from unlaying.  
Refer to Figure 2-23 while performing the following procedures: 

Step Procedure 

1 Unlay the strands of the line about 12". 

2 Separate the strands and hold them up, facing the with the 
middle strand. 

3 Bend the middle strand “a” away and form a loop. 

4 Bring the right strand “b” around behind the loop, placing it 
between strands “a” and “c”. 

5 Bring strand “c” over strand “b” and through the loop formed by 
strands “a”. 

6 Pull taut by heaving on each of the three strands. 

7 Lay the back splice by tucking each strand backup the line.  The 
splicing is done as if making an eye splice. 

 

 

 
Figure 2-23 
Crown Knot 



 
Boat Crew Handbook – Seamanship Fundamentals 

Chapter 2 – Seamanship Fundamentals 
 

2-38 

 

C.5.p.  Surgeon’s 
Knot 

A Surgeon’s Knot joins lines of equal or unequal diameters and lines of 
different materials. When properly tied, the Surgeon’s Knot approaches 100-
percent line strength. It must be tightened by pulling on all four strands to 
properly seat the knot.  Refer to Figure 2-24 while performing the 
following procedures: 

Step Procedure 

1 Cross the running ends, putting the left one over the right one. 

2 Pass both running ends around the standing parts downward, 
making an overhand knot. 

3 Pass the running ends around the standing parts again, but 
upward. 

4 Cross the running ends again, but placing the end of the right 
rope on top. 

5 Pass the running ends through the loops to create an overhand 
knot. 

6 Tighten the knot. 
 

 

 
Figure 2-24 

Surgeon’s Knot 

 

 

 



 
Boat Crew Handbook – Seamanship Fundamentals 
Chapter 2 – Seamanship Fundamentals 

2-39 

Splices 

C.6. Procedure Splices form a more permanent joining of two lines or two parts of a line.  
Splicing can be done with many different styles of line including three-strand 
and doubled-braided.  Three-strand lines are unlayed and woven back into 
themselves or into another line.  Double-braided lines go through a series of 
core/cover removals and tucks in order to complete the splice.  Splices are 
preferred over knots since they allow the line to retain more of its original 
working strength.  The type of splice used depends on the type of joint and 
the type of line.  Eye, back, and short splices will be illustrated for plain laid 
three-strand line and eye and short (end-for-end) splices will be illustrated for 
double-braided nylon. 

C.7. Eye Splice 
in Three-Strand 
Plain-Laid Line 

The eye splice makes a permanent loop (the eye) in the end of a line.  Refer 
to Figure 2-25 while performing the following procedures: 

Step Procedure 

1 Unlay the strands of the line about 12". 

2 Make a bight the size of the eye required. 

3 Hold the strands up so the middle strand is facing you. 

4 Tuck the middle strand “a.” 

NOTE   

5 Cross-strand “b” over the strand just tucked and then under the 
strand just below it. 

6 Turn the entire eye splice over and tuck strand “c.” 

7 Pull all strands tight. 

8 Pass each strand over the adjacent strand and under the next 
strand (over & under).  The number of tucks depends on the 
material of the line being worked with.  Natural fiber lines 
should be tucked a minimum of three times.  Synthetic fiber 
lines require four or more tucks to ensure they do not slip. 

 

Always tuck the middle strand first, and keep the right-hand strand of the side 
of the line that is facing toward you.  All tucks are made from outboard toward 
the person tying. 
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Figure 2-25 

Three-Stranded Eye Splice 
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C.8. Back Splice 
in Three-Strand 
Plain-Laid Line 

A back splice is commonly used to finish off the end of a line.  It can be used 
on the ends of fender lines.  Care should be used when selecting a back splice 
to finish off a line.  The splice will increase the diameter of the line that may 
cause it to jam or foul when running through a block or deck fitting.  If the 
line must be able to run free, a permanent whipping (see Figure 2-29) on the 
end is preferred to prevent unraveling.  Crewmembers should starting with 
unlaying the strands at the end, then bending them back on the line, and then 
interweaving them back through the strands of the standing part.  Refer to 
Figure 2-26 while performing the following procedures: 

Step Procedure 

1 Begin the back splice by tying a crown knot (see Figure 2-26).  
Each strand goes under and out from its neighbor in the direction 
of the lay. 

2 Pass each strand under itself, just beneath the crown knot.  Do 
not pull these first tucks too tight. 

3 Proceed with three more rounds of tucks - over one, under one, 
as in an eye splice. 

4 If preferred, it can be finished by trimming the ends of the 
strands. 

 

 

 
Figure 2-26 

Back Splice (Three-Strand) 
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C.9. Short Splice A short splice is used to permanently connect two ends of a line.  It is 
important to note that a short splice is never used in a line that must pass over 
a pulley or sheave.  Refer to Figure 2-27 while performing the following 
procedures: 

Step Procedure 

1 Unlay the strands of the lines to be spliced, about 12". 

2 Bring the ends together by alternating strands. 

3 Slide the two ends together, that is, butt them and temporarily 
seize them with sail twin or tape. 

4 Tuck each strand over and under three times, the same way as in 
eye splicing.  (Synthetic line requires an additional tuck.) 

5 Remove the seizing. 
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Figure 2-27 
Short Splice 
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C.10. Eye Splice 
in Double-
Braided Line 

Splicing a double-braided line entails pulling the core out of the cover and 
then putting the line back together to make the splice.  The basic principle for 
putting it back together is: 

(01) The cover goes into the core, 
(02) Then the core goes back into the cover. 

Splicing a double-braided line requires the use of special equipment.  The 
“pusher” and “fid” are especially designed to splice a certain size of line.  
The correct measurements supplied by the manufacturer must be used before 
starting the splice.  One mistake in a measurement can result in an improper 
and dangerous splice.  Utilize instructions from the manufacturer(hard copy 
or website) for splicing a double-braided line. 

NOTE  
 

Whipping 

C.11.  
Importance 

The end of a cut line will unravel and fray if not secured with a whipping or 
back splice.  Whippings may be permanent or temporary. 

The following series of steps (which is under copyright by Samson Ocean Systems, Inc.) is reprinted 
here by permission.  Other manufacturers of double-braided line provide splicing instructions.  Specific 
information for splicing should be requested from the appropriate manufacturer. 
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C.12.  
Temporary 
Whipping 

Sometimes called the common whipping, temporary whippings make 
temporary repairs and secure strands of lines while splicing.  They are not 
very durable and unravel easily if snagged.  Whippings are normally made 
using sail twine, although almost any small stuff will do.  Refer to Figure 
2-28 while performing the following procedures: 

Step Procedure 

1 Cut a piece of sail twine or small stuff, in length about ten times 
the circumference of the line being seized. 

2 Lay the sail twine or small stuff alongside the line to be whipped 
(Figure 2-28). 

3 Form an overhand loop in the sail twine or small stuff such that 
the loop extends about ½" beyond the end. 

4 Holding end “a”, make a series of turns over the loop toward the 
bitter end of the line.  Make enough turns so that the length of 
turns is almost equal to the diameter of the line. 

5 Slip end “a” through the loop “c”. 

6 Secure by pulling loop end from sight by pulling on “b”. 

7 Cut off excess whipping ends or secure them by tying them 
together with a reef or square knot. 
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Figure 2-28 

Temporary Whipping 
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C.13. Permanent 
Whipping 

Permanent whippings are made to last.  To make one, several wraps are made 
around the line using shot line or waxed nylon.  The ends of the whipping 
line are then sewn across the whipping and through the line.  Refer to Figure 
2-29 while performing the following procedures: 

Step Procedure 

1 Cut enough of the whipping line to allow for 15 to 20 wraps, 
with at least a foot of line left over. 

2 Secure the whipping line by sewing it through the line.  If 
desired, add strength by sewing through more than once. 

3 Wind the whipping line around the line 15 to 20 times, working 
toward the end of the line.  Make sure the body of the whipping 
covers the secured end of the whipping line. 

4 Secure the whipping by sewing through the line.  Then bring the 
line across the whipping and sew it through the line.  Do this 
three or more times, depending on the size of the line. 

5 Finish the whipping by sewing through the line a couple more 
times and cutting the whipping line off close.  A pull on the line 
will pull the end of the whipping line inside, hiding it from view. 
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Figure 2-29 

Permanent Whipping 
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Mousing Hooks and Shackles 

C.14. Mousing 
Hooks 

A hook is moused to keep slings and straps from slipping out or off the 
hooks.  This is accomplished by either mechanical means or by seizing the 
hook, using seizing wire or small stuff, from opposite sides (Figure 2-30). 

 

 
Figure 2-30 

Mousing a Hook 
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C.15. Shackles Shackles are moused to prevent the pin from backing out.  This is usually 
done on screw-pin shackles.  Mousing is accomplished by taking several 
turns, using seizing wire or small stuff, through the pin eye and around the 
shackle itself in such a way so the pin cannot turn (Figure 2-31). 

NOTE   

 
Figure 2-31 

Mousing a Shackle 

 

A cable tie (zip tie) can be used as a quick temporary way to mouse a shackle for anchoring and 
towing. 
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Section D. Deck Fittings and Line Handling 

Introduction This section explains the procedures for securing lines to the various types of 
deck fittings. 

D.1. Deck 
Fittings 

Deck fittings are attachments or securing points for lines.  They permit easy 
handling and reduce wear and friction on lines.  There are three basic types 
of deck fittings: 

(01) Bitts, 
(02) Cleats, 
(03) Chocks. 

Several types of deck fittings are shown in Figure 2-32. 

 
Figure 2-32 

Types of Deck Fittings 
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D.2. Line 
Handling 

Cleats may be found on the decks next to the gunwales on each side of a boat 
used with bitts and cleats to help prevent chafing of the line.  The chock 
provides a smooth surface for the line to run over or through.  Because of the 
difference in the structural design of nonstandard boats, the strength of their 
deck fittings will vary widely. 

D.2.a.  Using 
Properly Sized 
Line 

The size of the deck hardware depends on the size of line to be used for 
mooring, docking and towing.  Cleats are sized by length, and the rule of 
thumb is the line should be 1⁄16" in diameter for each inch of cleat (3⁄8" line = 6" 
cleat, ½" line = 8" cleat. 

D.2.b.  Using 
Backing Plates 

All deck hardware that is used for towing should have backing plates to 
distribute the load over a wide area (Figure 2-33).  The backing plate can be 
made of pressure treated hardwood or exterior grade plywood, at least twice 
as thick as the largest bolt diameter.  Bolts, not screws should be used.  A flat 
washer and a lock washer must be used with the bolt.  The flat washer is 
three times the bolt diameter.  If metal is used, the thickness should be at 
least the same as the bolt diameter.  The use of aluminum is not 
recommended. 

 

 
Figure 2-33 

Backing Plate 
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D.2.c.  Securing 
a Line to Paired 
Bitt 

The following procedures describe how to secure a line to paired bitts 
(Figure 2-34): 

Step Procedure 

1 Make a complete turn around the near horn. 

2 Make several figure eights around both horns.  (Size of line and 
cleats may restrict the number of turns.  Minimum of 3 figure 
eights is the standard). 

3 Finish off with a round turn. 
 

   

 
Figure 2-34 

Securing a Line to Paired Bitt 
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D.2.d.  Securing 
a Line to a Single 
Bitt 

A single bitt is a post on the forward or aft deck of a boat.  It is used as a 
cleat or tow bitt.  The following procedures describe how to secure a line to a 
Single Bitt (see Figure 2-35): 

Step Procedure 

1 Make a complete turn around the base of the bitt. 

2 Form several figure eights around the horns of the bitt.  
(Standard is 3 turns.) 

 

 

 
Figure 2-35 

Securing a Line to a Single Bitt 
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D.2.e.  Securing 
a Line to a Cleat 

The following procedures describe how to secure a line to a cleat when 
mooring (Figure 2-36): 

Step Procedure 

1 Make a complete turn around the cleat. 

2 Lead the line over the top of the cleat and around the horn to 
form a figure eight. 

3 Make two or more additional figure eights to secure the line. 
 

 

  

 
Figure 2-36 

Securing a Line to a Cleat 
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D.2.f.  Securing a 
Dock Line to a 
Cleat 

The following procedures describe how to temporarly secure a dock line to a 
cleat (see Figure 2-37): 

Step Procedure 

1 Use a line with an eye already spliced or tie a bowline large 
enough to loop back over the horns of the cleat. 

2 Feed eye of the line through opening. 

3 Loop the line back over both horns and pull line taut. 
 

  
Figure 2-37 

Securing a Dock Line to a Cleat 
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D.2.g.  Dipping 
the Eye 

When two lines with eye splices are placed on a bollard, it may not be 
possible to remove the bottom line until the top line is removed.  By dipping 
the eye, both lines can be placed for easy removal.  The following procedures 
describe how to dip the eye (see Figure 2-38): 

Step Procedure 

1 Place the eye of one mooring line over the bollard. 

2 Take the eye of the second line up through the eye of the first 
line. 

3 Place the eye of the second line over the bollard. 
 

 

 
Figure 2-38 

Dipping the Eye 

D.2.h.  Securing 
a Towline 

The towline is the hardest worked line on a boat.  When in use, it can carry a 
tremendous strain and is a possible danger to anyone working near it.  Boats 
have different styles of tow bitts. Towlines should aways be secured (made 
up) using one complete round turn and three figure eights regardless of the 
style of bitt.  Towlines  are secured in this method so they can be easly and 
safely adjusted or cast off in an emergency.  Additional information on the 
use of towlines is provided in Reference (b). 
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CHAPTER 3 
Boat Characteristics 

Introduction Knowledge of a boat’s characteristics is crucial in performing safe boat 
operations.  All crewmembers must be able to recognize and correctly apply 
boat related terminology.  They must also be able to locate any piece of gear 
quickly and to operate all equipment efficiently, even in the dark.  To 
accomplish these tasks, crewmembers must be familiar with the boat’s 
layout.  Each boat has specific operational characteristics and limitations.  
These are outlined in the boat’s standard handbooks or for non-standard 
boats, in the Operator’s handbook. 

In this Chapter This chapter contains the following sections: 

 Section Title See Page 

 A Boat Nomenclature and Terminology 3-2 

 B Boat Construction 3-5 

 C Watertight Integrity 3-20 

 D General Boat Equipment 3-23 
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Section A. Boat Nomenclature and Terminology 

Introduction This section provides definitions to common mariners’ terms. 

In this Section This section contains the following information: 

 Title See Page 

 Definitions 3-2 
 

A.1. Definitions As with any profession or skill, there are special terms that mariners use.  
Many of these terms have a fascinating history.  Fellow mariners will expect 
that these terms will be used in routine conversation.  Many of these words 
will be discussed within this Chapter. 

The following are common terms used for location, position and direction 
aboard a boat.  Figure 3-1 provides a diagram of a boat with the more 
common terms noted. 

A.1.a.  Bow The front end of a boat is the bow.  Moving toward the bow is going 
forward; when the boat moves forward, it is going ahead.  When facing the 
bow, the front right side is the starboard bow, and the front left side is the 
port bow. 

A.1.b.  
Amidships 

The central or middle area of a boat is amidships.  The right center side is the 
starboard beam, and the left center side is the port beam. 

A.1.c.  Stern The rear of a boat is the stern.  Moving toward the stern is going aft.  When 
the boat moves backwards, it is going astern.  Standing at the stern looking 
forward, the right rear section is the starboard quarter and the left rear section 
is the port quarter. 

A.1.d. Starboard Starboard is the entire right side of a boat, from bow to stern. 

A.1.e. Port Port is the entire left side of a boat, from bow to stern. 

A.1.f.  Fore and 
Aft 

A line, or anything else, running parallel to the centerline of a boat is fore 
and aft. 

A.1.g.  
Athwartships 

A line or anything else running from side to side is athwartships. 
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A.1.h. Outboard Outboard is from the centerline of the boat toward either port or starboard 
side. 

A.1.i.  Inboard Inboard is from either side of the boat toward the centerline.  However, there 
is a variation in the use of outboard and inboard when a boat is tied up 
alongside something (e.g., pier or another vessel).  In this example, the side 
tied up is inboard; the side away is outboard. 

A.1.j.  Going 
Topside 

Going topside is moving from a lower deck to a weather deck or upper deck. 

A.1.k.  Going 
Below 

Going below is moving from an upper deck to a lower deck. 

A.1.l.  Going 
Aloft 

Going aloft is going up into the boat’s rigging. 

A.1.m.  Weather 
Deck 

The weather deck is the deck exposed to the elements (weather). 

A.1.n.  Lifelines Lifelines or railings, erected around the edge of weather decks, are all 
technically called lifelines, although they may have different proper names. 

A.1.o.  
Windward 

Windward is moving in the direction from which the wind is blowing; 
toward the wind. 

A.1.p.  Leeward Leeward is the opposite point from which the wind is blowing; away from 
the wind.  The term is pronounced “loo-urd”. 
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Figure 3-1 
Position and Direction Aboard Boats 
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Section B. Boat Construction 

Introduction Boat construction covers terms that the boat crew will use on a daily basis in 
normal conversations and in operational situations.  Proper understanding of 
these terms and concepts has importance that an inexperienced sailor may 
overlook. 

In this Section This section contains the following information: 

 Title See Page 

 Hull Types 3-5 

 Displacement 3-8 

 Keel 3-11 

 Principle Boat Parts 3-12 

 Hatches and Doors 3-18 
  

Hull Types 

B.1. Three Types The hull is the main body of a boat.  It consists of a structural framework and 
a skin or shell plating.  The hull may be constructed of many different 
materials, the most common being metal or fiberglass.  A metal skin is 
usually welded to the structural framework, although riveting is sometimes 
used.  A vessel could be monohull or multi-hull, such as catamarans and 
trimarans.  The three basic types of hull forms based on vessels speed are: 

(01) Displacement hull, 
(02) Planing hull, 
(03) Semi-displacement hull. 
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B.2. Factors 
Influencing Hull 
Shapes 

Many factors influence hull shapes and affect the boat’s buoyancy (its ability 
to float) and stability (its ability to remain upright).  Factors that influence 
hull shapes are discussed as follows: 

Factor Description 

Flare Flare is the outward turn of the hull as the sides of the 
hull come up from the waterline.  As the boat is 
launched into the water, the flare increases the boat’s 
displacement and creates a positive buoyant force to 
float the boat. 

Tumble home Tumble home is the reverse of flare and is the shape of 
the hull as it moves out going from the gunwale to the 
waterline (see Figure 3-2).  This feature is most 
noticeable when viewing the transom of an older 
classic cruiser. 

Camber A deck usually curves athwartships, making it higher 
at the centerline than at the gunwales so the water 
flows off the deck.  This curvature is called camber. 

Sheer Sheer is the curvature of the main deck from the stem 
to the stern.  When the sheer is pronounced and the 
bow of the boat is higher than the main deck at 
amidship, additional buoyancy is provided in the bow.  
This additional flotation, known as reserve buoyancy, 
is provided by flare and sheer. 

Chine The turn of the boat’s hull below the waterline is 
called the chine.  It is “soft” if it is rounded, and 
“hard” if it is squared off.  Chine affects the boat’s 
speed on turning characteristics. 

Transom The transom at the stern of the boat is either wide, flat, 
or curved.  The shape of the stern affects the speed, 
hull resistance, and performance of the boat. 

Length on 
waterline 

The boat’s length on waterline (LWL) is the distance 
from the bow to the stern, measured at the waterline 
when the boat is stationary.  Note that this length 
changes as the boat rides high or low in the water. 

Length overall The boat’s length overall (LOA) is the distance from 
the foremost to the aftermost points on the boat’s hull 
measured in a straight line.  It does not change 
according to the way the boat sits in the water. 
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 Factor Description 

Beam and 
breadth 

Beam and breadth are measures of a boat’s width.  
Beam is the measurement of the widest part of the 
hull.  Breadth is the measurement of a frame from its 
port inside edge to its starboard inside edge. 
Molded beam is the distance between outside surfaces 
of the shell plating of the hull at its widest point. 
Extreme breadth is the distance between outside edges 
of the frames at the widest point of the hull. 

Draft Draft is the depth of the boat from the actual waterline 
to the bottom of its keel. 

Draft appendage Draft appendage is the depth of the boat from the 
actual waterline to the bottom of its keel or other 
permanent projection (e.g., propeller, rudder, skeg, 
etc.), if such a projection is deeper than the keel.  The 
draft is also the depth of water necessary to float the 
boat.  The draft varies according to how the boat lies 
in the water. 

Trim Trim is a relative term that refers to the way the boat 
sets in the water and describes generally its stability 
and buoyancy.  A change in trim may be defined as 
the change in the difference between drafts forward 
and aft.  A boat is trimmed by the bow when the draft 
forward increases and the draft is greater than the stern 
draft.  A boat is trimmed by the stern if it is down by 
the stern. 

 

 
Figure 3-2  

Tumble Home Hull Design 
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Displacement 

B.3.  
Measurement 

Displacement is the weight of a boat and is measured in long tons (2,240 lbs) 
or pounds. 

B.4. Gross Tons A gross ton is the entire cubic capacity of a boat expressed in tons of 100 
cubic feet. 

B.5. Net Tons A net ton is the carrying capacity of a boat expressed in tons of 100 cubic 
feet. It is calculated by measuring the cubic content of the cargo and 
passenger spaces. 

B.6. Deadweight Deadweight is the difference between the light displacement and the 
maximum loaded displacement of a boat and is expressed in long tons or 
pounds. 

B.6.a.  Light 
Displacement 

Light displacement is the weight of the boat excluding fuel, water, outfit, 
cargo, crew, and passengers. 

B.6.b.  Loaded 
Displacement 

Loaded displacement is the weight of the boat including fuel, water, outfit, 
cargo, crew, and passengers. 

B.7.  
Displacement 
Hull 

A displacement hull boat pushes away (displaces) water allowing the hull to 
settle down into the water.  Underway, the hull pushes out this water, 
creating waves (see Figure 3-3).  The water separates at the bow and closes 
at the stern. Tremendous forces work against a displacement hull as the 
power pushing it and the boat’s speed both increase. At maximum 
displacement speed, there is a distinct bow and stern wave. The length of 
these waves depends upon the boat’s length and speed. (The longer the boat, 
the longer the wave length.) The bow and the stern ride lower in the water 
while increasing speed, and the water level alongside, amidships becomes 
lower than that of the surrounding water. 

This lower water level is caused by the increase in the velocity of the water 
flowing under the boat and its interaction with the bow and stern wave.  As 
the boat travels along, it rides in a depression created by its own passage.  
The displacement hull vessel’s maximum speed is determined by the vessel’s 
waterline length.  Heavy displacement hulls cannot exceed a speed of 1.34 
times the square root of their waterline length without requiring excessive 
power. This speed is known as critical speed.  For details on towing 
displacement hulls, see Reference (b). 

file://TCYMS-FILE-003/Users1/SPollard/Home/SharePoint%20Drafts/CHAPTER%2017%20Towing.doc
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CAUTION !  

 
 

 
Figure 3-3 

Displacement Hulls 

When towing a vessel, be careful not to tow beyond the vessel’s design speed. 
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B.8. Planing 
Hull 

At rest, the planing hull and the displacement hull both displace the water 
around them.  The planing hull reacts nearly the same as a displacement hull 
when it initially gets underway - it takes considerable power to produce a 
small increase in speed.  However, at a certain point, external forces acting 
on the shape cause an interesting effect - the hull is lifted up onto the surface 
of the water (see Figure 3-4).  The planing hull skims along the surface of 
the water whereas the displacement hull always forces water around it.  This 
is called planing. 

Once “on-plane,” the power/speed ratio is considerably altered-very little 
power increase results in a large increase in speed.  Crewmembers must 
apply or reduce power gradually when going from the displacement mode to 
the planing mode or from the planing mode to the displacement mode.  When 
the power is decreased gradually, the hull makes an even, steady transition, 
like slowly moving the hand from above the water’s surface, through it, and 
into the liquid below.  However, if power is rapidly decreased, the transition 
will be a rough one, for the hull will slap the surface of the water like the slap 
resulting by hitting a liquid surface with the hand. 

 

 
Figure 3-4 

Planing Hulls 

 Additionally, the rapid “re-entry” into the displacement mode from above the 
surface, through the surface, and back into the water causes rapid 
deceleration as the forces in the water exert pressure against the hull. The 
effect is like rapidly braking an automobile. 
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B.9. Semi-
Displacement 
Hull 

The semi-displacement hull is a combination of characteristics of the 
displacement hull and the planing hull. This means that up to a certain power 
level and speed (power/speed ratio), the hull remains in the displacement 
mode. Beyond this point, the hull is raised to a partial plane. Essentially, the 
semi-displacement hull, like the displacement hull, always remains in the 
water; it never gets “on-plane.” When in the displacement mode, the 
power/speed ratio is similar to the power/speed ratio described above for the 
displacement hull. When in the semi-planing mode, it is affected by a 
combination of forces for the displacement mode and some for the planing 
mode. Thus, while a small power increase will increase speed, the amount of 
resulting speed will not be as great as the same power increase would 
produce for a planing hull. 

Keel 

B.10. Location The keel is literally the backbone of the boat.  It runs fore and aft along the 
center bottom of the boat. 

B.11. Keel Parts The following are all integral parts of the keel: 
(01) Frames, 
(02) Stem, 
(03) Sternpost. 

B.11.a.  Frames Frames are attached to the keel, which extend athwartships (from side to 
side). The skin of the boat is attached to the frames. The keel and the frames 
strengthen the hull to resist external forces and distribute the boat’s weight. 

B.11.b.  Stem The stem is an extension of the forward end of the keel. Although there are a 
number of common stem shapes, all are normally slanted forward (raked) at 
an upward angle to reduce water friction. 

B.11.c.  
Sternpost 

The sternpost is a vertical extension of the aft end of the keel. 

B.12. Keel Types There are many types of keels. However, in metal boats, there are two types 
of particular interest: 

(01) Bar keel, 
(02) Flat plate keel. 
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B.12.a.  Bar Keel The bar keel is popular because its stiffeners (vertical or upright members 
which increase strength) protect the boat’s hull plating if the boat grounds on 
a hard bottom. It also reduces rolling. A disadvantage of the bar keel is that it 
increases the boat’s draft, because it extends below the bottom of the boat. 

B.12.b.  Flat 
Plate Keel 

The flat plate keel has a plate that is perpendicular to the centerline of the 
hull.  A vertical center keel that runs internal to the hull at the centerline 
typically supports the flat plate keel.  The vertical center keel is often 
provided with a flange top so that when combined with the flat plate keel the 
section resembles an “I” beam. 

Principle Boat Parts 

B.13. Bow The shape of a boat’s bow, its profile, form, and construction determine hull 
resistance as the boat advances through the water. Hull resistance develops 
from friction and from the wave the hull makes as it moves in the water. 
Wave-making resistance depends on the boat’s speed. 

The bow of a boat must be designed with enough buoyancy so it lifts with 
the waves and does not cut through them. The bow flare provides this 
buoyancy.  

Boats intended for operation in rough seas and heavy weather have “full” 
bows. The bow increases the buoyancy of the forward part of a boat and 
deflects water and spray. When a boat is heading into a wave, the bow will 
initially start to cut into the wave. It may be immersed momentarily if the 
seas are rough. As the bow flare cuts into the wave, it causes the water to fall 
away from a boat’s stern, shifting the center of buoyancy to move forward 
from the center of gravity. The bow lifts with the wave and the wave passes 
under the boat, shifting the center of buoyancy aft. This action causes the 
bow to drop back down and the vessel achieves a level attitude. 

B.14. Stern The shape of the stern affects the speed, resistance, and performance of the 
boat. It also affects the way water is forced to the propellers. 

The design of the stern is critical in following seas where the stern is the first 
part of a boat to meet the waves. If the following waves lift the stern too 
high, the bow may be buried in the sea. The force of the wave will push the 
stern causing it to pivot around toward the bow. If this is not controlled, the 
result can be that a boat broaches or pitch poles. 
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B.14.a.  Rounded 
Cruiser-Type 
Stern 

The rounded, cruiser-type stern presents less flat surface area for a following 
sea to push upon and tends to split the waves of a following sea, allowing it 
to pass forward along each side of the boat.  Thus, the wave has minimum 
impact on the attitude of the vessel and provides additional buoyancy for the 
stern.  Crewmembers should always steer into any sideways movement of the 
stern.  For example, when the stern slips to starboard, turn to starboard.  It is 
particularly important that these corrections be made quickly and accurately 
in short, choppy following seas  (see Figure 3-5). 

 

 
Figure 3-5 

Rounded, Cruiser-Type Stern 

B.14.b.  Transom 
Stern 

The transom stern provides a larger surface area for the seas to push upon 
and should not be exposed to heavy following seas or surf conditions  (see 
Figure 3-6). 

 

 
Figure 3-6 

Transom Stern 
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B.15. Rudder The rudder controls the direction of the boat and may vary widely in size, 
design, and method of construction. The shape of the stern, the number of 
propellers, and the characteristics of the boat determine the type of rudder.  
The following rudder types are shown in Figure 3-7: 

(01) Balanced:  blade about half forward and half aft of the rudder post, 
(02) Semi-balanced:  more than half of the blade aft of the rudder post, 
(03) Unbalanced:  blade entirely aft of the rudder post. 

 

 
Figure 3-7 

Rudder Types 

B.16. Propeller Most boats are driven by one or more propellers, which move in spirals 
somewhat like the threads on a screw. That is why the propeller is commonly 
referred to as a screw. The most common propellers are built with three and 
four blades. The propeller on a single-screw boat typically turns in a 
clockwise direction (looking from aft forward) as the boat moves forward. 
Such propellers are referred to as right-handed. On twin-screw boats, the 
propellers turn in opposite directions, rotating outward from the centerline of 
the boat. The port propeller is left-handed and turns counterclockwise. The 
starboard propeller is right-handed and turns clockwise. 

B.16.a.  Propeller 
Parts 

A propeller consists of blades and a hub. The area of the blade down at the 
hub is called the root, and its outer edge is called the tip (see Figure 3-8). 

B.16.b.  
Propeller Edge 

The edge of the blade that strikes the water first is the leading edge; the 
opposite is the trailing edge. The diameter of the propeller, the circle made 
by its tips and its circumference, is called the tip circle. Each blade has a 
degree of twist from root to tip called pitch (see Figure 3-8). 
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B.16.c.  Pitch Pitch is the distance a propeller advances in one revolution with no slip (see 
Figure 3-8).  Generally, less pitch in the same diameter propeller makes it 
easier for the engine to reach its preferred maximum RPM; thus, like putting 
a car in first gear, more power, and sometimes more speed, is available.  
Similarly, like third gear in a car, more pitch may give more speed, but lower 
RPMs gives less power.  Optimum performance is obtained when pitch is 
matched to the optimum design speed (RPM) of the engine. 

 

 
Figure 3-8 

Parts of a Propeller 
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B.17. Frames As previously stated, it is the framing that gives the hull its strength. Frames 
are of two types: 

(01) Transverse, 
(02) Longitudinal. 

B.17.a.  
Transverse 
Frames 

Watertight bulkheads or web frames are located at certain points in the hull 
to further increase the strength of the hull.  Just as the keel is the backbone of 
the hull, transverse frames are often referred to as ribs.  Transverse frames 
extend athwartships and are perpendicular (vertical or upright) to the keel 
and are spaced at specified distances (see Figure 3-9).  They vary in size 
from the bow to the stern giving the boat hull its distinct shape when the skin 
is attached.  They are usually numbered from the bow to the stern to help 
quickly identify a particular location in the interior and, in the event of 
damage to the hull, to isolate the area of damage. 

 

 
Figure 3-9 

Transverse Framing System 
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B.17.b.  
Longitudinal 
Frames 

Longitudinal frames provide hull strength along the length of the hull (fore 
and aft) (see Figure 3-10).  They run parallel to the keel and at right angles 
to the transverse frames.  In addition to strengthening the hull, the top 
longitudinal frames provide a skeletal structure over which deck plating is 
laid. 

 

 
Figure 3-10 

Longitudinal Framing System 

B.18. Decks A deck is a seagoing floor and provides strength to the hull by reinforcing the 
transverse frames and deck beams.  The top deck of a boat is called the 
weather deck because it is exposed to the elements and is watertight. In 
general, decks have a slight downward slope from the bow.  The slope makes 
any water taken aboard run aft.  A deck also has a rounded, athwartship 
curve called camber.  The two low points of this curve are on the port and 
starboard sides of the boat where the weather deck meets the hull.  Water that 
runs aft down the sheer line is forced to the port or starboard side of the boat 
by the camber. When the water reaches one of the sides, it flows overboard 
through holes, or scuppers, in the side railings. 
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Hatches and Doors 

B.19. Hatches In order for a deck with a hatch in it to be watertight, the hatch must be 
watertight. A weather deck hatch is made watertight by sealing it into a 
raised framework called a coaming.  Hatches operate with quick-acting 
devices such as wheels or handles, or they may be secured with individual 
dogs (see Figure 3-11). 

 

 
Figure 3-11 

Watertight Hatch 

B.20. Scuttles Scuttles are small openings.  A scuttle cover, fitted with a gasket and dogs, is 
used to secure the scuttle.  A tool called a “T-handle wrench” is used to 
tighten down the scuttle cover dogs. 

B.21. Doors Watertight doors are designed to resist as much pressure as the bulkheads 
through which they provide access.  Some doors have dogs that must be 
individually closed and opened; others, called “quick-acting watertight 
doors” have handwheels or a handle, which operate all dogs at once. 

B.22. Gaskets Rubber gaskets form tight seals on most watertight closure devices. These 
gaskets, mounted on the covering surface of the closure device (e.g., door, 
hatch, scuttle cover), are pressed into a groove around the covering. The 
gaskets are sealed tight by pressing against a fixed position “knife edge.” 

CAUTION ! 
 

  

Scuttles must be secured at all times to maintain watertight integrity except when they are open for 
inspection, cleaning, or painting.  They must never be left open overnight or when crewmembers are 
not actually working or passing through them. 
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B.23. Knife 
Edges 

Watertight closures must have clean, bright, unpainted, smooth knife edges 
for the gaskets to press against. A well-fitted watertight closure device with 
new gaskets will still leak if knife edges are not properly maintained.  On 
some boats, some of the watertight closures have a sealing surface instead of 
a knife edge. 

B.24. Interior The interior of a boat is compartmentalized by bulkheads, decks, and 
hatches.  With the doors and hatches closed, the space between them 
becomes watertight and is called a watertight compartment (see Figure 
3-12).  These watertight compartments are extremely important. Without 
them, the boat has no watertight integrity and a hole anywhere in the hull 
will cause it to sink. By dividing the hull into several watertight 
compartments, the watertight integrity of the boat is significantly increased.  
One or more of these compartments may flood without causing the boat to 
sink.  A boat could be made unsinkable if its hull could be divided into 
enough watertight compartments. Unfortunately, excessive 
compartmentation would interfere with the engineering spaces and restrict 
movement in the interior spaces. 

 

 
Figure 3-12 

Watertight Compartment 
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Section C. Watertight Integrity 

Introduction Watertight integrity describes a compartment or fitting that is designed to 
prevent the passage of water into it. An important concern in boat operations 
is to ensure the watertight integrity of the vessel. A boat may sustain heavy 
damage and remain afloat if watertight integrity is maintained. Doors, 
hatches, and scuttle covers must be securely dogged while the boat is 
underway and while it is moored and unattended by crewmembers. 

In this Section This section contains the following information: 

 Title See Page 

 Closing and Opening Watertight Doors and Hatches 3-20 

 Entering a Closed Compartment After Damage 3-22 
  

C.1. Closing and 
Opening 
Watertight 
Doors and 
Hatches 

Watertight doors and hatches will retain their efficiency longer and require 
less maintenance if they are properly closed and opened as described below. 

C.1.a.  Closing The procedures for closing a watertight door are as follows: 

Step Procedure 

1 Begin by tightening a dog that is opposite the hinges. 

2 Place just enough pressure on the dog to keep the door shut. 

3 Tighten up the other dogs evenly to obtain uniform pressure all 
around the closing device. 

For quick-acting watertight doors, the wheels or handles are turned in the 
correct direction (clockwise). 
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C.1.b.  Opening If the dogs on watertight doors and hatches open individually, the dog 
nearest the hinge is opened first.  This keeps the closing device from 
springing and makes loosening the other dogs easier. 

For quick-acting watertight doors, the wheels or handles are turned in the 
correct direction (counterclockwise). 
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C.2. Entering a 
Closed 
Compartment 
After Damage 

Watertight doors, hatches, and scuttle covers on a damaged boat must not be 
opened until the following is determined: 

(01) Flooding did not occur or, if flooded, 
(02) Further flooding will not occur if the closure is opened. 

CAUTION !  

NOTE   

 

Extreme caution is always necessary when opening compartments below the waterline near hull 
damage. 

Suspect flooding if air escapes when the dogs on a door or hatch are released. 
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Section D. General Boat Equipment 

Introduction All boats should carry basic equipment for routine procedures, such as 
mooring or anchoring. There may also be equipment that is needed to 
conduct specific operations, such as towing, dewatering, and search & 
rescue.  Crewmembers must be familiar with the use of the equipment 
carried onboard and where it is located.  A complete listing of required 
equipment is contained in the Boat Outfit List.  Each type of boat should 
have its own outfit list. 

In this Section This section contains the following information: 

 Title See Page 

 General Boat Equipment List 3-23 
  

D.1. General 
Boat Equipment 
List 

The general equipment found on boats used for multi-mission response a 
brief statement of the purpose of each item is provided in Table 3-1. 

Table 3-1 
General Boat Equipment List 

Item Purpose 

Anchors For anchoring in calm, moderate, and heavy weather. 

Anchor Lines Provides scope to prevent the anchor from dragging.  Enables retrieval of 
the anchor.  Serves as an additional towline if necessary. 

Chafing Chain Assists in preventing chafing of the anchor line on the bottom. 

Screw Pin Shackle Attaches chafing chain to shank of anchor. 

Swivel Allows anchor line to spin freely. 

Thimble Prevents chafing of anchor line at connection point with associated 
hardware. 

Towline Used for towing astern. 

Alongside Lines Used for alongside towing, joining to kicker hooks, passing a pump, etc. 
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Table 3-1 (continued) 
General Boat Equipment List 

Item Purpose 

Heaving Lines (75' 
to 100') 

Used for passing a towline when a close approach is not possible. 

Grapnel Hook with 
100' of Line 

Used for recovering objects from the water. 

Boat Hook For reaching dockside lines, fending boat from boat, and recovering objects 
from water. 

Kicker Hook Attaches to trailer eyebolt on boats for towing or weighing anchor of 
disabled boats, etc. 

Shackles For weighing a disabled boat’s anchor, attaching towing bridles to 
towlines, attaching towlines to trailer eyebolt, etc. 

Lead Line 
(Sounding Pole) 

Used in determining water depth and bottom type. 

First Aid Kit For emergency treatment of injuries suffered by crewmembers or 
survivors. 

Personnel Survival 
Kits 

Used by crewmembers in the event of a capsizing or person overboard. 

Heavy Weather 
Crew Safety Belt 

For personnel safety during heavy weather or surf operations. Secures a 
crewmember to the boat. 

Type I PFDs, each 
with a distress 
signal light, a 
whistle, and 
retroreflective tape 

Provides personal flotation support.  Keeps the head of an unconscious or 
injured person out of the water.  Worn by crewmembers and given to 
survivors who are brought onboard.  Also worn by survivors who remain 
on their own boat when it is in tow. 

Ring Buoy Used during person in the water emergencies.  Different sizes depending 
on Platform and size of vessel. 
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CHAPTER 4 
Stability 

Introduction Stability is defined as the ability of a vessel to return to an upright position 
after being heeled over.  Many forces influence the stability of a vessel in the 
water, and each type of vessel reacts differently.  Boat operators must be 
aware of how internal forces (those caused by the boat’s design and loading) 
and external forces (those caused by nature) affect the boat.  With practice 
and experience, coxswains learn to anticipate how a vessel being piloted and 
a vessel being assisted will react to various internal and external forces. 
Recognizing unstable vessel conditions will lead to safe operations for both 
the boat crew and persons on a craft in distress. 

In this Chapter This chapter contains the following sections: 

 Section Title See Page 

 A Understanding Stability 4-2 

 B Losing Stability 4-8 
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Section A. Understanding Stability 

Introduction When a vessel is heeled over in reaction to some external influence, other 
than damage to the vessel, it tends to either return to an upright position or 
continue to heel over and capsize.  The tendency of a vessel to remain 
upright is its stability.  The greater the tendency to remain upright, and the 
stronger the force required to heel the vessel over in any direction, the more 
stability the vessel achieves.  The stability of a vessel in the water is very 
important to all members of a boat crew.  Being able to anticipate how the 
crewmembers’ vessel and the vessel that is being assisted will react in any 
given set of circumstances is dependent on the crew’s knowledge of stability.  
Gravity and buoyancy are the two primary forces acting upon a floating 
vessel that affect stability.  Gravity pushes the vessel down into the water, 
while buoyancy is the force that pushes up from the water to keep the vessel 
afloat.  The interaction of these two forces determines the vessel’s stability. 

In this Section This section contains the following information: 

 Title See Page 

 Center of Gravity 4-2 

 Buoyancy 4-2 

 Equilibrium 4-3 

 Types of Stability 4-5 

 Moment and Forces 4-5 
  

 

A.1. Center of 
Gravity 

The center of gravity is the point at which the weight of the boat acts 
vertically downwards. Thus, the boat acts as though all of its weight were 
concentrated at the center of gravity. Generally, the lower the center of 
gravity, the more stable the vessel. 

A.1.a.  Changes 
in the Center of 
Gravity 

The center of gravity of a boat is fixed for stability and does not shift unless 
weight is added, subtracted, or shifted. When weight is added (e.g., vessel 
takes on water), the center of gravity moves toward the added weight. When 
the weight is removed, the center of gravity moves in the opposite direction. 

A.2. Buoyancy The buoyancy is the upward force of water displaced by the hull. The force 
of buoyancy keeps the boat afloat; however, it may be overcome if too much 
weight is added. 
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A.2.a.  Center of 
Buoyancy 

The center of buoyancy is the center of gravity of displaced water.  Similar to 
the center of gravity, this is the point on which all upward/vertical force is 
considered to act.  It lies in the center of the underwater form of the hull (see 
Figure 4-1). 

A.3. Equilibrium When a boat is at rest, the center of buoyancy acting upwards/vertically is 
below the center of gravity acting downwards.  It is at this point that a boat is 
considered to be in equilibrium. Equilibrium is affected by movement of the 
center of gravity or center of buoyancy or by some outside forces, such as 
wind and waves (see Figure 4-1). 

 

 
Figure 4-1 

Stability in Equilibrium 

A.3.a.  Rolling When a boat rolls, the force of the center of gravity will move in the same 
direction as the roll. The downward force of gravity is offset by the upward 
force of buoyancy and causes the boat to heel. 
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A.3.b.  Heeling In heeling, the underwater volume of the boat changes shape causing the 
center of buoyancy to move. 

The center of buoyancy will move towards the part of the hull that is more 
deeply immersed. When this happens, the center of buoyancy will no longer 
be aligned vertically with the center of gravity.  The intersection of the 
vertical line through the center of buoyancy and the vertical centerline is 
called the metacenter.  When the metacentric height (the distance between 
center of gravity and metacenter) is positive, that is the metacenter is above 
center and gravity, the center of buoyancy shifts so that it is outboard of the 
center of gravity.  Now the boat is considered to be stable, and the forces of 
buoyancy and gravity will act to bring the boat back to an upright position.  
If the center of buoyancy is inboard of the center of gravity, that is the 
metacentric height is negative, the forces of buoyancy and gravity will tend 
to roll the boat further towards capsize (see Figure 4-2). 

 

 
Figure 4-2  

Heeling 



Boat Crew Handbook – Seamanship Fundamentals 
Chapter 4 – Stability 
 

4-5 

 

A.3.c.  Listing If the center of gravity is not on the centerline of the boat, the boat will heel 
until equilibrium is reached with the center of buoyancy and center of gravity 
in alignment. This condition is referred to as listing. 

NOTE  

 

A.4. Types of 
Stability 

A boat has two principle types of stability: 
(01) Longitudinal, 
(02) Transverse. 

A boat is usually much longer than it is wide. Therefore, the longitudinal 
plane (fore and aft) is more stable than its transverse plane (beam). 

A.4.a.  
Longitudinal 
(Fore and Aft) 
Stability 

Longitudinal (fore and aft) stability tends to balance the boat, preventing it 
from pitching end-over-end (pitch poling). Vessels are designed with enough 
longitudinal stability to avoid damage under normal circumstances. 
However, differences in vessel design varies the longitudinal stability 
characteristics of different vessels depending on the purpose for which a 
vessel is designed. Some vessels can suffer excessive pitching and offer a 
very wet and uncomfortable ride during rough sea and weather conditions. 
Such an uncomfortable ride often affects the endurance and capability of the 
crew as well as the people on the vessels being assisted. 

A.4.b.  
Transverse 
(Athwartships) 
Stability 

Transverse (athwartships) stability tends to keep the boat from rolling over 
(capsizing). Additional weight above the center of gravity increases the 
distance from the center of gravity up to the center of buoyancy. As a result, 
stability is also decreased. Removal of weight from below the center of 
gravity also decreases stability. If the center of gravity is raised enough, the 
boat will become unstable. 

A.5. Moment 
and Forces 

The force that causes a vessel to return to an even keel, or upright position, is 
called the vessel’s moment. Both static and dynamic forces can reduce 
stability and moment. Moments, and the internal and external forces that act 
to increase or decrease the righting moment, are important factors in 
determining the stability of a vessel at any given point in time. 

Heeling is a temporary leaning, listing is a permanent leaning, and both are different from rolling, 
which is a side-to-side motion. 
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A.5.a.  Righting 
Moment and 
Capsizing 

A righting moment is the force causing a vessel to react against a roll and 
return to an even keel.  Generally, the broader a boat’s beam, the more stable 
that boat will be, and the less likely it is to capsize.  For any given condition 
of loading, the center of gravity is at a fixed position.  As a boat heels, the 
center of buoyancy moves to the lower side of the boat forming an angle of 
inclination.  Larger changes in the movement of the center of buoyancy will 
result with any given angle of heel.  This change provides greater righting 
movement up to a maximum angle of inclination. 

Too much weight added to the side of the vessel that is heeled over can 
overcome the forces supporting stability and cause the vessel to capsize  (see 
Figure 4-3). 

A boat may also capsize when aground as the volume of water beneath the 
vessel decreases and the vessel loses balance.  As the amount of water 
supporting the vessel is reduced, there is a loss of buoyancy force being 
provided by that water.  In addition, the upward force acting at the point of 
grounding will increase and cause the unsupported hull to fall to one side. 

 

 
Figure 4-3 

Righting Moment and Capsizing 
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A.5.b.  Static and 
Dynamic Forces 

Unless acted upon by some external force, a boat that is properly designed 
and loaded remains on an even keel. The two principle forces that affect 
stability are static and dynamic forces. 

(01) Static forces are caused by placement of weight within the hull. 
Adding weight on one side of a boat’s centerline or above its center 
of gravity usually reduces stability. Flooding or grounding a boat 
makes it susceptible to static forces which may adversely affect 
stability. 

(02) Dynamic forces are caused by actions outside the hull such as wind 
and waves.  Strong gusts of wind or heavy seas, especially in shallow 
water, may build up a dangerous sea tending to capsize a boat. 

For a boat crewmember this understanding is useful when approaching a 
vessel to provide assistance. Observing the vessel’s roll can provide some 
initial indications about the stability of the vessel. 

(03) Watch the time required for a complete roll from side to side. The 
time should remain about the same regardless of the severity of the 
angle or roll. 

(04) If the time increases significantly or the boat hesitates at the end of 
the roll, the boat is approaching or past the position of maximum 
righting effect.  Take immediate steps to decrease the roll by 
changing course or speed, or both. 

A.5.c.  Vessel 
Design 

General vessel design features that influence stability include: 
(01) Size and shape of the hull, 
(02) Draft of the boat (the distance from the surface of the water to the 

keel), 
(03) Trim (the angle from horizontal at which a vessel rides), 
(04) Displacement, 
(05) Freeboard, 
(06) Superstructure size, shape, and weight, 
(07) Non-watertight openings. 

Many of these features are discussed in CHAPTER 3 Boat Characteristics. 
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Section B. Losing Stability 

Introduction A vessel may be inclined away from its upright position by certain internal 
and external influences such as: 

(01) Waves, 
(02) Wind, 
(03) Turning forces when the rudder is put over, 
(04) Shifting of weights onboard, 
(05) Addition or removal of weights, 
(06) Loss of buoyancy (damage). 

These influences exert heeling moments on a vessel causing it to list 
(permanent) or heel (temporary). A stable boat does not capsize when 
subjected to normal heeling moments due to the boat’s tendency to right 
itself (righting moment). 

B.1. Stability 
After Damage 

When assisting a damaged vessel, any change in stability may result in the 
loss of the vessel. The added weight of assisting personnel or equipment may 
cause the vessel to lose its righting moment, lose stability, and capsize. This 
consequence, and the danger involved, must be considered when determining 
risk to avoid harm to the crew and further damage or loss of a vessel. 

B.1.a.  Stability 
Risk 
Management 
Plan 

The entire crew must constantly watch for any loss of stability in their own 
vessel and that of the distressed craft.  Crewmembers should not assume that 
the coxswain has been able to observe all of the warning signs.  They should 
advise the coxswain of stability concerns that may have been overlooked and 
any warning signs.  The following warning signs should be used as a 
guideline for a Stability Risk Management Plan: 

(01) Observe the roll of your own boat and, for a distressed vessel, 
observe its roll upon approaching and when under tow, 

(02) Be aware of external forces - wind, waves, and water depth, 
(03) Be aware of control loading, amount of weight and placement, on 

own and the distressed craft, 
(04) If necessary, attempt to keep your equipment aboard your vessel 

when dewatering the vessel, 
(05) Attempt to tow the distressed vessel only after any loss of stability 

has been corrected, 
(06) Adjust course, speed, or both as necessary to decrease rolling or 

listing, 
(07) Avoid sharp turns or turns at high speed when loss of stability is 
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possible. 

B.2. Free 
Surface Effect 

Compartments in a vessel may contain liquids as a matter of design or as a 
result of damage. If a compartment is only partly filled, the liquid can flow 
from side to side as the vessel rolls or pitches. The surface of the liquid tends 
to remain parallel to the waterline. Liquid that only partly fills a 
compartment is said to have free surface and water in such a compartment is 
called loose water. When loose water shifts from side to side or forward and 
aft due to turning, speed changes, or wave action, the vessel does not want to 
right itself. This causes a loss of stability. This can cause the vessel to 
capsize or sink.  (see Figure 4-4 and Figure 4-5) 

Corrective actions include: 
(01) Minimize the number of partially filled tanks (fuel, water, or cargo); 

ballast with seawater as necessary, 
(02) Prevent cargo such as aids to navigation equipment and rescue gear 

from rolling back and forth on the deck, 
(03) If possible, store cargo low and close to the centerline. 

 

Figure 4-4 
Effects of Free Surface 
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Figure 4-5 
Effects of Load Weight 

B.3. Free 
Communication 
with the Sea 

Damage to the hull of a vessel can create free communication with the sea, 
which is the unobstructed movement of seawater into and out of the vessel. 

Corrective actions include: 
(01) Patch the hull opening, 
(02) Place weight on the high side to decrease the list toward the damaged 

side, 
(03) Remove weight above the center of gravity on the damaged side. 
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B.4. Effects of 
Icing 

Icing can increase the displacement of a boat by adding weight above the 
center of gravity  causing the center of gravity to rise. This can cause a vessel 
to heel over and greatly reduce stability. Sea swells, sharp turns, or quick 
changes in speed can capsize a vessel that has accumulated ice on its topside 
surfaces (see Figure 4-6). 

Corrective actions include: 
(01) Change course, speed, or both to reduce freezing spray and rolling, 
(02) Physically remove the ice. 

 

Figure 4-6 
Effects of Icing 
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B.5. Effects of 
Downflooding 

Downflooding is the entry of water into the hull, resulting in progressive 
flooding and loss of stability. Vessels are designed with sufficient stability 
and proper righting moments as long as they are not overloaded. These 
design features cannot compensate for the carelessness of a boat crew who 
fails to maintain the watertight integrity of a vessel and allows it to 
needlessly take on water (see Figure 4-7). 

Corrective actions include:  
(01) Keep all watertight fittings and openings secured when a vessel is 

underway, 
(02) Pump out the water. 

 

Figure 4-7 
Effects of Downflooding 
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B.6. Effects of 
Water on Deck 

Water on deck can cause stability problems by (see Figure 4-8): 
(01) Increasing displacement (increasing draft and decreasing stability and 

trim), 
(02) Contributing to free surface effect, 
(03) Amplifying the rolling motion of the vessel which may result in 

capsizing. 

Corrective actions include: 
(04) Decrease trim, increase freeboard, 
(05) Change course, speed or both, 
(06) Ensure drain openings are unobstructed. 

 

Figure 4-8 
Effects of Water on Deck 
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CHAPTER 5 
Weather and Oceanography 

Introduction Boat crews operate in constantly changing environments. Weather and sea 
conditions interact causing many different types of situations. It is important 
to understand these conditions and how to operate in them. The information 
in this Chapter will concentrate on the effects the environment has on the 
water and the problems these effects can cause. It will not provide an 
explanation of advanced meteorology or oceanography. 

Wind, fog, rain, and cold temperatures (sea and air) can be very dangerous. 
Any of these can complicate the simplest mission, not only increasing the 
danger, but also lessening the survival probability of persons in distress. 

Effects of wind, current, and tide can also dramatically affect a boat’s 
behavior. A coxswain must understand how outside influences cause the boat 
to react in different ways. 

In this Chapter This chapter contains the following sections: 

 Section Title See Page 

 A Weather 5-2 

 B Oceanography 5-12 
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Section A. Weather 

Introduction One of the greatest hazards to the boat crew occurs when its members must 
work close inshore or in heavy weather.  The waves, seas, and surf can 
present the greatest challenges to seamanship and survival skills.  The 
operating AOR will provide its own unique weather characteristics.  Some 
major distinct conditions occur in various regions of the United States in 
predictable patterns.  For example: 

(01) Bermuda High: A semi permanent high-pressure area off of 
Bermuda. It affects the general wind circulation and the weather of 
the East Coast, especially summer heat waves, 

(02) Santa Ana Wind: On the southern California coast, a dry, warm wind 
that blows through a pass and down the Santa Ana Valley which are 
prevalent in September and October. It may blow so strongly that it 
threatens small craft near the coast, 

(03) Taku Wind: A strong east-northeast wind, in the vicinity of Juneau, 
Alaska, between October and March that can threaten small craft near 
the coast. It sometimes reaches hurricane force at the mouth of the 
Taku River. 

In this Section This section contains the following information: 

 Title See Page 

 Wind 5-2 

 Thunderstorms and Lightning 5-6 

 Fog 5-8 

 Ice 5-9 

 Forecasting 5-11 
  

Wind 

A.1. Air High winds account for considerable destruction in the marine environment 
every year. Everyone knows water seeks its own level; the same is true with 
air. Air tends to equalize its pressure by flowing from a high-pressure area to 
a low-pressure area, producing wind. 
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A.2. Afternoon 
Wind Increases 

Members of the boating public often get underway in the calm waters of the 
cool early morning.  By afternoon, when they try to get home, the bay or 
ocean is so choppy that they may find themselves in need of assistance.  The 
wind changes so drastically because the sun warms the earth.  The land 
warms faster than the surface of the water and radiates heat to the overlying 
air, warming it. This warm air rises, reducing the atmospheric pressure in 
that area.  The air offshore over the ocean is cool, and cool air is dense and 
heavy. 

The cool air from offshore flows inland in an attempt to equalize the pressure 
differential caused by the rising warm air.  This flow produces wind, known 
as sea breeze.  After sunset, the inland area cools more quickly than the 
water, and the wind diminishes. 

Sea breezes typically reach their highest speeds during the period of 
maximum heating (i.e., during mid-afternoon).  In some areas a land breeze 
can be established late at night or early in the morning.  For this breeze to 
occur, the sea surface temperature must be higher than the air temperature 
over land, along with weak winds prior to the breeze. 

NOTE  

 

A.3. Beaufort 
Wind Scale 

The Beaufort Wind Scale (see Table 5-1) numbers define a particular state of 
wind and wave. The scale allows mariners to estimate the wind speed based 
on the sea state. 

NOTE   

Table 5-1 
Beaufort Wind Scale 

Beaufort 
Scale 

Wind 
Speed 

(Knots) 
Indications 

Approximate Wave 
Height Davis 

Sea State 
(Feet) (Meters) 

0 Calm Mirror like. 0 0 0 

1 1-3 Ripples with appearance of 
scales. 

0.25 0.1 0 

2 4-6 Small wavelets that do not 
break. Glassy appearance. 

0.5-1 0.2-0.3 1 

 

Wind direction is the compass heading from which the wind blows. 

The Beaufort Wind Scale extends to force 18. For boat operating purposes, Table 5-1 is limited to 
force 10. 
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      Table 5-1 (continued) 
Beaufort Wind Scale 

Beaufort 
Scale 

Wind 
Speed 

(Knots) 
Indications 

Approximate Wave 
Height Davis 

Sea State 
(Feet) (Meters) 

3 7-10 Large wavelets. Some crests 
begin to break. Scattered 
whitecaps. 

2-3 0.6-1 2 

4 11-16 Small waves becoming longer. 
Fairly frequent whitecaps. 

3.5-5 1-1.5 3 

5 17-21 Moderate waves. Pronounced 
long form. Many whitecaps. 

6-8 2-2.5 4 

6 22-27 Large waves begin to form. 
White foam crests are more 
extensive. Some spray. 

9.5-13 3-4 5 

7 28-33 Sea heaps up. White foam from 
breaking waves begins to blow 
in streaks along the direction of 
the waves. 

13.5-19 4-5.5 6 

8 34-40 Moderately high waves of 
greater length. Edges of crests 
break into spindrift foam blown 
in well-marked streaks in the 
direction of the waves. 

18-25 5.5-7.5 6 

9 41-47 High waves. Dense streaks of 
foam. Sea begins to roll. Spray 
affects visibility. 

23-32 7-10 6 

10 48-55 Very high waves with over-
hanging crests. Foam in great 
patches blown in dense white 
streaks. Whole surface of sea 
takes on a white appearance. 
Visibility affected. 

29-41 9-12.5 7 
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A.4. Weather 
Warning Signals 

The National Weather Service provides radio weather broadcasts.  Beginning 
June 1, 2007, the U.S. Coast Guard formally re-established a Coastal 
Warning Display program at selected boat stations which will hoist display 
flags to warn of small craft advisories, gale warnings, storm warnings and 
hurricane warnings.  These weather warnings and their flags and lights 
signals are summarized in Table 5-2. 

Table 5-2 
Marine Advisories and Warnings Included in Coastal and Offshore Forecasts 

Marine Advisories 
and Warnings Winds Day Signal 

Onshore 
Night Signal 

Onshore 

Special Marine 
Warning 

A severe local storm warning 
affecting coastal water areas, or a 
warning of potentially hazardous 
weather conditions usually of short 
duration (2 hours or less) and 
producing wind speeds of 34 KT or 
more, that is not adequately 
covered by existing marine 
warnings. 

  

Small Craft Advisory 

(conditions dangerous 
to small craft 
operations) 

An advisory in coastal waters for 
winds from approximately 18 to 33 
KT inclusive (lower limit may vary 
by region) or for sea conditions, 
either predicted or occurring, that 
are considered potentially 
hazardous to boats. There is no 
legal definition for “small craft.” 

Red pennant 

 

 
 

Red-over-white 
light 

 
 

Gale Warning A warning of sustained winds in 
the range 34 to 47 KT (39 to 54 
MPH) inclusive either predicted or 
occurring, not associated with 
tropical cyclones. 

Two red 
pennants 

 

White-over-red 
lights 

 

Storm Warning A warning of sustained winds of 48 
to 63 KT (55 to 73 MPH), not 
associated with a tropical cyclone. 

Square red flag 
with black 
center 

Two red lights 

http://www.nws.noaa.gov/om/marine/USCGcwd.pdf
http://www.nws.noaa.gov/om/marine/USCGcwd.pdf
http://www.nws.noaa.gov/om/marine/USCGcwd.pdf
http://www.nws.noaa.gov/om/marine/USCGcwd.pdf
http://www.nws.noaa.gov/om/marine/USCGcwd.pdf
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Table 5-2 (continued) 
Marine Advisories and Warnings Included in Coastal and Offshore Forecasts 

Marine Advisories 
and Warnings Winds Day Signal 

Onshore 
Night Signal 

Onshore 

Hurricane Force Wind 
Warning 

A warning for sustained winds of 
64 KT (74 MPH) or greater either 
predicted or occurring, not 
associated with a tropical cyclone.  

 

Tropical Storm 
Warning 

A warning of sustained winds from 
39 to 73 MPH inclusive either 
predicted or occurring, associated 
with tropical cyclones. 

  

Hurricane Warning A warning for sustained winds of 
74 MPH or greater either predicted 
or occurring, associated with a 
tropical cyclone. 

Two square red 
flags with black 
centers 

 

Three vertical 
lights - red, 
white, red 

 

  
  

Thunderstorms and Lightning 

A.5.  
Thunderstorms 

Thunderstorm, a violent, short-lived weather disturbance that is almost 
always associated with lightning, thunder, dense clouds, heavy rain or hail, 
and strong, gusty winds.  Thunderstorms arise when layers of warm, moist 
air rise in a large, swift updraft to cooler regions of the atmosphere.  
Thunderstorms are dangerous not only because of lightning, but also because 
of the strong winds and the rough, confused seas that accompany them.   

https://www.britannica.com/science/weather
https://www.britannica.com/science/atmosphere
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A.6. Lightning Lightning is a potentially life-threatening phenomenon associated with some 
storms. Not all storms are thunderstorms, but all thunderstorms have 
lightning.  Lightning occurs when opposite electrical charges within a 
thundercloud, or between a cloud and the earth, attract.  It is actually a rapid 
equalization of the large static charges built up by air motion within the 
clouds.  Lightning is very unpredictable and has immense power.  A 
lightning “bolt” usually strikes the highest object on the boat, generally the 
mast or radio antenna.  A mast with a full grounding harness affords 
excellent protection. 

A.7. Distance 
From a 
Thunderstorm 

In addition to using the radar to find the range of a thunderstorm, the boat’s 
distance from a thunderstorm can be estimated by knowing it takes about 
five seconds for the sound of thunder to travel each mile.  

(01) Observe the lightning flash, 
(02) Count the number of seconds it takes for the sound of its thunder to 

arrive, 
(03) Convert to miles by dividing the number of seconds by 5. 

NOTE   

A.8. Safety If caught in a lightning strike area, the following procedures apply: 

Step Procedure 

1 Head for shore or the nearest shelter. 

2 While underway, stay inside the boat, keep crewmembers low, 
and stay dry. 

3 Avoid touching metal, such as metal shift and throttle levers and 
metal steering wheels. 

4 Avoid contact with the radio. 

5 If lightning strikes, expect the compass to be inaccurate and 
onboard electronics to suffer extensive damage. 

 

Counting “one thousand one, one thousand two, one thousand three, one thousand four, one thousand 
five” will aid in correctly counting seconds. 
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A.9.  
Waterspouts 

A waterspout is a rotating column of air, usually pendant from a cumulus or 
cumulonimbus cloud, that forms over water and whose circulation extends to 
the surface.  There are two types of waterspouts: 

(01) Violent convective storms over land moving seaward (tornadoes), 
(02) Storms formed over sea with fair or foul weather (more common than 

tornadoes). 

Waterspouts develop as a funnel-shaped cloud and when fully developed 
extend from the water’s surface to the base of a cumulus cloud. The water in 
a waterspout is mostly confined to its lower portion. The air in waterspouts 
may rotate clockwise or counterclockwise, depending on the manner of 
formation. Waterspouts vary in diameter, height, strength and duration, and 
are found most frequently in tropical regions. 

NOTE   

Fog 

A.10.  
Description 

Fog is a multitude of minute water droplets suspended in the atmosphere, 
sufficiently dense to scatter light rays and reduce visibility.  Fog makes 
locating anything more difficult and also makes the voyage to and from the 
scene more hazardous. 

A.11. Advection 
Fog 

The most troublesome type of fog to mariners is advection fog. Advection 
means horizontal movement. This type of fog occurs when warm, moist air 
moves over colder land or water surfaces. The greater the difference between 
the air temperature and the underlying surface temperature, the denser the 
fog. Sunlight hardly affects advection fog. It can occur during either the day 
or night. An increase in wind speed or change in direction may disperse 
advection fog; however, a slight increase in wind speed can actually make 
the fog layer thicker. 

A.12. Radiation 
(Ground) Fog 

Radiation fog occurs mainly at night/early morning with the cooling of the 
earth’s surface, which cools faster than the surrounding air.  The air near the 
surface is stagnated by light winds, and then cooled to its dew point by the 
colder surface, producing a shallow layer of fog. It is most common in 
middle and high latitudes, near the inland lakes and rivers, which add water 
vapor to the fog. It clears slowly over water because the land heats and cools 
three times faster from night to day than water.  Sunlight burns off radiation 
fog by warming the air.  Surface winds break up the fog by mixing the air. 

While waterspouts are found more frequently in tropical areas, they are not uncommon in higher 
latitudes. 
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A.13. Fog 
Frequency 

Along the Pacific Coast fog appears most frequently in areas from the 
northern tip of Washington State to around Santa Barbara, California. The 
nation’s Atlantic Coast fog is most common from the northern tip of Maine 
to the southern tip of New York. Fog appears, on the average, more than 
10% of the time in these waters. Off the coasts of Maine and Northern 
California it averages more than 20%. The fog frequency near Los Angeles, 
California, on the other hand, is about three times that of Wilmington, North 
Carolina. 

A.14. Operating 
in Fog 

When operating in fog, utilize the following procedures: 

Step Procedure 

1 Slow down to allow enough time to maneuver or stop (i.e., 
operate the boat at a safe speed). 

2 Display the proper navigation lights and sound appropriate 
sound signals. 

3 Employ all available navigation aids. 

4 Station a lookout well forward and away from the engine sounds 
and lights, to listen and look for other signals.  Navigation rules 
require the use of a proper lookout. 

5 Besides listening for other boats, the lookout should listen for 
surf in case the navigational plot is incorrect. 

6 If the facility has dual steering stations, one inside and one 
exposed, use the exposed one in restricted visibility conditions. 
Being outside allows the lookout and operator the best chance to 
hear dangers to the boat. If only one station exists, if practical, 
open windows to increase sound awareness. 

 

NOTE   

Ice 

A.15. Salinity Temperature and salinity govern the freezing point of water; however, winds, 
currents, and tides can slow the formation of ice by mixing in warmer water 
from below the surface.  Fresh water freezes at 0° C/32° F, but the freezing 
point of seawater decreases to -2° C/28° F because of its salinity, which is 
the concentration of the dissolved solutes (often referred to as salt) in the 
water. 

Consider anchoring to await better visibility, especially if transiting congested areas or narrow 
channels.  Remember, fog increases the chance of a collision or grounding. 
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Shallow bodies of low-salinity water freeze more rapidly than deeper basins 
because a lesser volume must be cooled.  Once the initial cover of ice has 
formed on the surface, no more mixing can take place from wind/wave 
action, and the ice will thicken.  As a result, the first ice of the season usually 
appears in the mouths of rivers that empty over a shallow continental shelf.  
During the increasingly longer and colder nights of late autumn, ice forms 
along the shorelines as a semi-permanent feature and widens by spreading 
into more exposed waters.  When islands are close together, ice can cover the 
sea surface between the land areas. 

A.16. Topside 
Icing 

One of the most serious effects of subfreezing air temperatures is that of 
topside icing, also known as ice accretion, particularly if the ice continues to 
accumulate.  This icing is caused by freezing spray, which is an 
accumulation of freezing water droplets on a vessel, caused by some 
combination of cold seawater, wind, or vessel movement.  Precipitation may 
freeze to the vessel as well.  Ice will continue to accumulate as long as 
freezing spray continues to occur, in turn, causing increased weight on decks, 
superstructures, and masts.  Ice also produces complications with the 
handling and operation of equipment, and creates slippery deck conditions.  
The ice accumulation causes the boat to become less stable and may lead to 
capsizing. 

A.17. Frazil Ice These first stage ice formations start with disk-shaped crystals that form and 
grow suspended in the water. These crystals eventually form a thin, oily, or 
opaque looking film that floats to the surface. Water movement interrupts the 
crystals’ growth. When this happens, the crystals cannot join together to 
form a solid sheet of ice. Unpredictable while forming, it can be difficult to 
transit if collected in an area, and will not support a rescuer’s weight. 

A.18. Brash Ice Brash ice is the accumulation of small ice fragments broken off from other 
ice formations caused by weather or vessel passage. Brash ice thickness can 
range from mere inches to 8 feet or more. It can be loose or refrozen. Very 
loose brash ice is called drift ice. 

A.19. Ice Floe Flat pieces of ice, 10 feet in diameter or larger. Can consist of one or many 
combined fragments of ice. Results from offshore winds and currents. Time 
is a critical factor when dealing with this type of formation.  

A.20. Pancake 
Ice 

The accumulation of ice floes formed by wind, waves, or current. Ice 
fragments are larger than those used to describe brash ice. Can be loosely or 
densely packed. 

A.21. Clear Ice Clear ice forms by long hard freezes, is usually the strongest type of ice 
formation (depending on ice thickness), and can be blue, green, or black 
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(depends on the color of the water visible though the ice). Clean, smooth, 
plate ice is sometimes referred to as “glare ice.” 

NOTE   

NOTE   

Forecasting 

A.22. Sources of 
Weather 
Information 

Listening to either a news media broadcast meteorologist or NOAA Weather 
Radio, coupled with local knowledge, should make everyone informed 
weather-wise. Also, many old common weather “hunches” are often correct, 
but should not be the only source without some basic weather knowledge and 
a tool (e.g., barometer or thermometer) with which to crosscheck the belief.  
Using multiple sources to confirm personal hunches is recommended. 

 

The easiest and most effective way to minimize icing is to slow down. 

Ice can be broken away by chipping it off with mallets, clubs, scrapers, and even stiff brooms. Use 
special care to avoid damage to electrical wiring and finished surfaces. 
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Section B. Oceanography 

Introduction Oceanography is a broad field encompassing the study of waves, currents, 
and tides. It includes the biology and chemistry of the oceans and the 
geological formations that affect the water. Boat crewmembers must have an 
appreciation of all these factors to safely operate in an ever-changing 
environment. Some major distinct conditions occur in various regions of the 
United States. For example: 

(01) Great Lakes tend to freeze ove the winter, 
(02) Gulf Stream: A powerful, warm ocean current flowing along the 

East Coast. In the Straits of Florida, it greatly affects the speed of 
advance of vessels underway and drifting objects; off of Cape 
Hatteras, North Carolina, it “collides” with weather systems and can 
cause dangerous wave conditions, 

(03) West Coast: in general, has a narrow continental shelf (a gentle 
bottom slope) followed by a sharp drop into great ocean depth.  It 
receives its weather from off shore.  A long fetch and often long 
duration are a significant influence on the sea conditions likely to be 
encountered, 

(04) East Coast:  The east coast is often in the path of tropical storm 
systems, strong arctic low pressure systems and Nor’easters.  The 
Gulf Stream and a wide, shallow continental shelf are significant 
influences on the sea conditions encountered, 

(05) Gulf Coast:  The gulf coast also has the Gulf Stream and a wide, 
shallow continental shelf to influence waves.  With relatively little 
fetch, the major source of heavy weather are tropical storm systems. 

Area-specific weather patterns can include, gap winds, dynamic fetch, strong 
currents, thunderstorms, lightning, freezing spray, steep seas with very short 
periods, as well as many other phenomenon.  Any of these conditions can 
make operations more difficult and hazardous for the boat and crew. 

In this Section This section contains the following information: 

 Title See Page 

 Waves and Surf 5-13 

 Wind Velocity, Fetch and Duration 5-13 

 Currents 5-28 
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Waves and Surf 

B.1. Description The ability to recognize wave patterns and characteristics is essential to safe 
operation in heavy weather and surf.  A coxswain operating in these 
conditions must be able to determine the timing of lulls, series, and estimate 
wave heights accurately. 

NOTE  
 

Wind Velocity, Fetch and Duration 

B.2. Wind 
Velocity, Fetch 
and Duration 

Wind velocity, fetch, and duration is the speed of the wind, the amount of 
ocean surface area affected by wind blowing in the same direction, and the 
amount of time the wind blows over the same part of the ocean.  Ideally, to 
make a huge swell, one would want strong, steady winds blowing at 
maximum velocity over thousands of miles in the same direction for days on 
end. But, our atmosphere is highly dynamic, and rarely do such conditions 
exist or persist for long. During a typical open ocean winter storm, one could 
expect to see winds of 50-60 kts blowing for 600-1000 NM for 36 hours.  In 
such a storm, the highest average wind waves (or seas) can commonly reach 
30 ft towards the center of the fetch area. 

As the seas build under a storm, the speed of individual wind waves start 
accelerating as they combine. The higher the wind velocity, the larger the 
area and the longer the wind blows, the greater the opportunity wind waves 
have to combine and grow.  Within the storm, waves of many different 
energy levels are created.  Eventually either the storm dies or the wave speed 
exceeds the forward speed of the storm, and these seas escape into relatively 
calm waters. However, they are rough, ragged and cover a wide energy 
spectra. Now the waves have inertia and they're moving forward. 

Chop has little inertia or energy, so it dissipates when traveling long 
distances. This works against swell production when a wind wave has little 
energy, because it dissipates.  However, when a wave has lots of time to 
accumulate energy, inertia works in its favor.  In short, as a wind wave 
moves away from the storm, the choppy components dissipate, leaving only 
the pure swell energy to travel. 

The terms “Knockdown” and “Rollover” apply specifically to self-righting boats.  A knockdown is 
when a boat has rolled in one direction 90º or greater but does not completely roll over (360º) to right 
itself. (Example: Boat rolls to port 120º and rights itself by rolling back to starboard.)  A rollover 
occurs when a boat rolls in one direction and rights itself by completing a 360º revolution. 
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B.2.a. Heavy 
Weather Waves 

Heavy weather waves and seas are generated by weather systems, either local 
or distant.  There are many factors that determine what conditions will be 
generated by a weather system or series of weather systems.  Some factors 
that will effect wave height include: 

(01) State of the tide:  Ebb currents often cause wave speed to 
decrease and wave height to increase.  Conversely, flood currents 
often cause waves to gain speed and loose height, 

(02) Rainfall:  Heavy rainfall can reduce the size of waves, but large 
runnoffs from rivers may stop the flood current or drastically 
change the conditions at inlets or bars, 

(03) The width of the body of water:  The greater distance the body of 
water is allows for larger waves to be generated, 

(04) Depth of water:  Deeper water allows for larger swells to be 
generated.  As these swells approach shallow water on the coast, 
they will loose speed and gain height, 

(05) Air temperature:  Cold air is denser, causing greater impact on the 
water and building larger swells than warm air. 

B.2.b. Breaking 
Seas 

Breaking Seas, also known as “Sea Breaks,” are wind driven waves that form 
crests, which tend to become unstable and topple forward, or “break,” 
creating a ridge of turbulence, white water, or foam (Figure 5-1). 

CAUTION !   

NOTE   

 

 

Figure 5-1 
Breaking Seas 

Depending on conditions, breaking seas can carry sufficient energy to affect the stability of a boat 
causing it to broach or be knocked down. 

 
Breaking seas are not to be confused with surf, which is a type of breaker, whose formation is largely 
dependent on the topography of the seabed over which it passes. 
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B.3. Wave 
Systems 

After the deepwater waves are generated far out at sea, they move outward, 
away from their wind source, in ever-increasing curves, and become what are 
called swells.  The farther the swell moves from its source, the more uniform 
its characteristics become, as it travels in a series of waves, relatively 
equidistant, and moving at a more or less constant speed.  Because of this, 
swells generated from storms far out at sea can be distinguished by their 
smoothness and uniformity from those that are coarser (peaked and irregular) 
which have recently originated nearby.  The usual period of these swells is 
from 6 to 10 seconds.  This corresponds with wave lengths of 184 to 1310 
feet and velocities of 18 to 49 knots.  

Interference between different swell systems, which are traveling in nearly 
the same direction, causes groups of waves to travel outward in patches.  As 
these groups of several waves (normally 7 to 12) progress outward, those 
waves in the forefront disappear and new waves, of the same characteristics, 
appear at the rear of the patch.  This process continues until the waves 
dissipate their energy at sea, or transfer it to the shore as surf.  

The ability to recognize wave patterns and characteristics is essential to safe 
operation in surf and heavy weather.  A coxswain operating in these 
conditions must be able to determine the timing of lulls and series, and 
estimate wave heights accurately.  Some factors that affect wave patterns are: 

(01) Refraction, 
(02) Reflection, 
(03) Interference, 
(04) Shoaling water. 
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B.3.a.  
Refraction 

Refraction means bending.  Wave refraction occurs when the wave 
moves into shoaling water, interacts with the bottom and slows down.  
As the waves encounter the shallows, they slow down, causing the 
crests of the waves to bend forward toward the shallower water 
(Figure 5-2).  The key to the amount to refraction that occurs is the 
bottom terrain.  This can also occur when a wave passes around a 
point of land, jetty, or an island (Figure 5-3).   

 

 

Figure 5-2 
Submarine Valley 

 

 

Figure 5-3 
Wave Refraction 
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B.3.b.  
Reflection 

Almost any obstacle can reflect part of a wave, including underwater 
barriers such as submerged reefs or bars, even though the main waves 
may seem to pass over them without change. These reflected waves 
move back towards the incoming waves (Figure 5-4). When the 
obstacles are vertical or nearly so, the waves may be reflected in their 
entirety.   

 

 

Figure 5-4 
Wave Reflection 

B.3.c.  
Interference 

Waves which have been refracted or reflected can interact with each 
other.  Waves can also interact with incoming waves resulting in 
higher wave heights.  Interference may even result in standing wave 
patterns (waves that consistently appear to peak in the same spot).  
Interference can be of particular concern because it may result in a 
boat being subjected to waves from unexpected directions and of 
unexpected size (Figure 5-5).   

 

 

Figure 5-5  
Wave Interference 
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B.3.d.  
Shoaling Water 

Knowledge of the characteristic grouping of waves is useful when 
operating in shoaling waters such as over bars, in inlets, or working in 
surf.  The wave groups can be observed and their group periods 
determined.  The boat or boats can be best maneuvered during that 
time when the wave motion is at a minimum, during the space 
between groups. 

When deepwater waves move into shallow waters, the waves are 
influenced by the bottom, becoming shallow-water waves.  In the 
approach to shore, the interaction with the bottom causes the wave 
speed to decrease.  This decrease causes refractions, and one effect is 
to shorten the wavelength.  As the wavelength decreases, the wave 
steepness increases and the wave becomes less stable.  Also, as the 
wave moves into water whose depth is about twice the wave’s height, 
the crest peaks up; that is, the rounded crest of a swell becomes a 
higher more pointed mass of water with steeper sides.  This change of 
waveform becomes more pronounced as the wave moves farther into 
shallow water.  These changes in wavelength and steepness occur 
before breaking.  Finally, at a depth of water roughly equal to 1.3 
times the wave height (the actual formula used to determine when the 
wave will break is when the height is equal to 80% of the depth ratio, 
H=.8d), the wave becomes unstable.  This happens when not enough 
water is available in the shallow area ahead to complete the crest and 
the wave’s symmetrical form.  The top of the onrushing crest is left 
unsupported and collapses. The wave breaks, resulting in surf.  

B.4. Timing The lull period in a wave system is the safest time to transit a bar, 
inlet, or shoal area in heavy weather/surf.  By timing the duration of 
the lull, a coxswain can be prepared to make a transit while the waves 
are smaller.  They will also have some idea of how much time is 
available before the next big set comes through.  The basic technique 
is to use a stopwatch.  After the last big wave of a series has passed, 
the time is started.  When the first big waves of the next set arrive, the 
time is stopped.  This is the duration of the lull, which may range from 
less than a minute to several minutes.  This pattern should be observed 
for as long as possible until arriving at a useful consistent time.  It may 
also be useful to time the duration of the series and number of waves 
in the set. 

NOTE   

B.5. Estimating 
Wave Height 

An accurate estimate of wave height is subjective and sometimes 
difficult to accomplish, but there are a number of methods that, with 
practice, will give good results. 

The lull is the time between a series of swells. 



Boat Crew Handbook – Seamanship Fundamentals 
Chapter 5 – Weather and Oceanography  
 

5-19 

B.5.a.  Height 
of Eye or 
Freeboard 

With the boat in the trough and on a level and even keel, any wave 
that obscures the horizon is greater than the height of a person’s eye.  
One can compare a wave to the deck edge or a structure such as the 
handrail.  The wave face is observed while bowing into it, with the 
boat on an even keel in the trough.   

B.5.b.  
Comparison 
with Floating 
Structures or 
Vessels 

This technique is most useful when observing from land, but may be 
applied while underway.  If the freeboard of a buoy is known to be 13 
feet, that information can be used to determine the height of the waves 
passing it.  A buoy can also be used to determine the wave period.  
One can observe a vessel underway and by estimating the freeboard of 
the vessel and observing its motions on the water, he or she can gain a 
fair estimate of the seas in which it is operating. 

B.5.c.  
Comparison 
with Fixed 
Structure 

Observation of waves as they pass a fixed structure, such as a break-
wall, jetty, or pier, can be very accurate and can also provide wave 
period. 

B.5.d.  Depth 
Sounder 

Using a digital depth sounder with a fast update speed can be very 
accurate for determining wave height.  By comparing the depth in the 
trough on even keel with the depth at the crest on even keel, an accurate 
measurement can be obtained. 

All of these methods can be useful and reasonably accurate, but they 
require practice and experience.  By comparing a local Weather Service 
buoy report with the crew’s observations, they can fine tune their sense 
of wave height.  With enough practice, they should be able to judge wave 
heights simply by looking at the waves themselves.  

B.6. Breakers A wave or swell of the sea breaking on the shore, shoal, reef, bar, or inlet. 
Breakers are a result of wave interaction with the bottom contour of the 
sea, shoal, reef, bar, or inlet. With each of these waves/swells the bottom 
of the wave slows on the ocean floor, shoal, reef, bar, or inlets while the 
top of the wave moves ahead of it causing it to break. 
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B.7. Types of 
Breakers 

There are three basic types of breaking waves: 
(01) Plunging (Figure 5-6), 
(02) Spilling (Figure 5-7), 
(03) Surging (Figure 5-8). 

Each type of breaking waves brings its own hazards, such as suction 
currents, dropping huge quantities of water, and exerting a great deal of 
force.  It is important to remember that when operating in heavy weather, 
these hazards are magnified beyond those found during calm water 
operations.  

NOTE   

B.7.a. Plunging 
Breaker 

Plunging breakers are created when a wave encounters a sudden decrease in 
depth, such as a reef or a steep rise of the ocean floor. The momentum caused 
by the breaking top of the wave will cause the water to curl. 

 

 
Figure 5-6 

Plunging Breaker 

B.7.b. Spilling 
Breaker 

Spilling breakers are created when wave energy encounters a gentle 
sloping ocean floor. The spilling breakers normally have a crest of white 
water spreading down the wave face. 

 

 

Figure 5-7 
Spilling Breaker 

A 20 foot breaker will drop 1,500 tons of water on a boat. 
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B.7.c. Surging 
Breaker 

Surging breakers are created on very steep beaches.  The wave builds very 
quickly and expends its energy on the beach. 

NOTE   

 

 

Figure 5-8 
Surging Breaker 

B.8. Wave 
Series 

Wave series are irregular because of constant shifting of wind direction 
and speed. Storms at sea create masses of waves that build up in 
groups higher than other waves. Breakers vary in size and there is no 
regular pattern or sequence to their height. But while the space or 
interval between series of breakers may vary, it is fairly regular. 
Despite the interval, breakers tend to stay the same for hours at a time. 

The height and period of a wave depends on: 
(01) The speed of the wind, 
(02) The amount of time the wind has been blowing, 
(03) The distance over water which the wind travels unobstructed, 

known as fetch.  Nearness to land will limit fetch, if the wind is 
blowing offshore. 

The lifecycle of a wave consists of its: 
(04) Generation by wind, 
(05) Gradual growth to maximum size, 
(06) Distance traveled across the sea, 
(07) Dissipation as wind decreases or when the wave impacts 

against the shore or an object. 

NOTE  

 

It is unlikely you will encounter surging breakers while aboard a boat unless you are beaching it on a 
very steep beach. 

Tidal currents going against the waves will make the waves steeper. 
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B.9. Surf Irregular waves of deepwater become organized by the effects of the 
contact with the bottom. They move in the same direction at similar 
speeds. As the depth of water decreases to very shallow, the waves 
break and the crests tumble forward. They fall into the trough ahead 
usually as a mass of foaming white water. This forward momentum 
carries the broken water forward until the wave’s last remaining energy 
becomes a wash rushing up the beach. The zone where the wave gives 
up this energy and the systematic water motions is the surf (see  Figure 
5-9). 

 

 Figure 5-9 
Surf  

 
Sometimes there are two breaks of surf between the beach and the 
outer surf line. These breaks result from an outer sand bar or reef 
working against the wave causing the seas to pile up.  The movement 
of water over such outer bars forms the inner surf belt as the water rolls 
toward the shore.  The surf that forms around an inlet depends on the 
size of approaching swells and the bottom contours. The waves’ speed 
and shape change as they approach shallow coastal waters. They 
become closer together (as their speed slows) and steeper as they 
contact the bottom.  This change typically happens at a point where the 
water is approximately one half as deep as the wave’s length. 

As a wave steepens, its momentum will cause it to fall forward or curl.  
It is this momentum that gives a curl of breakers its tremendous force. 

WARNING  
 

 

  

 

 

 

 
 

Stay out of the wave’s curl.  Boats not authorized to operate in breaking surf or bar conditions 
should remain well clear of these hazards.   
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B.10. Surf 
Definitions 

Following are descriptions and definitions relating to breakers 
encountered during surf conditions. 

B.10.a. Surf Several waves or swells of the sea breaking on the shore, shoal, reef, 
bar, or inlet. 

B.10.b. Comber A wave on the point of breaking. A comber has a thin line of white 
water upon its crest, called feathering. 

B.10.c. Crest The top of a wave, breaker, or swell. 

B.10.d. Surf Line The outermost line of waves that break near shore, over a reef, or 
shoal. Generally refers to the outermost line of consistent surf. 

B.10.e. Surf Zone The area where surf exists, between the outermost and innermost 
breaking waves. 

B.11. Surf Zone 
Characteristics 

In normal operations and especially in heavy weather, there are a 
number of conditions created in the surf zone and in individual waves 
of which the coxswain must be aware.  These include: 

(01) Windows, 
(02) High/low side of a wave, 
(03) Wave saddles, 
(04) Closeouts, 
(05) Wave shoulder, 
(06) Rip currents.  
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B.11.a.  
Windows 

A window is an area where the waves have momentarily stopped 
breaking, opening up a safer area of operation for your boat.  Windows 
often form in the area of aerated water where a large set of waves has just 
finished breaking.  The window may remain for a long time or may begin 
breaking again almost immediately.  It is preferable to operate the boat in 
the windows whenever possible. 

 

 
Figure 5-10 

Window 

B.11.b.  
High/Low Side 
of a Wave 

The “high side” is defined as the section of a wave which carries the most 
potential energy.  The “low side” is where the least potential energy 
exists and represents the safest direction to turn when facing the 
wave/swell (Figure 5-11).These high and low sides often change rapidly, 
and the ability to quickly navigate the high and low sides is a critical skill 
for surf operations. 

 High Side                                             Low Side 

 
Figure 5-11  

High/Low Side of a Wave 

Window Shoulder 
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B.11.c.  Wave 
Saddles 

The “saddle” is the lowest part of a wave, bordered on both sides by 
higher ones.  Often it is a small, unbroken section of a wave that is 
breaking.  It is preferable to drive a boat in the saddles if possible, thus 
avoiding the white water.  While saddles are very useful, they must be 
watched carefully, because they easily turn into “close-outs.” 

 

 

  

B.11.d.  
Closeouts 

“Closeouts” occur when a wave breaks from the ends toward the middle, 
or two waves break towards each other.  The middle may look like a good 
saddle, but can quickly turn into whitewater.  Closeouts should be 
avoided because they can create more energy than a single break. 

 

 
Figure 5-13 

Closeout 

Figure 5-12 
Saddle 
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B.11.e.  Wave 
Shoulder 

The “shoulder” is the edge of a wave.  It may be the very edge of the 
whitewater on a breaker, or the edge of a high peaking wave that is about 
to break.  The shoulder is usually lower in height than the middle of the 
wave.  Driving on the shoulders can be particularly useful in a narrow 
surf zone because it allows driving very close to a break in relative safety. 

 

 
Figure 5-14 

Shoulder 
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B.11.f.  Rip 
Currents 

Rips are created along a long beach or reef surf zone.  The water from 
waves hitting the beach travels out to the sides and parallel to the 
shoreline, creating a “long-shore current” that eventually returns to sea.  
This seaward flow creates deep channels in the sand offshore that can 
shift from day to day.  In the case of a reef, the channels are permanent 
parts of the reef, but otherwise behave the same.  In these channels, the 
waves or surf are usually smaller because of refraction over the deeper 
water.  Because of this, a rip channel often represents a safer route into or 
out of a surf zone.  A rip current may also carry a person-in-the-water or 
a disabled vessel clear of the surf zone (Figure 5-15). If using a rip 
current, great care should be taken to stay in the channel by watching the 
depth sounder.  Boat crews should always be alert for debris, which tends 
to concentrate in these areas. 

 

 
Figure 5-15 

Rip Currents 
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  Currents 

B.12. Description Tide is the vertical rise and fall of the ocean water level caused by the 
gravitational attraction of the sun and moon. A tidal current is the horizontal 
motion of water resulting from the change in the tide. It is different from 
ocean currents, river currents, or those created by the wind. Tidal currents 
are of particular concern in boat operations. 

NOTE   

B.13. Flood, Ebb, 
and Slack 
Currents 

Flood current is the horizontal motion of water toward the land, caused by a 
rising tide. Ebb current is the horizontal motion away from the land, caused 
by a falling tide. Slack water is the period that occurs while the current is 
changing direction and has no horizontal motion. 

An outgoing or ebb current running across a bar builds up a more intense 
sea than the incoming or flood current. The intense sea results because the 
rush of water out against the incoming ground swell slows the wave speed 
and steepens the wave prematurely. 

B.14. Longshore 
Currents 

Longshore currents run parallel to the shore and inside the breakers. They 
are the result of the water transported to the beach by the waves. 

CAUTION !  

B.15. Eddy 
Currents 

Eddy currents (eddies) occur at channel bends, near points of land, and at 
places where the bottom is uneven. 

CAUTION ! 
 

B.16. Wind 
Effects on 
Current 

Wind affects the speed of currents.  Sustained wind in the same direction as 
the current increases the speed of the current by a small amount.  Wind in 
the opposite direction slows it down and may create a chop.  A very strong 
wind, blowing directly into the mouth of an inlet or bay, can produce an 
unusually high tide by piling up the water.  Similarly, a very strong wind 
blowing out of a bay can cause an unusually low tide and change the time of 
the high or low tide. 

B.17. Effects on 
Boat Speed 

When going with the current, a boat’s speed over ground is faster than the 
speed/RPM indication.  When going against the current, a boat’s speed over 
ground is slower than the speed/RPM indication. 

Current direction is the compass heading toward which the water moves. 

Watch for and avoid eddies.  They can abruptly change speed and steering control of boats. 

Pay close attention to longshore currents. They can cause a boat to broach or the object of a search to 
move further than expected. 
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B.18. Effects on Boat 
Maneuverability 

When working in current, the boat’s maneuverability depends on its 
speed through the water. Although a boat has significant speed in 
relation to fixed objects (e.g., a pier) when going with the current, a 
boat lacks maneuverability unless there is sufficient water flow past 
the rudder. When going into the current, maneuverability is usually 
improved as long as enough headway is maintained. However, at slow 
speeds, even a small change in course can have the bow swing greatly 
as the water flow pushes on one side of the bow. 

B.19. Crossing the 
Current 

When crossing the current to compensate for the set, a boat may be 
put into a crab (i.e., the boat may be forced off course by the current 
or wind).  Because of this maneuver, the boat heading and the actual 
course made good will be different.  When the boat is crabbing, the 
heading will not be the intended course of the boat.  Therefore, 
navigate the current or wind by sighting on a fixed object (such as a 
range) or by marking the bearing drift on an object in line with the 
destination.   

B.20. Tide and Tidal 
Current Changes 

The change of direction of the tidal current always lags behind the 
turning of the tide. This difference occurs by a time period that varies 
according to the physical characteristics of the land around the body 
of water, as well as the bottom topography. For instance, with a 
straight coast and only shallow indentations, there is little difference 
between the time of high or low tide and the time of slack water. 
However, where a large body of water connects with the ocean 
through a narrow channel, the tide and the current may be out of phase 
by as much as several hours. In a situation such as this, the current in 
the channel may be running at its greatest velocity when it is high or 
low water outside. Times of high and low tide can be found utilizing 
NOAA’s Tide Tables.  

B.21. Tidal Current 
Tables 

It is important when operating in tidal waters to know the set 
(direction toward) and drift (speed expressed in knots) of the tidal 
currents in the area.  This information can be obtained from the Tidal 
Current Tables for the area.  

https://tidesandcurrents.noaa.gov/tide_predictions.html
https://tidesandcurrents.noaa.gov/noaacurrents/Regions
https://tidesandcurrents.noaa.gov/noaacurrents/Regions
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B.22. Time and 
Speed 

Boat crews should select the tidal or current station closest to their area of 
concern. Sometimes it may be a reference station, which means no calculating 
is needed.  If using a subordinate station, its time differences should be applied 
to the time of slack and maximum current at the reference station to obtain the 
corresponding times at the subordinate station. 

The maximum speed at the subordinate station is calculated by multiplying the 
maximum speed at the reference station by the appropriate flood or ebb ratio. 

B.23. Current 
Velocity 

Flood direction is the approximate true direction toward which the flooding 
current flows.  Ebb direction is generally close to the reciprocal of the flood 
direction.  Average flood and ebb speeds are averages of all the flood and ebb 
currents.  This information can be obtained from NOAA’s Tidal Current 
Tables for the area. 

B.24. Actual vs. 
Predicted 
Conditions 

Actual conditions frequently vary considerably from predicted conditions.  
Changes in wind force and direction, or variations in atmospheric pressure, 
produce variations in the ocean water level, especially the high-water height.  
The actual heights of both high-water and low-water levels are higher than the 
predicted heights with an on-shore wind or a low barometer.  With a high 
barometer or offshore wind, those heights usually are lower than predicted. 

When working with the Current Tables, the actual times of slack or maximum 
current sometimes differ from the predicted times by as much as half an hour.  
Occasionally, the difference may be as much as half an hour.  However, a 
comparison between predicted and observed times of slack shows that more 
than 90% of slack water predictions are accurate to within half an hour.  To 
get the full advantage of a favorable current or slack water, the navigator 
should plan to reach an entrance or strait at least half an hour before the 
predicted time of the desired condition of the current. 

  
 

https://tidesandcurrents.noaa.gov/noaacurrents/Regions
https://tidesandcurrents.noaa.gov/noaacurrents/Regions
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CHAPTER 6 
Boat Handling 

Introduction This chapter covers handling vessels under power.  Vessels under sail and 
personal watercraft are not addressed.  Topics include: 

(01) Forces that move or control a vessel, 
(02) Basic maneuvering and boat operating, 
(03) Maneuvering techniques for general categories of vessels, 
(04) Purpose-based boat handling evolutions and procedures. 

Boat handling requires an understanding of many variables.  The coxswain 
must understand how to balance those forces they have control over (power, 
steering, etc.) and those they don’t have control over (wind, waves, etc.) to 
complete the mission.   Though boat handling skills can only be developed 
through hands-on experience, the information in this Chapter provides a 
basic description of principles and practices. 

The Best 
Coxswains 

Though good coxswains are familiar with the characteristics of their boat and 
how it operates, the best coxswains are knowledgeable in the operation of all 
types of small craft.  They know how varying weather and sea conditions 
affect the operation of not just their vessel, but are also keenly aware of the 
limitations that the weather and sea impose on other vessels.  Above all, the 
best coxswains understand how to mesh the capabilities of their vessel to 
weather and sea conditions to conduct the safest possible boat operations. 

In this Chapter This chapter contains the following sections: 

 Section Title See Page 

 A Forces 6-2 

 B Basic Maneuvering 6-26 

 C Maneuvering Near Other Objects 6-62 

 D Maneuvering to or from a Dock 6-67 

 E Maneuvering Alongside Another Vessel 6-76 

 F Maneuvering in Heavy Weather/Surf 6-82 

 G Knockdown and Rollover Causes 6-96 

 H Maneuvering in Surf 6-100 

 I Maneuvering in Rivers 6-111 

 J Anchoring 6-118 
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Section A. Forces 

Introduction Different forces act on a vessel’s hull, causing it to move in a particular 
direction or to change direction.  These forces include environmental forces, 
propulsion, and steering. 

In this Section This section contains the following information: 

 Title See Page 

 Environmental Forces 6-2 

 Forces Acting on a Vessel 6-7 

 Shaft, Propeller, and Rudder 6-10 

 Outboard Motors and Stern Drives 6-14 

 Trim Tabs 6-18 

 Utilizing Trim Tabs 6-20 

 Jacking Plates 6-21 

 Waterjets 6-23 
  

Environmental Forces 

A.1. Safe Boat 
Handling 

Environmental forces that affect the motion of a vessel are wind, seas, and 
current.  The coxswain has no control over them and must take the time to 
observe how the wind, seas, and current, alone and together, affect the 
vessel.  The coxswain should also determine how these forces cause the 
vessel to drift, and at what speed and angle.  Coxswains must use 
environmental forces to their advantage and use propulsion and steering to 
overcome the environmental forces.  Usually, a good mix of using and 
overcoming environmental forces results in smooth, safe boat handling. 
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A.2. Winds The wind acts upon any portion of the vessel that is above the waterline.  
This includes the hull, superstructure, and on smaller boats, the crew.  The 
amount of surface upon which the wind acts is called sail area.  The vessel 
will make “leeway” (drift downwind) at a speed proportional to the wind 
velocity and the amount of sail area.  The “aspect” or angle the vessel takes 
due to the wind will depend on where the sail area is centered compared to 
the underwater hull’s center of lateral resistance.  A vessel with a high cabin 
near the bow and low freeboard aft (see Figure 6-1) would tend to ride stern 
to the wind.  If a vessel’s draft were shallower forward than aft, the wind 
would affect the bow more than the stern.  A sudden gust of wind from 
abeam when mooring a vessel like this might quickly set the bow down on a 
pier. 

 

 
Figure 6-1 

High Cabin Near Bow, Low Freeboard Aft 
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  A.3. Close 
Quarters 

Knowledge of how the wind affects a vessel is very important in all close 
quarters situations, such as mooring, recovery of an object in the water, or 
maneuvering close aboard another vessel.  If maneuvering from a downwind 
or leeward side of a vessel or pier, the coxswain should look for any wind 
shadow the vessel or pier makes by blocking the wind (see Figure 6-2).  The 
coxswain should also account for the change in wind by planning maneuvers 
with this wind shadow in mind. 

 

 
Figure 6-2 

Wind Shadow 

A.4. Seas Seas are a product of the wind acting on the surface of the water.  Seas affect 
boat handling in various ways, depending on their height and direction and 
the particular vessel’s characteristics.  Vessels that readily react to wave 
motion, particularly pitching, will often expose part of the underwater hull to 
the wind.  In situations such as this, the bow or stern may tend to “fall off” 
the wind when cresting a wave, as less underwater hull is available to 
prevent this downwind movement. 

Relatively large seas have the effect of making a temporary wind shadow for 
smaller vessels.  In the trough between two crests, the wind may be 
substantially less than the wind at the wave crest.  Very small vessels may 
need to make corrective maneuvers in the trough before approaching the next 
crest. 
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A.5. Current Current acts on a vessel’s underwater hull in the same manner as wind 
pushes on a vessel’s superstructure.  The amount of draft a vessel has will 
determine how much affect current will have.  A strong current will easily 
move a vessel upwind. 

NOTE  

 

 
The coxswain should learn to look for the signs of current flow so as to be 
prepared when current affects the vessel, and should be particularly aware of 
instances where current shear is present.  As with wind, a large, stationary 
object like a breakwater or jetty will cause major changes in the amount and 
direction of current (see Figure 6-3).  Crewmembers should note the amount 
of current around floating moorings or those with open pile supports.  
Caution should be used when maneuvering in close quarters to buoys and 
anchored vessels.  Crewmembers should observe the effect of current by 
looking for current wake or flow patterns around buoys or piers and should 
watch how currents affect other vessels. 

 

 
Figure 6-3 

Effects of Current 

A.6. Combined 
Environmental 
Forces 

Environmental conditions can range from perfectly calm and absolutely no 
current to a howling gale and spring tides.  Chances are that even if operation 
does not occur at either extreme, some degree of environmental forces will 
be in action. 

A one-knot current may affect a vessel to the same degree as a 30-knot wind. 
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A.7. Knowing 
the Vessel’s 
Response 

The coxswain should know how the vessel responds to combinations of wind 
and current, and should determine which one has the greatest effect on the 
vessel.  It may be that up to a certain wind speed, current has more control 
over a given vessel, but above that certain wind speed, the boat sails like a 
kite.  The coxswain should know what will happen if a sudden gust of wind 
is encountered; will the boat immediately veer, or will it take a sustained 
wind to start it turning? 

When current goes against the wind, the wave patterns will be steeper and 
closer together.  The coxswain should be particularly cautious where current 
or wind is funneled against the other.  Tide rips, breaking bars, or gorge 
conditions frequently occur in these types of areas and may present a 
challenge to even the most proficient coxswain. 

On the other hand, making leeway while drifting down current requires a 
change in approach to prevent overshooting the landing. 

NOTE  

 

Stay constantly aware of conditions, how they may be changing, and how they affect the vessel. 



Boat Crew Handbook – Seamanship Fundamentals 
Chapter 6 – Boat Handling 

 
 
 

6-7 

Forces Acting on a Vessel 

A.8.  
Assumptions 

For this discussion of propulsion, the following assumptions are made: 
(01) If a vessel has a single-shaft motor or drive unit, it is mounted on the 

vessel’s centreline, 
(02) When applying thrust to go forward, the propeller turns clockwise 

(the top to the right or a “right-handed” propeller), viewed from 
astern, and turns counterclockwise viewed from astern when making 
thrust to go astern, 

(03) If twin propulsion is used, the propeller to starboard operates as 
above (right-hand turning), while the port unit turns counterclockwise 
when making thrust to go forward when viewed from astern (left-
hand turning) (see Figure 6-4), 

(04) Be aware that some propeller drive units rotate in only one direction, 
and changing the propeller blade angle of attack controls ahead or 
astern thrust (controllable pitch propeller). 

 

 
Figure 6-4 

Twin Propulsion 
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A.9. Propulsion 
and Steering 

The key to powered vessel movement is the effective transfer of energy from 
the source of the power (an internal combustion engine) to the water through 
a mechanism that turns the engine’s power into thrust.  This thrust moves the 
boat.  There must also be an element of directional control, both fore and aft, 
and from side to side. 

Propulsion and steering are considered together here for two reasons.  
Applying thrust has no use if the vessel’s direction cannot be controlled, and 
often the device providing the propulsion also provides the steering. 

There are three common methods to transfer power and provide directional 
control: 

(01) Rotating shaft and propeller with separate rudder, 
(02) A movable (steerable) combination as an outboard motor or stern 

drive, 
(03) An engine-driven pump mechanism with directional control, called a 

waterjet. 

All three arrangements have their advantages and disadvantages from the 
standpoint of mechanical efficiency, ease of maintenance, and vessel control.  
Using one type of propulsion instead of another is often a matter of vessel 
design and use parameters, operating area limitations, life cycle cost and 
frequently, personal preference.  There is no single “best choice” for all 
applications.  Regardless of which type you use, become familiar with how 
each operates and how the differences in operation affect vessel movement. 

NOTE  

 

On almost every boat, propulsion and steering arrangement is designed to operate more efficiently and 
effectively when going ahead than when going astern. Also, every vessel rotates in a transverse 
direction about a vertical axis on its pivot point (see Figure 6-5). The fore and aft location of the 
pivot point varies from boat to boat, but is generally just forward of amidships when the boat is at rest. 
As a hull moves either ahead or astern, the effective position of the pivot point moves either forward 
or aft, respectively. 
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Figure 6-5 
Pivot Point 
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Shaft, Propeller, and Rudder 

A.10. Shaft In small craft installations, the propeller shaft usually penetrates the bottom 
of the hull at an angle to the vessel’s designed waterline and true horizontal.  
The practical reason for this is because the engine or marine gear must be 
inside the hull while the diameter of the propeller must be outside and 
beneath the hull.  Additionally, there must be a space between the propeller 
blade arc of rotation and the bottom of the hull.  For single-screw vessels, the 
shaft is generally aligned to the centerline of the vessel.  However, in some 
installations, a slight offset (approximately 1°) is used to compensate for 
shaft torque.  To finish the installation, the rudder is usually mounted directly 
astern of the propeller. 

For twin-screw vessels, both shafts are parallel to the vessel’s centerline (or 
nearly so), rudders are mounted astern of the propellers, and the rudders turn 
on vertical rudder posts. 

A.11. Propeller 
Action 

When rotating to move in a forward direction, a propeller draws its supply of 
water from every direction forward of and around the blades.  Each blade’s 
shape and pitch develop a low-pressure area on the forward face of the blade 
and a high-pressure area on the after face of the blades, forcing it in a stream 
toward the stern.  This thrust, or dynamic pressure, along the propeller’s 
rotation axis is transmitted through the shaft, moving the boat ahead as the 
propeller tries to move into the area of lower pressure. 

A.11.a.  Screw 
Current 

Regardless of whether the propeller is turning to go ahead or astern, the 
water flow pattern into the propeller’s arc of rotation is called suction screw 
current, and the thrust flow pattern out of the propeller is called discharge 
screw current (see Figure 6-6).  The discharge screw current will always be 
stronger and more concentrated than the suction screw current. 

 

 
Figure 6-6 

Screw Current 
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A.11.b.  Side 
Force 

In addition to the thrust along the shaft axis, another effect of propeller 
rotation is side force.  Explanations for side force include: 

(01) How the propeller reacts to interference from the vessel hull as the 
hull drags a layer of water along with it (the propeller encounters 
boundary layer “frictional wake”), 

(02) How the discharge screw current acts on the rudder, 
(03) The propeller blade at the top of the arc transfers some energy to the 

water surface (prop wash) or to the hull (noise) and that the blade at 
the top of the arc either entrains air or encounters aerated water. 

Due to the angle of the propeller shaft, the effective pitch angle is different 
for ascending and descending propeller blades, resulting in an unequal blade 
thrust.  The descending blade has a higher effective pitch angle and causes 
more thrust. This net effect is sometimes referred to as sideways blade 
pressure. 

The important facts to know: for a right-handed propeller turning ahead, the 
stern will tend to move to starboard (see Figure 6-7), and for a right-handed 
propeller when backing, the stern will tend to move to port.  For a left-
handed propeller (normally the port shaft on a twin-screw boat), the action is 
the opposite. 

An easy way to remember how side force will push the stern is to think of 
the propeller as a wheel on the ground. As the wheel rolls clockwise, it 
moves to the right. As a propeller turns clockwise when viewed from astern, 
the stern moves to starboard. 

 

 
Figure 6-7 
Side Force 
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A.11.c.  
Cavitation 

Cavitation is the rapid formation and collapse of vapor pockets in a flowing 
liquid in regions of very low pressure, and is a frequent cause of structural 
damage to propellers. 

Cavitation usually occurs when the propeller rotates at very high speed and a 
partial vacuum forms air bubbles at the tips of the propeller blades.  
Cavitation can also occur when trying to get a stopped propeller to spin at 
maximum speed, rapidly going from ahead to astern (or vice-versa), or by 
operating in aerated water where bubbles are dragged into the propeller flow. 

Cavitation occurs more readily when backing, as the suction screw current 
draws water from behind the transom, and air at the waterline mixes with the 
water and is drawn into the propeller.  Cavitation frequently occurs when 
backing with outboard motors.  In this case, through-hub exhaust gas bubbles 
are also drawn forward into the propeller blade arc. 

NOTE  

 

A.12. Rudder 
Action 

When a vessel moves through the water (even without propulsion), the 
rudder is normally used to change the vessel’s heading.  As a hull moves 
forward and the rudder is held steady, amidships, pressure on either side of 
the rudder is relatively equal and the vessel will usually keep a straight track.  
When turning the rudder to port or starboard, pressure decreases on one side 
of the rudder and increases on the other.  This force causes the vessel’s stern 
to move to one side or the other.  As noted above, because a vessel rotates 
about its pivot point, as the stern moves in one direction, the bow moves in 
the other direction (see Figure 6-8 (a) and (b)). 

The speed of the water flowing past the rudder greatly enhances the rudder’s 
force.  The thrust or screw discharge current from a propeller while operating 
ahead increases the water flow speed past the rudder.  Also, while turning the 
rudder to a side, it directs about one-half of the propeller’s thrust to that side, 
adding a major component of force to move the stern (see Figure 6-8 (c) and 
(d)). 

When operating astern, the rudder is in the screw suction current.   The 
rudder cannot direct any propeller thrust, and since the screw suction current 
is neither as strong nor as concentrated as the screw discharge current, water 
flow past the rudder does not increase as much.  The combined effects of 
screw current and rudder force when operating astern are not nearly as 
effective as when operating ahead. 

As rudder force is determined by water flow along it, a rudder loses some of 
its effectiveness if the propeller cavitates and aerated water flows along the 
rudder. 

A small degree of cavitation is normal and defined as when effective thrust is lost and the propeller just 
spins and makes bubbles. The easiest way to regain thrust is to reduce propeller revolutions and as the 
bubbles subside, gradually increase RPMs. 
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Figure 6-8 
Effect of Rudder Action 
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Outboard Motors and Stern Drives 

A.13. Major 
Differences 

Outboard motors and stern drives will be considered together, as both 
include a pivoting gear case and propeller drive unit (called a lower unit on 
an outboard).  The differences between these drive arrangements and the 
shaft/propeller/rudder arrangement is that the screw currents and thrust from 
an outboard or stern drive can be developed at an angle to the vessel 
centerline.  Also, the point where thrust and steering are developed is usually 
aft of the vessel hull. 

The lower unit contains drive gears, a spline connection, and on many set-
ups, through-the-propeller hub exhaust.  Many lower unit gear housings are 
over six inches in diameter.  Where an inboard engine powers the stern drive 
attached through the transom to the drive unit (the outdrive) and is 
commonly referred to as an inboard/outdrive or I/O.  The outboard 
“powerhead” (engine) is mounted directly above the lower unit.  Both 
outboards and stern drives can usually direct thrust at up to 35° to 40° off the 
vessel centerline.  Also, both types generally allow the coxswain some 
amount of trim control.   

Trim control adjusts the propeller axis angle with the horizontal or surface of 
the water.  This is done by operating the vessels trim/tilt or trim tab controls.  
Effectively operating the trim/tilt or trim tabs will reduce the amount of the 
vessels surface that is actually in contact with the water.  Balancing a vessel 
properly along its axis fore and aft, while keeping it on an even keel is called 
“trim.”  Efficiently operating trim control can improve fuel consumption, 
increase speed, and reduce the effects of porpoising.   

Porpoising is a continuous rise and fall of the bow in a rhythmic pattern. 
Contributing causes of porpoising are weather, load distribution, and power 
(thrust).  Porpoising is a condition more commonly found in faster 
performance boats. 

The major difference in operation between the I/O and outboard is that the 
outboard motor, operating with a vertical crankshaft and driveshaft, develops 
a certain degree of rotational torque that could cause some degree of “pull” 
in the steering, usually when accelerating or in a sharp turn to starboard.  If 
caught unaware, the coxswain could have difficulty stopping the turning 
action.  The easiest way to overcome this torque-lock is to immediately 
reduce RPMs before trying to counter-steer. 
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A.14. Thrust and 
Directional 
Control 

Outboards and stern drives have a small steering vane or skeg below the 
propeller.  The housing above the gearcase (below the waterline) is generally 
foil shaped.  Though these features help directional control, particularly at 
speed, the larger amount of steering force from an outboard or stern drive is 
based upon the ability to direct the screw discharge current thrust at an angle 
to the vessel’s centerline (see Figure 6-9).  This directed thrust provides 
extremely effective directional control when powering ahead.  When making 
way with no propeller RPMs, the lower unit and skeg are not as effective as a 
rudder in providing directional control. 

 

Figure 6-9 
Lower Unit/Outdrive Directed Thrust 

NOTE  

 

The propeller forces discussed above in A.11 Propeller Action also apply to the propellers on 
outboards or outdrives. However, because these drives can be directed, side force can be countered. 
The steering vane/skeg angle is usually adjustable, also assisting in countering side force. 
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A.15. Propeller 
Side Force 

When backing, it is possible to direct outboard/outdrive thrust to move the 
stern to port or starboard.  When backing with the unit hard over to port, 
propeller side force introduces an element of forward motion (Figure 6-10), 
but can be countered through less helm.  When backing to starboard, the side 
force tends to cause an element of astern motion and also tries to offset the 
initial starboard movement.  Many lower units are fitted with a small vertical 
vane, slightly offset from centerline, directly above and astern of the 
propeller.  This vane also acts to counter side force, particularly at higher 
speeds. 

 

 

Figure 6-10  
Lower Unit/Outdrive Side Force 
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A.16. Vertical 
Thrust 

Outboards and stern drive usually allow a level of vertical thrust control.  
Trim controls the angle of attack between the propeller’s axis of rotation and 
both the vessel waterline and the surface of the water.  Vertical thrust 
control, especially applied aft of the transom, changes the attitude the vessel 
hull will take to the water (Figure 6-11).  Small amounts of trim should be 
used to offset for extreme loading conditions or to adjust how the vessel goes 
through chop. 

 

 
Figure 6-11 

Trim to Offset Loading Condition 

 In addition to trim, a vertical component of thrust develops in another 
situation.  Depending on the type of hull, if a vessel is forced into an 
extremely tight turn with power applied, thrust is directed sideways while the 
vessel heels, actually trying to force the transom up out of the water, causing 
a turn to tighten even more. 

WARNING  
 In lightweight or highly buoyant outboard powered boats, use of full power in tight turns can cause 

loss of control or ejection of crew, coxswain or both.  It is mandatory that the helmsmen attach the 
engine kill switch lanyard to themselves. 
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Trim Tabs 

A.17.  
Introduction 

Trim tabs consist of two adjustable planes mounted at the bottom edge of the 
transom where the planning surface meets the water. Controlled by a 
hydraulic power unit, these tabs can move up and down when adjusted by the 
vessel operator.  They provide lift in order to compensate for changes in 
speed, weight distribution, and sea conditions.   

A.18. Trim tabs 
purpose 

Trim tabs control the pitch and roll axis of a vessel and have three specific 
purposes: performance, efficiency, and safety.  They provide performance by 
reducing pounding, correct listing, eliminating porpoising, and offset 
propeller torque. They increase efficiency by reducing fuel consumption, 
reducing engine laboring, and eliminate squatting.  Furthermore, they 
increase safety by reducing wake size, improve vessel handling, and reduce 
stress on the hull. 

A.19. How to use 
trim tabs 

For the best results from your trim tabs, operate them in short half-second 
“bursts” and let the boat react before making another adjustment. The 
amount of time between corrections is influenced by the size of the trim tabs 
and the boat’s speed. When they are adjusted downward, the water force on 
the trim tab creates upward pressure (lift), raising the stern and reducing hull 
resistance (drag). The surface area of the tab, the angle of deflection, and the 
speed of the boat all contribute to greater lift.  Operating your trim tabs in 
this manner will help avoid over-trimming, which occurs when you have 
deflected the tabs too far.  

WARNING   

A.20. Pitch Axis Trim tabs assist in getting the vessel up on plane around the pitch axis 
(Figure 6-12) as quickly as possible. Once achieved, it easy to maintain the 
boat’s most economical cruising speed. This is accomplished by 
simultaneously lowering both trim tabs. The force of the water against them 
will push the stern up consequently lowering the bow. Trim tabs may also be 
used to keep the bow up to avoid taking seas over the bow if the water is 
rough.  The trim tabs can be adjusted to keep the bow from digging into 
waves or prevent launching the boat over waves. The vessel operator would 
simultaneously raise both trim tabs, causing the stern to lower and the bow to 
rise. 

Over-trimming while operating at high speeds creates unpredictable boat handling, which results in an 
extremely hazardous condition. 
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A.21. Roll Axis As a result of uneven weight distribution (e.g. passenger or excess gear), 
propeller torque or wind, a vessel can run with a list. Running with a list is 
uncomfortable, as well as unsafe. The port and starboard trim tabs act 
independently, making them an excellent instrument to provide effective list 
correction. To do this, adjust the trim tab downward on the listing side using 
short bursts. The water pressing against the tab as you move will lift that side 
of the vessel around the roll axis (Figure 6-12) and eliminate your list. 

NOTE  

 

         
Figure 6-12 

Pitch and Roll Axis 

A.22. Using 
Your Engine 
Power Trim and 
Trim Tabs 
Together 

Power trim can be used to adjust the boat’s pitch axis, but it is highly 
inefficient. This is because a propeller is designed to force the boat forward. 
When utilizing your engines power trim, the propeller must not only push the 
boat forward but raise the stern as well. In this situation, propeller slippage is 
greatly increased thereby wasting RPMs. Power trim also cannot correct 
listing, and is ineffective at slower speeds. For increased speed and power, 
use your trim tabs in conjunction with your engine trim. The trim tabs adjust 
how your vessel plane, while the power trim adjusts the propeller. The result 
is optimum performance and efficiency not attainable by the use of the 
engine power trim alone. To achieve maximum performance: 

(01) Adjust the trim tabs to achieve a planing efficiency,  
(02) Then use the engine trim to position the propeller path parallel to the 

water flow, 
(03) If necessary, re-adjust the trim tabs to “fine tune”. 

Trim tabs will have less effect at slower speed than at high speed. 
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Utilizing Trim Tabs 

A.23. Head Seas For the most comfortable ride, when running into a head sea you want to 
trim the bow down so the sharp forward sections of the boat do their work 
splitting the waves. This will bring the “V” of the hull in contact with the 
waves rather than having the wave’s pound the hull. 

A.24. Following 
Seas 

For best maneuverability and maximum steering control, trim tabs should be 
fully raised in a following sea. Keep the trim tabs up so the tide or current 
won’t push the stern from side to side. 

A.25. Astern 
Propulsion 

When operating in astern propulsion, both trim tabs should be fully raised. 
The trim tabs produce drag if they are left down. This puts strain on the tabs 
as well as affects the boat’s handling. Additionally, if one tab is lowered 
more than the other while operating astern the boat tends to pivot around the 
lowered tab. 

A.26. Correcting 
Porposing 

As speed increases, the bow repeatedly rises out of the water until gravity 
overcomes lift and the bow bounces down. Trimming down in half second 
bursts will allow the trim tabs to deflect, thus resulting in the porpoising to 
subside and your speed should remain the same or increase. Only a slight 
amount of trim tab adjustment should be necessary. 
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Jacking Plates 

A.27.  
Description 

Jacking plates are used on smaller boats, usually less than 30ft in length, to aid in 
operating in shallow water.  Instead of being mounted directly to the transom, the 
outboard motors are mounted to the jack plate which can be raised or lowered as 
needed (Figure 6-13). 

 

 
Figure 6-13 

Jacking Plate 

A.28. Basic 
Operating 
Principle 

Jacking plates, when equipped, can raise the outboard motors allowing you to 
control the engine draft.   

By raising the jacking plates and applying throttle, you can get on a plane in 
shallower water than you could if you were operating without the jacking plates.  
Once on plane, you can adjust or lower the jack plates as appropriate. 

Jacking plates can be powered via manual or hydraulic means.  When powered by 
hydraulic means there is usually a control panel on the dash which can be used to 
raise or lower the outboards and also indicates the jacking plate height.     

CAUTION ! 

 

Until you are familiar with jacking plates and their use.  Utilize the crawl, walk, run method when operating 
your boat. High speed turns with the jacking plates in the full raised position may result in a loss of control, 
ejection, or capsizing event. 
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A.29.  
Advantages of 
Jack Plates 

There are 2 main advantages to using jacking plates: 
(01) Operate in shallower water than normal, 
(02)  Increased Efficiency.   

Trimming up your outboard(s) causes the bow to go up and the stern down, 
increasing your draft. However, jacking the outboards up to the point just before 
cavitation allows for thrust to be directed directly astern and reduces the increase 
in draft.  This is because once water clears the transom; it flows upward into the 
propeller and provides sufficient water for the propeller(s) to work. 

Because the thrust is more efficient, not thrusting up or down by using the engine 
tilt, it helps to save more fuel. 

A.30. Warnings 
of Using Jacking 
Plates 

High speed maneuvers can be more difficult when the jacking plates are fully 
raised.  Additionally, a false sense of bravado may occur when determining 
operational draft realities.  Always use sound risk management principles when 
operating in shallow water. 

Usually when getting a plane, boats squat in the stern causing the bow to rise and 
reducing visibility.  When trim tabs are used, they increase visibility by reducing 
the squatting at the stern and in turn lessening the “bow rise” associated with 
coming up on a plane.  Additionally, the engines do not have to work as hard to 
get on plane and therefore increased fuel efficiency. 

The tabs are more effective than engine tilt at controlling the pitch axis when 
already on a plane where the tabs can be manipulated to keep the bow from 
digging into waves or prevent launching the boat over waves.   

A.31. Cavitation As noted earlier, cavitation frequently occurs when backing with outboard 
motors.  As through-hub exhaust gas bubbles are drawn forward into the 
propeller blade arc, the aerated water increases the possibility of cavitation.  
Though outboards and stern-drives are fitted with an anti-cavitation plate 
above the propeller, the coxswain should always take care to limit cavitation, 
particularly when backing or maneuvering using large amounts of throttle. 
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Waterjets 

A.32. Operation A waterjet (Figure 6-14) is an engine-driven impeller mounted in a housing.  
The impeller draws water in and forces it out through a nozzle.  The suction 
(intake) side of the waterjet is forward of the nozzle, usually mounted at the 
deepest draft near the after sections of the hull.  The discharge nozzle is 
mounted low in the hull, exiting through the transom.  The cross-sectional 
area of the inlet is much larger than that of the nozzle.  The volume of water 
entering the inlet is the same as being discharged through the nozzle, so the 
water flow is much stronger at the nozzle than at the intake.  This pump-
drive system is strictly a directed-thrust drive arrangement.  A waterjet 
normally has no appendages, nor does it extend below the bottom of the 
vessel hull, allowing for operation in very shallow water. 

Suction

Discharge

Impeller 
Housing

Bucket

Steering 
Nozzle

Intake

 

Figure 6-14 
Waterjet 
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A.33. Thrust and 
Directional 
Control 

Vessel control is through the nozzle-directed thrust (Figure 6-15).  To attain 
forward motion, the thrust exits directly astern.  For turning, the nozzle 
pivots (as a stern drive) to provide a transverse thrust component that moves 
the stern.  For astern motion, a bucket-like deflector drops down behind the 
nozzle and directs the thrust forward.  Some waterjet applications include 
trim control as with a stern drive or outboard.  With this, thrust can be 
directed slightly upward or downward to offset vessel loading or improve 
ride. 

 

 

Figure 6-15  
Thrust and Directional Control 

A.34. No Side 
Force 

Since the waterjet impeller is fully enclosed in the pump-drive housing, no 
propeller side force is generated.  The only way to move the stern to port or 
starboard is by using the directed thrust. 
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A.35. Cavitation Waterjet impeller blades revolve at an extremely high speed.  A much higher 
degree of cavitation normally occurs than associated with external propellers 
without a loss of effective thrust.  In fact, a telltale indicator of waterjet 
propulsion is a pronounced aerated, water discharge frequently seen as a 
rooster tail astern of such craft. 

As the impeller rotation does not change with thrust direction, frequent 
shifting from ahead to astern motion does not induce cavitation.  However, 
as the thrust to make astern motion reaches the waterjet inlet, the aerated 
water is drawn into the jet, causing some reduction of effective thrust.  As 
with all types of propulsion, slowing the impeller until clear of the aerated 
water reduces cavitation effects. 
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Section B. Basic Maneuvering 

Introduction To learn the basic handling and maneuvering characteristics of a vessel, a 
trainee must first observe a skilled coxswain.  Also, one must first learn to 
operate the vessel in relatively open water, away from fixed piers and 
moored vessels. 

In this Section This section contains the following information: 

 Title See Page 

 Learning the Controls 6-26 

 Moving Forward in a Straight Line 6-31 

 Turning the Boat with the Helm / Tiller 6-37 

 Stopping the Boat 6-42 

 Backing the Vessel 6-44 

 Using Asymmetric or Opposed Propulsion (Twin-Screw 
Theory) 

6-47 

 Performing Single-Screw Compound Maneuvering (Single-
Screw Theory) 

6-51 

 Performing Duel Waterjet Maneuvering (Waterjet Theory) 6-53 
  

Learning the Controls 

B.1. Description When stepping up to the controls of any vessel for the first time, the 
coxswain should immediately become familiar with any physical constraints 
or limitations of the helm and engine controls.  Ideally, controls should be 
designed and mounted to allow for a wide range of operators of different arm 
length and hand size, though this is not always so. 
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B.2.  
Obstructions / 
Hazards 

The coxswain should determine if anything obstructs hand or arm movement 
for helm and throttle control.  Checks should be made for the following 
obstructions and hazards: 

(01) A firm grasp of the wheel through 360°, 
(02) Anything that prevents use of the spokes, 
(03) Awkward position of throttle/gear selector, 
(04) Layout that prevents use of heavy gloves, 
(05) Inaccessible engine shutdown handles, 
(06) An easily fouled outboard kill-switch lanyard, 
(07) Other common sense items. 

The coxswain should also learn where all the controls are and know their 
function before snagging a sleeve while maneuvering in close quarters or 
banging a knee or elbow in choppy seas. 

NOTE  

 

B.3. Helm Limits The following are some guidelines for determining the helm limits: 

Step Procedure 

1 Determine the amount of helm from full right rudder to full left 
rudder. 

2 Check for any binding, play, or slop in the helm and rudder 
control, and at what angle it occurs. 

3 Ensure that the helm indicates rudder amidships. 

4 Ensure that a rudder angle indicator accurately matches rudder 
position and matches a centered helm. 

 

Check control operation while moored with engines secured. Some larger vessels require engine 
operation to operate controls, such as engine-assisted hydraulic steering. If so, check throttle controls 
with engines secured 
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B.4. Engine 
Control Action 
Check 

The following are some items to check when checking engine control action: 

Step Procedure 

1 Is throttle separate from shifting/direction mechanism? 

2 Any detent, notch, or stops that separate neutral, ahead and 
astern. 

3 Force required to shift from neutral to ahead or astern. 

4 Binding or excessive looseness at any stage of the throttle 
control. 

5 Is NEUTRAL easily found without looking at the control 
handle? 

6 Do the controls stay put or do they tend to slide back? 

7 Does the kill-switch lanyard allow adequate but not excessive 
range of motion? 

8 Does an engine shut down handle work properly? 

9 Is idle speed adjusted properly? 

NOTE  

 

Perform these steps as part of every getting-underway check. 
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B.5. Joystick 
Controls 

Joysticks are increasingly replacing legacy helm and throttle controls. In 
most cases boats will be equipped with two joysticks, one acting as a tiller to 
adjust heading and the other as the throttle with limited directional control 
for docking maneuvers. 

On vessels with jet propulsion, moving the throttle joystick forward will 
command the jet buckets up and the engines will accelerate, dependent on 
the amount of joystick forward movement, to increase jet flow for forward 
motion. Moving the joystick aft will command the buckets down and the 
engines will accelerate, to increase jet flow for astern motion.  

Moving the tiller joystick port or starboard will cause the boat to move 
sideways in the same direction. If wind or current are acting on the boat at an 
angle, the tiller can be moved slightly to the opposite angle to oppose those 
forces.  

The following are some guidelines for determining joystick limits: 

Step Procedure 

1 With the joystick levers in central detent position, press the 
joystick activation button and confirm control  

2 Verify that joystick and tiller movements display correctly on 
indicators.  

3 Test forward and astern propulsion by moving the joystick 
forward and aft slightly. 

4  Test tiller by moving the joystick right and left to limit 
 

WARNING   

 

Smooth, positive operation of helm and engine controls is absolutely necessary for safe boat 
operations. Do not accept improper control configuration, mismatched equipment, or improper 
maintenance as a reason for poorly operating controls. Poor control operation causes unsafe boat 
operations. 
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B.6. Engine 
Control Recheck 

After checking all controls while moored with engines secured, the coxswain 
should recheck their operation with engines running while securely moored.  
It may not be safe to apply full ahead to astern throttle, however, a note 
should be made anytime there is a lag between throttle shift and propulsion, 
from neutral to ahead, neutral to astern, ahead to astern, and astern to 
ahead. 

CAUTION ! 

 

 When training, an experienced individual should get the vessel underway 
and into open water before turning control over to anyone not familiar with 
the particular boat’s operation.  Once in open water, control may be turned 
over to the new coxswain who should recheck helm and engine control 
operation at clutch speed. 

When going from the ahead position to the astern position, and when going from the astern position to 
the ahead position, pause briefly at the neutral position. 
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Moving Forward in a Straight Line 

B.7. Acceleration When moving forward in a straight line, throttle should be advanced 
gradually and firmly.  If the vessel is single-screw, outboard, or outdrive, 
propeller side force will tend to move the stern slightly to starboard (see 
Figure 6-16).  The side force should be offset with slight starboard helm.  If 
twin-engine, throttles should be advanced together.  The vessel should not 
yaw in either direction if power is applied evenly.  Engine RPMs should be 
checked so both engines turn at the same speed.  Some vessels have a 
separate indicator to show if engine RPMs match, but also compare 
tachometer readings. 

 
Figure 6-16 

Accelerated Ahead 
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NOTE  

 

 

 

Figure 6-17 
Pronounced Squat on Acceleration 

B.8. Direction 
Control 

Small amounts of helm should be used to offset any propeller side force or 
the effects of winds and seas.  Compass course should always be noted and 
corrected frequently to stay on course.  It is important to develop a practiced 
eye and steer on a geographic point or range such as a point between buoys.  
Small, early helm corrections should be applied to stay on course, rather than 
large corrections after becoming well off course.  Oversteering, leaving a 
snake-like path, should be avoided.  At low speeds, helm correction will be 
more frequent and require more rudder than at higher speeds. 

B.9. Planing For planing or semi-displacement hulls, the boat will gradually gain speed 
until planing.  If fitted with trim control (including trim tabs on inboard 
boats), slight, bow-down trim may lessen the amount of time needed to get 
on plane or “on step.” 

B.10.  
Appropriate 
Speed 

Running at full speed all of the time should be avoided.  This wastes fuel and 
can cause excessive wear on the boat and crew.  Many vessels will not 
exceed or will only marginally exceed a given speed, regardless of the power 
applied.  At some point, the only effect of applying additional throttle is 
increased fuel consumption with no speed increase.  Finding a speed that 
offers a comfortable ride as well as allows mission completion is advised. 

Do not ram throttles forward when starting up. As the engines try to transfer the excessive power, the 
stern will squat, raising the bow and decreasing visibility (see Figure 6-17), and propellers or impellers 
may cavitate. 
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B.10.a.  Margin 
of Power 

A margin of power should always be left available for emergencies.  The best 
speed for the vessel should be determined.  A good normal operating limit for 
semi-displacement vessels is usually 80 percent maximum power, allowing the 
remaining 20 percent for emergency use. 

B.10.b.  Safe 
Speed 

A boat at high speed has a large amount of force.  With an untrained 
operator, this force can be dangerous.  The following factors, and those 
identified in Rule 6 of the Navigation Rules and Regulations Handbook, 
should be considered to determine safe speed. 

(01) High seas:  Slow down as winds and seas increase; the boat will 
handle more easily.  Pounding or becoming airborne fatigues the hull 
and could injure the crew or cause them chronic skeletal problems.  If 
it takes tremendous effort just to hang on, the crew will be fatigued 
and not able to perform their jobs.  Minimize taking spray and water 
on deck, 

NOTE  

 

 
(02) Traffic density:  Do not use high speed in high traffic density areas.  

A safe speed allows response to developing situations and minimizes 
risk of collision, not only with the nearest approaching vessel, but 
with others around it, 

(03) Visibility:  If conditions make it difficult to see, slow down.  Fog, 
rain, and snow are obvious limits to visibility, but there are others.  
Geographic features and obstructions (river bends, piers, bridges and 
causeways), along with heavy vessel traffic, can limit the view of 
“the big picture.” Darkness or steering directly into the sun lessens 
ability to see objects or judge distances.  Prevent spray on the 
windscreen (particularly salt spray or freezing spray) as much as 
possible and clean it regularly.  Spray build-up on the windscreen is 
particularly hazardous in darkness or in glare, 

(04) Shoal waters:  In shallow water, the bottom has an effect on the 
movement of the vessel.  Slow down in shallow water.  In extremely 
shallow water, the vessel’s stern tends to “squat” and actually moves 
closer to the bottom. 

WARNING  
 

 
 

Find the most comfortable, secure location for the entire crew. For many vessels, this means in the 
immediate vicinity of the helm. 

Being “on plane” will not allow crossing a shoal that would ground the vessel in the displacement 
mode. At high planing speed, the stern will squat as it gets in shallow water, possibly grounding at a 
very damaging speed. 
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B.11. Bank 
Cushion and 
Bank Suction 

In extremely narrow channels, a vessel moving through the water will cause 
the “wedge” of water between the bow and the nearer bank to build up higher 
than on the other side.  This bank cushion tends to push the bow away from 
the edge of the channel. 

As the stern moves along, screw suction and the movement of water to “fill-
in” where the boat was creates bank suction.  This causes the stern to move 
towards the bank.  The combined effect of momentary bank cushion and 
bank suction may cause a sudden shear toward the opposite bank.  Bank 
cushion and bank suction are strongest when the bank of a channel is steep.  
They are weakest when the edge of the channel shoals gradually and extends 
in a large shallow area.  When possible, a trainee should stay exactly in the 
center of an extremely narrow channel to avoid these forces (see Figure 
6-18).  Slower speed also reduces the amount of cushion and suction.  Some 
rudder offset towards the closer bank will help to avoid continuous cushion 
and suction effects by. 

CAUTION ! 

 

 

 Do not overcompensate for bank cushion and bank suction. Too much helm in the direction of the bank 
could cause the bow to veer into the bank. Then, a subsequent large helm movement to turn the bow 
away from the bank may cause the stern to swing into the bank. 
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Figure 6-18 
Bank Cushion and Bank Suction 
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B.12. Bow 
Cushion and 
Stern Suction 

When meeting another vessel close aboard, bow cushion and stern suction 
occur between the vessels much the same as bank cushion and suction.  Helm 
corrections should be used to compensate.  As both vessels move through the 
water, the combined effect is greater than what a single vessel encounters 
from bank interaction.  Caution should be used so the bow does not veer too 
far from the intended track and the stern swings into the path of the other 
vessel. 

A port-to-port meeting situation is assumed.  Before vessels are bow-to-bow, 
a small amount of right rudder should be used to ensure the bow is clear.  
The bow cushion will increase separation.  As the vessels near bow-to-beam, 
using left rudder will enable the vessel to keep away from the right-hand 
bank and to stay parallel to the channel.  When the vessels are bow-to-
quarter, the bow cushion will be offset by the stern suction, and bank cushion 
may need to be offset by some right rudder.  Finally, as the vessels are 
quarter-to-quarter, stern suction will predominate, and will require left rudder 
to keep the sterns apart. 

NOTE  

 

B.13. Wake 
Awareness 

As a vessel proceeds, a combination of bow and stern waves move outward 
at an angle to the vessel track.  The wake height and speed depend on vessel 
speed and hull type.  Relatively large, semi-displacement hulls, proceeding at 
cruising speed, cause some of the largest wakes.  Some lighter craft actually 
make less wake at top speed in the planing mode rather than at a slower 
speed.  Displacement craft make the largest wake at hull speed.  The 
coxswain should determine how to make the vessel leave the least wake; it 
might require slowing appreciably. 

All vessels are responsible for their wake and any injury or damage it might 
cause.  Only an unaware coxswain trails a large wake through a mooring area 
or shallows, tossing vessels and straining moorings.  A large, unnecessary 
wake, particularly in enclosed waters or near other smaller vessels, ruins the 
credibility of a professional image. 

WARNING   

The following bow cushion and stern suction considerations apply when meeting another vessel in a 
narrow channel and when operating near a bank: 

(01) The deeper the vessel’s draft, the greater the cushion and suction effect, particularly if draft 
approaches water depth, 

(02) The closer to a bank or another vessel, the greater the cushion and suction, 
(03) In very narrow waterways, slow down to decrease cushion and suction effects, but not to the 

point of losing adequate steerage. 
When meeting another vessel in a narrow channel, the bow cushion and stern suction effects caused by 
the other vessel should be balanced with the bank cushion and suction effects due to the channel. 

While maneuvering, keep the crew informed, of  “Coming-up”, turning, or slowing down “Coming 
down”.  A quick warning shout could prevent injury. 
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Turning the Boat with the Helm / Tiller 

B.14.  
Description 

To move in a straight line, small, frequent, momentary helm or tiller inputs 
adjust the position of the stern and bow to head in the desired direction.  To 
intentionally change the vessel heading, larger, more sustained helm 
movement should be used. 

B.15. Pivot Point As noted earlier, the direction of the bow may be changed by moving the 
stern in the opposite direction.  As the stern swings a certain angle, the bow 
swings the same angle.  Depending on the fore and aft position of the pivot 
point, the stern could swing through a larger distance than the bow, at the 
same angle.  When a hull moves forward through the water, the effective 
pivot point moves forward.  The higher the forward speed, the farther the 
pivot point moves forward. 

B.16. Propulsion 
Type and 
Turning 

Because outboards, stern drives, and waterjets use propulsion thrust for 
directional control, they can make a much tighter turn (using helm alone) 
with a given hull shape than if the same hull had shaft, propeller, and rudder.  
With extended outboard mounting brackets, the directed, lower-unit thrust is 
farthest aft of the pivot point compared to the other configurations.  Some 
brackets move the thrust three to four feet aft of the hull.  The location aft of 
the pivot point, along with the amount of directed thrust determines how 
much the stern will kick away from the direction of the turn.  With directed 
thrust, the stern will usually skid outward more than with shaft, propeller and 
rudder, making the bow describe a very tight arc.  (see Figure 6-19) 
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Figure 6-19 
Pivot Point, Skid, Kick, Inboard vs. Outboard 
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B.17. Vessel’s 
Turning 
Characteristics 

When proceeding on a steady heading, putting the helm or tiller over to one 
side or the other, begins to turn the boat.  Up to the time the boat turns 
through 90°, the boat has continued to advance in the original direction.  By 
the time the boat has turned through 90°, it is well off to the side of the 
original track.  This distance is transfer.  As the boat continues through 180°, 
its path has defined its tactical diameter.  If the vessel holds the turn through 
360°, the distance it takes to reach the point where it first put the helm or 
tiller is referred to as its final diameter.  For a particular vessel, these values 
vary for speed and rudder angle (see Figure 6-20). 

Developing a working knowledge of the vessel’s turning characteristics will 
enable decision-making such as whether to make a particular maneuver in a 
certain space solely with the helm or whether other maneuvering tactics are 
needed.  Learning when to ease the helm will help to prevent oversteering a 
course.  

 
Figure 6-20  

Turning Characteristics 

B.18. Loss of 
Speed 

Some planing hulls and most semi-displacement craft will slow appreciably 
when turning at high speeds. As the boat heels into a turn, the hull provides 
less buoyancy to keep the vessel on plane at a given speed. Also, as the aft 
part of the hull skids across the water while in a heel, it presents a flat shape 
in the original direction of movement and pushes water outward, thus 
causing the vessel to slow down. 
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WARNING  

 

B.19. Making 
Course Changes 
and Turns in 
Channels 

Bank suction, bank cushion (see B.11. Bank Cushion and Bank Suction 
above), and currents will all affect a boat navigating a sharp bend in a narrow 
channel.  Where natural waterways have bends or turns, the water is always 
deepest and the current is always strongest on the outside of the bend.  This 
is true for 15° jogs in a tidal estuary and for the “s” shaped meanders on the 
Mississippi River.  This happens because the water flow has a great degree of 
momentum and resists having its direction changed.  As it strikes the outside 
of the bank, it erodes the earth and carries the particles with it.  The particles 
fall out farther downstream in areas of less current (the inside of a turn or 
bend) and cause shoaling.  In some turns or bends, there may be circular 
currents (eddies) in either the deep outside of the bend or the shallow inside.  
Back currents also sometimes occur near eddies on the inside of the bend.  
When eddies or back currents occur, those near the shallows are much 
weaker than eddies or main current flow at the outside of the bend. 

Because bank cushion and suction are strongest when the bank of a channel 
is steep and weakest when the edge of the channel shoals gradually, bank 
effect is stronger on the outside of bends or turns.  The coxswain should be 
aware of the mix of current and bank effect and use these forces to the fullest 
extent. 

With light-displacement, high-powered craft, maximum helm at high speed will quickly stop a boat’s 
progress in the original direction of movement. Though such a turning action is effective to avoid 
contact with an immediate hazard, the violent motion could eject unsuspecting crewmembers. Use this 
technique only as an emergency maneuver.  Do not use this maneuver to demonstrate the boat’s 
capability. 
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B.19.a.  
Countering a 
Head Current 
Through a Bend 

The effect of a head current is minimized by steering along the inside quarter 
of the channel, making sure to avoid shoaling.  If the bow gets into the area 
of greater current, it may begin to sheer towards the outside of the bend.  It 
can be countered through helm towards the inside of the bend and by getting 
the stern directly down current from the bow.  The vessel can then be 
gradually worked back to the inside quarter of the channel. 

If the starting point is the outside of the bend, the full force of the current will 
be encountered.  Bank cushion should keep the bow from the outside edge, 
but the stern is limited in its movement by bank suction.  Initial helm towards 
the inside of the turn may allow the current to cause the bow to rapidly sheer 
away from the outside, but this is immediately offset with power and helm to 
keep the bow pointed upstream.  Gradual helm with constant power should 
be used to get out of the main force of the current, and work across to the 
inside quarter of the channel. 

B.19.b.  
Navigating a 
Turn with a 
Following 
Current 

The turn on a course should be approached just to the outside of the middle 
of the channel. This will avoid the strongest currents at the outside edge 
while still getting a reasonable push.  While turning, the strongest current 
will accentuate the swing of the stern quarter to the outside of the channel.  
Because of this, and because the following current tends to carry the boat 
toward the outside, the turn should begin early in the bend.  The amount of 
sideways movement or if the boat tends to “crab” in the channel should be 
constantly monitored.  If the boat starts to move too close to the outside of a 
bend, more helm and power should be constantly monitored to maneuver the 
boat back into the middle.  Once through the turn, the vessel can be gradually 
worked back to the inside quarter of the channel. 

(01) If the boat stays too far to the outside of the bend, timing the turn is 
difficult.  Turning too early with stern suction on one quarter with the 
strongest current on the other quarter may cause an extreme veer to 
the inside of the turn.  Any bow cushion will accentuate the sheer.  
Turning too late with stern suction and the quartering current could 
cause grounding. 

(02) If trying to hug the inside of the turn, both current and bank effect 
will be lessened.  Use a small amount of rudder toward the inside 
bank to enter the turn.  As the channel begins to bend, use less rudder 
while the boat starts to move from the inside bank.  Use caution as the 
current under the quarter affects the stern, giving it an increase in 
sheer towards the inside bank.  Slack water or an eddy down current 
on the inside will increase this sheer while bow cushion may not be 
enough to prevent grounding. 
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Stopping the Boat 

B.20.  
Description 

Pulling back the throttle to neutral will cause the vessel to begin to lose 
forward motion.  For a heavy-displacement vessel, once propulsion is 
stopped, the vessel will continue to move forward for some distance.  The 
vessel carries its momentum without propulsion.  For a semi-displacement 
hull or planing hull, reducing power will cause the boat to quickly come off 
plane.  As the vessel reverts to displacement mode, the resistance of the hull 
going through the water instead of on top of the water slows the boat.  The 
vessel still carries some way, but at only a fraction of the original speed.  The 
coxswain should experiment with the vessel and see how rapidly the boat 
slows after going from cruising speed to neutral throttle.  Knowing the 
distance the vessel will travel when stopping (also known as head reach) 
from different speeds is very important when maneuvering. 

B.21. Using 
Astern 
Propulsion to 
Stop the Vessel 

Slowing the vessel’s forward movement is not always enough.  In an 
emergency situation, a complete and quick stop to dead-in-the-water or crash 
stop may be required.  This is done by applying astern propulsion while still 
making forward way.  The first step is to slow the vessel by placing the 
throttles in the clutch astern position.  After the vessel begins to lose way, 
astern propulsion should be applied firmly and forcefully.  Power must be 
higher than that available at clutch speed to prevent engine stall.  On a single-
screw vessel, the stern will want to swing to port.  After all way is off, the 
throttle should be placed in neutral. 

At low forward speeds, astern propulsion is frequently used to maneuver, 
both to check forward way and to gain sternway. 

Though many vessels are tested and capable of immediately going from full 
speed ahead to full reverse throttle, this crash stop technique is extremely 
harsh on the drive train and may cause engine stall. Though much of the 
power goes to propeller cavitation, this technique can be effective in an 
emergency. 

With a waterjet, reverse thrust is immediate.  There is no marine gear or 
drive unit that requires the shaft and propeller to change rotation directions.  
The clamshell or bucket-shaped deflector plate drops down and redirects 
thrust forward. 

WARNING  

 

The crash stop is an emergency maneuver.  It may damage the drive train and stall the engine(s). In 
most cases, with high levels of crew professionalism, skill and situational awareness, it is not 
necessary. 
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B.22. Using 
Astern 
Propulsion to 
Stop an 
Outboard    
Engine Vessel 

 

 

When stopping vessels with outboard engines making forward way, the 
coxswain should follow the below procedures.  

Step Procedure 

1 Bring throttles to the neutral position. 

2 Once the vessel comes off plane and settles into the water, 
engage the ingnes by placing throttles in the clutch astern 
position. 

3 Once engines are engaged, astern propulsion shoulb be applied 
firmly and forcefully. 

4 After all way is off, the throttle should be placed in neutral. 
 

WARNING  

 

NOTE   

B.23. Using Full 
Helm to Stop 
Forward Way 

As noted above, with light-displacement, high-powered craft, maximum 
helm at high speed will quickly stop a boat’s progress in the original 
direction of movement. To fully stop, the throttle should  be placed down to 
neutral after entering the skid. If done properly, no astern propulsion is 
required. 

NOTE  

 

With a jet drive, no directional control will be available without thrust. The boat must be in a skid 
before reducing power. If thrust is reduced before trying to turn, the boat will slow on the original 
heading. 

The crash stop is an emergency maneuver or an advanced tactical technique.  It may damage the lower 
unit or stall the engine(s) if performed incorrectly. 

If engines are stalled place throttles into the neutral position and restart the engine(s). It is important to 
remember that some platforms may require the operator to return the key switch(s) to the off position 
before allowing the engines to restart. 
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Backing the Vessel 

CAUTION ! 

 

CAUTION ! 

 

B.24.  
Description 

Control while making sternway is essential.  Because vessels are designed to 
go forward, many vessels do not easily back in a straight line.  Due to higher 
freeboard and superstructure forward (increased sail area), many vessels 
back into the wind.  Knowledge of how environmental forces affect a boat is 
critical when backing. 

Besides watching where the stern goes, the coxswain should keep track of 
the bow.  The stern will move one direction and the bow the other direction 
around the pivot point.  As a vessel develops sternway, the apparent pivot 
point moves aft and the bow may swing through a greater distance.  Firm 
control of the helm should be maintained to prevent the rudder or drive from 
swinging to a hard-over angle. 

B.25. Screw and 
Rudder 

While backing, the rudders have less water flowing over them, due to the 
propeller being directly forward of the rudders, therefore there is less 
directional control of the boat. Because steering control comes from water 
flow across the rudder, the more sternway the vessel has, the greater water 
flow across the rudder leads to more control. 

Most inboard engines exhaust through the transom. Outboard motors exhaust astern. Backing could 
subject the crew and cabin spaces to a large amount of exhaust fumes. Limit exposure to exhaust 
fumes.  If training, frequently change vessel aspect to the wind to clear fumes. After backing, ventilate 
interior spaces. 

Do not back in a way that allows water to ship over the transom. Be careful with boats of very low 
freeboard aft. Outboard powered vessels, with low cut-out for motor mounting and a large portion of 
weight aft are susceptible to shipping water while backing, particularly in a chop. If shipped water does 
not immediately drain, it jeopardizes stability. 
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B.25.a.  Single-
Engine Vessels 

Propeller side force presents a major obstacle to backing in the direction 
desired.  The rudder does not have much effect until sternway occurs, and 
even then, many boats will back into the wind despite a best effort to do 
otherwise.  If backing to the wind, the coxswain should know at what wind 
speed the boat will back into the wind without backing to port. 

(01) Before starting to back, apply right full rudder to get any advantage 
available. 

(02) A quick burst of power astern will cause the stern to swing to port, 
but use it to get the boat moving. 

(03) Once moving, reduce power somewhat to reduce propeller side force 
and steer with the rudder.  As sternway increases, less rudder will be 
needed to maintain a straight track astern. 

(04) If more sternway is needed to improve steerage, increase power 
gradually.  A strong burst astern will quickly swing the stern to port. 

(05) If stern swing to port cannot be controlled by the rudder alone, use a 
burst of power ahead for propeller side force to swing the stern to 
starboard.  Do not apply so much power as to stop sternway or to set 
up a propeller discharge current that would cause the stern to swing 
farther to port. (As the vessel backs, it uses sternway water flow 
across the rudder to steer). 

(06) If this fails, use a larger burst of power ahead, with helm to port.  
Sternway will probably stop, but propeller side force and discharge 
current across the shifted rudder will move the stern to starboard. 
Now try backing, again. 

B.25.b.  Twin-
Engine Vessels 

Both engines should be backed evenly to offset propeller side force.  Using 
asymmetric power (one engine at higher RPM than the other) will help steer 
the stern. Asymmetric power will also give unequal propeller side force that 
will help steer. 

(01) Apply astern power evenly, keeping rudders amidships. 

(02) If the stern tends to one side, first try to control direction with slight 
helm adjustment. If not effective, either increase backing power on 
the side toward the direction of veer or decrease power on the 
opposite side. 
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B.26. Stern 
Drives and 
Outboards 

The coxswain shall use the directed thrust to pull the stern to one side or the 
other. As the power is applied aft of the transom he/she should, use care to 
keep the bow from falling off course due to winds, avoiding cavitation that 
can easily occur when backing with a lower unit. Propeller side force is 
present, but is offset through helm. A lower unit that is not providing thrust 
is not efficient when trying to steer while backing. It is better to keep steady, 
slow RPMs than to vary between high power and neutral. 

B.26.a.  Single-
Outboard/ 
Outdrive 

For single-outboard/outdrive, propeller side force is offset by turning the 
helm slightly to the right.  Astern power is then applied gradually, but care 
should be taken not to cause propeller cavitation. 

B.26.b.  Twin-
Outboard/ 
Outdrive 

If astern power is matched, propeller side forces will cancel.  As with twin 
inboards, offsetting any stern swing with helm should be attempted before 
using asymmetric power. 

If less thrust than that provided by both drives at clutch speed is needed, one 
motor or engine should be used.  This will keep speed low but will keep 
thrust available for steering, rather than shifting one or both engines from 
reverse to neutral.  If using one unit, compensate with helm for propeller 
side force and the increased, off-centered drag caused by the other lower 
unit. 

B.27. Waterjets Waterjets draw water in through an inlet grate in the hull, accelerated by 
means of an impeller, and thrust it out the transom in a small, high-velocity 
stream through a steerable nozzle. This nozzle is fitted with a reversing 
bucket, the deflector that drops down and deflects water forward to stop or 
reverse the boat. There is no propeller side force and thrust is directed as 
with an outboard. Going from forward to reverse thrust has no marine gear 
or drive train to slow things. Thrust is simply redirected with the “bucket.” 
Unless thrust is applied and being directed, there is no directional control at 
all.  The power must be on and applied to steer either forward or in reverse. 

Bursts of power astern when backing should be avoided.  Bursts of power 
when making astern thrust will excessively aerate the waterjet intake flow 
ahead of the transom. 



Boat Crew Handbook – Seamanship Fundamentals 
Chapter 6 – Boat Handling 

 
 
 

6-47 

Using Asymmetric or Opposed Propulsion (Twin-Screw Theory) 

B.28.  
Description 

Asymmetric propulsion while backing was covered in previous paragraphs.  
The techniques presented here are additional methods of maneuvering that 
capitalize on twin-engine vessel capability to differ the amount or direction 
of thrust produced by the two engines.  Any difference in thrust affects the 
boat’s heading.  The amount of this difference can vary from that needed to 
hold a course at cruising speed to turning a boat 360° in its own length by 
opposing propulsion (splitting throttles).  The concept of asymmetric or 
opposed propulsion can be likened to “twisting” the boat, but the forces and 
fundamentals discussed earlier still apply and affect vessel response.  Pivot 
point, propeller side force, and turning characteristics remain important.  
Because the drives are offset from vessel centerline on a twin-engine vessel, 
they apply a turning moment to the hull.  Twin outboard motors on a bracket 
apply this twist aft of the hull (and well aft of the hull pivot point), while 
twin inboards apply most of this twist to the hull at the first thrust-bearing 
member of the drive train (usually the reduction gear or v-drive, much closer 
to the pivot point).  With inboards, propeller side force is transferred through 
a strut and stern tube to the hull. 

Up to a point, the greater the difference in RPMs, the greater the effect on 
the change in heading.  Above that point, specific for each boat, type of 
propulsion, sea conditions and operating speed, cavitation or aeration will 
occur, and propulsion efficiency will decrease, at least on one drive. 

NOTE  

 

B.29. Holding a 
Course 

Depending on a vessel’s topside profile, wind conditions might make the 
bow continually fall off to leeward.  Though the helmsman can compensate 
for this by steering with constant pressure to hold desired course, a less 
taxing way is to adjust the throttles so the leeward engine turns at more 
RPMs than the windward engine.  The difference in RPMs can be fine-tuned 
until pressure is off the helm. 

B.30. Changing 
Vessel Heading 

The following techniques cause a faster change in heading by increasing 
both skid and kick, reducing advance and transfer, and if the heading change 
is held long enough, the overall tactical diameter. 

As with all boat handling techniques, learn these first in calm weather, in open water, and at low 
speeds. 
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B.30.a.  Rotating 
about the Pivot 
Point 

Rotating about the pivot point is a low-speed maneuver. It is important 
because situations will occur when the boat’s heading needs to be changed 
(to the weather or another vessel) or the bow or stern moved in a limited 
area.  The engines should be opposed to turn in an extremely tight space.  
This maneuver is first performed at clutch speed in calm conditions to learn 
how the vessel reacts and what type of arcs the bow and stern describe.  With 
no way on, there is no initial advance and transfer, so depending on the boat; 
this maneuver might yield a tactical diameter of zero if the heading is 
changed 360° (rotating the vessel in its own length). 

The forces involved should be considered.  Vessels with propellers will 
develop side force from both drives during this maneuver.  The rudder, 
where equipped, can use propeller discharge current from the ahead engine 
to help pivot the stern.  Because boats operate more efficiently ahead, some 
headway may develop. 

B.30.a.1.  Helm 
Amidships 

With helm amidships, perform the following procedures: 

Step Procedure 

1 At dead-in-the-water and throttles in neutral, simultaneously 
clutch ahead with starboard engine, and clutch astern with port 
engine (keep both engine RPMs the same, though in opposite 
direction). 

2 Note the arcs described by bow and stern as the vessel swings 
through 360° to determine vessel pivot point. 

3 If vessel moved forward (along its centerline) during the 
rotation, slightly increase astern RPM to compensate. 

4 Now, simultaneously shift throttles so port is clutch ahead and 
starboard is clutch astern; note how long it takes to stop and 
reverse direction of swing. 

5 Again, check bow and stern arcs as vessel swings through 360°, 
and then stop the swing. 
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B.30.a.2.  Helm / 
Tiller Over Hard-
to-Port 

Put the helm or tiller over hard-to-port by performing the following 
procedures: 

Step Procedure 

1 Perform the same procedures as with helm/tiller amidships.  
When stopping and reversing direction of swing, shift the helm 
to starboard. 

2 In addition to the observations made with helm/tiller amidships, 
note whether the sizes of the arcs were smaller (due to directed 
thrust by lower unit or rudder). 

 

CAUTION ! 

 

B.30.a.3.  
Developing 
Skills 

With the basic skill in hand, practice controlling the amount of swing by 
performing the following procedures: 

Step Procedure 

1 Use the compass and gradually limit the degree of rotation down 
to 30° each side of the original heading. 

2 Increase amount of throttle applied. 

3 Note the effect on vessel movement especially as to the rate of 
swing. 

4 Develop boat handling knowledge and skills to know the degree 
of throttle splitting or asymmetric thrust for best effect in any 
situation. Maneuvering near the face of a breaking wave may 
require opposing engines at one-third or more of their available 
RPM, while maneuvering near the pier might only require a 
short, small burst on one engine to bring the bow through the 
wind. 

 

All crewmembers must pay close attention to throttle changes and vessel movements. Firmly hold 
onto the vessel during these maneuvers. 
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NOTE  

 

B.30.b.  
Reducing 
Tactical 
Diameter at 
Speed 

An emergency maneuver at cruising speed may require a turn with reduced 
tactical diameter. 

B.30.b.1.  Turn 
and Drag 
Propeller 

An effective technique for a twin-propeller boat is to have one propeller act 
as a brake.  This creates drag on the side with that propeller and reduces the 
turning diameter. 

Step Procedure 

1 Put helm hard over. 

2 Bring throttle on the engine in the direction of the turn to clutch 
ahead. 

 

NOTE  

 

Experiment with the vessel. 
• Though turning should help increase the rate of swing, the increase in turn rate might not be 

worth the workload increase (stop-to-stop helm/tiller use). Due to swing rate, full helm/tiller use 
may not be as effective as leaving the helm centered. 

• At some level of power for each vessel and drive train arrangement, cavitation will occur with 
split throttles. Know at what throttle settings cavitation occurs. More power will not increase 
turning ability and might cause temporary loss of maneuverability until cavitation subsides. In 
critical situations, loss of effective power could leave a vessel vulnerable. 

Do not put throttle to neutral position. In neutral, the propeller will “free-wheel” and rotate without 
any resistance. Keeping the engine in clutch ahead will keep the propeller from spinning freely and 
start “braking” the vessel on the inboard side. 
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B.30.b.2.  Turn 
and Split 
Throttles 

This practice is also more effective with shaft, propeller, and rudder 
arrangement than with directed thrust drives. One propeller will still be 
providing forward thrust while the other will be backing. As with opposing 
thrust in low speed maneuvering, propeller side force is multiplied. 
Cavitation will be pronounced on the backing propeller, but the vessel’s 
forward motion keeps advancing this propeller into relatively undisturbed (or 
non-aerated) water. 

Step Procedure 

1 Put helm hard over. 

2 Bring throttle on the engine in the direction of the turn firmly to 
and through neutral, then past the clutch astern position, and 
gradually increase astern RPM. 

 

WARNING  

 

Performing Single-Screw Compound Maneuvering (Single-Screw Theory) 

B.31.  
Description 

Basic maneuvering techniques should be applied in combination with a 
single propeller at low speed to further boat handling skills.  Practice these 
maneuvers in calm, no-current situations before learning to overcome 
environmental forces. 

A single-screw vessel never has the ability to use asymmetric or opposed 
propulsion, and its coxswain must develop boat handling skills with this in 
mind.  The operator of a twin-engine vessel could easily become limited to 
use of one drive due to engine failure or fouling a propeller, and must also 
become a proficient, single-screw boat handler. 

For the discussion here, the case of a single-engine propeller vessel with 
right-hand turning propeller is used.  When maneuvering a twin-engine 
vessel on one drive, the coxswain must account for the propeller rotation and 
side force for the particular drive used (normally starboard: right-hand 
turning, port: left-hand turning), and the offset of the drive from centerline. 

As with the crash stop, this maneuver is extremely hard on the engine and drive train. The backing 
engine’s power must be higher than that available at clutch speed to prevent engine stall. 



 
                 Boat Crew Handbook – Seamanship Fundamentals 

 Chapter 6 – Boat Handling       
 
 

6-52 

B.32. Back and 
Fill (Casting) 

The back and fill technique, also known as casting, provides a method to turn 
any vessel in little more than its own length.  At some point, anyone who 
operates a single-screw vessel will need to rely on these concepts when they 
operate a boat, particularly in close-quarters maneuvering.  To back and fill, 
the coxswain should rely on the tendency of a vessel to back to port, and then 
use the rudder to direct thrust when powering ahead to starboard.  The 
coxswain should also decide the radius of the circle in which to keep the 
vessel (at most, 25 to 35 percent larger than the vessel’s overall length), and 
the intended change in direction (usually no more than 180°) before starting. 
For initial training, the vessel should be turned through at least 360°. 

From dead-in-the-water position, perform the following procedures to back 
and fill: 

Step Procedure 

1 Put helm at right full and momentarily throttle ahead, being 
careful not to make much headway. (Rudder directs propeller 
discharge current thrust to starboard, more than offsetting 
propeller side force and moves stern to port). 

2 Before gaining much headway, quickly throttle astern and shift 
helm to left full. (With throttle astern, side force is much 
stronger than propeller suction, rudder to port takes advantage of 
any sternway). 

3 Once sternway begins, simultaneously shift helm to full right 
and throttle ahead as in step 1. 

4 Repeat procedures until vessel has come to desired heading, then 
put helm amidships and apply appropriate propulsion. 

 

NOTE  

 

(01) A firm grasp of the vessel’s maneuvering characteristics is necessary to know whether to back 
and fill rather than just maneuver at full rudder. 

(02) The amount of steps used will depend on size of the turning area and the desired change in 
heading. The smaller the area, the more backing and filling required. 

(03) Winds will play a factor in casting. If the vessel’s bow is easily blown off course, the vessel 
probably has a tendency to back into the wind. Set up the maneuver (including direction of turn) 
to take advantage of this in getting the bow to change direction. Strong winds will offset both 
propeller side force and any rudder effect. 

(04) A quick helm hand is a prerequisite for casting with an outboard or stern drive. To get full 
advantage of the lower unit’s directed thrust, fully shift the helm before applying propulsion. 

(05) With helm at left full, the propeller side force when backing will have an element that tries to 
move the stern “forward” around the pivot point. 
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Performing Duel Waterjet Maneuvering (Waterjet Theory) 

B.33.  
Introduction  

When operating a duel waterjet platform both waterjets work in tandem 
unless placed in docking mode.  The pictures below show only one waterjets. 
The reader should be conscious that the second waterjet is performing the 
same functions simultaneously of the waterjet pictured.  

B.34. Bucket 
Control 
Intergrated with 
Throttle 

   

Ahead  Astern 

 

 
Tiller 

   
Throttle/Bucket 

 
 

 
Tiller 

 

 
Throttle/Bucket 

 
 

To come ahead in a straight line the 
tiller is centered and the 
throttle/bucket control is moved 
forward to direct thrust away and 
behind the boat at the desired RPM 

To go astern in a straight line the tiller 
is centered and the throttle/bucket 
control is moved aft to direct thrust 
away and forward of the boat at the 
desired RPM. 
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B.35. Port and 
STBD 
Pivot/Turn 

   

Ahead  Astern 

 

 

Tiller 
 

Throttle/Bucket 

 
 

 
Tiller  

Throttle/Bucket 

  

To turn the bow to port the tiller is 
moved to port to direct thrust away 
from the boat off its port quarter. 
The throttle/bucket control is 
centered to perform a stationary 
pivot or may be forward to turn at 
speed.    

To turn the bow to starboard the tiller 
is moved to starboard to direct thrust 
away from the boat off its starboard 
quarter. The throttle/bucket control is 
centered to perform a stationary pivot 
or may be forward to turn at speed. 

  
 



Boat Crew Handbook – Seamanship Fundamentals 
Chapter 6 – Boat Handling 

 
 
 

6-55 

 

B.36. Backing 
Port and STBD  

   

Port Pivot/Turn   Starboard Pivot/Turn 

 

 
Tiller  

Throttle/Bucket 

 
 

 
Tiller 

 
Throttle/Bucket 

 
 

To move the vessel’s stern to port 
the tiller is moved to starboard to 
direct thrust away from the boat off 
its starboard quarter. The 
throttle/bucket control is centered to 
perform a stationary pivot or may be 
moved aft to increase the speed of 
the maneuver 

To move the vessel’s stern to 
starboard the tiller is moved to port to 
direct thrust away from the boat off its 
port quarter. The throttle/bucket 
control is centered to perform a 
stationary pivot or may be moved aft 
to increase the speed of the maneuver. 

 

 



 Boat Crew Handbook – Seamanship Fundamentals 
Chapter 6 – Boat Handling 

6-56 

B.37. Lateral 
Movement. 
(Docking Mode) 

Port Lateral Starboard Lateral 

Tiller Throttle/Bucket 
Tiller 

Throttle/Bucket 

In Docking Mode on the 45 RB-M 
the throttle/bucket control is allowed 
full 360° movement. To lateral the 
boat to port the throttle/bucket 
control is moved to port. The tiller is 
sallied to starboard to prevent the 
bow from falling off. 

In Docking Mode on the 45 RB-M the 
throttle/bucket control is allowed full 
360° movement. To lateral the boat to 
starboard the throttle/bucket control is 
moved to starboard. The tiller is 
sallied to port to prevent the bow from 
falling off 
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B.38. Zero 
Thrust  

  
 

 
Tiller 

 

 

 
Throttle/Bucket 

 
 

 
Zero thrust is achieved by centering 

the tiller and throttle/bucket 
controls.  
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Performing single Waterjet Maneuvering (Waterjet Theory) 

B.39.  
Independent 
Bucket 
Control 

 

 

              Ahead                              Astern 
 

 
Helm  

Bucket 
 

Throttle 
 

  

 
Tiller 

 

 
Bucket 

 
Throttle 

 

 

 

To come ahead in a straight line the helm is 
centered, the bucket control is moved forward to 
direct thrust away and behind the boat, and the 
throttle is moved forward to the desired RPM 

 To come astern in a straight line the helm is centered, 
the bucket control is moved aft to direct thrust away 

and forward of the boat, and the throttle is moved 
forward to the desired RPM 
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B.40. Single 
Waterjet 
Port and 
Starboard 
Turn 

 

     Port Pivot/Turn        Starboard Pivot/Turn 
 

 
Helm 

 
Bucket 

 
Throttle 

 

  

 
Tiller 

 

 
Bucket 

 
Throttle 

 

 

 

To turn the bow to port the helm is turned to port 
and the bucket control is moved forward to direct 
thrust away from the boat off its port quarter. The 
throttle is lowered to perform a stationary pivot or 

may be forward to turn at speed.    

 To turn the bow to starboard the helm is turned to 
starboard and the bucket control is moved forward to 

direct thrust away from the boat off its starboard 
quarter. The throttle is lowered to perform a stationary 

pivot or may be forward to turn at speed.    
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B.41.  
Backing to 
Port and 
Starboard 
Single 
Waterjet 

 

     Backing to Port         Backing to Starboard 
 

 
Helm  

Bucket 
 

Throttle 
 

  

 
Tiller  

Bucket 
 

Throttle 

 

 

 

To move the vessel’s stern to port the helm is 
turned to starboard and the bucket control is moved 

aft to direct thrust away from the boat off its 
starboard quarter. The throttle is lowered to 

perform a stationary pivot or may be moved to 
increase the speed of the maneuver. 

 To move the vessel’s stern to starboard the helm is 
turned to port and the bucket control is moved aft to 
direct thrust away from the boat off its port quarter. 
The throttle is lowered to perform a stationary pivot 

or may be moved to increase the speed of the 
maneuver. 
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B.42. Zero 
Thrust 
Single 
Waterjet 

Zero Thrust 
 

 
Helm 

 

 
Bucket 

 

 
Throttle 

 

 
Zero thrust is achieved by centering the helm and 
throttle controls and by moving the bucket control 

to a point where thrust is directed so the boat 
maintains position. 
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Section C. Maneuvering Near Other Objects 

Introduction This section applies basic maneuvering principles to control a vessel with 
respect to other objects.  Later sections will cover mooring, unmooring, and 
coming alongside other vessels or objects. 

In this Section This section contains the following information: 

 Title See Page 

 Station Keeping 6-62 

 Maneuvering 6-64 
  

 

C.1. Station 
Keeping 

Coxswains must learn to manage the effects of environmental forces by using 
power and helm to maintain their position next to an object.  Station keeping 
is defined as maintaining distance, position and aspect to or from an object.  
With twin propulsion, coxswains need to develop the skills required to 
maintain any aspect to an object during most conditions.  Though many 
single-drive boats are thought to be less maneuverable, coxswains should 
fully develop single-drive station keeping skills should the need arise. Station 
keeping should be practiced during various levels of wind, seas, and current. 

NOTE  

 

C.1.a.  
Maneuvering 
Zone 

Each situation requires a safe maneuvering zone to reach an optimum 
position near the object so an evolution can safely occur and can be done 
effectively (e.g., equipment transfer, object recovery, surveillance, etc.).  
Staying in the maneuvering zone keeps you out of the danger zone and gives 
you a way out if you encounter problems while station keeping. 

Before station keeping perform the following procedures to determine a safe 
and effective maneuvering zone: 

CAUTION ! 

 

All coxswains of twin-drive vessels must frequently train for single-drive operation.  This includes 
station keeping. 

When station keeping, always have a safe escape route to get clear of the object or any hazard. While 
station keeping, ensure the escape route stays clear. This may require changing position to establish a 
new escape route. 
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Step Procedure 

1 Evaluate environmental conditions and how they affect the 
situation. 

2 Determine if obstructions on the object or in and above the water 
limit your safe maneuvering zone. 

3 Account for these obstructions and keep the environmental 
forces in mind. 

4 Avoid vessel outriggers, hull protrusions, loose pier camels, 
broken pilings, ice guards, shoals, low overhead cables, bridge 
spans, and rocks or other submerged obstructions. 

5 Define the maneuvering zone by distance, position, and aspect. 
Put limits on each element and maneuver to stay within those 
limits. 

 

C.1.b.  Safe 
Distance 

The coxswain should station keep close enough to complete a mission or 
evolution, yet far enough to prevent collision or allision.  Minimum safe 
distance to the object will probably vary around the object or along its length.  
Environmental conditions and boat maneuverability play a major role in 
determining distance.  The coxswain should perform the following 
procedures: 

Step Procedure 

1 Use seaman’s eye and ranging techniques to keep a safe 
distance. 

2 When able, use identifiable features, such as a boat length. 
Unless well practiced, each crewmember will probably differ in 
how they view 25 feet or 25 yards. 

3 Use knowledge of your vessel. If it has a twelve-foot beam, 
transpose that measurement to the gap between the boat and an 
object. 

4 If the boat helm does not allow for a clear view of the object, use 
points on your vessel (windscreen brackets, antennae, or fittings) 
to remain at a safe distance from the object. 
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C.2.  
Maneuvering 

Station keeping will usually require frequent to near-continuous applications 
of power and helm to stay in the safe maneuvering zone.  While station 
keeping and trying to stay within the maneuvering zone limits, adjusting for 
one of the parameters (distance, position, aspect) will almost always involve 
a change to one or both of the other two. While using power and helm to 
compensate for and to overcome wind and current, the wind and current 
should be used to the fullest extent. 

C.2.a.  Stem the 
Forces 

To stem the forces means to keep the current or wind directly on the bow or 
stern and hold position by setting boat speed to equally oppose the speed of 
drift. 

C.2.b.  Crab the 
Boat Sideways 

To crab the boat sideways, environmental forces should be used to move the 
boat at a right angle to the forces.  The coxswain should put the bow at a 
shallow angle (20° to 30°) to the prevailing force and use propulsion and 
helm to keep from getting set backward, while staying at the shallow angle to 
the prevailing environmental force. 

C.2.c.  Opening 
and Closing 

Make a vessel “open” and “close” the distance on the object at various 
angles, both to leeward and to weather. With an object on the bow or stern, 
directly up-drift or down-drift from you, opening and closing requires only to 
compensate for the fore and aft drift rate and to maintain a steady heading.  A 
combination of control and environmental forces should be used: 

(01) Side force, 
(02) Ahead and astern thrust, 
(03) Rudder force, 
(04) Leeway, 
(05) Current, 
(06) Drift. 

The more difficult scenario is opening or closing distance abeam. 

C.2.d.  
Differences in 
Objects 

Differences in objects determine the maneuvering situation.  Coxswains 
should become fully capable of station keeping in a variety of situations with 
both different types of objects and environmental conditions. 
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C.2.d.1.  Free-
Drifting Object 

Object type and size ranges from small items floating in the water to other 
vessels.  No two items will drift at the same speed through the water.  Free-
drifting objects will present a different drift rate from the vessel.  The 
coxswain should develop station keeping techniques by first comparing your 
drift rate to the object, and then overcoming the difference. 

The following are procedures for station keeping on a free-drifting object: 

Drift Rate Procedure 

No Leeway Practice with a floating (but ballasted) item that does 
not drift with the wind. A weighted mannequin with 
PFD or weighted duffel bag with a float in one end will 
work. The object’s drift will be limited to the surface 
current, while vessel will respond to currents and 
winds. This type of object simulates a person-in-the-
water. 

Leeway Wind-drift is the main consideration here. Practice with 
paired fenders, a partially filled 6-gallon bucket or a 
small skiff. Though wind will have a measurable effect 
on object drift, current will play little role. As above, 
the vessel will be subject to both wind and current. 

Other Vessel Become proficient at station keeping on a variety of 
vessel types.  Different vessels react differently to 
environmental forces.  Learn how other vessels drift, 
see how other vessels lie to the wind, and then 
maneuver your vessel to an optimum position for 
observation, coming alongside or passing a tow rig. 
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C.2.d.2.  
Anchored Object 

Station keeping on an anchored object limits much of the object’s movement 
due to wind and current, but the object will often surge and swing.  A vessel 
will react freely to the wind and current. The object will ride with its moored 
end into the strongest environmental force affecting it, while the combination 
of forces on a vessel may cause it to take a different aspect. 

Station keeping on an anchored object helps determine where to and where 
not to maneuver. The following are procedures for station keeping on an 
anchored object: 

Object  Procedure 

Buoy or Float  In general, approach a moored buoy or float from down 
current or downwind, bow to the object. If servicing a 
floating aid to navigation, the approach may require 
centering the stern on the buoy. To train, keep station at 
various distances and angles to an object. Pick something 
totally surrounded by safe water. Next, maneuver up 
current or upwind. 

A Vessel at 
Anchor 

Surveillance, personnel or equipment transfer, or fire 
fighting may require station keeping on an anchored 
vessel.  Develop skills to keep station at all distances and 
angles.  Different sizes and types of vessels will ride their 
anchors differently.  Deep draft or a large underbody will 
make a vessel ride with the current, while high freeboard 
and superstructure may make the vessel tend downwind.  
Evaluate the combination of forces while station keeping. 

Note vessel 
interaction.  

If close aboard and upwind, a small, light vessel may ride 
the anchor differently than if another vessel were not 
there.  A larger vessel may affect the forces of a smaller 
vessel by making a lee.  Watch a vessel’s motions while it 
“rides” anchor.  Some vessels don’t “steady out,” but veer 
back and forth.  Observe and plan accordingly. 

Fixed Object  Keep station on a pier, seawall, or breakwater.  View this 
as a step before mooring.  Also, these skills may be 
necessary to transfer someone to a fixed aids to navigation 
or to remove a person stranded on rocks.  Station keeping 
on fixed objects makes the coxswain deal with forces that 
affect him/her and not the object.  Often, the fixed object 
affects the environmental forces by funneling, blocking, or 
changing direction of the current or wind. 
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Section D. Maneuvering to or from a Dock 

Introduction The most challenging and probably most frequent maneuvering encountered 
is that associated with getting in and out of slips, dock areas, piers, boat 
basins or marinas. 

In this Section This section contains the following information: 

 Title See Page 

 General Considerations 6-68 

 Basic Maneuvers 6-68 

 Rules of Thumb 6-72 
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D.1. General 
Considerations 

When maneuvering to or from a dock, the coxswain should keep the 
following points in mind and brief the crew on procedures to be used 
especially when mooring at a new location. 

Step Procedure 

1 Check the conditions before maneuvering.  Always take 
advantage of wind and current when docking or mooring.  To 
maintain best control, approach against the wind and current and 
moor on the leeward side of a mooring when possible.  Chances 
are that when mooring, conditions are not the same as when 
getting underway. 

2 Rig and lead mooring lines and fenders well before the 
approach.  Have everything ready on deck before the coxswain 
must concentrate and maneuver to the dock.  Though common 
practice is to leave mooring lines attached to the home pier, 
always have a spare mooring line and moveable fender on the 
boat and at the ready while approaching any dock, including the 
home pier. 

3 Emphasize control, not speed, when docking.  Keep just enough 
headway or sternway to counteract the winds and currents and 
allow steerage while making progress to the dock. Keep an eye 
on the amount of stern or bow swing.  With a high foredeck, the 
wind can cause the bow to swing much easier, making it harder 
to control.  In higher winds, a greater amount of maneuvering 
speed may be needed to lessen the time exposed to the winds 
and currents, but be careful not to overdo it. 

4 Line handling is extremely important when docking. Coxswains 
must give specific line-handling instructions in a loud, clear 
voice.  If mooring at a different location, brief the crew before 
starting the approach to where the lines will be secured.  Avoid 
using civilians to handle lines on the dock since their knowledge 
of line handling is not known and they may not be wearing the 
appropriate safety equipment. 

 

D.2. Basic 
Maneuvers 

Often, the presence of other craft or obstructions will complicate the clearing 
of a berth, or any simple maneuver.  Wind and/or current can also become a 
factor.  Before maneuvering, the options should be evaluated in order to take 
full advantage of the prevailing conditions. 

This section covers some basic examples of mooring and unmooring.  Again, 
actual hands-on practice of different approach styles and maneuvers during 
different weather conditions with different boat styles are highly 
recommended. 
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D.2.a.  Clearing a 
Slip 

Clearing a slip assumes that there is no wind or current, and that the vessel is 
a twin-screw (see Figure 6-21). 

Step Procedure 

1 Turn helm/tiller inboard slightly and apply clutch on inboard 
engine to move bow away from dock. 

2 Once bow is clear, reduced helm/tiller to bring stern away from 
the dock. 

3 Use throttle and move ahead slowly. 

4 As the boat gains headway, apply additional helm to turn. 
Remember that the rudder causes the stern to swing in the 
opposite direction of the bow around the pivot point. Before 
starting a turn, make sure the stern will clear the pier. 

 

 

 
Figure 6-21  

Clear a Slip (No Wind or Current, Single-Screw) 
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D.2.b.  Backing 
into a Slip 

Backing into a slip assumes that there is no wind or current and the vessel is 
a twin-screw (see Figure 6-22). 

Step Procedure 

1 Approach at low speed, perpendicular to slip, approximately 
one-half to one boat-length away. 

2 
As the amidship section is even with the nearest edge of the 
slip, apply hard left rudder and “bump” outboard throttle 
ahead to swing the stern toward the dock.  

3 

As bow swings away from the dock, go to neutral throttle and 
turn helm/tiller so the propelling machinery is pointed at the 
back corner of the slip. Immediately apply astern throttle to 
stop headway and acquire sternway. Side force will stop 
swing. 

4 
Steer towards slip, just aft of desired final position, offsetting 
for side force as necessary, using astern clutch speed and 
neutral to keep speed down. 

5 When almost alongside, turn into the dock slightly and 
“bump” throttle ahead, then go to neutral. 

 

 

 
Figure 6-22 Backing Into a Slip  

(No Wind or Current, Single Outboard/Stern Drive) 
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D.2.c.  
Identifying 
Mooring Lines 

Before using mooring lines to help maneuver at the dock, crewmembers need 
to first know their names and what they do (see Figure 6-23):  

(01) The bow line (#1) and stern line (#4) are used to keep the vessel 
secured to the dock, 

(02) The forward spring (#2) and aft spring (#3) are used to keep the 
vessel from surging forward or aft at the dock. 

Normally, only these four lines are required when mooring.  During times of 
foul weather, breast lines (#5) may be used to provide additional holding 
strength.  Fenders should be used at strategic points along the hull to prevent 
chafing against the dock or float. 

 

Figure 6-23 
Mooring Lines 
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D.2.d.  Using 
Spring Lines 

If it becomes necessary to hold position alongside a dock, but swing the bow 
or stern out in order to clear another vessel or obstacle, using a spring line 
can help to accomplish this. 

The aft spring (#3) should be used to “spring out” or move the bow away 
from the dock.  By backing down on a boat’s engine with just the forward 
quarter spring attached to the dock, the bow will move away from the dock. 

The forward spring (#2) should be used to “spring out” or move the stern 
away from the dock.  The stern will move away with the rudder full toward 
the dock and the engines ahead.  With the rudder turned the other direction 
or away from the dock, the stern will move towards the dock or “spring in”  
(see Figure 6-24). 

CAUTION ! 

 

 

Figure 6-24 
Basic Spring Line Maneuvers 

D.2.e.  Rigging 
Mooring Lines to 
“Slip” 

Knowing how to rig mooring lines to “slip” can be helpful, particularly when 
no shore-side line handlers are available.  Both bitter ends should be aboard 
the boat with a bight around the shore-side attachment point.  Then the 
spring line may be let go, or cast off, releasing one end and hauling in the 
other.  A spring line should be carefully tended so that it does not foul the 
rudder or propeller or get caught on the dock.  When maneuvering, a line tied 
to a bitt or cleat should always be watched and never left unattended. 

D.3. Rules of 
Thumb 

The following rules of thumb should be adhered to when maneuvering to or 
from a dock. 

Ensure there is adequate and properly placed fenders between the boat and the dock before attempting 
a spring maneuver. 
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D.3.a.  
Responsibility 

The coxswain is always responsible for the boat regardless of the existing 
environmental conditions and situations.  Care must be exercised before 
assigning newly qualified coxswains to missions in extreme weather 
conditions. 

D.3.c.  Alongside When maneuvering alongside, speed should be kept to a minimum.  Power 
should be applied in short bursts, supported by helm or tiller action, to get 
changes in heading; but the bursts should be kept short enough so as not to 
increase speed. 

D.3.f.  Precise 
Control 

When requiring precise control, the boat’s heading should be kept into the 
predominate wind or current, or as close as possible.  The boat should be 
maneuvered so that the set from the wind or current is either on the starboard 
or port bow allowing the boat to “crab” (move sideways) in the opposite 
direction. 

D.3.g.  Wind and 
Current 

Wind and current are the most important forces to consider in maneuvering.  
The operator should use them to their advantage, if possible, rather than 
attempting to fight the elements. 
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D.3.h.  Spring 
Lines 

Spring lines are very useful when mooring with an off-dock set or when 
unmooring with an on-dock set.  The spring lines should be used to spring 
either the bow or stern in or out (see Figure 6-25). 

 

Figure 6-25 
Making Use of Current 

D.3.i.  Thrusting 
Away from 
Another Boat 

To thrust away from another boat or a ship, the coxswain should use the prop 
wash or “screw knuckle.”  By applying full power astern in a short burst then 
returning to neutral, the prop wash will move forward between the boat and 
the surface alongside, pushing the boat away. 

D.3.j.  Fenders The coxswain should never attempt to fend a boat off a pier, float, etc., by 
hand or by foot, but should always use a fender.  The proper sized fenders 
should be kept at hand. 

D.3.k.  Mooring/ 
Off-Dock Wind 

When mooring with an off-dock wind, the approach should be made at a 
sharp angle - 45° or more. 

D.3.l.  
Mooring/On-
Dock Wind 

When mooring with an on-dock wind, the approach should be made parallel 
with the intended berth and the fender should be rigged in appropriate 
positions.  The coxswain should ensure that the boat has no fore and aft 
movement when contacting the dock. 

D.3.m.  Tying 
Down 

Except for using the forward quarter spring, (see Figure 6-23) the stern of a 
boat should never be tied down while maneuvering beside a dock.  This 
restricts maneuverability. 
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D.3.n.  Pivot 
Point 

The pivot point of a boat is approximately one-third of the way aft of the 
bow when the boat is underway at standard speed.  This point moves forward 
as speed is increased and aft as speed is decreased.  

D.3.o. Protecting 
the Stern 

The stern should be kept away from danger.  If propellers and rudder become 
damaged, the boat is crippled.  If the stern is free to maneuver, usually the 
boat can be worked out of trouble. 

D.3.p.  
Controlling the 
Boat 

The greatest amount of control over the boat is gained by maneuvering into 
the prevailing face of the wind or sea.  Boats turn more slowly into the wind 
and sea than away from them.  A single-screw boat will generally back into 
the wind when the boat has more “sail” area forward of the boat’s pivot point 
than aft. 

D.3.q.  The 
Wake 

Coxswains are responsible for their boat’s wake. 

D.3.r.  Informing 
the Crew 

The coxswain must keep the crew informed.  The coxswain should never 
assume the crew knows everything he or she is thinking. 

D.3.s.  Sea 
Conditions 

All coxswains should know the sea conditions in which they can and cannot 
operate.  All coxswains should immediately notify their Operational 
Commander if they are approaching their comfortable operating limits.  It is 
better to return to the Station for a more suitable platform or a more 
experienced coxswain/crew than push the limits and possibly injure someone 
or cause damage to property. 

D.3.t.  
Forethought 

Coxswains should always think ahead and not take chances. 
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Section E. Maneuvering Alongside Another Vessel 

Introduction Many missions will require going alongside and making contact with another 
vessel. Activity can vary from a RIB going alongside a large merchant vessel 
to a large twin-screw boat going alongside a small canoe. Comparative 
vessel size, mission requirements, and prevailing conditions all dictate 
maneuvering practices. For many recreational and commercial mariners, 
maneuvering alongside their vessel is often the first; “up close and personal” 
look they get of the Coast Guard. 

In this Section This section contains the following information: 

 Title See Page 

 Determining Approach 6-76 

 Going Alongside 6-78 
  

Determining Approach 

E.1. Conditions When determining approach, the following conditions should be considered: 
(01) Prevailing weather, 
(02) Currents, 
(03) Location, 
(04) Vessel conditions, 
(05) Vessel sizes, 
(06) Traffic density. 

The coxswain should discuss intentions with the other vessel’s master. 

CAUTION ! 

 

NOTE  

 

E.2. Course and 
Speed 

If possible and prudent, the vessel should maintain a course and speed to 
make the approach as smooth as possible for both vessels. 

Do not approach from leeward if it will put the vessel and crew in jeopardy, whether from shoal water 
or obstructions farther to leeward, or from smoke or hazardous fumes. 

If going alongside a disabled vessel or one that is underway but dead-in-the water, compare relative 
drift rates.  When approaching a larger vessel with a low drift rate, approach from leeward.  If 
approaching a smaller vessel, determine if vessel makes a wind shadow that will slow the other 
vessel’s drift.  In this case, an approach from windward may be better, and the smaller vessel will then 
be protected from winds and waves by the larger vessel.  See Reference (b) for more information. 
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E.2.a.  Large 
Vessels 

Most large vessels will not be able to alter course significantly in a limited 
area to provide ideal alongside conditions. If it is not practical for the large 
vessel to change course, the coxswain should request that it reduce speed so 
the effects of bow and stern waves are reduced. 

E.2.b.  Small 
Vessels 

Small vessels do not ride well when not making way in any kind of winds or 
seas. Unless the weather is perfectly calm or the vessel is disabled, a small 
vessel should maintain a course and speed that makes for safe, comfortable 
navigation while allowing mission completion. Speed should be slow enough 
to safely come alongside, but fast enough for both vessels to maintain 
steerageway when alongside one another. 

E.2.c.  Stability Many sailing vessels are much more stable while under sail than when 
powering or drifting. The coxswain should consider coming alongside while 
the other vessel is under sail, but should ensure that spars, standing or 
running rigging, or control lines do not foul either vessel.  The situation 
should be discussed with the other vessel’s master. 

CAUTION ! 

 

  E.3. Approach 
From Leeward 
and Astern 

A large vessel will create a wind shadow and block most of the seas allowing 
a smoother approach on the leeward side of a vessel.  Coxswains should take 
advantage of this as in mooring to the leeward side of a pier. 

When approaching smaller vessels, the coxswain should first determine the 
smaller vessel’s rate of drift.  The coxswain can then determine if an 
approach on the leeward side (better control over approach) or windward 
side (a wind shadow will be created) would be better. 

NOTE  

 

E.4. Line and 
Fenders 

Lines and fenders should be rigged as needed.  Remember that with fenders, 
too many is much better than too few. 

If an approach from leeward is not possible (due to sea room or other condition like smoke or 
hazardous vapors), use caution during a windward approach to prevent being pinned up against the 
side of another vessel.  If approaching on the windward side is a must, a bow-in approach might 
provide the most maneuverability. 

Make sure the other vessel does not change course while approaching or coming alongside. If this 
happens, break off and start the approach over again once the other vessel is on a steady course.  
Inform the master to maintain course and speed until the transfer is complete. 
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Going Alongside 

E.5. Contacting 
and Closing In 

After completing approach preparations, the coxswain should go alongside 
and determine where to make contact on both vessels.  Perform the 
following procedures to close in on another vessel: 

Step Procedure 

1 Conditions permitting, match speed to the other vessel, and 
then start closing in from the side. 

2 Close at a 15° to 30° angle to the other vessel’s heading. This 
should provide a comfortable rate of lateral closure at no more 
than one-half the forward speed. 

 

WARNING   

NOTE  

 

Pick a contact point well clear of a larger vessel’s propeller (including in the area of suction screw 
current), rudder, and quarter wave. Forces from these could cause loss of control. 

If initial heading was parallel to the other vessel, increase speed slightly when starting to close at an 
angle. 
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E.6. Using a Sea 
Painter 

In some instances, a sea painter may be used in coming alongside a larger 
vessel underway. The sea painter is a line used to sheer a boat clear of a 
ship’s side when underway or to hold a boat in position under shipboard 
hoisting davits and occasionally to hold the boat alongside a ship in order to 
embark or disembark personnel. It leads from the larger vessel’s deck well 
forward of where the boat will come alongside. 

Perform the following procedures when securing a sea painter to the boat: 

Step Procedure 

1 Choose a position for attachment of the painter just aft of the 
bow on the side of the boat that will be alongside the larger 
vessel.  Normally, the first deck fitting aft of the bull nose 
works well. 

2 Lead it outboard of handrails, stanchions, and fittings. It makes 
a pivoting point on the “inboard” bow of the boat. 

3 Never secure the sea painter to the boat’s stem nor to the side 
of the boat away from the ship. If secured to the “outboard” 
side of the boat, capsizing could result. 

 

 As both the boat and ship have headway, the pressure of water on the boat’s 
bow will cause it to sheer away from the ship.  The coxswain should use this 
force by a touch of the helm to control sheer, in or out or, by catching the 
current on one side of the bow or the other. Riding a sea painter helps 
maintain position and control of the boat. 

NOTE   When sheering in or out, apply rudder slowly and be prepared to counteract the tendency of the boat to 
close or open quickly. 
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 Perform the following procedures if using a sea painter: 

 Step Procedure 

1 Go alongside of the vessel, matching its course and speed. When 
close aboard the larger vessel, and forward of the desired contact 
point, ask the ship to pass the sea painter. 

2 The sea painter is usually passed by use of a heaving line. 
Quickly haul in the heaving line and adjust the boat’s heading 
and speed to control slack in the sea painter so that these lines do 
not get into the boat’s propeller. 

3 Once the sea painter is onboard, secure it to an inboard cleat just 
aft of the bow. 

4 Reduce speed slowly and drift back on the painter (ride the 
painter). 

5 Use helm/tiller to hold the boat at the desired position alongside 
or at some distance off the ship. 

6 If set toward the ship, turn to sheer the bow out. If too far away 
turn to sheer the bow in. The forward strain on the painter will 
pull the boat and provide steerage. 

 

NOTE  

 

E.7. Making and 
Holding Contact 

Perform the following procedures to make and hold contact with a vessel: 

Step Procedure 

1 Make contact with the forward sections of the boat (about 
halfway between the bow and amidships). 

2 Use helm/tiller and power (if not on a sea painter) to hold the 
bow into the other vessel, at the same forward speed. 

3 Do not use so much helm/tiller or power that the other vessel is 
caused to change course. 

 

If approaching a vessel anchored in a strong current, the sea painter can be used to provide a means to 
lie alongside. Procedures are the same as if the vessel is making way. Approach from leeward, against 
the current. 
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E.8. Conducting 
the Mission 

When alongside and conducting the intended missions, the coxswain should: 

Step Procedure 

1 Minimize time alongside. 

2 If necessary, “make-up” to the other vessel rather than relying on 
helm and power to maintain contact. 

 

E.9. Clearing Getting set toward the side or stern of the vessel should be avoided.  Perform 
the following procedures to clear the side of a vessel: 

Step Procedure 

1 Sheer the stern in with helm/tiller to get the bow out. 

2 Apply gradual power to gain slight relative speed. 

3 Slowly steer away from the vessel while applying gradual 
power. 

4 Ensure stern is clear of the other vessel before large turns 
 

CAUTION ! 

 

 

 

NOTE  

 

 

If on a sea painter, use enough speed to get slack in the line, then cast off once clear. Ensure the sea 
painter is hauled back aboard the larger vessel immediately to prevent it from catching in the screws. 
If operating a twin-screw boat, go ahead slowly on the inboard engine. This also helps to keep the boat 
clear of the ship’s side. 

Never back down when clearing alongside.  Always pull away parallel to the other vessel that is 
making way. 
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Section F. Maneuvering in Heavy Weather/Surf 

WARNING   

Introduction At some time, every boat and crew will encounter wind or sea conditions that 
challenge safe, successful boat operation. Due to size and design differences, 
heavy weather for one vessel is not necessarily challenging for another. Also, 
crew training, experience, and skill more often than not make the difference 
between safety and danger, regardless of the vessel. 

Size, stability, and power are vessel characteristics that enhance safety and 
allow some forgiveness in large waves and high winds or due to the 
occasional lapse in skill or judgment. On the other hand, lightweight, speed, 
and agility give a means to avoid or to outrun conditions, but offer little 
protection or forgiveness for the slightest miscalculation. 

The coxswain should learn to operate a vessel through the full range of 
conditions possible, beginning in light winds and small waves and working 
up to varied conditions that build knowledge and confidence. 

In this Section This section contains the following information: 

 Title See Page 

 Forces Affecting Boat Handling in Heavy Weather 6-82 

 Boat Handling 6-84 

 Transiting Outbound (Bow-To- Seas) 6-89 

 Lateral Transit in Steep Swells 6-90 

 Transiting Stern-To the Seas (Inbound) 6-91 

 Transiting Harbor Entrances, Inlets, or River Entrances 6-92 

 Coping with High Winds 6-94 
  

Forces Affecting Boat Handling in Heavy Weather 

F.1.  
Description 

In heavy weather, the motion of the boat rolling, pitching, and yawing affect 
handling of the boat.  If these motions become excessive or combine, they 
may become uncomfortable or even dangerous.  High winds affect boat 
handling and may amplify control problems. 

Do not exceed any vessel’s operating limits as specified in the specific Boat Operator’s Handbooks or 
through district-use guidelines for other vessels. 
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F.2. Rolling Rolling occurs when the boat is running beam to the seas.  If the course 
requires running or turning broadside to heavy seas, the boat will roll 
heavily, possibly dangerously.  In these conditions, it may be best to run in a 
series of tacks like a sailboat, changing course to take the wind and seas at a 
45° angle. 

Sea breaks can exert considerable pressure on the side of the boat, which is 
resisted by the water on the lee side.  This can produce a turning moment 
which if greater than the initial righting moment will result in a knockdown 
or rollover. 

To turn sharply while exposing the boat to a beam sea for the least amount of 
time, the coxswain should slow down for a few seconds, then turn the helm 
hard over and apply power.  This can be done effectively with a twin-screw 
boat by using the split-throttle maneuver or in the case of jet drive boat, turn 
the tiller hard over and drop the bucket until the boat is square with the wave. 

F.3. Pitching Pitching occurs when the boat is running bow into the waves.  The bow of 
the boat rises over the wave and then drops rapidly into the trough.  If the 
seas become too steep, speed should be decreased.  This will allow the bow 
to rise, meeting the swell, instead of being driven hard into it.  Changing 
course may be the better option to reduce stress on the crew and boat.  Again, 
45° off the swell may give better control and a better ride. 

If conditions become too hazardous, slow until the boat is making bare 
steerageway and meets the seas on the bow.  Again, power should be used to 
negotiate the wave without sending the boat launching off the back of the 
seas. 

F.4. Yawing Yawing occurs when the boat is operating in following seas.  The boat sheers 
off to port or starboard due to the action of the waves.  The boat surfs down 
the face of the wave, slowing as the bow digs into the trough.  The rudder 
loses control and the sea takes charge of the stern.  At this stage, the boat 
may yaw so badly as to broach (to be thrown broadside out of control) into 
the trough.  Once the wave clears the stern, it lifts the bow of the boat and the 
stern begins to slide down the backside of the wave, allowing better rudder 
control causing the boat to straighten out. Jet drive boats have no rudders and 
little protruding below the hull.  This allows for excellent sea-keeping ability 
when running stern to the seas.  As with propellers, adjust speed to maintain 
position on the back of the wave. 

Severe yawing may result in a knockdown, pitch pole, or rollover.  Extreme 
care must be taken when operating in a large following sea, constantly 
watching behind the boat.  Slowing speed or changing course may reduce 
yawing. 
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F.5. High Winds High winds can amplify conditions discussed in the previous sections.  It can 
make routine operations such as towing approaches extremely difficult.  
Overcoming the affect of wind requires practice and experience on the boat. 

Boat Handling 

F.6. Throttle 
Management 

Awareness of the position of your throttles at all times is of paramount 
importance when operating in heavy weather. All throttle inputs should be 
timely and deliberate. Every effort to familiarize yourself with the operation 
of the throttles should be made. A lack of throttle awareness will prove to be 
a severe hindrance when attempting complex maneuvers, especially in a 
heavy weather environment. 

F.7. Managing 
Power 

Coxswains/operators should always keep one hand constantly on the throttle 
control(s) to manage their engine propulsion. 

F.7.a.  Heavier 
Vessels  

Use the following procedures when managing the power of heavier vessels: 

Step Procedure 

1 Use only enough power to get the bow sections safely over or 
through the crest. 

2 Let momentum carry, and cut back power to let the boat slide 
down the backside of the swell.  When the stern is high, gravity 
pulls the boat downward and the engines may race somewhat, 
but stay in gear.  Do not decrease RPMs to the point where the 
engines need time to “spool up” to regain enough power to deal 
with the next wave. 

3 Increase speed in the trough to counteract the reversed water 
flow and maintain directional control as the next wave 
approaches. 

4 Slow down again and approach the next wave. 
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F.7.b.  Lighter 
Vessels 

Use the following procedures when managing the power of lighter vessels: 

Step Procedure 

1 Use enough power to get the entire boat safely over or through 
the crest. Lighter craft will not carry momentum so constant 
application of power is necessary. 

2 Keep a slight, bow-up angle at all times. 

3 Once through the crest, a slight, bow-up angle, will let the after 
sections provide a good contact surface if the boat clears the 
water. A bow up attitude will help to approach the next wave. 

4 Increase speed in the trough to counteract the reversed water 
flow and maintain directional control as the next wave 
approaches. 

5 Slow down again and approach the next wave. 
 

F.8. Staying in 
the Water 

“Flying through” the crest should be avoided at all costs. 

If a large vessel becomes airborne at the top of a wave, the crew is threatened 
with serious injury and could damage the vessel when it lands. 

With lighter craft, ensure the after sections stay in contact with the water, but 
do not let the bow sections get too high. If the bow sections get too high 
while going through a crest, the apparent wind or the break can carry the bow 
over backward. On the other hand, if forward way is lost with the stern at the 
crest, the bow might fall downward, requiring to redeveloping speed and 
bow-up attitude before the next wave approaches. 
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F.9. Station 
Keeping in 
Heavy Weather 

Station keeping is maintaining a given position in heavy weather.  Station 
keeping is necessary to hold position while waiting for a window or lull, or 
holding position prior to and during recovery of a PIW.  Environmental 
factors such as the seas, wind or currents can make station keeping difficult. 
Therefore, good backing skills and proper application of power are essential.  
The following are guidelines for station keeping: 

(01) Use only enough power to maintain position and counteract the force 
of the oncoming wave.  On smaller waves, keeping the bow square 
with neutral throttles may be all that is needed, while larger waves 
may require a great deal of power to counteract, 

(02) If needed while operating the Response Boat – Medium (RB-M), 
increase the idle by adjusting the knob.  This can increase 
maneuverability and sea keeping power on demand, 

(03) Using too much power will set the boat out of position and/or launch 
the boat.  Too little power will cause the boat to be set backwards, or 
broach the boat, 

(04) Keep the bow as square to the seas as possible, 
(05) If the boat is being set towards the seas by current or wind, it may be 

necessary to back down frequently to hold position, only applying 
forward power to meet oncoming waves.  Wait until a wave crest 
passes and back down once on the backside.  Do not back down on 
the face of a wave, 

(06) By adjusting power, it may be possible to safely allow a wave to set 
the boat back to regain position.  This technique requires practice, 
and the operator must maintain control of the maneuver at all times, 

(07) It is possible to move laterally while station keeping by allowing the 
bow to fall slightly to the desired side and then using the throttles and 
helm to straighten out as the wave pushes the bow. 

For example, to crab sideways to port, allow the bow to fall slightly to port 
and as the wave pushes the bow, apply power and steer to starboard, 
finishing the maneuver with the bow once again square to the seas.  This 
maneuver must not be attempted on large waves, and it is important not to 
allow the bow to falloff so far that the safety and control of the boat are 
compromised. 

NOTE   

NOTE  
 

 

 

Using docking mode in open waters is not recommended.  It was designed for close-quarters situations 
near a dock or berth. Use standard open and close techniques to maintain position in heavy weather. 

 
An increase in idle also increases the amount of suction drawn into the waterjets. Crews must be aware 
of all lines and gear being passed to a disabled vessel to ensure it does not get sucked into the waterjet 
intakes. 
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F.10. Split 
Throttle 
Maneuvers 
(Heavy Weather 
Turn, MLB 
only) 

Making fast and effective turns requires knowledge of the boat’s 
capabilities and skill in handling. A full power, full rudder, 180-degree 
turn takes over 20 seconds to complete.  For this reason, splitting the 
throttles and pivoting may be your preferred method in certain conditions. 
The technique for performing this split throttle turn is outlined below: 

 Step Procedure 

1 Assume the boat is traveling forward at maximum RPM and a 
turn to port is going to be executed. 

2 Pull the port throttle back to forward detent position while 
placing the rudder to full port. 

3 Watch RPM indicator for the port engine. When it has 
dropped to 700 RPM, with a slow and steady motion shift 
the port throttle through neutral, without pausing, to the 
reverse detent. After the engine has engaged, apply astern 
power. 

4 As the bow swings through the turn and is approximately 
30 degrees from completing the turn, begin shifting the 
rudder to amidships and return the port throttle to ahead as 
required. This maneuver should take less than 15 seconds. 

 

NOTE   In certain situations (i.e. turning 180° but not wanting to stop the boat) this maneuver may be executed 
without the backing throttle. 
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CAUTION!   

 

                               

 

Figure 6-26 
Split Throttle Maneuver 

CAUTION!   

The steps described in the “split throttle” turn are designed to achieve a faster turning speed while 
reducing the wear and tear on the entire propulsion system. This maneuver should be used only in the 
most extreme of circumstances. 

 

Initiating a Heavy Weather (Split Throttle) turn on the face of a steep wave can result in a knockdown/ 
rollover and should be avoided. 
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Transiting Outbound (Bow-To- Seas) 

F.11. Crew and 
Vessel Impact 

Due to the maneuverability and speed of Heavy weather / Surf platforms it is 
capable of avoiding waves when running outbound. Wave avoidance is 
preferable no matter what situation you are in.  However, if you do not make 
prudent decisions while driving, such as maneuvering to shoulders and low 
sides of waves, the lifeboat may be unintentionally launched out of the 
water.  This can cause severe injury to your crew, damage to certain vessel 
systems and may potentially disable the vessel when the sortie has just 
begun. 

F.12. Speed Heavy weather / Surf platforms ride well at full speed in open head seas up 
to 6'. Head seas over 6' may require that the speed be reduced, as necessary, 
to soften the ride. Increased sea states may dictate further speed reductions 
for the benefit of crew safety. Relatively smaller, but steeper seas (steep 
chop) may require that the speed be reduced in lesser sea states. Large open 
ocean ground swells typically pose no problem, however, and speeds can be 
increased and adjusted to accommodate crew comfort. The coxswain must 
find a safe and comfortable speed, avoid launching the boat and avoid 
burying the bow in a wave. 

F.13. Quartering 
the Seas 

Taking larger head seas slightly off of either bow can create a more 
comfortable ride, as the boat may proceed more gently off the back of the 
wave instead of slamming violently. The speed and angle of approach will 
have to be adjusted as needed for the optimum ride. This is sometimes 
referred to as quartering the seas, which is not to be confused with taking a 
following sea on the quarter. 
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F.14. Turn and 
Drag (47 MLB) 

An effective method of transiting through head seas while staying in the 
power-band of the engines and preserving built up momentum is often 
referred to as the “Turn and Drag” method.  This method prevents launching 
while simultaneously avoiding the high-side of the wave. The procedures of 
the turn and drag is below: 

 

 

Step Procedure 

1 Approach an incoming wave with the boat slightly angled toward 
the low side or shoulder. 

2 As the bow reaches the base of the wave, simultaneously 
reduce the up-swell throttle to “CLUTCH AHEAD” and 
turn the helm fully to that same side. 

3 Once the boat reaches the crest of the swell, power up the throttle 
you were dragging and bring the helm back to the angle required 
to set the boat’s heading for the next swell. 

4 Once the boat reaches the crest of the swell, power up the throttle 
you were dragging and bring the helm back to the angle required 
to set the boat’s heading for the next swell. 

Lateral Transit in Steep Swells  

F.15. Steering Whenever possible, you should avoid steering a course parallel (broadside) 
to heavy swells. Tack across the swells at an angle (30 to 40 degrees). If 
necessary, steer a zigzag course, making each leg as long as possible, and 
adjust the boat speed for a safe and comfortable ride. Seas directly off the 
beam of the boat can cause adverse rolling conditions. 

When transiting parallel to the seas, the boat will tend to ride the contour of 
the wave surface. This means that the boat’s vertical axis will remain 
perpendicular to the surface on which the boat is operated. A wave face of 20 
degrees will cause a 20-degree heel. 

F.16. Square Up If you must take up a course which places the boat beam-to the seas, it is 
vital to remain vigilant against the incoming waves.  If at any point you see a 
swell which can possibly steepen up or even break, you should not hesitate to 
square up. Putting the bow of the boat into threatening seas is the best way 
to ensure total control of your vessel and should never be viewed as the 
“wrong” course of action. 
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Transiting Stern-To the Seas (Inbound) 

F.17. Running 
Inbound 

Following open seas can be negotiated at full speed as long as the boat 
remains stable as it travels down the front of the swell. However, large 
following seas may require a reduction in speed to maintain stability and 
avoid injury to the crew. 

F.18. Riding the 
Back of a Wave 

While running inbound in waves over ten feet, position the boat on the back 
of a wave and adjust the speed so the boat will ride in on the back of the 
wave. You must also watch astern to remain aware of if and when you’ll be 
overtaken by another wave. While riding on the back of a wave in heavy 
weather, monitor the boat’s speed closely to avoid overtaking the wave as its 
speed toward shore decreases. 

NOTE  
 

F.19. Hard 
Chine Lockup 
(47 MLB) 

While operating the 47FT MLB stern to the seas >6’ and RPMs >1800, the 
boat is prone to being caught on the hard chine. Being caught on the hard 
chine is best described as the boat suddenly heeling over 50-80 degrees on a 
false keel.  In short, this condition is caused by the speed of the MLB and its 
relative angle to the swell. 

F.20. Preventive/
Corrective 
Action 

The coxswain’s corrective action shall be to immediately reduce power to 
return the boat onto the true keel 

NOTE  

 

 
 
 
 
 
 
 

 
 

On the 47 MLB utilizing a slow turn back and forth (S-Turning) or quickly “Sallying” your rudder full 
right and full left may help you avoid this occurrence.  In some situations (aerated water, face of a 
wave) reducing the engine RPM is not advised as a means to slow the boat as the propellers can 
provide needed “screw-suction” in a precarious situation. 

Due to the uncertain effectiveness of the previous method, many operators have grown to rely upon 
the following techniques as a means of correcting Hard Chine Lockup: 

(01) Quickly reducing (200-300 revs) and increasing the engine R.P.M.’s on the throttle away 
from the heel of the boat, also known as the “high side” throttle.  Care must be exercised 
to ensure this reduction in shaft RPM is not so extreme or prolonged that it affects the 
screw suction of the high side propeller, 

(02) Turning the helm fully in the direction of the heel and then immediately back to amidships 
(center).  This violent and athletic maneuver has the effect of rocking the MLB off of its 
false keel while simultaneously helping the boat take up a more square, down-swell 
heading (removing the angle from the speed and angle equation).  This “turn-in, turn-out” 
method should be vigorously employed until the lockup is corrected. 
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Transiting Harbor Entrances, Inlets, or River Entrances 

F.21.  
Description 

When transiting harbor entrances, inlets, or river entrances in rough weather, 
there will be times when the vessel must either leave or enter port in 
challenging conditions. Though certain locations have extreme conditions 
much more often than others, learning how rough weather affects the various 
harbors and entrances throughout the local area is essential. Methods covered 
above for maneuvering in head, following, and beam seas still apply, but the 
entrance areas add additional consideration. 

F.22. Knowing 
the Entrance 

Though mentioned above, local knowledge is key.  Knowing as much as 
possible before transiting an entrance in rough weather will help guard 
against potential problems.  Utilize the following procedures and 
considerations to assess entrances areas: 

Step Procedure 

1 Watch where waves break. Know how far out into the channel, 
whether near jetties or shoals, or directly across the entrance the 
waves break. 

2 Pay close attention to how the entrance affects wave patterns. A 
jettied entrance may reflect waves back across an entrance where 
they combine with the original waves. 

3 Some entrances have an outer bar that breaks, and then 
additional breaks farther in. Others are susceptible to a large, 
heaving motion that creates a heavy surge as it hits rocks or 
structures. 

4 Know where the channel actually is. If shoaling has occurred, 
room to maneuver may be significantly reduced. 

5 Know the actual depths of the water. Account for any difference 
between actual and charted depth due to water stage, height of 
tide, recent rainfall, or atmospheric pressure effects. 
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F.23. Transiting 
When Current 
Opposes the Seas 

Transiting when the current opposed the seas presents the most challenging 
situation near an entrance. In opposition to the seas, a current has the effect 
of shortening the wavelength, and increasing the wave height. This makes 
waves much more unstable and much closer together.  Utilize the following 
procedures and considerations to transit when the current opposes the seas: 

Step Procedure 

1 When going into the seas, the current behind will push the boat 
into them, at a relatively higher speed. 

2 Reduce the effect (which will also give more time to react 
between waves) by slowing, but because the current is behind, 
keep enough headway to ensure effective steering. 

3 Do not let the current push the boat into a large cresting wave or 
combined waves peaking together.  In an entrance, maneuvering 
room is often limited. The only safe water may be the area just 
left.  Be ready to back down and avoid a breaking crest. 

4 The situation can be critical in following seas and a head current.  
These waves will overtake your vessel at a higher rate.  They 
quickly become unstable, and break more often.  This happens 
because head currents reduce the boat’s progress over the 
ground, subjecting the vessel to more waves. 

5 As with all following seas, stay on the back of the wave ahead, 
because the waves become unstable and break more quickly. Use 
extra caution not to go over the crest.  Concentrate both on the 
crest ahead and the waves behind. 

6 Keep a hand on the throttle and adjust power continuously. In 
many entrances, there is not enough room to come about and 
take a breaking wave bow-on. Anticipate if a wave looks to 
break, the only maneuver available may be to back down before 
it gets to the vessel. 

7 Stay extremely aware of any wave combinations and avoid spots 
ahead where they tend to peak. If they peak ahead in the same 
place, chances are they will peak there when the vessel is closer. 
However, do not let a slightly different wave or wave 
combination catch the crew by surprise. 

8 The crew must constantly monintor the situation and pass all 
information freely. 
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F.24. Transiting 
When Current 
and Seas 
Coincide 

In a situation of transiting when current and seas coincide, a current has the 
effect of lengthening the waves. Longer waves are more stable, with the 
crests farther apart, but caution is still needed.  Utilize the following 
procedures and considerations to transit when current and seas collide: 

Step Procedure 

1 When going into the seas and current, progress over the ground 
will be lessened, so more time will be spent in the entrance.  
Increasing boat speed may be warranted. 

2 Do not increase boat speed so that negotiating waves becomes 
hazardous.  The waves are just as high, so if overall speed was 
increased, reduce speed to negotiate each crest individually. 

3 With following seas and current, speed over the ground will be 
increased. Because the waves are farther apart, the task of riding 
the back of the wave ahead should be easier. Because the current 
is behind, more forward way will be required to maintain 
steering control. 

4 As with all following seas, stay on the back of the wave ahead.  
Do not be lulled into a false sense of security.  With higher speed 
over the ground and less maneuverability due to the following 
current, there is not as much time to avoid a situation ahead. 

5 Keep a hand on the throttle and adjust power continuously. 

6 Because less time will be spent in the entrance, stay extremely 
aware of any spots ahead to avoid. Maneuver early, as the 
current will carry the boat. 

7 The crew must keep an eye on the situation and pass information 
freely. 

 

Coping with High Winds 

F.25. Description Though preceding discussions dealt with encountering severe wave action, 
high winds do not always accompany large swells. Also, there will be 
instances when extreme winds occur without sufficient duration to make 
large waves. Much of the time, though, high winds and building seas will 
coincide. 
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F.26. Crabbing 
Through Steady 
Winds 

Depending on the vessel’s sail area, it may be necessary to steadily apply 
helm or asymmetric propulsion to hold a course in high winds.  Coxswains 
should learn to “read” the water for stronger gusts.  The amount of chop on 
the surface will increase in gusts, and extremely powerful gusts may even 
blow the tops off waves.  The effect of a gust should be anticipated before it 
hits the vessel. 

 Utilize the following procedures and considerations when crabbing through 
steady winds: 

Step Procedure 

1 In large waves, the wave crest will block much of the wind when 
the boat is in the trough.  Plan to offset its full force at the crest.  
The force of the wind may accentuate a breaking crest, and 
require steering into the wind when near the crest in head seas.  
Depending on the vessel, winds may force the bow off to one 
side while crossing the crest. 

2 For light vessels, the force of the wind at the wave crest could 
easily get under the bow sections (or sponson on a RIB), lift the 
bow to an unsafe angle, or force it sideways.  Though a light 
vessel must keep some speed to get over or through the crest of a 
large wave, do not use so much speed that the vessel clears the 
crest, most of the bottom is exposed to a high wind.  Be 
particularly cautious in gusty conditions and stay ready for a 
sudden large gust when clearing a wave. 

3 With twin-engined craft, be ready to use asymmetric propulsion 
to get the bow into or through the wind.  As with all other 
maneuvers, early and steady application of power is much more 
effective than a “catch-up” burst of power. 

4 Vessels with large sail area and superstructures will develop an 
almost constant heel during high winds.  In a gust, sudden heel, 
at times becoming extreme, may develop.  This could cause 
handling difficulties at the crest of high waves.  If the vessel 
exhibits theses tendencies, exercise extreme caution when 
cresting waves.  Learn to safely balance available power and 
steering against the effects of winds and waves. 
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Section G. Knockdown and Rollover Causes 

Introduction Knockdowns and Rollovers have occurred in a wide variety of situations, and 
each is somewhat unique.  A roll will generally occur when a boat is placed 
beam-to or broaches in a breaker the same height as the beam of the boat.  
The operator’s actions at this point can determine whether or not the boat is 
spared.  Some knockdowns/rollovers have occurred in lesser conditions and 
cases of open ocean knockdowns/rollovers have been documented.  The 
steepness of the wave is as dangerous as its height.  Any situation that places 
the center of gravity over the center of buoyancy can result in a 
knockdown/rollover.  A lifeboat operator must be constantly aware of the sea 
conditions and take action to avoid being caught beam-to or broaching 

NOTE  
 

In this Section This section contains the following information: 

 Title See Page 

 Knockdown or Rollover 6-97 

 Procedures for a Knockdown/ Rollover 6-98 

 Continuing or Returning 6-99 
   

The terms “Knockdown” and “Rollover” apply specifically to self-righting boats.  A knockdown is 
when a boat has rolled in one direction 90º or greater but does not completely rollover (360º) to right 
itself. (Example: Boat rolls to port 120º and rights itself by rolling back to starboard.)  A rollover 
occurs when a boat rolls in one direction and rights itself by completing a 360º revolution. 
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G.1. Knockdown 
or Rollover 

A knockdown or rollover is never routine, but always possible.  These 
unpleasant events must be considered and planned for.  Training and 
experience will give a crewmember the edge, but it can still happen simply 
because of the severe environment he or she is operating in.  The following 
risk management practices should be followed: 

(01) All crewmembers must be properly outfitted in PPE,  
(02) All crewmembers should be familiar with the causes of a knockdown, 

rollover or pitch poling, as well as how to recognize an impending 
event, and what to expect,   

(03) All crewmembers should be well-trained in the procedures to be 
followed for a knockdown, rollover and involuntary beaching.  
Crewmembers must be familiar with the procedures for emergency 
anchoring and drogue deployment as well as the location of necessary 
equipment. Always brief the crew prior to entering a surf zone,  

(04) Crewmembers should be prepared to take control of the boat should 
the operator be injured, incapacitated or lost overboard. The 
crewmember should also have the skills to maneuver the vessel to 
recover the man overboard,   

(05) A backup surf capable resource or aircraft should be standing by 
whenever possible, positioned where it can observe the boat working 
in the surf,  

(06) Backup communications (handheld VHF) should be aboard the boat 
in case the antennas are lost, or the main radio is damaged.  

The risks versus the potential benefits should always be assessed.  A sense of 
urgency must not cloud judgment or cause the loss of situational awareness. 
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G.2. Procedures 
for a 
Knockdown/ 
Rollover 

The following procedures apply in a knockdown/rollover: 

Step Procedure 

1 A knockdown/rollover is usually the result of a severe broach.  
If the lower gunwale is underwater, be prepared to roll.  
Experience and familiarity with the boat’s normal motions may 
warn of an abnormal situation. 

2 If time allows, advise the crew to hold their breath.  Hold on 
firmly to any stable objects.  While upside down, the crew will 
be completely disoriented and unable to see.  It is possible to 
hear the engines. 

3 Immediately upon re-righting, assess the situation.  The boat 
will still be in the surf and crew must take quick action to meet 
the next wave correctly or the boat may roll again. 

4 Check the crew to ensure that no one is lost overboard or 
seriously injured.  

5 Check the deck and surrounding water for lines or equipment 
that could disable the boat. 

6 If the engines are still running, move to safe water. 

7 Once in safe water, the engineer should go below to check for 
damage.  Secure non-vital electrical circuits.  The engine room 
may be coated with water and oil, presenting a fire hazard.  If 
there is no fire, the engineer should dewater the engine room, 
and check the oil in the engine(s). 

8 Check the condition of the boat.  Fuel may have spilled from 
the exterior vents, covering the weather deck and crew.  The 
superstructure may be damaged, windows may be broken, and 
large fixtures such as the mast, anchor, pump can, towline reel, 
or helm chairs may be damaged or missing.  Installed 
electronics will likely be inoperative. 

 

 

WARNING  
 Do not unfasten safety belt or consider swimming to the surface. It is likely the propellers will still be 

turning, and the boat is designed to right itself in a few seconds.  When the boat rights itself it may 
strike you in the process. 
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G.3. Continuing 
or Returning 

After damage and injuries have been assessed, the coxswain must determine 
whether to continue with the mission or return to the unit.  The following 
factors should be considered: 

(01) Condition of crewmembers, 
(02) Overall material and operating condition of engines and boat 

structure, 
(03) Condition of electronics, particularly communications, 
(04) Urgency of mission, and availability of backup resources, 
(05) Likelihood of another rollover if continuing on mission and how it 

will impact crew, boat and mission outcome. 

Remember that after a rollover has occurred, there remains the possibility of 
another rollover, since it is likely that similar conditions still exist. 

Upon returning to the Station, post-knockdown/rollover procedures must be 
taken in accordance with the specific Boat Operator’s Handbook. 
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Section H. Maneuvering in Surf  

Introduction Boat crews for Coast Guard MLBs and SPCs receive special training for surf 
operations.  All other Coast Guard boats have operating limits that do not 
allow operations in surf.  Safe operation in surf conditions requires excellent 
boat handling skills, risk assessment, quick reactions, and constant attention 
from the operator and crew. An understanding of surf behavior and 
characteristics is also critical. Before entering the surf zone, a coxswain must 
carefully weigh the capabilities of the boat and crew against the desired 
outcome. 

Because of the substantial differences in handling characteristics found in the 
various types of lifeboats, much of the information will be of a general 
nature. Many basic procedures can be applied to all boats but some 
techniques are type specific. Additional guidance on boat type characteristics 
can be found in the specific Boat Operator’s Handbook. The reader must also 
be aware that every area of operation has its own distinctive characteristics 
and some of the techniques described may not be applicable in these areas.  
A strong understanding of these characteristics and intimate local knowledge 
are vital for safe operation. 

In this Section This section contains the following information: 

 Title See Page 

 Surf Operations 6-101 

 Forces Affecting Boat Handling in Surf 6-102 

 Techniques for Operating in Surf 6-105 
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Surf Operations 

CAUTION!   

H.1. Pre-Surf 
Checks 

Prior to entering the surf, a complete round must be made of the boat as 
follows: 

 Step Procedure 

1 Stow all equipment, particularly large deck items. Unsecured 
gear becomes potential projectiles in the surf. 

2 Make a final check of the engine room and engine parameters, 
and set watertight integrity. 

3 Test run the engines at full power. 

4 Check for proper throttle and reduction gear response in both 
forward and reverse. 

5 Check steering for proper effort and full travel, from hard left 
to hard right and back. 

6 Ensure all required survival equipment is donned by all 
crewmembers. 

7 Conduct a proper crew brief. 

8 Ensure every crewmember is properly stationed and belted in. 
 

H.2. Surfman A Coast Guard Surfman is a highly trained, highly skilled boat handler who 
understands surf behavior and characteristics. Since surf is not characterized 
by height, but rather by several waves or swells of the sea breaking on the 
shore, shoal, reef, bar, or inlet.  The Coast Guard requires a qualified 
surfman, in a surf capable boat, to operate in a surf zone when the surf 
exceeds 8 feet, when the CO/OIC deems it’s necessary, or if there is doubt 
from the coxswain as to the present conditions. 

Do not enter the surf if a vital system is not functioning properly. Surf operations require constant 
attention from both boat and crew, and any deficiencies can lead to a mishap. 
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Forces Affecting Boat Handling in Surf 

H.3. Aerated 
Water 

Breaking waves cause aerated water in the surf zone.  As the wave breaks, it 
combines with air, creating whitewater on the face of the breaker.  As the 
breaker moves through the surf zone it leaves a trail of pale or white aerated 
water behind it which takes some time to dissipate.  This air-water mix can 
create changes in a boat’s handling, which must be taken into account while 
maneuvering. 

H.3.a. Effect on 
Propeller 

A boat’s propeller(s) will not create as much thrust when operating in heavily 
aerated water.  The boat’s response may be greatly slowed.  This effect can 
be recognized by: 

(01) Poor acceleration and/or apparently slow throttle response, 
(02) Cavitation and/or excessive engine RPM for a given throttle, 
(03) Poor turning performance, particularly on a twin propeller boat. 

H.3.b. Effect on 
Rudder 

A boat’s rudder(s) will not direct the propeller force as effectively in aerated 
water, nor will it have as much steering affect while moving through aerated 
water. This affect can be recognized by: 

(01) Poor turning response, 
(02) Reduced steering effort, or “light rudders”. 

H.3.c. Effect on 
Waterjet Drives 

Waterjet drives will have a reduction in thrust when operating in aerated 
water. This is caused by the aerated water being drawn into the intakes and 
being discharged at high speed through the jet nozzle.  While not quite as 
pronounced, think of the way a garden hose that has been sitting in the sun 
and how it sputters when you first turn it.  The normal stream that is used to 
maneuver the boat is not as effective because of the aerated water .  This will 
cause: 

(01) Decreased acceleration,  
(02) Increased engine RPMs, 
(03) Poor turning performance. 
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H.4. Shallow 
Water 

Operation in very shallow water can be complicated by a serious effect on a 
boat’s maneuverability.  This effect, caused by resistance to the bow wave as 
it contacts the bottom, and drag due to the closeness of the bottom to the 
boat’s hull, propellers, and rudders, can be recognized by: 

(01) Reduced speed over ground, 
(02) Reduced engine RPM for a given throttle position, 
(03) Sluggish response to throttle and steering inputs, leading to poor 

acceleration and poor turning ability, 
(04) Larger wake than normal, 
(05) Jet intakes may be fouled by sand or other debris limiting 

maneuverability, 
(06) Change in trim caused by the bow riding up on its pressure wave, and 

stern squat caused by propeller suction.  This change in trim can lead 
to grounding of the stern if the water is shallow enough. 

NOTE   

H.5. Changes in 
Center of 
Gravity and 
Trim 

Changes in center of gravity or trim can lead to dramatic affects on the 
stability and handling of a boat in the surf.  These changes are caused by 
either external or internal forces, and can vary widely depending on 
condition, type of boat, and other factors. 

H.6. External 
Forces 

The primary external force for surf operations is the surf itself.  A boat’s 
position, speed and heading relative to a wave will dictate the effects on 
stability and handling.  These effects are numerous and will not be covered 
entirely, but a description of the most significant effects is provided. 

H.7. Running 
Stern-To 

As an approaching wave reaches the stern, the stern will rise and the center 
of gravity and the pivot point are shifted forward.  As this process develops, 
the trim of the boat changes and may reach a point where the 
waterjets/propellers and rudders are no longer deep enough to be effective.  
This can cause a severe reduction in maneuverability or complete loss of 
control as the stern picks up and falls to either side in a broach. 
This effect is most common on very steep swells or breakers.  It can be 
greatly amplified if the operator reduces power, which causes an even greater 
shift in the center of gravity. 

H.8. Broaching 
or Running 
Beam-To 

As the approaching wave reaches the boat, it will cause it to heel over and 
shift the center of gravity to the low side of the boat.  This may lead to a 
reduction in effectiveness of the waterjet/propeller and rudder on the high 
side, which will cause reduced maneuverability. 

The effects of operating in aerated or shallow water are similar to the symptoms of serious engine, 
reduction gear, or steering problems.  Any indication of systems trouble must be investigated as soon as 
possible once safely clear of the surf zone. 
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H.9. Bow into 
the Surf 

As the approaching wave picks up the bow, the center of gravity and pivot 
point will shift aft.  If the boat does not have enough way on, and the bow is 
not sufficiently square to the wave, it may cause the bow to fall to one side or 
the other as the force of the wave pushes it around the new pivot point. 

H.10. Internal 
Forces 

There are numerous internal forces that affect the stability and handling of a 
boat, many of which are permanent aspects of the boat’s design.  It is the 
responsibility of the operator to be familiar with the characteristics of the 
specific boat in question.  The following is a description of those factors that 
are subject to change, or are under the direct control of the operator. 

H.11. Unsecured 
or Improperly 
Stowed 
Equipment 

Loose equipment can be tossed to one side and affect the boat’s stability by 
placing weight off center.  Loose equipment may also result in loss of 
watertight integrity by breaking windows or damaging watertight fittings. 

H.12. Changes in 
Throttle or 
Helm/Tiller 

Generally, a rapid reduction in power will result in a forward shift of the 
center of gravity, while an increase in power will have the opposite effect.  
Large steering inputs will cause a boat to heel over, shifting the center of 
gravity to the low side. 

H.13. Pitchpole 
or Bow-on-
Causes 

A pitch pole is when a boat is inverted end-over-end.  This can occur when a 
boat is traveling stern-to a very steep breaker or large wave.  As the stern is 
picked up, the boat begins to surf down the face of the wave.  This will cause 
the center of gravity to shift forward.  If the stern rises high enough, the bow 
will begin to dig deeply into the trough of the wave, and the resistance 
created will cause the boat to trip over itself, tumbling end-over-end.  A 
reverse pitch pole is also possible if a boat is surfed backwards while bow-to 
a large breaker. 

Pitch poles are rare, but are possible, particularly for a relatively boat.  More 
often, an impending pitch pole will turn into a broach and 
knockdown/rollover.  The operator must avoid those situations that could 
lead to a pitch pole since they are violently destructive to the boat and its 
crew.  Broaching and a resulting knockdown/rollover are preferable to pitch 
poling 
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Techniques for Operating in Surf 

H.14.  
Techniques for 
Operating in 
Surf 

The following description of techniques has been organized to follow the 
sequences of an actual operational situation, such as entering a beach surf 
zone to recover persons in the water, or crossing a bar or inlet. 

H.14.a. Entering 
a Beach Zone or 
Inbound Transit 
of Bar/Inlet with 
Surf on Stern 

General procedures for entering a beach zone or transiting inbound a bar or 
inlet with surf on stern are outlined as follows: 

 

 Step Procedure 

1 Advise Station and backup resources of intentions. 

2 Acquire bar/inlet or surf zone conditions from available 
sources, such as beach/tower personnel or other vessels in the 
vicinity.  It is very difficult to evaluate actual conditions from 
seaward.  

3 Brief crew and assign duties. 

4 Conduct a full pre-surf check of engine room and engine 
parameters.  Check the entire boat for stowage.  Set watertight 
integrity, and check boat crew protective clothing. 

5 Test engine and steering system controls. 

6 Identify any useful natural ranges and landmarks. 

7 Identify safe operating areas and hazards. Evaluate surf 
conditions and possible safer routes, such as bar/reef openings 
or rip channels. 

8 Stand off and observe wave trains.  Attempt to identify any 
patterns such as lulls or series that may be present. 

 

H.14.a.1. 
Execution 

It is preferable to transit the surf during any lull period that may exist.  The 
operator should wait until the last big wave in a series has passed and 
proceed in closely behind it, at maximum safe speed.  This reduces the 
relative speed at which the waves overtake, gives the operator more time to 
react and gets you through the zone as quickly as possible.  It may also 
provide the best maneuverability for some boats.  The operator should 
attempt to work through the surf zone by driving through windows and wave 
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 saddles, thus avoiding the majority of the breakers.  Some boats may be fast 
enough to avoid breakers by maintaining position on the backside of a swell 
while others will be overtaken by approaching waves. 

If operating in an area of limiting maneuverability, such as a narrow inlet or 
bar, the operator may have to rely strictly on timing the waves and make the 
transit during lull periods.  

To deal with an overtaking breaker or peaking swell, there are a number of 
techniques, which vary in success and safety based on conditions and type of 
boat.  An operator must understand the effectiveness and safety of a 
technique for the specific boat, which is gained from training experience. 

These techniques are listed in descending order of preference and safety: 
(01) Maneuver left or right (lateral) to avoid the breaker completely, by 

using windows and saddles, 
(02) Come about in sufficient time to meet the breaker bow-on, 
(03) Reduce speed before a steep, peaking (not breaking) swell reaches the 

boat, allowing the swell to pass and break ahead, and then 
immediately increase speed to follow it in, 

(04) As a wave approaches, begin backing square into it.  Gain sternway 
and climb the wave before it breaks.  Never allow the boat to be 
caught under a breaker.  If it is necessary to back through the 
whitewater of a breaker, gain sternway before the whitewater reaches 
the propellers and rudders.  Move smoothly into the wave as it lifts 
the stem, using only enough power to maintain sternway.  The 
momentum of the boat will break it through the wave.  Once the stern 
breaks through, ease off the throttles and prepare to resume the course 
ahead, 

(05) If the boat is overtaken by the white water of a breaker, the last resort 
is to try to get off the wave by applying full throttle, and steering for 
the “low side” of the wave, hopefully coming out the backside.  Do 
not attempt to ride it out by maintaining course.  Something must be 
done.  Never forget to drive the boat, 

(06) A final option may be to back into the surf zone or across the bar, 
keeping the bow into the seas.  This will be very difficult and time 
consuming.  Excellent backing skills are mandatory.  Strong opposing 
currents in the area may make backing impractical.  Also, great care 
must be taken in shallow water, as the propellers and rudders will hit 
first if the boat strikes bottom. 
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WARNING   

NOTE   

H.14.b. 
Transiting with 
Surf on Beam 
(Lateral Transit 
of Surf Zone) 

General procedures for transiting with surf on a beam are outlined as follows. 

 

H.14.b.1. 
Preparations 

Step Procedure 

1 Brief crew and assign duties. 

2 Identify safe operating areas and hazards.  Evaluate surf 
conditions and possible safer routes, such as alongshore channels 
where the surf may be smaller.  

3 Advise Station and backup resources. 
 

WARNING   

H.14.b.2. 
Execution 

 

It is preferable to make a beam transit during a lull, when the seas may be 
smaller.  Wait for the last big series of waves to pass and commence the run.  In 
the absence of lulls, great care and patience must be exercised, because the boat 
is very vulnerable with the nearly constant beam surf.  The operator should use 
maximum comfortable speed to minimize exposure to beam seas.  Speed may 
be reduced to allow waves to pass ahead of the boat, or increased to avoid a 
breaker.  Good timing, and ability to read several waves back are critical.  Any 
significant waves, which cannot be avoided, must be taken bow-on. 

There are several techniques to deal with breaking seas on the beam.  The 
suitability of a technique is dependent on the boat type and present conditions.  
The operator must have an understanding of the boat’s capabilities, as some 
maneuvers may not be safe or effective in all cases.  The following techniques are 
listed in descending order of preference and safety: 

(01) When it is apparent that the boat is about to be overtaken by a breaker, 
retain or increase speed and turn to meet it square with the bow.  Once 
square to the wave, the helm must then be returned to amidships and 
throttles decreased to avoid launching through the crest.  Station keep if 
necessary, and prepare to return to original course, 

(02) If a breaker is approaching from ahead of the boat, decrease speed to 
allow it to pass ahead.  Time the maneuver to reach the back shoulder of 
the wave just as it passes in front.  This timing will allow quickly getting 

Reducing speed after the wave has already picked up the boat will likely result in a loss of control 
and/or broach. Speed must be reduced before the wave arrives. 

 If there is no discernible lull, it is prudent to remain at sea while waiting for bar conditions to improve 
(i.e., flood current). 

This maneuver is safe only in small conditions and must not be attempted if the operator has any 
doubts.  Wave avoidance is still the preferred technique. 
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behind the wave and continuing the transit, and hopefully avoid the next 
wave altogether.  The crew must be alert for other waves building off the 
beam, 

 

 (03) If a wave is some distance off the beam, it may be possible to outrun it by 
increasing speed.  If there is any chance of not beating the wave, turn to 
meet it or run away from it if space and time permit, 

(04) In some instances, there may be time and room available to find a 
window by running away from a breaker by placing it on the stern or 
quarter.  This carries all the risks associated with running stern-to, and 
will also set the boat off the original track line or range, as well as being 
time consuming.  It is not the most efficient means of transiting, but may 
be a valuable safety maneuver depending on the circumstances. 

When transiting very small surf relative to the size of the boat, it may be 
possible to maintain or slightly reduce speed and simply turn towards a small 
breaker at about a 45° angle, resuming course behind it after crossing the crest. 

WARNING   

H.14.c. Station 
Keeping (Bow 
into Surf) 

Station keeping is maintaining a given position in the surf.  Station keeping is 
necessary to hold position while waiting for a window or lull, or holding 
position prior to and during recovery of a PIW.  Environmental factors such 
as the surf, wind or currents can make station keeping difficult. Therefore, 
good backing skills and proper application of power are essential.  The 
following are guidelines for station keeping: 

(01) Use only enough power to maintain position and counteract the force 
of the oncoming wave.  On smaller waves, keeping the bow square 
with neutral throttles may be all that is needed, while larger waves 
may require a great deal of power to counteract, 

(02) Using too much power will set the boat out of position and/or launch 
the boat.  Too little power will cause the boat to be set backwards, or 
broach the boat, 

(03) Keep the bow as square to the seas as possible, 
(04) If the boat is being set towards the seas by current or wind, it may be 

necessary to back down frequently to hold position, only applying 
forward power to meet oncoming waves.  Wait until a wave crest 
passes and back down once on the backside.  Do not back down on 
the face of a wave, 

(05) By adjusting power, it may be possible to safely allow a wave to set 
the boat back to regain position.  This technique requires practice, 
and the operator must maintain control of the maneuver at all times, 

(06) It is possible to move laterally while station keeping by allowing the 
bow to fall slightly to the desired side and then using the throttles and 

Do not get surprised by a breaker on the beam while watching ahead, as there is a good chance of a 
knockdown/rollover if hit on the beam at slow speed. 
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helm to straighten out as the wave pushes the bow. 

 

 

For example, to crab sideways to port, allow the bow to fall slightly to port 
and as the wave pushes the bow, apply power and steer to starboard, 
finishing the maneuver with the bow once again square to the seas.  This 
maneuver must not be attempted on large waves, and it is important not to 
allow the bow to fall off so far that the safety and control of the boat are 
compromised 

H.14.d. Outbound 
Transit of 
Bar/Inlet or Surf 
Zone (Bow into 
Surf) 

An outbound transit of the surf may be necessary in crossing a bar/inlet or 
departing a surf zone.  The operator should practice wave avoidance by 
picking a course through the windows and saddles, if available, minimizing 
risk to the boat and crew.  The transit should be made at maximum 
comfortable speed adjusting to avoid launching over the waves or avoiding 
them entirely. 

The following guidelines apply to an outbound transit: 
(01) Choose a course through windows as much as possible, zigzagging 

as necessary to avoid breakers.  Stay close to the shoulders of the 
waves to take advantage of any window that may open up behind the 
wave as it passes, 

(02) If a breaker cannot be avoided, try to go through the wave at the 
saddle, where it may not be breaking yet, or the force may be less.  If 
both ends of the wave are breaking towards the saddle, the boat may 
be caught in a closeout.  Get through the saddle before it closes, or 
slow down to let it closeout well in front of the boat. 

Any breakers that cannot be avoided should be taken bow-on.  Slow down 
and allow momentum to carry the boat through.  Do not meet breakers at 
high speed or the boat may plow into the face, or launch off the back, 
risking injuries or boat damage.  

WARNING  
 Do not allow a wave to break over the bow while transiting outbound.  If it appears that this may 

happen, either reach the top before it breaks, or slow down/stop letting it break in front of the boat and 
then regaining headway in time to meet the whitewater. 
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Emergency Procedures: Knockdown or Rollover 
 

H.15. Description See Section G Knockdown and Rollover Causes. 

H.16. Procedures 
for Involuntary 
Beaching 

If the boat is disabled either by mechanical failure or after a 
knockdown/rollover in or near the surf, it will be driven into the shore.  If 
not already aware or on scene, a backup resource must be notified 
immediately.  The best chance for survival is to remain with the boat but the 
decision on where to ride out the breakers, either in a survivors 
compartment or strapped in on deck, is one you should consider before 
being in this situation.  Some factors to consider are:  

(01) Size and type of breaker – While on deck the boat may survive 
repeated rolls in 20ft breakers but a crewmember on deck may not, 

(02) Wave Period – do you have enough time to get into a survivors 
compartment, 

(03) Location of your boat with respect to grounding hazards such as 
wash rocks, jetties and other hard grounding areas that have potential 
to hole the boat increasing risk if in a survivor’s compartment.   

The chances of a knockdown/rollover or crew injuries can be reduced by 
taking the following actions: 

Step Procedure 

1 Try to set the anchor with as much scope as possible.  If more 
line is needed, bend the towline to the anchor line. 

2 If unable to anchor, attempt to set a drogue astern.  This will 
minimize the chance of rolling, and hopefully cause the boat to 
beach bow first. 

 

 3 Stay with the boat and ride it out.  The boat may be knocked 
down and/or rollover several times on your trip to the beach. 

4 Consider moving to a survivor compartment, belting in and 
riding out the remainder of the surf zone.  Staying on deck 
through multiple rollovers may take a toll on your body 

5 Once the boat is beached, stay put.  The waves will push the boat 
farther up the beach.  Do not be in a hurry to leave the boat 

 

WARNING  
 Do not expose crewmembers to the likelihood of serious injury or loss overboard by sending them to 

the bow in surf.  It may be safer to sustain a roll while waiting for a lull.  This is a judgment call. 
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Section I. Maneuvering in Rivers 

Introduction This section discusses the techniques and hazards of maneuvering in narrow 
rivers. 

In this Section This section contains the following information: 

 Title See Page 

 Operating in a Narrow Channel 6-111 

 Turning in a Bend 6-113 
  

Operating in a Narrow Channel 

I.1. Bank 
Cushion 

Bank cushion occurs only when operating in close proximity to the bank and 
refers to a boat being pushed away from the nearest riverbank.  As the boat 
moves ahead in the river, the water between the bow and the near riverbank 
builds up high on the side of the boat, causing the bow to move away from 
the bank.  The bank cushion affect is especially prevalent if the draft of the 
boat is nearly equal to the depth of the water, or in narrow channels with 
steep banks. 

I.2. Bank 
Suction 

Bank suction refers to the stern of a boat being pulled toward the bank.  As 
the boat moves ahead while near the riverbank, the unbalanced pressure of 
water on the aft quarter lowers the water level between the boat and the bank, 
forcing the stern to move toward the bank.  This suction effect occurs most 
notably with a twin-screw boat. 



 
                 Boat Crew Handbook – Seamanship Fundamentals 

 Chapter 6 – Boat Handling       
 
 

6-112 

 

I.3. Combined 
Effect 

The combined effect of bank cushion and bank suction may cause a boat to 
suddenly veer toward the opposite bank (see Figure 6-27). 

 
Figure 6-27 

Bank Cushion and Bank Suction Affects in a Narrow Straight Channel 

I.3.a.  Single-
Screw Boats 

A single-screw boat going at a very slow speed with its port side near the left 
bank may lose control if veer occurs.  Increasing speed and adding a small 
amount of left rudder will bring the boat under control. 

I.3.b.  Twin-
Screw Boats 

A twin-screw boat, with its port side near the left bank, usually recovers from 
this sudden veer by increasing speed on the starboard engine, and adding left 
rudder. 
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I.4. Current Current is the horizontal flow or movement of water in a river.  Maximum 
current occurs during runoff and/or high water and the greatest velocity is in 
the area of the channel.  Restricted or narrow channels tend to have a venturi 
effect, in that rushing water squeezes into a passage and accelerates.  Current 
in a bend will tend to flow away from the inside point (to the outside), 
creating eddies, counter currents, and slack water immediately past the point.  
This effect will build shoals at the point or inside a bend.  The prudent 
operator will be alert to the changing current within a waterway. 

I.5. Extremely 
Narrow 
Channels 

In extremely narrow channels where bank cushion and bank suction are 
expected, the coxswain should proceed at a very slow speed, keeping near 
the middle of the channel and passing other boats closer than normal.  In a 
meeting situation in a narrow channel, headway should be reduced but not 
enough to lose steerage.  On approaching the boat, a small amount of right 
rudder should be applied to head slightly toward the bank.  Shortly after 
passing the other boat, the coxswain should reverse the rudder and straighten 
up.  A little right rudder may be needed to hold course against the bank 
cushion effect.  Because of wash from passing boats, extreme caution should 
be used. 

Turning in a Bend 

I.6. Strengths 
and Weaknesses 

Bank suction, bank cushion, currents and wind are factors that affect a boat’s 
turn in a sharp bend in a narrow channel.  Bank cushion and bank suction are 
strongest when the bank of a channel is steep.  They are weakest when the 
edge of a channel shoals gradually and extends into a large area.  Bank 
suction and bank cushion increase with the boat’s speed.  Channel currents 
are usually strongest in the bend with eddies or counter-currents and shoaling 
on the lee side of the point.  Speed of the current is greater in deeper water 
than in shallow water. 

I.7. Following 
Current 

In a following current, the boat makes good speed with little help from the 
engines.  When making a sharp turn with a following current, it is possible to 
make the following maneuvers: 

(01) Hugging the point, 
(02) Staying in the bend, 
(03) Proceeding on the bend side, middle of the channel. 

An experienced operator can accomplish any of the three; however, the third 
choice, called the “bend side, middle of the channel,” is the safest, and 
therefore, the preferred choice. 
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I.7.a.  Hugging 
the Point 

The operator makes a small turn toward the near bank to steer a straight 
course.  As the channel begins to bend and the boat moves from the bank, 
less of a turn will be necessary.  This condition is a signal that it is time to 
begin a full turn.  However, slack water or eddies may be around the bend, 
making it difficult to prevent the vessel from steering towards the near bank, 
especially in shallow water.  The current under the quarter may affect the 
stern and vessel steering (see Figure 6-28).  To correct for this, the coxswain 
should apply additional power and helm/tiller to steer back towards the 
center of the channel, keeping the stern in the middle of the channel. 

 

Figure 6-28 
Hug the Point:  Current Astern 
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I.7.b.  Staying in 
the Bend 

Staying in the bend is a turn in the bend away from the point that takes 
precise timing.  If done too late, the boat may ground on the bank in the 
bend.  If done too soon, there is extreme danger that a strong and sudden 
sheer will occur.  The bank suction on one quarter combines with the current 
on the other quarter to give the boat the sheer.  Also, the bank cushion under 
the bow will increase the sheer (see Figure 6-29).  Again, to correct for this 
situation, additional power and helm/tiller should be applied to steer back 
towards the center of the channel. 

 

Figure 6-29 
Stay in the Bend:  Current Astern 
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I.7.c.  Bend Side, 
Middle of the 
Channel 

Approaching the turn steering a course toward the bend side of the middle of 
the channel is the safest method when the current is following.  By doing 
this, the boat avoids any eddies under the point and the increase in currents in 
the bend.  The operator can also use the force of the current against the 
quarter to help in the turn.  A following current will force a boat toward the 
bend side; consequently, the turn should be commenced early in the bend.  
Additional power and helm/tiller should be applied as needed to stay in the 
middle of the channel (see Figure 6-30). 

 

Figure 6-30 
Approaching Slightly on the Bend Side, Middle of the Channel:  Current Astern 
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I.7.d.  Head 
Current 

It is always easier to pilot the vessel into the current rather than have the 
current off the stern.  When making a turn into a head current, the coxswain 
should apply power and helm/tiller as needed to stay in the middle of the 
channel.  Caution should be used when starting a turn.  If started too soon, 
the head current could catch the bow and force the vessel down on the point 
side of the channel.  If this happens, the coxswain should apply power and 
steer back towards the center of the channel and wait until later in the bend to 
commence the turn.  Care should be taken not to wait too long before starting 
the turn.  If the turn is started too late, the current could catch the bow and 
push the vessel towards the bend side of the channel.  The stern should 
always be kept in the middle of the channel (see Figure 6-31). 

 

Figure 6-31 
Heading into Current 
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Section J. Anchoring 

Introduction Anchoring must be performed correctly in order to be effective.  This section 
discusses the techniques necessary to properly anchor a boat. 

In this Section This section contains the following information: 

 Title See Page 

 Proper Anchoring 6-118 

 Ground Tackle 6-121 

 Fittings 6-123 

 Anchoring Techniques 6-124 

 Anchor Stowage 6-132 
  

Proper Anchoring 

J.1. Elements The basic elements of proper anchoring include: 
(01) Proper equipment availability, 
(02) Knowledge to use that equipment, 
(03) Ability to select good anchoring areas. 
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J.2. Terms and 
Definitions 

The anchoring system is all the gear used in conjunction with the anchor.  
The table below defines several of the terms used to describe the different 
parts of most modern types of anchors. 

Term Definition 

Anchor A device designed to engage the bottom of a waterway 
and through its resistance to drag maintain a vessel within 
a given radius. 

Anchor 
chocks 

Fittings on the deck of a vessel used to stow an anchor 
when it is not in use. 

Bow chocks Fittings, usually on the rail of a vessel near its stem, 
having jaws that serve as fairleads for anchor rodes and 
other lines. 

Ground tackle A general term for the anchor, anchor rodes, fittings, etc., 
used for securing a vessel at anchor. 

Hawspipe A cylindrical or elliptical pipe or casting in a vessel’s hull 
through which the anchor rode runs. 

Horizontal 
load 

The horizontal force placed on an anchoring device by the 
vessel to which it is connected. 

Mooring bitt A post or cleat through or on the deck of a vessel used to 
secure an anchor rode or other line to the vessel. 

Rode The line connecting an anchor with a vessel. 

Scope The ratio of the length of the anchor rode to the vertical 
distance from the bow chocks to the bottom (depth plus 
height of bow chocks above water). 

Vertical load The lifting force placed on the bow of the vessel by its 
anchor rode. 

 

J.3. Reasons for 
Anchoring 

There are many reasons to anchor; the most important is for safety.  Other 
reasons for anchoring are: 

(01) Engine failure, 
(02) Need to stay outside of a breaking inlet or bar, 
(03) To weather a storm, 
(04) To hold position while passing gear to a disabled vessel. 
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J.4. Anchor 
Types 

There are different types of anchors with specific advantages of each type.  
The type of anchor and size (weight) of anchor a boat uses depends upon the 
size of the boat.  It is advisable for each boat to carry at least two anchors 
(see Table 6-1). 

(01) A working, or service anchor should have the holding power to equal 
to approximately 6% of the boat’s displacement. 

(02) A storm anchor should be at least 150-200% as effective as the 
service anchor. 

  
Maximum Boat 

Length 
Working Anchor Storm Anchor 

20 feet  
(approx. 7 meters) 5 lbs. 12 lbs. 

30 feet  
(approx. 10 meters) 12 lbs. 18 lbs 

40 feet  
(approx. 13 meters)   22 lbs. 44 lbs. 

Table 6-1 
Suggested Anchor Weights for Danforth Anchors 
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J.5. Danforth 
Anchor 

Since most boats use a Danforth type anchor because of their excellent 
holding strength compared to their overall weight, it is described below (see 
Figure 6-32): 

Part # Part 
Name 

Description 

1 Shank Aids in setting and weighing the anchor.  
Attachment point for the anchor line. 

2 Flukes Dig in the bottom and bury the anchor, 
providing holding power. 

3 Crown Lifts the rear of the flukes, and forces the flukes 
into the bottom. 

4 Stock Prevents the anchor from rolling or rotating 
 

 

Figure 6-32 
Main Parts of a Danforth Anchor 

Ground Tackle 

J.6. Anchor 
System 

The complete anchor system consists of the anchor, the rode, and the various 
fittings connecting the rode to the anchor. 
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J.7. Anchor 
Rode 

The rode is the line from the boat to the anchor and is usually made up of a 
length of line plus a short length of chain.  Large vessels may use an all-
chain rode.  Each element of the system must be connected to its neighbor in 
a strong and dependable manner. 

J.7.a.  Line Type The most commonly used line for rode is nylon.  The line may be either 
cable laid or braided, and must be free of cuts and abrasions.  Foot or fathom 
markers may be placed in the line to aid in paying out the proper amount of 
anchor rode. 

J.7.b.  Nylon and 
Chain 

Chain added with the rode has several advantages: 
(01) Lowers the angle of pull (the chain tends to lie on the bottom), 
(02) Helps to prevent chafing of the line on a coral or rocky bottom, 
(03) Sand has less chance to penetrate strands of the fiber line higher up, 
(04) Sand does not stick to the chain, 
(05) Mud is easily washed off (without the chain, nylon gets very dirty in 

mud). 

The chain should be galvanized to protect against rust. 
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Fittings 

J.8. Securing the 
Rode 

There are various methods for securing the rode to the anchor ring.  With 
fiber line, the preferred practice is to place an eye splice with thimble and 
swivel at the end of the line.  If the thimble does not allow the swivel to be 
attached before the splice, a shackle is used to attach the swivel to the 
thimble.  Then shackles are used to attach the swivel to one end of the chain 
and the other end of the chain to the anchor’s shank (see Figure 6-33). 

 

Figure 6-33 
Anchor Fittings 
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J.9. Description The following describes the different fittings used to connect the rode to the 
anchor: 

Part Description 

Shackle Bends the length of chafing chain to the shank of the 
anchor.  Can also be used to connect other pieces of 
ground tackle together (swivels, thimbles, etc.). 

Swivel Allows the vessel to rotate around the anchor without 
twisting the line/chain. 

Thimble Protects the anchor line from chafing at the connection 
point.  Use synthetic line thimbles for lines 2¾" in 
circumference (⅞" diameter) and larger. 

Chafing chain Tends to lower the angle of pull of the anchor and 
assists in preventing chafing of the anchor line on the 
bottom. 

Detachable link Attaches the anchor and associated ground tackle to the 
anchor line (not mandatory). 

Eye splice Used at the end of the line to permanently attach the 
thimble. 

 

Anchoring Techniques 

J.10. Procedure Before the need arises, the coxswain should brief the crewmembers on 
procedures for anchoring. 

Anchoring involves good communication between the coxswain and the 
crew.  With noise from the engine(s) and the wind, it is difficult to hear voice 
communication.  The coxswain should ensure a pre-arranged set of hand 
signals that the crew understands.  Keep the signals as simple as possible. 

CAUTION ! 
 

NOTE  

 

PFDs must be worn during the anchoring evolution. 

Never anchor by the stern.  Weather and seas may swamp the craft. 
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J.11. Precautions 
for Selecting 
Anchorage Area 

Sometimes it may be possible to choose a sheltered anchorage area in 
shallow water (40' or less). 

(01) Check charts to ensure that the anchorage area avoids any submerged 
cables or other obstructions. 

(02) If other boats are in the same area, be careful not to anchor too close 
to another vessel. 

(03) Never drop within the swing area of another boat (see Figure 6-34). 
(04) Always approach the anchorage into the wind or current (see Figure 

6-35). 

 

Figure 6-34 
Anchorage Swing Area 
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Figure 6-35 
Approaching an Anchorage 
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J.12. Bottom 
Characteristics 

Bottom characteristics are of prime importance.  The following 
characteristics of the bottom are normally shown on charts: 

Type Description 

Firm sand Excellent holding quality and is consistent. 

Clay Excellent holding quality if quite dense, and sufficiently 
pliable to allow good anchor engagement. 

Mud Varies greatly from sticky, which holds well, to soft or 
silt that has questionable holding power. 

Loose sand Fair, if the anchor engages deeply. 

Rock and coral Less desirable for holding an anchor unless the anchor 
becomes hooked in a crevice. 

Grass Often prevents the anchor from digging into the bottom, 
and so provides very questionable holding for most 
anchors. 

 

J.13.  
Approaching the 
Anchorage 

Having selected a suitable spot, the coxswain should run in slowly, 
preferably on some range ashore selected from marks identified on the chart, 
or referring to the vessel’s position to radar ranges or GPS data to aid in 
locating the chosen spot.  Use of two ranges will give the most precise 
positioning.  Later these aids will be helpful in determining whether the 
anchor is holding or dragging. 
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J.14. Lowering 
the Anchor 

As the anchor is lowered into the water, it is important to know how much 
rode is paid out when the anchor hits the bottom.  It is advisable to take a 
working turn on the forward bitt or cleat to maintain control of the rode.  If 
anchoring in a strong wind or current, the anchor rode may not be held with 
hands alone. 

NOTE  

 

 Step Procedure 

1 Station two persons on the forward deck (if available). 

2 Haul out enough line from the locker and fake it on deck so as to 
run freely without kinking or fouling.  If previously detached, the 
line must be shackled to the ring, and the stock set up (if of the 
stock type) and keyed. 

3 On the coxswain’s command, lower the anchor over the side 
hand-over-hand until it reaches bottom. 

4 Once the anchor is on the bottom, take a working turn on the 
forward bitt to control how fast and how much anchor rode is 
released. 

5 Once the desired length is paid out, make up the anchor rode to 
the forward bitt. 

 

 Many an anchor has been lost for failure to attach the rode properly.  If 
anchoring for an extended period, the pin should be seized on all shackles to 
prevent the pin from coming out.  Rodes as well, have gone with the anchor 
when not secured properly to the vessel. 

Lightweight anchors are always ready for use and do not have to be set up, 
but a check should always be made to see that the shackle is properly 
fastened. 

J.14.a.  Length of 
Rode (Scope) 

The scope is a ratio of the length of rode paid out to the depth of the water.  
Enough rode should be paid out so the lower end of the rode forms an angle 
of 8° (or less) with the bottom.  This helps the anchor dig-in and give good 
holding power. 

NOTE  

 

J.14.b.  Markers Markers along the line, show the amount of rode that is out.  It also helps to 
decide the scope necessary for good holding of the anchor. 

Never stand in the coils of line on deck and do not attempt to “heave” the anchor by casting it as far as 
possible from the side of the boat. 

Scope of the anchor rode should have a ratio range between 5:1 and 7:1.  For heavy weather use 10:1.  
(Example: For the 5:1 ratio, anchoring in 20 feet of water would require 100 feet of rode.) 
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J.15. Setting the 
Anchor 

An anchor must be set properly if it is to yield its full holding power.  The 
best techniques for setting an anchor will vary from type to type; only 
general guidelines can be given here.  Experimenting will help determine the 
best procedures for the boat, the anchors, and the cruising waters. 

Step Procedure 

1 With the anchor on the bottom and the boat backing down 
slowly, pay out line as the boat takes it with a turn around the 
bitt or cleat. 

2 When the predetermined scope has been paid out, hold the line 
quickly and the anchor will probably get a quick bite into the 
bottom. 

3 If the anchor becomes shod with mud or bottom grass adhering 
to the flukes, lift it, wash it off by dunking at the surface, and try 
again. 

 

J.16. After 
Anchor is Set 

After the anchor is set, perform the following procedures: 

Step Procedure 

1 Pay out or take in rode to the proper length for the anchorage, 
accounting for the prevailing and expected weather conditions. 

2 The scope must be adequate for holding, but in a crowded 
anchorage consider the other boats in the vicinity. 

3 Attach chafing gear to the rode at the point where it passes 
through the chocks and over the side to prevent abrasion and 
wear-and-tear on the rode and boat. 
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J.17. Checking 
the Anchor 
Holding 

There are several ways to make a positive check to ensure the anchor is 
holding, and not dragging. 

(01) If the water is clear enough to see the bottom, movement may be 
detected easily. 

(02) If the anchor rode is jerking, or vibrating, the anchor is most likely 
not holding. 

(03) Monitor bearings taken on at least two landmarks (if available) that 
are a minimum of 45° apart, or use radar ranges and bearings.  Small 
changes usually mean that the wind, tide, or current has caused the 
boat to swing around the anchor.  If the compass heading is constant, 
but the bearings change, the anchor is dragging. 

(04) If using a buoyed trip line from the crown of the anchor, apply 
reverse power to test the anchor’s holding.  The float on this line 
should continue to bob up and down in one spot unaffected by the 
pull on the anchor rode. 

(05) Some electronic navigation units (GPS/DGPS) have anchoring 
features that will warn if the vessel has drifted out of its swing circle.  
These can be used, but should not replace visual and radar methods. 

J.18. Making 
Fast 

After the anchor has gotten a good bite and the proper scope has been paid 
out, the line should be made fast to the connection fitting (bitt, cleat, etc.).  A 
check should be made to ensure the vessel is not dragging anchor before 
shutting off the motor.  The fundamental idea in making fast is to secure in 
such a manner that the line can neither slip nor jam. 

J.18.a.  Forward 
Bitt 

On boats with a forward bitt (sampson post), the best way to secure the 
anchor line is with one full round turn followed by three figure eights around 
the pin.  The final figure eight can finish off with a weather hitch around the 
pin. 

J.18.b.  Stout 
Cleat 

Where a stout cleat is used to make fast, a full turn is taken around the base, 
followed by three figure eights around the horns.  The final figure eight can 
finish off with a weather hitch around one horn. 

J.19. Anchor 
Watch 

Maintain a live watch whenever anchored to monitor the conditions and 
equipment.  Things to watch for are: 

(01) Dragging anchor, 
(02) Changes in the weather, 
(03) Other vessels dragging their anchor or anchoring near your vessel, 
(04) Connection of the anchor rode to the fitting. 

See Reference (b) for a complete description of the anchor watch. 
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J.20. Weighing 
Anchor 

When it is time to weigh anchor and get underway, perform the following 
procedures: 

Step Procedure 

1 Go forward slowly and take in the anchor rode to prevent fouling 
the propellers. 

2 Fake the line on the deck as it comes onboard. 

3 When the boat approaches the spot directly over the anchor, and 
the rode is tending straight up and down, the anchor will usually 
free itself from the bottom. 

 

J.21. Clearing a 
Fouled Anchor 

If the anchor refuses to break free, perform the following procedures: 

Step Procedure 

1 Snub the anchor line around the forward bitt or cleat and 
advance the boat a few feet. 

2 Sometimes even this will not free the anchor, and the operator 
should run in a wide circle, slowly, to change the angle of pull. 

3 Take extreme care to ensure the anchor line does not tangle in 
the propellers during this operation (see Figure 6-36). 

Another way to break out an anchor is with a “trip line” (if one was rigged 
before anchoring).  A trip line is a line strong enough to stand the pull of a 
snagged anchor (a ⅜-inch line is a typical size).  Perform the following 
procedures if a trip line is needed:  

Step Procedure 

1 Attach one end of the trip line to the crown of the anchor (some 
anchors have a hole for this purpose).  The trip line should be 
long enough to reach the surface in normal anchoring waters, 
with allowance for tidal changes. 

2 Secure the other end of the trip line to a float that can be 
retrieved with a boathook. 

3 If the anchor does not trip in the normal manner, pick up the trip 
line and haul the anchor up crown first. 

Besides helping recover a fouled anchor, a trip line helps determine where 
the anchor is on the bottom in relation to the vessel.  This may help prevent 
other boaters from anchoring in the area as well as help make the approach 
back to the anchor during recovery. 
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Figure 6-36 

Freeing a Fouled Anchor 

 

J.22. Cleaning 
the Anchor 

The anchor should be cleaned before bringing it onboard, as it may have 
some “bottom” on it.  Perform the following procedures to clean the anchor: 

Step Procedure 

1 Either dunk the anchor up and down in the water or make the 
rode off to your connection point so that the anchor is just below 
the surface of the water. 

2 Back down slowly and drag the anchor through the water till 
clean. 

3 Check the condition of the equipment and, before departure from 
the area, be sure the anchor is adequately secured to prevent 
shifting and damage to the boat. 

 

Anchor Stowage 

J.23. Boat Size Stowage of ground tackle depends upon the size of the boat.  In smaller 
boats, it may be on deck, with the anchor secured in chocks to prevent 
shifting as waves cause the boat to roll.  Some boats have the working anchor 
attached to a pulpit and the rode in a forward locker.  The ground tackle 
should always be ready for use when the boat is underway. 
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J.24.  
Maintenance 

After anchoring in salt water, ground tackle should be rinsed off with fresh 
water before stowing it, if possible. 

(01) Nylon:  Nylon rode dries quickly and can be stowed while damp.   
(02) All-chain rode:  If using an all-chain rode, drying on deck before 

stowing will help to prevent rust.   
(03) Natural fiber:  A natural fiber, like manila, must be thoroughly dried 

before stowage to prevent rot. 

J.25. Second 
Anchor 

Some boats carry a second anchor to use as a storm anchor.  It is stowed 
securely, but in a readily accessible place with a rode nearby.  The second 
anchor should be inspected from time to time to make sure it is in good 
condition. 
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APPENDIX A Glossary 

Introduction This appendix contains a list of terms that may be useful when reading this 
Manual. 

In this 
Appendix 

This appendix contains the following information: 

 Topic See Page 
 Glossary A-2 
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TERM DEFINITION 

Abeam To one side of a vessel, at a right angle to the fore-and-aft centerline. 

Advection Fog A type of fog that occurs when warm air moves over colder land or water 
surfaces; the greater the difference between the air temperature and the 
underlying surface temperature, the denser the fog, which is hardly affected 
by sunlight. 

Aft Near or toward the stern. 

Aground With the keel or bottom of a vessel fast on the sea floor. 

Aids to 
Navigation 
(AtoN) 

Lighthouses, lights, buoys, sound signals, racon, radiobeacons, electronic 
aids, and other markers on land or sea established to help navigators 
determine position or safe course, dangers, or obstructions to navigation. 

Allision The running of one vessel into or against another, as distinguished from a 
collision, i.e., the running of two vessel against each other.  This distinction 
is not very carefully observed.  Also used to refer to a vessel striking a fixed 
structure (i.e. bridge, pier, moored vessel, etc.) per marine inspection. 

Amidships In or towards center portion of the vessel, sometimes referred to as 
“midships.” 

Anchorage Area A customary, suitable, and generally designated area in which vessels may 
anchor. 

Astern The direction toward or beyond the back of a vessel. 

Athwartships Crosswise of a ship; bisecting the fore-and-aft line above the keel. 

Attitude A vessel’s position relative to the wind, sea, hazard, or other vessel. 

Back and Fill A technique where one relies on the tendency of a vessel to back to port, 
then uses the rudder to direct thrust when powering ahead. Also known as 
casting. 

Backing Plate A reinforcement plate below a deck or behind a bulkhead used to back a 
deck fitting. It is usually made of wood or steel and distributes stress on a 
fitting over a larger area and prevents bolts from pulling through the deck. 

Backing Spring 
(Line) 

Line used when towing a vessel alongside which may be secured near the 
towing vessel’s stern and the towed vessel’s bow. 

Ballast Weight placed in a vessel to maintain its stability. 
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TERM DEFINITION 

Beam The widest point of a vessel on a line perpendicular to the keel, the fore-
and-aft centerline. 

Beaufort Wind 
Scale 

A scale whose numbers define a particular state of wind and wave, allowing 
mariners to estimate the wind speed based on the sea state. 

Below The space or spaces that are underneath a vessel’s main deck. 

Bitt A strong post of wood or metal, on deck in the bow or stern, to which 
anchor, mooring, or towing lines may be fastened. 

Bollard A single strong vertical fitting, usually iron, on a deck, pier, or wharf, to 
which mooring lines or a hawser may be fastened. 

Boundary Layer A layer of water carried along the hull of a vessel varying in thickness from 
the bow to stern. 

Bow The forward end of the vessel. 

Bow Line A line secured from the bow of a vessel. In an alongside towing operation, 
the bow line is secured on both the towing and the towed vessel at or near 
the bow and may act as breast line of each. 

Bowline A classic knot that forms an eye that will not slip, come loose or jam, and is 
not difficult to untie after it has been under strain. 

Breaker A wave cresting with the top breaking down over its face. 

Breaker Line The outer limit of the surf. 

Breaking 
Strength (BS) 

The force needed to break or part a line. BS is measured in pounds.  More 
specifically, it is the number of pounds of stress a line can hold before it 
parts. 

Breast Line Mooring or dock line extended laterally from a vessel to a pier or float as 
distinguished from a spring line. 

Bridle A device attached to a vessel or aircraft (in the water) in order for another 
vessel to tow it. Its use can reduce the effects of yawing, stress on towed 
vessel fittings, and generally gives the towing vessel greater control over the 
tow. 

Broach To be thrown broadside to surf or heavy sea. 

Bulkhead Walls or partitions within a vessel with structural functions such as 
providing strength or watertightness. Light partitions are sometimes called 
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partition bulkheads. 

Bullnose A round opening at the forwardmost part of the bow through which a 
towline, mooring line or anchor line passes. 

Buoy A floating aid to navigation anchored to the bottom that conveys 
information to navigators by their shape or color, by their visible or audible 
signals, or both. 

Buoyancy The tendency or capacity of a vessel to remain afloat. 

Capsize To turn a vessel bottom side up. 

Casting See back and fill. 

Catenary The sag in a length of chain, cable, or line because of its own weight and 
which provides a spring or elastic effect in towing, anchoring, or securing to 
a buoy. 

Cavitation The formation of a partial vacuum around the propeller blades of a vessel. 

Center of 
Gravity 

Point in a ship where the sum of all moments of weight is zero. With the 
ship at rest, the center of gravity and the center of buoyancy are always in a 
direct vertical line. For surface ships, center of buoyancy is usually below 
center of gravity, and the ship is prevented from capsizing by the additional 
displacement on the low side during a roll. Thus the point at which the deck 
edge enters the water is critical because from here onward, increased roll 
will not produce corresponding increased righting force. 

Centerline An imaginary line down the middle of a vessel from bow to stern. 

Chafing  To wear away by friction. 

Chafing Gear Material used to prevent chafing or wearing of a line or other surface. 

Chine The intersection of the bottom and the sides of a flat bottom or “V” hull 
boat. 

Chock A metal fitting through which hawsers and lines are passed. May be open or 
closed. Blocks used to prevent aircraft or vehicles from rolling. Also, blocks 
used to support a boat under repair. 
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Chop Short steep waves usually generated by local winds and/or tidal changes. 
Change of operational control. The date and time at which the responsibility 
for operational control of a ship or convoy passes from one operational 
control authority to another. 

Cleat An anvil-shaped deck fitting for securing or belaying lines. Wedge cleats 
are used in yachting to hold sheets ready for instant release. 

Closeout The result of a wave breaking, from the ends toward the middle, or two 
waves breaking toward each other; should be avoided because they can 
create more energy than a single break. 

Closing The act of one vessel reducing the distance between itself and another 
vessel, structure, or object. 

Clove Hitch A hitch often used for fastening a line to a spar, ring, stanchion, or other 
larger lines or cables. 

Coast Guard-
Approved 

Label denoting compliance with Coast Guard specifications and regulations 
relating to performance, construction, and materials. 

Coastal At or near a coast. 

Comber A wave at the point of breaking. 

Combustion Rapid oxidation of combustible material accompanied by a release of 
energy in the form of heat and light. 

Compartment A room or space onboard ship. Usually lettered and numbered according to 
location and use. 

Compass An instrument for determining direction: magnetic, depending on the earth’s 
magnetic field for its force; gyroscopic, depending on the tendency of a 
free-spinning body to seek to align its axis with that of the earth. 

Course (C) The horizontal direction in which a vessel is steered or intended to be 
steered, expressed as angular distance from north, usually from 000° at 
north, clockwise through 360°. 

Coxswain Person in charge of a boat, pronounced “COX-un.” 

Crab To move sidewise through the water. 

Craft Any air or sea-surface vehicle, or submersible of any kind or size. 
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Crash Stop Immediately going from full speed ahead to full reverse throttle; this is an 
emergency maneuver. It is extremely harsh on the drive train and may cause 
engine stall. 

Crest The top of a wave, breaker, or swell. 

Crucifix Type of deck or boat fitting that resembles a cross, used to secure a line to 
(e.g.,  sampson post). 

Current (Ocean) Continuous movement of the sea, sometimes caused by prevailing winds, as 
well as large constant forces, such as the rotation of the earth, or the 
apparent rotation of the sun and moon. Example is the Gulf Stream. 

Dewatering The act of removing water from inside compartments of a vessel. Water 
located high in the vessel, or sufficiently off-center should be removed first 
to restore the vessel’s stability. Used to prevent sinking, capsizing or listing. 

Deck The horizontal plating or planking on a ship or boat. 

Deck Fitting Permanently installed fittings on the deck of a vessel which can be attached 
to machinery or equipment. 

Direction of 
Current 

The direction toward which a current is flowing. See set. 

Direction of 
Waves, Swells, 
or Seas 

The direction to which the waves, swells, or seas are moving. 

Direction of 
Wind 

The direction from which the wind is blowing. 

Displacement 
Hull 

A hull that achieves its buoyancy or flotation capability by displacing a 
volume of water equal in weight to the hull and its load. 

Distress As used in the Coast Guard, when a craft or person is threatened by grave or 
imminent danger requiring immediate assistance. 

Draft The point on a vessel’s underwater body, measured from the waterline, that 
reaches the greatest depth. 

Drag Forces opposing direction of motion due to friction, profile and other 
components. The amount that a ship is down by the stern. 
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Drift The rate/speed at which a vessel moves due to the effects of wind, wave, 
current, or the accumulative effects of each. Usually expressed in knots. 

Drogue A device used to slow rate of movement. Commonly rigged off the stern of 
a boat while under tow to reduce the effects of following seas. May prevent 
yawing and/or broaching. (see sea anchor) 

Drop Pump A portable, gasoline-powered pump that is transported in a water tight 
container. Used for de-watering a vessel. 

Dynamic Forces Forces associated with the changing environment e.g., the wind, current, 
weather. 

Ebb A tidal effect caused by the loss of water in a river, bay, or estuary resulting 
in discharge currents immediately followed by a low tidal condition. 

Ebb Current The horizontal motion away from the land caused by a falling tide. 

Ebb Direction The approximate true direction toward which the ebbing current flows; 
generally close to the reciprocal of the flood direction. 

Eddy A circular current. 

Eductor A siphon device that contains no moving parts. It moves water from one 
place to another by forcing the pumped liquid into a rapidly flowing stream. 
This is known as the venturi effect. Dewatering equipment used to remove 
fire fighting and flooding water from a compartment in a vessel. 

Emergency 
Signal Mirror 

A mirror used to attract attention of passing aircraft or boats by reflecting 
light at them. Such reflected light may be seen up to five miles or more from 
the point of origin. 

Environmental 
Forces 

Forces that affect the horizontal motion of a vessel; they include wind, seas 
and current. 

Eye The permanently fixed loop at the end of a line. 

Eye Splice The splice needed to make a permanently fixed loop at the end of a line. 

Fairlead A point, usually a specialized fitting, such as a block, chock, or roller used 
to change the direction and increase effectiveness of a line or cable. It will, 
in most cases, reduce the effects of chafing. 

Fairways (Mid-
Channel) 

A channel that is marked by safemarks that indicate that the water is safe to 
travel around either side of the red and white vertically striped buoy. 
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Fake Down To lay out a line in long, flat bights that will pay out freely without bights or 
kinks. A coiled or flemished line cannot do this unless the coil of the line is 
able to turn, as on a reel. Otherwise, a twist results in the line which will 
produce a kink or jam (see coil down and flemish down). 

Fatigue Physical or mental weariness due to exertion. Exhausting effort or activity. 
Weakness in material, such as metal or wood, resulting from prolonged 
stress. 

Fender A device of canvas, wood, line, cork, rubber, wicker, or plastic slung over 
the side of a boat/ship in position to absorb the shock of contact between 
vessels or between a vessel and pier. 

Fetch The unobstructed distance over which the wind blows across the surface of 
the water. 

Fitting Generic term for any part or piece of machinery or installed equipment. 

Flood A tidal effect caused by the rise in water level in a river, bay, or estuary 
immediately followed by a high tidal condition. 

Flood Current The horizontal motion of water toward the land caused by a rising tide. 

Flood Direction The approximate true direction toward which the flooding current flows; 
generally close to the reciprocal of the ebb direction. 

Foam Crest The top of the foaming water that speeds toward the beach after the wave 
has broken; also known as white water. 

Fore Something situated at or near the front. The front part, at, toward, or near 
the front; as in the forward part of a vessel. 

Forward Towards the bow of a vessel. 

Foul To entangle, confuse, or obstruct. Jammed or entangled; not clear for 
running. Covered with barnacles, as foul bottom. 

Frames Any of the members of the skeletal structure of a vessel to which the 
exterior planking or plating is secured. 

Free 
Communication 
with the Sea 

Movement of water in and out of a vessel through an opening in the hull. 

Freeboard Distance from the weather deck to the waterline on a vessel. 
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Global 
Positioning 
System (GPS) 

A satellite-based radio navigation system that provides precise, continuous, 
worldwide, all-weather three-dimensional navigation for land, sea and air 
applications. 

Gong Buoy A wave actuated sound signal on buoys which uses a group of saucer-
shaped bells to produce different tones. Found inside harbors and on inland 
waterways. Sound range about one mile. 

Gunwale The upper edge of a boat’s side. Pronounced “gun-ul.” 

Half Hitch A hitch used for securing a line to a post; usually seen as two half hitches. 

Harbor Anchorage and protection for ships. A shelter or refuge. 

Hatch The covering, often watertight, placed over an opening on the horizontal 
surface of a boat/ship. 

Hawsepipe A through deck fitting normally found above a line locker/hold which 
allows for the removal of line without accessing the compartment from 
below deck. Normally only slightly larger in diameter than the line itself. 

Head Seas Waves running in an oppsosing direction, or nearly so to a ships course 
usually caused by wind.   

Heading The direction in which a ship or aircraft is pointed. 

Heaving Line Light, weighted line thrown across to a ship or pier when coming along side 
to act as a messenger for a mooring line. The weight is called a monkey fist. 

Heel Temporary leaning of a vessel to port or starboard caused by the wind and 
sea or by a high speed turn. 

Helm The apparatus by which a vessel is steered; usually a wheel or tiller. 

Hoisting Cable The cable used to perform a boat/helo hoisting evolution. 

Hull The body or shell of a ship or seaplane. 

Hull Integrity The hull’s soundness. 
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Impeller A propulsion device that draws water in and forces it out through a nozzle. 

In Step 
(Position) 

The towing boat keeping the proper position with the towed boat. For 
example; the proper distance in relation to sea/swell patterns so that both 
boats ride over the seas in the same relative position wave crest to wave 
crest. 

Inboard Toward the center of a ship or a group of ships, as opposed to outboard. 

Inboard / 
Outdrive (I/O) 

An inboard engine attached through the transom to the outdrive. 

Inlet A recess, as a bay or cove, along a coastline. A stream or bay leading 
inland, as from the ocean. A narrow passage of water, as between two 
islands. 

Keel The central, longitudinal beam or timber of a ship from which the frames 
and hull plating rise. 

Kicker Hook See skiff hook. 

Knockdown When a boat has rolled in one direction 90º or greater but does not 
completely rollover (360º) to right itself. (Example: Boat rolls to port 120º 
and rights itself by rolling back to starboard.) 

Knot (kn or kt) A unit of speed equivalent to one nautical mile (6,080 feet) per hour. A 
measurement of a ship’s speed through water. A collective term for hitches 
and bends. 

Latitude The measure of angular distance in degrees, minutes, and seconds of arc 
from 0° to 90° north or south of the equator. 

Leeward The side or direction away from the wind, the lee side. 

Leeway The drift of an object with the wind, on the surface of the sea. The sideward 
motion of a ship because of wind and current, the difference between her 
heading (course steered) and her track (course made good). Sometimes 
called drift. In SAR, movement of search object through water caused by 
local winds blowing against that object. 

Life Ring (Ring 
Buoy) 

A buoyant device, usually fitted with a light and smoke marker, for 
throwing to a person-in-the-water. 
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Lifeline Line secured along the deck to lay hold of in heavy weather; any line used to 
assist personnel; knotted line secured to the span of lifeboat davits(manropes 
or monkey lines) for the use of the crew when hoisting and lowering. The 
lines between stanchions along the outboard edges of a ship’s weather decks 
are all loosely referred to as lifelines, but specifically the top line is the 
lifeline, middle is the housing line, and bottom is the footline. Any line 
attached to a lifeboat or life raft to assist people in the water. Also called a 
grab rope. 

Light List A United States Coast Guard publication (multiple volumes) that gives 
detailed information on aids to navigation. 

List The static, fixed inclination or leaning of a ship to port or starboard due to 
an unbalance of weight. 

Local Notice to 
Mariners 

A written document issued by each U.S. Coast Guard District to disseminate 
important information affecting aids to navigation, dredging, marine 
construction, special marine activities, and bridge construction on the 
waterways with that district. 

Longitude A measure of angular distance in degrees, minutes, and seconds east or west 
of the Prime Meridian at Greenwich. 

Longitudinal A structural member laid parallel to the keel upon which the plating or 
planking is secured. Longitudinals usually intersect frames to complete the 
skeletal framework of a vessel. 

Longshore 
Current 

A currents that runs parallel to the shore and inside the breakers as a result 
of the water transported to the beach by the waves. 

Lookout A person stationed as a visual watch. 

Maritime Located on or close to the sea; of or concerned with shipping or navigation. 

Marline Small stuff usually made of two-strand tarred hemp.  Used for lashings, 
mousing, and seizing. 

Mast A spar located above the keel and rising above the main deck to which may 
be attached sails, navigation lights, and/or various electronic hardware.  The 
mast will vary in height depending on vessel type or use. 

Mayday The spoken international distress signal, repeated three times.  Derived from 
the French M’aider (help me). 
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Mooring A chain or synthetic line that attaches a floating object to a stationary object. 
(e.g., dock, sinker) 

Mooring Buoy A white buoy with a blue stripe, used for a vessel to tie up to, also 
designates an anchorage area. 

Mousing The use of small stuff or wire to hold together components that would 
otherwise work loose due to friction (i.e., mousing the screw pin of a 
shackle into place). 

Nautical Chart Printed or electronic geographic representation of waterways showing 
positions of aids to navigation and other fixed points and references to guide 
the mariner. 

Navigation The art and science of locating the position and plotting the course of a ship 
or aircraft 

Noise The result of the propeller blade at the top of the arc A-12ransferring energy 
to the hull. 

Offshore The region seaward of a specified depth.  Opposite is inshore or near-shore. 

On Scene The search area or the actual distress site. 

Opening The increasing of distance between two vessels. 

Outboard In the direction away from the center line of the ship.  Opposite is inboard.  
Also, an engine which is attached to the transom of a vessel. 

Outdrive A transmission and propeller or jet drive attached to the transom of a vessel. 

Overdue When a vessel or person has not arrived at the time and place expected. 

Overhauling the 
Fire 

The general procedures performed after a fire has been extinguished. They 
include breaking up combustible material with a fire axe or a fire rake, and 
cooling the fire area with water or fog. 

Overload Exceeding the designed load limits of a vessel; exceeding the recommended 
work load of line or wire rope. 

Passenger Space A space aboard a vessel that is designated for passengers. 

Persons 
Onboard (POB) 

The number of people aboard a craft. 
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Piling A long, heavy timber driven into the seabed or river bed to serve as a 
support for an aid to navigation or dock. 

Pitching The vertical motion of a ship’s bow or stern in a seaway about the 
athwartships axis. Of a propeller, the axial advance during one revolution. 
(see roll, yaw) 

Pitchpole A vessel going end-over-end, caused by large waves or heavy surf. The bow 
buries itself in the wave and the stern pitches over the bow, capsizing the 
vessel. 

Planing Hull A boat design that allows the vessel to ride with the majority of its hull out 
of the water once its cruising speed is reached (e.g., 8-meter RHI). 

Porpoising A continuous rise and fall of the bow in a rhythmic pattern. 

Port The left side of the vessel looking forward toward the bow. 

Proceeding 
From Seaward 

Following the Atlantic coast in a southerly direction, northerly and westerly 
along the Gulf coast and in a northerly direction on the Pacific coast. On the 
Great Lakes proceeding from seaward means following a generally westerly 
and northerly direction, except on Lake Michigan where the direction is 
southerly. On the Mississippi and Ohio Rivers and their tributaries, 
proceeding from seaward means from the Gulf of Mexico toward the 
headwaters of the rivers (upstream). 

Prop Wash The result of the propeller blade at the top of the arc transferring energy to 
the water surface. 

Propeller A device consisting of a central hub with radiating blades forming a helical 
pattern and when turned in the water, creates a discharge that drives a boat. 

Pyrotechnics Ammunition, flares, or fireworks used for signaling, illuminating, or 
marking targets. 

Quarter One side or the other of the stern of a ship. To be broad on the quarter 
means to be 45° away from dead astern; starboard or port quarter is used to 
indicate a specific side. 

Radiation Fog A type of fog that occurs mainly at night with the cooling of the earth’s 
surface and the air, which is then cooled below its dew point as it touches 
the ground; most common in middle and high latitudes, near the inland 
lakes and rivers; burns off with sunlight. 
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Range A measurement of distance usually given in yards. Also, a line formed by 
the extension of a line connecting two charted points. 

Rigging The ropes, lines, wires, turnbuckles, and other gear supporting and attached 
to stacks, masts and topside structures. Standing rigging more or less 
permanently fixed. Running rigging is adjustable, (e.g., cargo handling 
gear). 

Rip Current A current created along a long beach or reef surf zone due to water from 
waves hitting the beach and traveling out to the sides and parallel to the 
shore line, creating a longshore current that eventually returns to sea. 

River Current The flow of water in a river. 

Rode The line to which a boat rides when anchored.  Also called an anchor line. 

Roll Vessel motion caused by a wave lifting up one side of the vessel, rolling 
under the vessel and dropping that side, then lifting the other side and 
dropping it in turn. 

Roller A long usually non-breaking wave generated by distant winds and a source 
of big surf, which is a hazard to boats. 

Rollover When a boat rolls in one direction and rights itself by completing a 360º 
revolution. 

Rooster Tail A pronounced aerated-water discharge astern of a craft; an indicator of 
waterjet propulsion. 

Rubrail A permanent fixture, often running the length of a boat, made of rubber that 
provides protection much as a fender would. 

Rudder A flat surface rigged vertically astern used to steer a ship, boat, or aircraft. 

Sail Area On a vessel, the amount of surface upon which the wind acts. 

Sampson Post Vertical timber or metal post on the forward deck of a boat used in towing 
and securing. Sometimes used as synonym for king post. 

Scope The length of anchor line or chain.  Number of fathoms of chain out to 
anchor or mooring buoy. If to anchor, scope is increased in strong winds for 
more holding power. Also, the length of towline or distance from the stern 
of the towing vessel to the bow of the tow. 

TERM DEFINITION 
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Screw A vessel’s propeller. 

Scupper An opening in the gunwale or deck of a boat which allows water taken over 
the side to exit. Common to most self-bailing boats. 

Scuttle A small, quick-closing access hole; to sink a ship deliberately. 

Seaward Toward the main body of water, ocean. On the Intracoastal Waterway, 
returning from seaward is from north to south on the eastern U.S. coast, east 
to west across the Gulf of Mexico, and south to north along the western 
seacoast. 

Set (of a 
Current) 

The direction toward which the water is flowing. A ship is set by the 
current. A southerly current and a north wind are going in the same 
direction.  Measured in degrees (usually true). 

Shackle A U-shaped metal fitting, closed at the open end with a pin, used to connect 
wire, chain, or line. 

Shaft A cylindrical bar that transmits energy from the engine to the propeller. 

Ship Any vessel of considerable size navigating deepwater, especially one 
powered by engines and larger than a boat. Also, to set up, to secure in 
place. To take something aboard. 

Shock Load Resistance forces caused by intermittent and varying forces of waves or sea 
conditions encounter by a towing boat on its towing lines and equipment. 

Skeg The continuation of the keel aft under the propeller; in some cases, supports 
the rudder post. 

Skiff Hook 
(Kicker Hook) 

A ladder hook or a stainless steel safety hook to which a six inch length of 
stainless steel round stock has been welded. A hook that is used in attaching 
a tow line to a small trailerable boat, using the trailer eyebolt on the boat. 

Slack Water The period that occurs while the current is changing direction and has no 
horizontal motion. 

Slip Clove Hitch A hitch used when it may be necessary to release a piece of equipment 
quickly (i.e., fenders or fender board). 

Small Stuff Any line up to 1.5" in circumference. 
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Spring Line A mooring line that makes an acute angle with the ship and the pier to 
which moored, as opposed to a breast line, which is perpendicular, or nearly 
so, to the pier face; a line used in towing alongside that enables the towing 
vessel to move the tow forward and/or back the tow (i.e., tow spring and 
backing spring). 

Squat When a vessel rapidly accelerates from a dead stop, some of the water 
displaced rushes under the vessel to rise again aft of the stern. This 
decreases the upward pressure on the hull, making the stern sink deeper in 
the water than normal. 

Stanchion A vertical metal or wood post aboard a vessel. 

Starboard The right side of the vessel looking forward toward the bow. 

Static Electricity A quantity of electricity that builds up in an object and does not discharge 
until provided a path of flow. 

Static Forces Constant or internal forces. 

Station Keeping The art of keeping a boat in position, relative to another boat, aid, or object 
with regard to current, sea, and/or weather conditions. 

Steerage The act or practice of steering. A ship’s steering mechanism. 

Steerageway The lowest speed at which a vessel can be steered. 

Stem The principal timber at the bow of a wooden ship, to which the bow planks 
are rabbeted. Its lower end is scarfed to the keel, and the bowsprit rests on 
the upper end. The cutwater, or false stem (analogous to false keel), is 
attached to the fore part of the stem and may be carved or otherwise 
embellished, especially in the vicinity of the head, which usually rests upon 
it. In steel ships, the stem is the foremost vertical or near-vertical strength 
member, around which or to which the plating of the bow is welded or 
riveted. Compare stern-post. 

Stem the Forces To keep the current or wind directly on the bow or stern and hold position 
by setting boat speed to equally oppose the speed of drift. 

Stern The extreme after end of a vessel. 

Strut An external support for the propeller shaft integral to the hull/under water 
body. 
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Surf Several waves or swells of the sea breaking on the shore, shoal, reef, bar, or 
inlet. 

Surf Line The outermost line of waves that break near shore, over a reef, or shoal. 
Generally refers to the outermost line of consistent surf. 

Surf Zone The area where surf exists, between the outermost and innermost breaking 
waves.. 

Survival Kit A kit designed to aid a person-in-the-water to survive.  Consists of a belt 
attached around the waist. A personal signal kit is also attached.  Boat crews 
are provided with a vest containing the items found in the signal kit as 
prescribed in Reference (a). 

Swell Wind-generated waves which have advanced into a calmer area and are 
decreased in height and gaining a more rounded form. The heave of the sea.  
See roller. 

Swimmer’s 
Harness 

A harness used to tether and retrieve surface swimmers during 
rescue/recovery operations. 

Tactical 
Diameter 

The distance made to the right or left of the original course when a turn of 
180° has been completed with the rudder at a constant angle. 

Taffrail A rail around a vessel’s stern over which a towline is passed. Used to reduce 
the effects of chafing on the towline. 

Thimble A metal ring grooved to fit inside a grommet or eye splice. 

Tidal Current The horizontal motion of water caused by the vertical rise and fall of the 
tide. 

Tide The periodic vertical rise and fall of the water resulting from the 
gravitational interactions between the sun, moon, and earth. 

Topside The area above the main deck on a vessel; weather deck. 
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Transom Planking across the stern of a vessel. 

Trim The fore-and-aft inclination of a ship, down by the head or down by the 
stern. Sometimes used to include list. Also means shipshape, neat. 

Trim Control A control that adjusts the propeller axis angle with horizontal. 

Trough The valley between waves. 

U.S. Aids to 
Navigation 
System 

A system that encompasses buoys and beacons conforming to (or being 
converted to) the IALA buoyage guidelines and other short-range aids to 
navigation not covered by these guidelines. These other aids to navigation 
are lighthouses, sector lights, ranges, and large navigation buoys (LNBs). 

Uniform State 
Waterway 
Marking System 
(USWMS) 

Designed for use on lakes and other inland waterways that are not portrayed 
on nautical charts. Authorized for use on other waters as well. 
Supplemented the existing federal marking system and is generally 
compatible with it. 

Utility Boat 
(UTB) 

41' UTB, Coast Guard Utility boat is lightweight and possesses a deep “V” 
planing hull constructed of aluminum. It is fast, powerful, maneuverable 
and designed to operate in moderate weather and sea conditions. It normally 
carries a crew of three, a coxswain, boat engineer, and crewmember. 

Vari-Nozzle A fire-fighting nozzle having a fully adjustable spray head that allows the 
operator to deliver a wide range of spray patterns (from stream to low 
velocity fog). 

Venturi Effect To move water from one place to another by entraining the pumped liquid 
in a rapidly flowing stream. It is the principle used by the eductor in 
dewatering a vessel. 

Vessel By U.S. statutes, includes every description of craft, ship or other 
contrivance used as a means of transportation on water. “Any vehicle in 
which man or goods are carried on water.” (see ship) 

Wake The disturbed water astern of a moving vessel. 

Watch Circle The circle in which an anchored buoy or object moves on the surface in 
relationship to tides, currents and wind. 

Watertight 
Integrity 

The closing down of openings to prevent entrance of water into vessel. 
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Wave A periodic disturbance of the sea surface, caused by wind (and sometimes 
by earthquakes). 

Wave Height The height from the bottom of a wave’s trough to the top of its crest; 
measured in the vertical, not diagonal. 

Wave 
Interference 

Caused by waves, refracted or reflected, interacting with other waves, often 
increasing or decreasing wave height. 

Wave Length The distance from one wave crest to the next in the same wave group or 
series. 

Wave Period The time, in seconds, it takes for two successive crests to pass a fixed point. 

Wave Reflection The tendency of a wave to move back towards the incoming waves in 
response to interaction with any obstacle. 

Wave Refraction The tendency of a wave to bend in response to interaction with the bottom 
and slows in shoal areas. Refraction also occurs when a wave passes around 
a point of land, jetty, or an island. 

Wave Saddle The lowest part of a wave, bordered on both sides by higher ones; often 
small, unbroken section of a wave that is breaking. 

Wave Series A group of waves that seem to travel together, at the same speed. 

Wave Shoulder The edge of a wave.  It may be the very edge of the whitewater on a 
breaker, or the edge of a high peaking wave that is about to break. 

Well Deck Part of the weather deck having some sort of superstructure both forward 
and aft of it. A vertically recessed area in the main deck that allows the 
crewmember to work low to the water. 

Whistle A piece of survival equipment used to produce a shrill sound by blowing on 
or through it. To summon, signal or direct by whistling. A device for 
making whistling sounds by means of forced air or steam. A whistling 
sound used to summon or command. It is attached to some PFDs and is an 
optional item for the personal signal kit. It has proven very useful in 
locating survivors in inclement weather and can be heard up to 1,000 yards. 

White Water See foam crest. 

Wind Direction The true heading from which the wind blows. 
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TERM DEFINITION 

Window An area where the waves have momentarily stopped breaking, opening up a 
safer area of operation for a vessel. 

Wind Shadow When an object blocks the wind, creating an area of no wind. 

Windward Towards the wind. 

Yaw Rotary oscillation about a ship’s vertical axis in a seaway. Sheering off 
alternately to port and starboard. 
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APPENDIX B List of Acronyms 

Introduction This appendix contains a list of acronyms that may be useful when reading 
this and other Coast Guard manuals. 

In this 
Appendix 

This appendix contains the following information: 

 Topic See Page 
 List of Acronyms B-2 
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ACRONYM DEFINITION 

A/C Air Conditioning 

AAR After Action Report 

ACFT Aircraft 

ACIP Aviation Incentive Pay 

ACMS Aviation Computerized Maintenance System 

ACP Area Contingency Plan 

ACP Alternate Compliance Program 

ACTSUS Active Suspension 

ADF Automatic Radio Direction Finder 

ADSW-AC Active Duty Special Work in Support of Active Component 

ADT Active Duty for Training 

ADT-AT Active Duty Training for Annual Training 

AEO Assistant Engineering Officer 

AEPO Assistant Engineering Petty Officer 

AFC Allowance Fund Control 

AFFF Aqueous Film – Forming Foam 

AIDS Acquired Immunodeficiency Syndrome 

AIM Administrative Investigations Manual 

AIS Automatic Identification System 

AH Amplitude Modulation 

AMIO Alien/Migrant Interdiction Operation 

AMS Automated Manifest System 

AMVER Automated Mutual-Assistance Vessel Rescue 

ANB Aids to Navigation Boat 

ANS Aquatic Nuisance Species 

ANSI American National Standards Institute 

ANT Aids to Navigation Team 

AOPS Abstract of Operations 

AOR Area of Responsibility 

API American Petroleum Institute 

APPS Act to Prevent Pollution from Ships 

APR Aid Positioning Report 
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ACRONYM DEFINITION 

ASB Arctic Survey Boat 

ATB Aviation Training Boat 

AtoN Aids to Navigation 

AtoNIS Aids to Navigation Information System 

ATR Ammunition Transaction Report 

AUXCOM Auxiliary Boat Commander 

AUX DATA Auxiliary Data 

AUXPATCOM Auxiliary Patrol Commander 

AV Aid Verifier 

BA Bridge Administration 

BAC Blood Alcohol Content 

BAS Basic Allowance for Subsistence 

BCEB Boat Crew Examination Boards 

BCM Boat Crewmember 

BCMP Boat Class Maintenance Plan 

BDCM Buoy Deck Crewmember 

BDS Buoy Deck Supervisor 

BECCE Basic Engineering Casualty Control Exercises 

BEQ Bachelor Enlisted Quarters 

BM Boatswain’s Mate 

BNTM Broadcast Notice to Mariners 

BO Boarding Officer 

BO/BTM PQS Boarding Officer / Boarding Team Member Personnel Qualification Standard 

BOSN Boatswain 

BS Breaking Strength 

BSC Boating Safety Circular 

BTM Boarding Team Member 

BUSL Buoy Utility Stern Loading 

BWI Boating While Intoxicated 

BWM Ballast Water Management 

C2 Command and Control 

C2PC Command/Control Personal Computer 

CABs Compressions, Airway, and Breathing 
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ACRONYM DEFINITION 

CAC Crisis Action Center 

CASCOR Casualty Correct 

CASREP Casualty Report 

CBL Commercial Bill of Lading 

CB-L Cutter Boat – Large 

CB-M Cutter Boat – Medium 

CB-OTH Cutter Boat – Over the Horizon 

CBRN Chemical, Biological, Radiological, Nuclear 

CB-S Cutter Boat – Small 

CDAR Collateral Duty Addictions Representative 

CDI Course Deviation Indicator 

CDO Command Duty Officer 

CDR Commander 

CDV Course Deviation Variance 

CEM Crew Endurance Management 

CERCLA Comprehensive Environment Compensation and Liability Act 

CEU Civil Engineering Unit 

CF Comparison Factors 

CFC Combined Federal Campaign 

CFR Code of Federal Regulations 

CFVS Commercial Fishing Vessel Safety 

CGADD Coast Guard Addendum 

CGDF Coast Guard Dining Facility 

CGIS Coast Guard Investigative Service 

CGPC Coast Guard Personnel Command 

CIC Combat Information Center 

CIO Command Intelligence Officer 

CISM Critical Incident Stress Management 

CM Configuration Management 

CMAA Chief Master at Arms 

CMCO Classified Material Control Officer 

CMG Course Made Good 

CMS COMSEC (Communication Security) Material System 
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ACRONYM DEFINITION 

CO Commanding Officer or Carbon Monoxide 

CO/OIC Commanding Officer/Officer-in-Charge 

COCO Chief of Contracting Officer 

COFR Certificate of Financial Responsibility 

COG Course Over Ground 

COI Certificate of Inspection 

COLREG International Regulations for Preventing Collisions at Sea 

COMCEN Communications Center 

COMDTINST Commandant Instruction 

COMINT Communications Intelligence 

COMMS Communications 

CONOPS Concept of Operations 

COR Certificate of Registry 

COTP Captain-of-the-Port 

COTR Contracting Officer’s Technical Representative 

CPC Commandant’s Performance Challenge 

CPO Chief Petty Officer 

CPR Cardiopulmonary Resuscitation 

CPU Central Processing Unit 

CQA Commandant’s Quality Award 

CRT Cathode Ray Tube 

CS Creeping Line Search 

CSIM Control Station Interface Module 

CSMP Current Ship’s Maintenance Project 

CSP Commence Search Point 

CSP Career Sea Pay 

CVE Control Verification Examination 

CVS Commercial Vessel Safety 

CWO Chief Warrant Officer 

DAMA Demand Assigned Multiple Access 

DAN Driver’s Alert Network 

DANTES Defense Activity for Non-Traditional Education Support 

DAPA Drug and Alcohol Program Administration 
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ACRONYM DEFINITION 

DDEC Detroit Diesel Electronically Controlled 

DEER Defense Enrollment and Eligibility Reporting System 

DEMPs Diesel Engine Maintenance Programs 

DF Direction Finding 

DGPS Differential Global Positioning System 

DICP Drop-In Communications Package 

DISREP Discrepancy Report 

DISREPS Discrepancy Report 

DIW Dead-in-the-Water 

DMA Defense Mapping Agency 

DMB Data Marker Buoy 

DMOA Designated Medical Officer Advisor 

DMS Docket Management System 

DO Defense Operations 

DoD Department of Defense 

DONCAF Department of the Navy Central Adjudication Facility 

DOT Department of Transportation 

DPB Deployable Pursuit Boat 

DR Dead Reckoning 

DSC Digital Selective Calling 

DVL Digital Voice Logger 

DWO Deck Watch Officer 

DWONR Deck Watch Officer Navigation Rules 

EAP Employee Assistance Program 

EAPC Employee Assistance Program Coordinator 

EBL Electronic Bearing Line 

EC Electronic Control 

EC Engineering Change 

ECM Electronic Control Module 

ECR Engineering Change Request 

ECS Electronic Chart System 

EDF Enlisted Drug Facilities 

EDM Electronic Display Module 
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ACRONYM DEFINITION 

EEZ Exclusive Economic Zone 

EGIM Electronic Gear Interface Module 

ELC Engineering Logistics Center 

ELINT Electronics Intelligence 

ELT Emergency Locator Transmitter 

ELT Enforcement of Laws and Treaties 

EMI Extra Military Instruction 

EMS Emergency Medical Services 

EMT Emergency Medical Technician 

EO Engineering Officer 

EOCT End-of-Course Test 

EP Estimated Position 

EPA Environmental Protection Agency 

EPES Enlisted Personnel Evaluation System 

EPIRB Emergency Position Indicating Radio Beacon 

EPO Engineering Petty Officer 

EPO/EO Engineering Petty Officer/Engineering Officer 

EPS Environmental Protection Specialist 

ERIM Engine Room Interface Module 

ESA Endangered Species Act 

ESD Electronics Support Detachment 

ESU/D Electronics Support Unit/detachment 

ET Electronics Technician 

ETA Electronic Transportation Acquisition 

ETA Estimated Time of Arrival 

EXCOM Extended Communications 

FAA Federal Aviation Agency 

FAR Family Advocacy Representative 

FAR Federal Acquisition Regulations 

FAST Facial Drooping, Arm Weakness, Speech Difficulty, and Time is Critical 

FBIS Foreign Broadcast Information Service 

FEDEX Federal Express 

FEEF Federal Energy Efficiency Funding 
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ACRONYM DEFINITION 

FFCS Full Function Crew Station 

FID Field Information Document 

FINCEN Finance Center 

FIR Field Intelligence Report 

FL Fitness Leader 

FLOCS Fast Lubricating Oil Change System 

FLS Fleet Logistics Supply 

FM Frequency Modulation 

FMP Fisheries Management Plan 

FOIA Freedom of Information Act 

FOSC Federal On-Scene Coordinator 

FOUO For Official Use Only 

FPCON Force Protection Conditions 

FPM Feet Per Minute 

FRP Fiberglass Reinforced Plastic 

FS Food Service Specialist 

FSC Federal Supply Classification 

FSI Field Sobriety Test 

FSIC Fiscal, Sanitation, Immigration or Customs 

FSO Food Services Officer 

FWPCA Federal Water Pollution Control Act 

FWS Fish and Wildlife Service 

GAR Green-Amber-Red 

GFM Global Freight Management 

GMDSS Global Maritime Distress and Safety System 

G-OCS Office of Boat Forces 

G-OI Office of Intelligence 

GPH Gallons Per Hour 

GPS Global Positioning System 

GRUCOM Group Commander 

GSA Government Service Administration 

GTA Government Transportation Account 

GV Government Vehicle 
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ACRONYM DEFINITION 

HAZCOM Hazardous Communication 

HAZMAT Hazardous Material 

HAZWASTE Hazardous Waste 

HCPV/HIV High Capacity Passenger Vessel/High Interest Vessel 

HDOP Horizontal Dilution of Precision 

HEA Harbor Entrance and Approach 

HELP Heat Escape Lessening Position 

HF High Frequency 

HIN Hull Identification Number 

HIV Human Immunodeficiency Virus 

HS Homeland Security 

HPU Hydraulic Power Unit 

HRSIC Human Resources Services and Information Center 

HSC Harbor Safety Committee 

HUMINT Human Intelligence 

HVAC Heating, Ventilation, and Air Conditioning 

IACS International Association of Classification Societies 

IALA International Association of Lighthouse Authorities 

IAMSAR International Aeronautical and Maritime Search and Rescue 

I-AtoNIS Integrated Aids to Navigation Information Systems 

ICA Individual Credit Accounts 

ICAO International Civil Aviation Organization 

ICC Intelligence Coordination Center 

ICLL International Convention on Load Lines 

ICMTS Interagency Committee of the Marine Transportation System 

ICS Incident Command System 

ICV Intercommunicating Fill Valve 

ICW Intracoastal Waterway 

IDT Inactive Duty for Training 

IEC International Electrotechnical Commission 

IIP International Ice Patrol 

IIR Intelligence Information Report 

IIRAIRA Illegal Immigration Reform and Immigrant Responsibility Act 
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ACRONYM DEFINITION 

ILO International Labor Organization 

IMARV Independent Maritime Response Vessel 

IMO International Maritime Organization 

IMPAC International Merchant Purchase Authorization Card 

INA Immigration and Nationality Act 

INS Immigration and Naturalization Service 

IPIECA International Petroleum Industry Environmental Conservation Association 

IPS International Pipe Standard 

IRIS Incident Reporting Information System 

ISC Integrated Support Command 

ISM International Ship Management 

ISO International Standards Organization 

IT Information Systems Technician 

IUU Illegal, Unreported, and Unregulated 

JOOD Junior Officer of the Day 

JQR Job Qualification Requirement 

KO Contracting Officer 

LC Load Center 

LCD Liquid Crystal Display 

LCVP Landing Craft, Vehicle, Personnel 

LE Law Enforcement 

LEISII Law Enforcement Information System II 

LEMAN Law Enforcement Manual 

LEO Law Enforcement Officer 

LEQB Law Enforcement Qualification Board 

LEU Law Enforcement Unit 

LHA Local Housing Authority 

LHI Local Housing Inspector 

LIR Letter Incident Report 

LKP Last Known Position 

LLNR Light List Number 

LMR Living Marine Resource 

LNB Large Navigation Buoy 
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LNG Liquid Natural Gas 

LOA Length Overall 

LOB Line-of-Bearing 

LOC Letter of Commendation or Level of Consciousness 

LOGREQ Logistics Requirements 

LOP Line of Position 

LORAN-C Long-Range Aid to Navigation 

LORSTA LORAN Station 

LOS Line-of-Sight 

LUFS Large Unit Financial System 

LUT Local User Terminal 

LWL Length on Waterline 

MAA Master at Arms 

MARB Maritime Assistance Request Broadcast 

MARPOL International Convention for the Prevention of Pollution from Ships 

MARSEC Marine Security Conditions 

MASINT Measurement and Signature Intelligence 

MAW Maximum Allowable Weight 

MBR INT Member’s Initials 

MCB Motor Cargo Boat 

MCM Manual for Courts-Martial 

MCS Master Control Station 

MDA Maritime Domain Awareness 

MDV Marine Dealer Visit 

MDZ Maritime Defense Zone 

MEDICO Medical Advice 

MEDEVAC Medical Evacuation 

MEP Marine Environmental Protection 

MEPC Marine Environment Protection Committee 

MER Marine Environmental Response 

MF Medium Frequency 

MFPU Maritime Force Protection Unit 

MHS Maritime Homeland Security 
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ACRONYM DEFINITION 

MI Marine Information 

MI Maintenance Inspection 

MI & R Maintenance, Improvement and Repair 

MIC Manufacturer Identification Code 

MICA Management Information for Configuration and Allowances 

MICA Machinery Information Catalog Allowance 

MIM Marine Interface Module 

MISLE Marine Information for Safety and Law Enforcement 

MJM Military Justice Manual 

MLB Motor Lifeboat 

MLC Maintenance and Logistics Command 

MLCPAC Maintenance and Logistics Command Pacific 

MMD Merchant Mariner Document 

MMPA Marine Mammal Protection Act 

MMS Minerals Management Services 

MMSI Maritime Mobile Service Identity 

MOA Memorandum of Agreement 

MOB Man Overboard 

MOU Memorandum of Understanding 

MPR Multiple Persons-in-the-Water 

MPS Marine Protected Species 

MRE Military Rule of Evidence 

MRR Medium-Range Recovery 

MSAP Maritime SAR Assistance Policy 

MSB Motor Surf Boat 

MSC Marine Safety Center 

MSFCMA Magnuson-Stevens Fisheries Conservation and Management Act 

MSO Maintenance Support Outline 

MSO Marine Safety Office 

MSS Marine Safety and Security 

MSST Maritime Safety and Security Team 

MTL Master Training List 

MTS Marine Transportation System 



Boat Crew Training Handbook – Seamanship Fundamentals  
Appendix B – Acronyms 
 
 

B-13 

ACRONYM DEFINITION 

MTSNAC Marine Transportation System National Advisory Council 

MWR Moral, Welfare and Recreation 

NAFA Non-Appropriated Fund Activity 

NAVAIDS Navigational Aids 

NAVRULS Navigation Rules 

NCP National Contingency Plan 

NCW Naval Coastal Warfare 

NDRS National Distress Response System 

NDRSMP National Distress Response System Modernization Project 

NDS National Distress System 

NESU Naval Engineering Support Unit 

NJP Non-Judicial Punishment 

NLB Nearshore Life Boat 

NLT No Later Than 

NM Nautical Miles 

NMEA National Marine Electronics Association 

NMFS National Marine Fisheries Service 

NMLBS National Motor Lifeboat School 

NOS National Ocean Survey 

NOAA National Oceanic and Atmospheric Administration 

NRC National Response Center 

NRT National Response Team 

NSARC National Search and Rescue Committee 

NSB Non-Standard Boat 

NSF National Strike Force 

NSFCC National Strike Force Coordination Center 

NSN National Stock Number 

NSP National Search and Rescue Plan 

NSS National Search and Rescue Supplement 

NTP Naval Training Publication 

NVDC National Vessel Documentation Center 

NVIC Navigation and Vessel Inspection Circular 

NWP Naval Warfare Publication 
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OBA Oxygen Breathing Apparatus 

O/S WX On-Scene Weather 

OCMI Officer-in-Charge Marine Inspection 

OER Officer Evaluation Report 

OIC Officer-in-Charge 

OIC INT Officer in Charge’s Initials 

OJT On-the-Job Training 

OM & S Operating Materials and Supplies 

OMMP Occupational Medical Monitoring Program 

OOD Officer of the Deck (Day) 

OPA Oil Pollution Act 

OPAREA Operational Area 

OPCEN Operations Center 

OPCON Operational Control 

OPFAC Operating Facility 

OPLAN Operations Plan 

OPORD Operations Order 

OPORDER Operations Order 

OQB Operations Qualification Board 

ORM Operational Risk Management 

OS Operations Specialist 

OSB Operations Standards Board 

OSC Operations Systems Center 

OSC On-Scene Commander 

OSHA Occupational Safety and Health Administration 

OTC Officer in Tactical Command 

PA Privacy Act 

PAL Personnel Allowance List 

PALMS Patrol Order Management System 

PAO Public Affairs Officer 

PATCOM Patrol Commander 

PAWSS Ports and Waterways Safety System 

PCS Permanent Change of Station 
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PDD Presidential Decision Directive 

PDR Personnel Data Record 

PDS Personnel Data System 

PERSRU Personnel Reporting Unit 

PES Port and Environmental Safety 

PFD Personal Flotation Device 

PI Personnel Inspection 

PIAT Public Information Assistance Team 

PIE Partnership in Education 

PIW Person-in-the-Water 

PLB Personal Locator Beacon  

PMIS/JUMPS Personnel Management Information System/Joint Uniform Military Pay System 

PMLV Personnel Marker Light 

PMS Preventative/Planned Maintenance System 

PO Petty Officer 

POB Persons Onboard 

POD Probability of Detection 

POP Planned Obligation Priority 

POS Probability of Success 

POPFAC Parent Operating Facility 

POW Plan of the Week 

PPE Personal Protective Equipment 

PPI Plan Position Indicator 

PPS Precise Positioning Service 

PQS Personnel Qualification Standard 

PR Position Report 

PRECOM Preliminary Communications 

PREP Preparedness for Response Exercise Program 

PS Parallel Search 

PSCO Port State Control Officer 

PSU Port Security Unit 

PTO Power Take-Off 

PWB Port and Waterways Boat 
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PWSA Ports and Waterway Safety Act 

QAWTD Quick-Acting Watertight Door 

QEB Qualification Examining Board 

QRC Quick Response Card 

RACON Radar Beacon 

RB-HS Response Boat-Homeland Security 

RB-M Response Boat-Medium 

RBS Recreational Boating Safety 

RB-S Response Boat-Small 

RCC Rescue Coordination Center 

RDF Radio Direction Finder 

RFMC Regional Fisheries Management Council 

RFMO Regional Fisheries Management Organization 

RFO Ready for Operations 

RIK Rations-In-Kind 

RMS Readiness Management System 

RNAV Radio Aids to Navigation 

ROC/POE Required Operational Capability/Point of Entry 

RP Responsible Party 

RPAL Reserve Personnel Allowance List 

RS Rescue Swimmer 

RSC Rescue Sub-Center 

RT Receiver/Transmitter 

SAFE Substance Abuse Free Environment 

SAI Small Arms Instructor 

SAP Simplified Acquisition Procedures 

SAR Search and Rescue 

SAREX SAR Exercise 

SARMIS Search and Rescue Mission Information System 

SARSAT Search and Rescue Satellite Aided Tracking 

SAT Subsistence Advisory Team 

SATCOM Satellite Communication 

SB Sailboat 
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SC SAR Coordinator 

SCUBA Self-Contained Underwater Breathing Apparatus 

SDB Service Dress Blue 

SDO Sector Duty Officer 

SEAOP Special and Emergency Operations Procedure 

SEPRATS Separate Rations 

SF Safety Factor 

SIGINT Signals Intelligence 

SIPRNET Secret Internet Protocol Routing Network 

SITREP Situation Report 

SKF Skiff 

SLDMB Self Locating Datum Marker Buoy 

SMC SAR Mission Coordinator 

SMS Safety Management System 

SMTJ Special Maritime and Territorial Jurisdiction 

SNO Statement of No Objection 

SOA Speed of Advance 

SOG Speed Over Ground 

SOLAS Safety of Life at Sea 

SO-OP Auxiliary Division Operations Officer 

SOP Standard Operating Procedure 

SOPA Senior Officer Present Afloat 

SOPEP Shipboard Oil Pollution Emergency Plan 

SOQ Sailor of the Quarter 

SOS Save Our Ship 

SPC Special Purpose Craft 

SPC (HWX) Heavy Weather Special Purpose Craft 

SPC (LE) Special Purpose Craft (Law Enforcement) 

SPE Severity-Probability-Exposure 

SPF Sun Protection Factor 

SPOC SAR Point of Contact 

SPS Standard Positioning Service 

SRA Short-Range Aids to Navigation 
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ACRONYM DEFINITION 

SROE Standing Rules of Engagement 

SRR Search and Rescue Region 

SRR Short-Range Recovery 

SRS Synchronous Reference Sensor 

SRU Search and Rescue Unit 

SS Square Search 

SSB Single Side Band 

SSB-HF Single Side Band - High Frequency 

SSL Standard Support Level 

SSM Support and Special Mission 

SSMR Shore Station Maintenance Record 

SSPO Station Support Petty Officer 

STA OPS Station Operations 

STAN & RFO Readiness and Standardization Program 

STANT Station Aids to Navigation Team 

STAR Standard Automated Requisitioning 

STCW Standards of Training, Certification and Watchkeeping for Seafarers 

STTR Short Term Resident Training Request 

STU III Secure Telephone Unit 

SURPIC Surface Picture 

SWE Service-wide Exam 

SWL Safe Working Load 

TACON Tactical Control 

TAD Temporary Assigned Duty 

TAIT Temporary Access Inventory Tool 

TANB Trailerable Aids to Navigation Boat 

TB Tuberculosis 

TBSA Total Body Surface Area 

TC Technical Committee 

TCM Telecommunications Manual 

TCOW Telecommunications Watchstander 

TCT Team Coordination Training 

TD Temporary Duty 
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ACRONYM DEFINITION 

TD Time Difference 

TFC Total Fuel Consumption 

THREATCON Threat Conditions 

TMT Training Management Tool 

TOI Target of Interest 

TPSB Transportable Port Security Boat 

TQC Training Quota Management Center 

TRACEN Training Center 

TRATEAM Training Team 

TRS Timing Reference Sensor 

TSN Track Line Non-Return Search 

TSR Track Line Return Search 

U/W Underway 

UCMJ Uniform Code of Military Justice 

UEG Unit Environmental Guide 

UEPH Unaccompanied Enlisted Personnel Housing 

UHF Ultra High Frequency 

UMI Universal Marine Interface 

UMIB Urgent Marine Information Broadcast 

UOF Use of Force 

UPF Unit Performance Factor 

UPH Unaccompanied Personnel Housing 

UPS United Parcel Service 

USBP United States Border Patrol 

USC United States Code 

USFWS U.S. Fish and Wildlife Service 

USPS U.S. Power Squadron 

USWMS Uniform State Waterway Marking System 

UTB Utility Boat 

UTBSC Utility Boat Systems Center 

UTC Coordinated Universal Time 

UTL Utility Boat Light 

UTM Utility Boat Medium 



 
Boat Crew Training Handbook – Seamanship Fundamentals 

Appendix B – Acronyms 
 

B-20 

ACRONYM DEFINITION 

UTS Unit Travel System 

UV Ultraviolet 

VHA  Variable Housing Allowance 

VHF Very High Frequency 

VRM Variable Range Marker 

VRO Variable Ratio Oiler 

VRP Vessel Response Plan 

VS Sector Search 

VSC Vessel Safety Check 

VTS Vessel Traffic Services 

WP Working Punt 

WAAS Wide Area Augmentation System 

WAMS Waterways Analysis and Management System 

WC Wellness Coordinator 

WLIC Construction Tender 

WLL Working Load Limit 

WPB Patrol Boat 

WR Wellness Representative 

WWM Waterways Management 

XO Executive Officer 

XPO Executive Petty Officer 

XTE Cross Track Error 
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